SCIENTIFIC
AMERICAN

- ﬁ'—'-- e e — = - e ) il
- Ery = e .. = i ..1‘ s g el

> -, - . .'. >
> Tis : - . PO

DRIP IRRIGATION $1.50

CMpvernber]977

© 1977 SCIENTIFIC AMERICAN, INC



LeBaron 2-Door

A personal car
inside and out.

Should you be looking for a sleek,
personal car this year, make
Chrysler LeBaron your choice. It's
the first of a totally new class of
automobiles. LeBaron 2-door comes
with many personal appointments
of luxury. Overhead lighting. Velour
seats. And soft leather seating is
available on the Medallion model.
In short, LeBaron gives you the
pleasures of a luxury car at a price
that makes it a pleasure to own.

LeBaron 4-Door

Luxurious and affordable.

The nice thing about LeBaron is the
way it satisfies your taste for luxury
but still has regard for your budget.
LeBaron 4-door, for example, is
elegant both inside and out. The
luxurious LeBaron pictured at your
right is equipped with a padded vinyl
roof, available wire wheel covers,
plush velour seats, and much more.
In fact, it comes with many of the
same comfort and convenience
features you'd find on $12,000
sedans. But LeBaron can be yours
for many thousands of dollars less.

LeBaron
Town & Country

There are many
new wagons, but there

is still only one Chrysler.

If you have a family, or just like the
teel of a wagon, this could very well
be your choice for 1978. LeBaron
Town & Country is a lighter, more
efficient size luxury wagon. But
don’t let that fool you. It has 90
percent as much passenger

space as last year's full-size Town &
Country. And though LeBaron is
smaller outside, it's still big on
luxury inside.

The 1978
Never before has there been
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Chryslers.
such a luxury of choice.
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Cordoba

The ultimate
personal car.

Cordoba has been the choice of
many discerning car buyers. In fact,
it's the most successful Chrysler ever
introduced. And that’s quite an
accomplishment. But then, Cordoba
is quite an automobile. This year’s
Cordoba is newly styled to make it
the ultimate personal luxury car.
From its classic lines, to its impec-
cable luxury, to its affordable price,
Cordoba has the utmost considera-
tion for quality.

Newport

So much Chrysler
for so little.

There are those of us who demand
full-size comfort. Then, there are
those of us who demand value.
Somehow, Newport has managed to
combine both. For 1978, Newport
offers you standard comfort features
like power steering and brakes,
steel-belted radials, automatic
transmission, rich foam cushions,
even the Electronic Lean Burn
engine. And the price? Well, let’s put
it this way. Newport is our most
affordable full-size Chrysler.

New Yorker

The feel of luxury
and a sense of value.

Traditionally, New Yorker’s always
had a knack for bringing pleasure to
even the most fastidious car owner.
This year’s New Yorker may be the
finest yet. It literally surrounds you
in comfort. And the most surprising
comfort feature of all, is New
Yorker’s very reasonable price.

But whatever type of &
luxury you want to Buy or S
Lease for 1978, the choice |(HRISLER
is up to you. At your
Chrysler-Plymouth Dealer. aeprobucr o
CHRYSLER
CORPORATION



A BLEND U=
DISTILLED IN IRELA %

“Seotciryon the rocks.”

If you like Scotch, you'll love light delicate. Not smoky tasting like Scotch.

Jameson Irish. The dedicated Scotch drinker will in-
Try a glass of Jameson Irish the way stantly appreciate this flavor difference.
you would your favorite Scotch. Though it may take a little time
You'll notice how much it tastes like getting used to saying, “Jameson Irish on
fine Scotch —only lighter and more the rocks, please.”

Jameson. World’s largest-selling Irish Whiskey.
80 & 86 PROOF » CALVERT DIST.CO., N.Y.C.
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Each article in each issue of
SCIENTIFIC AMERICAN is
available in a separate Offprint
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THE COVER

The painting on the cover shows a field of lettuce growing under drip irriga-
tion, a system designed to deliver water slowly but frequently and in precise
amounts to the root zone of each plant. The water is transported at low pres-
sure through plastic pipes and is delivered to each plant, almost literally drop
by drop, through holes or manufactured emitters (see “Drip Irrigation,” by
Kobe Shoji, page 62). Compared with other methods of irrigation the system
reduces stress on the plants and conserves water. The absence of weeds in the
field of lettuce is also partly due to the drip-irrigation system, since the areas be-
tween plants and between rows are dry and weeds are unable to flourish there.
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WHY PIONEER IMPROVED
THE CASSETTE DECK THAT DIDN'T
NEED IMPROVING.

INTRODUCING PIONEERS CT-F4242.
THE LOGICAL SUCCESSOR TO
THE WORLD'S BEST SELLING CASSETTE DECK.

Over the past two years, Pioneer’s CT-F2121
has satisfied more people than any other cassette
deck. Mainly because it offered

the features of the most
expensive front-loading
cassette decks. Without
the expensive price.
But there remained

v o one highly critical group of
people who still weren't
completely satisfied.
THE PIONEER CT-F212I.

- p ;
THE WORLD'S BEST SELLING CASSETTE DECK. Plonee!' S engineers.
Perfectionists, who are

constantly looking for waysto improve our high
fidelity components. No matter how good they are.

One result of this attitude is Pioneer’s new
CT-F4242.

Its new push-button oil-damped door, for
instance, doesn't tilt in like the CT-F2121’s, or out
like others. It slides neatly up over the tape
compartment. So it's easier to get your cassette in
and out of the cassette deck.

This same kind of thinking went into
repositioning the tape heads. We've placed them
right at your fingertips. So it's no hassle to keep
them free of dust and in good working order.

There are also a lot of other features on the

e

B priced cassette decks. Like a three- position bias
@nd equalization switch, instead of the

*Walnut veneer wood cabinet optional at extra cost

©1977U'S Pioneer Flectronics, BS Oniord Dr, Moonachie N 107074 LA

new CT-F4242 that you won't see on other modestly

conventional two, to help you get the most out of
every kind of tape. And a six-fin tape drive shaft to
hold your cassettes more securely.

But the most impressive features on the new
CT-F4242 are the ones you can't see.

Inside, for example, where many cassette
decks use a small flywheel that can cause wow and
flutter, the flywheel in the new CT-F4242 is
massive. This simply means that you'll get cleaner
and crisper recordings.

Then there’s our dolby system that adds
clarity to the music by reducing tape hiss enough to
produce an incredible signal-to-noise ratio of 62
decibels. A figure comparable to far more expensive
equipment.

And although you'll find a multiplex filter
switch on many cassette decks, you won't find one
on the CT-F4242. It's built-in. So you literally can't
make a bad FM recording.

If you're beginning to get the idea that there
are vast differences between the CT-F4242 and
other decks for anywhere near the same price,
you're right.

Just visit your Pioneer dealer where you can
listen to what we've done to make the world’s best
selling cassette deck even better.

Once you hear it,
you'll be glad Pioneer
couldn’t leave well
enough alone.

High Fidelity Components

WPIONEER

WE BRING ITBACK ALIVE.
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Long before organic farming and re-
cycling became popular, sound ecological
practices were a way of life in our
vineyards.

After the harvest, when the vine gives
us its most precious product, the stems,
skin and seeds—an organic fertilizer—are
returned to the vineyards. This recycling
gives back natural nitrogen-rich nutrients
to the soil.

Vines are pruned early in the year,
then later the canes are chopped up and
disked under the soil along with weeds,
grass, and wild mustard. This natural
mulch retains moisture and helps provide
more nutrients for the vines.

To control vineyard pests naturally,
thousands of ladybugs are set loose every
summer to do battle with
the aphids and leafhoppers.

This natural pest control
program has proved tre-
mendously successful.

The greatest reward of
maintaining the balance of
nature in our vineyards, is a
superior quality wine. Try
our hearty, well-balanced
Burgundy and see if you
don’t agree. Please send for
our free monthly newsletter.

Scbastiani

Sam J. Sebastiani

Sebastiani

VINEYARDS
EST.1825
P.O. Box AA Sonoma CA 95476

LETTERS

You will no doubt be receiving many
letters from history-conscious auto
buffs, particularly partisans of the Lin-
coln Zephyr and the Volkswagen, anx-
ious to set the record straight as to who
influenced whom in the development of
the Chrysler Airflow [“The History of
the Airflow Car,” by Howard S. Irwin;
SCIENTIFIC AMERICAN, August]. Dr. Ir-
win implies that but for the Airflow the
Lincoln Zephyr and the Volkswagen
would have been quite different. This is
not probable.

To be sure, the Airflow was a semi-
nal development in automotive design
whose influence was very great. It is al-
ways tempting, however, to consider the
first manufacturer to bring an idea to
public view as being the sole originator
of that idea, and to assume that appar-
ent followers in time were necessarily
copiers in thought.

Chrysler gets the credit for the con-
cept of redesigning the automobile from
the passenger compartment out, shared
perhaps with R. Buckminster Fuller’s
Dymaxion car of 1933. (Both cars were
conceived and developed more or less
simultaneously. Fuller produced only
three prototypes for the Chicago
world’s fair of 1933 and had no mass-

Scientific American, November, 1977; Vol. 237, No. 5. !
Published monthly by Scientific American, Inc., 415
Madison Avenue, New York, N.Y. 10017; Gerard Piel, I
president; Dennis Flanagan, vice-president; Donald H.
Miller, Jr., vice-president and secretary; George S.
Conn, treasurer; Arlene Wright, assistant treasurer.

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

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

Offprint correspondence and orders should be ad-
dressed to W. H. Freeman and Company, 660 Market |
Street, San Francisco, Calif. 94104. For each offprint
ordered please enclose 35 cents.

Subscription correspondence should be addressed to
Subscription Manager, SCIENTIFIC AMERICAN, 415
Madison Avenue, New York, N.Y. 10017. For change |
of address, notify us at least four weeks in advance.
Send both old and new addresses and enclose an ad- |
dress imprint from a recent issue. (Date of last issue on
your subscription is shown at upper right-hand corner of |
each month’s mailing label.)

Name |

New Address

Old Address

© 1977 SCIENTIFIC AMERICAN, INC

production considerations to delay the
unveiling of his product.)

Much research was going on at that
time in various countries into the opti-
mum air-penetrating shape for a land
vehicle. Most pertinent to the story is
the research conducted independently
by Ferdinand Porsche, which led to
the Volkswagen, and by John Tjaarda,
which led to the Zephyr.

John Tjaarda was an engineer with
the Briggs Manufacturing Company.
His experimental body design was ex-
hibited by Ford at the 1933 world’s fair.
That body featured a short, bug-eyed,
rounded nose not too unlike the Air-
flow’s; it was a smaller car with a more
tapering tail, intended for a rear-engine
configuration. The Airflow was still in
the works, but its ultimate form was in
sight; Walter P. Chrysler and his staff
kept an eye on public reaction to Ford’s
exhibited car, hoping to learn what to
expect on the introduction of their own
machine. It was from the Tjaarda car’s
shape, and from structural research par-
alleling Chrysler’s, that Ford engineers
developed the Lincoln Zephyr for the
1936 model year.

It is worth noting that as the Zephyr
evolved, stress analysis of its steel body
framework compared with the figures
for the Airflow designs revealed an er-
ror: the Airflow bodies had been built
fully twice as strong as necessary. As a
result the Zephyr’s body structure, al-
though sufficiently strong, was made
only half as heavy as the Airflow’s, and
the thinner members allowed more glass
area and better vision for the driver.

The influence of the Airflow on the
Zephyr was to a large extent a negative
one; the placement of the engine over
the axle and the passengers between
axles, the wind-cheating rounded shape,
the all-steel body structure and the great
interior width were all in the cards for
the Zephyr regardless of the Airflow.
Chrysler’s mistakes—the unnecessarily
heavy structural members, the small
windows, the unorthodox front end and
the awkward headlight placement—ap-
peared in the marketplace soon enough
for Lincoln to witness their effect on
sales and counter them in Lincoln’s own
offering two years later. As a result the
Zephyr carried into styling art—and
sales—the promise offered earlier by the
Airflow’s technological advances. Yet
the Lincoln people did not merely refine
ideas taken from Chrysler; they had
their own research, dating back to 1928
and earlier with Tjaarda’s explorations
into streamlining, on which to build.

The Volkswagen story also does not
hinge on the Airflow. The Volkswagen
concept and overall shape were crystal-
lized before 1934, when Dr. Porsche,
then of NSU Motorenwerke, displayed
a small-car prospectus for Germa-
ny’s new chancellor Adolf Hitler, who
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executive health

the report that briefs you on what to watch
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Alexander Leaf, M.D.:

ON THE PHYSICAL FITNESS OF MEN
WHO LIVE TO A GREAT AGE

PUBLISHER'’S NOTE: Alexander Leaf, M.D., Jackson Professor of Clinical
Medicine, Harvard Medical School and Chief of Medical Services, Massachusetts
General Hospital has traveled the world to examine people who are living to a
great age in vigorous health, free from the infirmities and debility which plague so
many of our elderly. What he has learned can help you if you want to enjoy living

a long, long time in sturdy health.

In the Caucasian village of Duripshi I found myself
running, jumping and slithering down the rocks to keep
abreast of Markhti Tarkhil, age 104, as he descended
to the cold mountain stream where he had his daily
bath. Markhti had related that as long as he could
remember he bathed each morning in this fresh stream.
We got into our car at Markhti’s house to drive down
to the stream where we would take pictures. Halfway
down the rough road the driver stopped and refused to
go further. “If I proceed further down this road Il
never get the car back,” he claimed. While we were
arguing Markhti jumped from the car and asked, “What
are we waiting for?” Whereupon he started down the
hill with me in pursuit. It proved to be a difficult and

—Richard Stanton

rough descent, but Markhti moved so quickly and
agilely over the rocks and down the river bank that I
had difficulty keeping beside him, frightened at what
might happen were he to stumble and fall. Knowing
how fragile the bones of most of our old people are,
I had terrifying visions of picking up the pieces were
Markhti to trip. Fortunately, no such mishap occurred
and Markhti reached the bottom of the hill ahead of me.

Later I asked the Russian doctors there how often
the old people suffered fractures. They shrugged and
claimed there rarely were fractures. The constant phys-
ical activity of these vigorous elders keeps the balance
between bone formation and destruction such that the
bones remain mineralized, dense and strong.
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Medical Director, The Institute for Aerobics Re-
search, Dallas, Texas.

HARDIN B. JONES, Ph.D., Professor of Medical
Physics and Physiology, Senior Scientist, Donner
Laboratory of Medical Research, University of
Cualifornia, Berkeley.

LEONARD HAYFLICK, Ph.D., Senior Research Cell
Biologist, Children’s Hospital Medical Center, Bruce
Lyon Memorial Research Laboratory, Oakland,
Cualifornia.

DEMETRIO SODI-PALLARES, M.D., Professor of
Medicine, Chief of the Department of Electro-
Vectorcardiography, Institute Nacional de Car-
diologia, Mexico, D.F.
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How To Add 10 To 20 Extra

Years To Your Life

Discover what research scientists now know about how to take
the best care you can of the only body you will ever have!

The errors of our younger years are
drafts upon our older years, payable
(with interest) some 30 years from
date.

The so-called “diseases of old age”
are essentially the diseases of 50 to
70 . . . “the dangerous years!”

Research scientists find that people
who survive these ‘“dangerous years”
successfully (without acquiring some
“chronic” disease such as cancer or
heart trouble) are likely to live on for
another healthy quarter of a century.
They seem to have developed what
might almost be called an immunity
to these killers. Why? To find out,
some careful studies have now been
made of these extraordinarily long-
lived individuals.

May we suggest that you get the
benefit of these new research studies
for yourself? Do as so many thousands
of executives do. Subscribe to Execu-
tive Health Report. The members of
our Editorial Board are among the
world’s most distinguished authorities
on preventive medicine. Their wise
advice can help you not only live
longer but enjoy those extra years!
(Note their high qualifications as
shown on opposite page.)

Executive Health Report is not sold
on newsstands but only by private sub-
scription at $18 a year in the U.S.A.
and its possessions. $19 a year in
Canada and Mexico. Individual re-
ports (back issues) $1.50 per copy.
All other countries $24 by surface
mail, $28 by air mail. (Only Inter-
national Money Order or check cash-
able on U.S. bank will be acceptable.)

Subscribe now under this unusual
introductory offer:

(1) Your choice of any three of
the reports listed below ($1.50 each)
FREE!

(2) If you are not completely sat-
isfied with your first issue, your money
will be promptly refunded.

Never forget. “Men’s lives are chains
of chances,” but as FEuripides saw
clearly so long ago. “Chance fights
ever on the side of the prudent.” Your
only insurance against “tomorrow” is
what you do today. You have but one

life . . . doesn’t it make sense to find
out how to take the best care of it
you can?

Please study the reports listed here
and circle your three choices:

Mark D. Altschule, M.D.: How Much
Do You “Know” That Isn’t So about
saturated vs. polyunsaturated fats?
James Greenwood, Jr., M.D.: On Vita-
min C in the Treatment of Back Pain.
James F. Toole, M.D.: On Strokes and
“Little Strokes” . . . their causes and
what you should know about them to
help protect yourself!

Sir Hans Krebs, M.D.: On the Overuse
and Misuse of Medication.

Alton Ochsner, M.D.: “On the Role
of Vitamins C and E in Medicine.” A
world-famous surgeon tells you how
he uses these two essential vitamins.
John K. Lattimer, M.D., Sec.D.: On
That Treacherous Gland .
Prostate.

John Yudkin, M.D.: On “This Slim-
ming Business” . . . The truth about
the prevention and cure of overweight!
Linus Pauling, Ph.D.: What About
Vitamin E? Eminent investigators now
suspect it may be one of the key fac-
tors to help resist disease and slow
the aging process.

Linus Pauling, Ph.D.: On Vitamin C
and Cancer. Recent studies show that
vitamin C has a large life-extending
effect for patients with advanced can-
cer and suggest a similar large effect
for earlier stages of the disease.
Mark D. Altschule, M.D.: Is It True
What They Say About Cholesterol?
Mark D. Altschule, M.D., “On the
Much-Maligned Egg.”” Are we taking
a lot of pleasure out of eating un-
necessarily?

Mark D. Altschule, M.D.: What Causes
Your Arteries to Harden?

Alton Ochsner, M.D.: On “The Chair
Disease” Why blood clots in
your veins are a little-realized occu-
pational hazard of desk-bound execu-
tives.

Samuel Ayres, Jr.,
Serendipitous

. Your

M.D.: On The
That Vita-
min E Prevents Night Leg Cramps.

Discovery

Roger J. Williams, Ph.D., D.Sc.: On
Cataracts — and the possibility now
of avoiding them by intelligent nutri-
tion.

Hans Selye, M.D.: On Stress With-
out Distress. Your mind can make
or break you!

The B Vitamins . . . Part II. On Vita-
min Bs (Pyridoxine) “The Sleeping
Giant of Nutrition.”

Albert Szent-Gyorgyi, M.D., Ph.D.: On
a Substance That Can Make Us Sick
(If we do not eat it!)

Stephen R. Elek, M.D.: On “The
Hurry-Up Disease.” Why it may be
a key factor that triggers heart attacks
as early as age 40.

Linus Pauling, Ph.D.: For the Best of
Health, How Much Vitamin C Do
You Need? People who take the
optimum amount of vitamin C may
well have, at each age, only one quar-
ter as much illness and chance of
dying as those who do not take extra
vitamin C.

George C. Griffith, M.D.: On Those
Irregular Heart Beats (Arrhythmias).
Some mean little or nothing, but others
warn your heart is in trouble.
Miles H. Robinson, M.D.: On Sugar
and White Flour . . . The Dangerous
Twins. How, with the best of inten-
tions, we have managed to process
natural foods into appetite-tempting,
disease-breeding trouble-makers . . .
Roger J. Williams, Ph.D., D.Sc.: On
Your Startling Biochemical Individual-
ity. Some amazing facts about your
body you need to know if you want
to understand yourself (and other
people) better.

Alexander Leaf, M.D.: On The Phys-
ical Fitness of Men Who Live To A
Great Age.

Please use the coupon below under
our special money-back guarantee.

EXECUTIVE HEALTH, Pickfair Bldg., Rancho Santa Fe, CA 92067

Gentlemen: Enclosed is my check for $

........................ for a year’s subscription

to Executive Health to start with this month’s issue. I have circled the three

$1.50 reports I am to receive free.

It is understood that if I am not com-

pletely satisfied with my first issue, my money will be promptly refunded.
In addition, I would appreciate your sending me a complete list of your 87 other
reports because among them may be some from which I might greatly benefit

and would otherwise miss.
NAME (please print)

ADDRESS

STATE/COUNTRY

ZIP SA-8
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INGLENOOK
CABERNET SAUVIGNON 1975,
WHERE ARE YOU?

OUR ESTATE BOTTLED Napa Valley Cabernet
Sauvignon '75 won't be on your store’s shelf until
late 1979. But when it is there, you'll find it to

be a very good wine. Full-bodied, deep red and
rich in character. Yes, our '75 will be an excellent
find. If you can find it.

You see, that particular year the sun didn't I
always shine like it was supposed to. So, that '
particular year Inglenook 4.
bottled only what was
good enough to be bottled.
A very small portion.
(Since only a very small portion was worthy of the
Inglenook name.) This is the same kind of quality
standard we apply to all our wines — including the
ones you can buy right now.

Sure, we won't make as much. But when
your label says Inglenook, you have a lot
more to lose than just money.

When you toast from the heart, remember,

our heart is in it too.
Inglenook Vineyards, Rutherford, Napa Valley, Califonia.

]

A4\ AL11 :

The only telephoto lens
with foreground-to-infinity sharpness.

The Sigma Pantel 135mm is more than an ultra-compact, automatic telephoto lens
that's perfect for pictures of people and places. It also lets you triple your range of
sharpness — instantly, optically. Simply by turning to the unique f/64 aperture position,
you expand your depth-of-field (sharpness range) by three times or more, as compared
to conventional telephotos. Perfect for those photos where everything from here to there
must be in sharp focus.

And, Sigma’s advanced computer technology and Multi-Layer coating assure razor-sharp,
high-fidelity images at every aperture, every time. See the surprisingly economical Sigma
Pantel, in mounts for all popular slr cameras, at better camera counters everywhere. Or, write
for complete information on the full line of Sigma lenses with unique features and advanced
technology design by requesting Lit/Pak P82. Ehrenreich
Photo-Optical Industries, Inc., Woodbury, N.Y. 11797. E&1
In Canada: Magna Marketing Co., Ltd., Ont. A product of
Sigma Corporation, Tokyo 182, Japan. Unique features

Advanced technology design.
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quickly adopted the car as the model for
his promise of a “people’s car” to revi-
talize the German economy and society.
The prototype is recognizable as a near-
ancestor of the modern “beetle.” Tech-
nical problems remained tc be worked
out. A fleet of more advanced, still more
beetleish prototypes was produced in
1936-37, but production was again de-
layed. The war turned the people’s car
into a successful jeeplike wagon, but the
civilian sedan did not reach production
until after the war, when the British oc-
cupation was looking for a “make work”
project for refugees and found the plans
and tooling for the people’s car. The rest
is history.

The Volkswagen itself borrows little
from the Airflow; the resemblance is
superficial only, as mechanically and
structurally the Volkswagen pursued a
track entirely different from the Air-
flow’s. Chrysler cannot even be credited
with paving the Volkswagen’s way into
the American marketplace; the Airflow
was not fondly remembered, and the
early Volkswagens did not sell well here
until the middle 1950’s.

Although the development of the
Zephyr and the Volkswagen was essen-
tially independent of the Airflow, the
Airflow’s influence was strongly felt in
the industry, and quickly. Stylists reject-
ed it in detail, but they soon enough ac-
cepted it in principle. Engineers were
quick to see that the Airflow was right.
The 1936 models of most major manu-
facturers began to take on lines sugges-
tive of the Airflow’s philosophy—broad
rounded curves, smooth angles, slippery
shapes, clean surfaces.

Let the record show that the Airflow
was first with the most. But let it also
show that the Zephyr and the Volkswag-
en, among others, although they were
introduced later, were developed right
alongside the Airflow and made their
own contributions to the development
of the modern automobile.

PAUL CAVINESS

Lawrence, Kan.

Sirs:

In my article on light-wave commu-
nications [“Light-Wave Communica-
tions,” by W. S. Boyle; SCIENTIFIC
AMERICAN, August] the subtitle incor-
rectly referred to the Bell System’s light-
wave communications evaluation as the
“first commercial test of light-wave tele-
phone service.” The light-wave commu-
nications system described in the article
was announced on May 11, 1977, and is
the first such system to provide a wide
range of telecommunications services. It
is carrying voice, data and video signals
on pulses of light, as the article points
out, over one and a half miles of under-



ground cable. Other companies, here
and abroad, conducted earlier commer-
cial tests of light-wave systems carrying
voice signals.

For example, on April 25, 1977,
the General Telephone and Electron-
ics Corporation announced that ‘“the
world’s first ‘optical’ communications
system to provide regular telephone
service to the public [has been] placed in
service in California.” This test system
transmits telephone conversations be-
tween two telephone offices. Moreover,
in February, 1977, a Japanese firm, Fu-
jitsu, installed a light-wave communica-
tions system to transmit telephone con-
versations between telephone offices in
Singapore.

W.S. BOoYLE

Bell Laboratories
Murray Hill, N.J.

Sirs:

Jearl Walker suggests [*“The Amateur
Scientist,” SCIENTIFIC AMERICAN, Au-
gust] that Ph.D. candidates in physics
test their faith (as a prerequisite for the
degree) by striding across a bed of hot
coals. When the future Kaiser Wilhelm
was a student, his chemistry teacher ex-
plained the Leidenfrost effect to the
class and asked Wilhelm if he had “faith
in chemistry.” The answer was yes, and
the future Kaiser was allowed to dem-
onstrate his faith. He washed his hands
with ammonia, whereupon the teacher
poured molten lead into his cupped
palms.

Considering the effects if anything
were to have gone wrong. I would say
that the teacher himself had demon-
strated incredible faith in chemistry.

ANDY POOR

The Institute for Advanced Study
Princeton, N.J.

Sirs:

Considering the bravado of our fear-
less Walker, who strode across burning
embers, I am surprised he did not build
his bed of coals at the edge of a lake or
swimming pool. Then, believing in the
inverse Leidenfrost effect and knowing
that his feet were quite hot, he could
have compounded his earlier feat by
walking across water. (Or would he have
skittered across?) Even if the second leg
of his journey was something less than
an uplifting experience, he would have
cooled his feet in a gratifyingly short
period of time.

BoB WaAIT

Cincinnati. Ohio
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LET THEM GROW WITH A QUESTAR

A child’s wonder at the world about him can hold a promise, for many
a scientist can remember that his present preoccupation with the uni-
verse began with an intense curiosity early in life.

Such a child will learn to master many tools, and the telescope, that
prime tool of science, should be the first. A flawless tool is an exten-
sion of the mind and hand, and a fine telescope should combine such
mechanical and optical perfection that it can serve for a lifetime and
never become a frustration whatever the critical job at hand. Questar,
the very finest, is such a tool and its lovely versatility adds an extra
dimension to many fields: astronomy, of course, but also to disciplines
that are terrestrial in nature. Whether it will be used for research, or
simply for the pure enjoyment of natural phenomenon, even indoors,
perhaps, where its high powers can focus on the web-spinning of a
house spider at a distance of ten feet, it is a gift for ever. And its easy
portability can take it wherever one travels.

What other tool could you buy a child that not only would enchant
and amuse him in his early awakening, but would continue to serve

him all his life?

© Questar Corporation 1976

The Standard Questar with its beautiful star
chart is shoun above: at right is the Duplex

in the leather carrying case which complements
both models.

QUESTAR, THE WORLD'S FINEST, MOST VERSATILE
TELESCOPE IS PRICED FROM $925. SEND FOR OUR
NEW BOOKLET IN FULL COLOR WITH PHOTOGRAPHS
BY QUESTAR OWNERS. 51 COVERS MAILING ON THIS
CONTINENT; BY AIR, TO SOUTH AMERICA, $3.00;
EUROPE AND NORTH AFRICA, $3.50: ELSEWHERE. $4.

QUESTAR

Box 20G. New Hope. PA 18938




A classic is reborn

Lennart Nilsson's landmark photographs of life before birth made
the first edition of A Child Is Born an international, million-copy
bestseller a dozen years ago. Since then Nilsson has continued
to photograph the developing fetus with increasingly advanced
techniques. The result is this wholly revised volume, with 125
unparalleled color photographs (all but eleven of them new),
accompanied by the latest prenatal advice

from three physicians.
Like the earlier volume,
A CHILD IS BORN “quite
literally illuminates the
mystery of pregnancy
without in any way dimin-
ishing its splendor.”
—Berton Roueché,

The New Yorker

A Book-of-the-Month Club
Featured Alternate

$11.95 at bookstores

A Merloyd Lawrence Book
Delacorte Press/
Seymour Lawrence

DELL PUBLISHING I CO INC

A HOT GIFT IDEA!

MAX-MIN THERMOMETERS

Record Temperatures in °F and °C

This Max-Mini thermometer with two scales sim-
plifies the coming change-over to the Metric sys-
tem. The present temperature is easy to read
accurately at the jet black pointer. It moves the
red Max and Min indicators along as the temper-
ature rises and falls. They always show the hot-
test and coldest experienced. To reset them just

rotate the stem below. Beautiful red, white, and
blue case 2%'' diameter. With mounting bracket.
Thermometer #7413 sent postpaid $7.50 each,
3 for $18.50. New York residents add sales tax.
For °F only scale specify #7410,

GIANT MAX-MIN THERMOMETER

Easily readable 12’ diameter with
dual °C and -40 to 120° F scales.
White face with red temperature
indicator and resettable max and
min indicators. #7470 sent post-
paid $16.95. #7470

HUMIDITY INDICATOR

Wet & dry bulb thermometers give

room temperature and humidity com-

putation on hinged front face. Case

4" x 10" includes water reservoir.

#7438 sent postpaid $9.40,#7438
MONEY BACK GUARANTEE

fﬁﬂw ' rso.

Dept. A-71, Farmingdale, N.Y. 11735

PROFESSIONAL
DISCOUNTS

Texas Instruments
electronic calculator

TI1750LCD  $19.35 SR-40. $23.25
T1-2650 Il 23.25 SR-52 II 47.05
Little on! 12.55 TI-57 N 63.0
Dataman NEW ~ 19.95 TI-58 NEw 95.7!
TI-5100 38.75 TI-59 NEW 219.95
T1-5015 NEW 63.00 PC-100A 147.00
TI-5050M .55 MBA. 66.9
T1-5040PD 95.00 Muney Mgr 16.98
TI-30SP 16.98 B 27.41
Dataclip 28.09 All leanes Available
HEWLETT hp; PACKARD
We are franchised H-P dealer.
Al accessories at discount.
HP-IONEW. ... .$139.00 HP-27. ... ... ..$140.00
HP-19C NEW. 275.00 HP-29C NEW 156.00
HP-21. 64.00 P-80. . 235.0
HP-22. 100.00 HP-67 360.0
HP-25 100.00 HP-91 260.00
HP-25C 128.00 HP-92 500.00
HP-97 599.00

Also SCM, Olivetti, National Semiconductor, Caslo, Canon,
Corvus, APF, Sharp, Craig, Sanyo, Record-A-Call and more.
ALL AT GREAT PRICES!

eEEm————m——— Programmable Video Game ~ $129.95
FAIRCHKHILD | (2000gmes possble 195

ridges. .
R TR e S Watches!

WE WILL BEAT OR MEET ANY COMPETITORS’ PRICE IF HE HAS
MERCHANDISE ONHAND. A/l units shipped in original factory cartons
according to In Calif
call (213) 370-5795 or CALL(800) 421-0367 (other than CA). Above
prices are for cash only. Credit card prices differ. BankAmericard/Visa

& Master Charge accepted. Send money order. Pers. ck (2 wks to
clear); In CA add 6% sales tax. Add $3.50 min. shipping charges.

WE SHIP AIR on request. Subject to availability. Send mail orders to DEPT
WRITE OR CALL FOR FREE CATALOG

WILSHIRE —2 STORES —HAWTHORNE
CALL

@nt@r@rﬁs@g

16611 Hawthorne Blvd., Lawndale Ca. 90260

k213) 370 5795 (800) 421-0367 - J
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50 AND 100
YEARS AGO

| SCENTIFICAM

NOVEMBER, 1927: “Photographs
show that the visible portion of the An-
dromeda Nebula is but the central and
brighter region of a vast spiral mass of
faint light whose extreme diameter is al-
most three degrees, or six times the ap-
parent size of the moon. The outer parts
of the nebula have been resolved on E.
P. Hubble’s photographs into countless
thousands of tiny stars, and by the dis-
covery of variable stars among them it
has become possible to find the distance
and size of the entire stupendous system.
Hubble’s latest data make the distance
870,000 light-years and the extreme di-
ameter 45,000 light-years. Until a few
years ago it was supposed the entire uni-
verse of stars was not nearly as big as
this. With the 100-inch telescope and
long exposures under good conditions it
should be possible to distinguish the
image of a nebula as faint as the 18th
magnitude from that of a star and thus
to reach objects at the distance of 140
million light-years. Nebulae twice as far
away might be photographed, but they
could not be distinguished from faint
stars unless and until a larger telescope
than we now possess is provided.”

“Less than six years ago the first syn-
thetic-ammonia plant in America start-
ed operation. Since then our progress
along the line of nitrogen fixation has
been commendable. At the end of last
year eight plants in the United States
were either producing or were ready to
produce synthetic ammonia. Notwith-
standing the possibility of supply sur-
passing demand, expansion and con-
struction are continuing without sign of
abatement. The Allied Chemical and
Dye Corporation, for instance, has re-
cently announced plans for a large plant
to be erected at Hopewell, Va. It is un-
derstood that the output of this plant
will go into fertilizers.”

“Radio this season is in a transition
period. The fall styles reveal a distinct
trend from the battery-operated receiv-
er to the light-socket set, which dispens-
es with all batteries and takes its power
from the house-lighting mains. A few
circuits of this type appeared on the
market last year, but this season many
more manufacturers have introduced
batteryless equipment because of the
further development of alternating-cur-
rent tubes and improved rectifiers. The
filaments of the new tubes obtain their
power from the light socket through a



Eaton Update:

1 Getting the power
around the corner

Eaton hydrostatic transmis-
sions offer designers of agricul-
tural equipment great flexibility
by replacing awkward mechan-
ical linkages with hydraulic
lines that can go around or
through other components.
They allow the equipment to
work more efficiently because
operators have aninfinite selec-
tion of operating modes.

Eaton’s commitment to hydro-
statics started in the mid-
sixties. A new plantin Spencer,
lowa, is operating at maximum
capacity, and we are planning
another expansion to serve this
growing market.

2 The advantages

of being single

With Eaton’s Single Anchor Pin
brake system you canreline a

truck brake in just two minutes—
and the only tool you need is a
screwdriver. With conventional
double anchor pin systems the
job can take hours, even with
special tools.

This Eaton exclusive is saving
down-time for truckers all over
the country. But it's only one of
our many contributions to truck-
ing efficiency. We're a leader,
worldwide, in axles and heavy-
duty transmissions, and we're
winning an ever-stronger posi-
tion in components like brakes
and anti-lock systems, fan
drives, and air conditioning.

3 636-acre survival course

The Eaton Proving Ground at
Marshall, Michigan, subjects
truck and automobile compo-
nents to horrendous treatment.
The facilities include a 1.6 mile
oval track for sustained endur-
ance testing; road surfaces that
are just plain hostile; a salt bath
for corrosive brake lining tests;
andai1200-footskidpadthatcan
simulate any skid condition.

© 1977 SCIENTIFIC AMERICAN, INC

It's all part of Eaton's total com-
mitment to quality. We market
new engineering ideas

only after having proved that
they excel at surviving in the
real world.

Eaton is a family of technologi-
cally related businesses with a
balanced combination of man-
ufacturing and engineering
skills. We're always looking for
new ways to use these skills in
markets where needs are grow-
ing. This approach to the man-
agement of change has been
achieving record sales and
earnings. For the complete
story, write to: Eaton Corpora-
tion, 100 Erieview Plaza,
Cleveland, Ohio 44114.

E.-T°N
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‘ ‘ Remember your first
birthday party? Let's look at it
again, right now. It's easy, with my
automatic Bolex Sound-8
projector. It brings back those
unforgettable times, in beautiful
full-color movies with sound. It
even lets me add new voices,
music, or sound effects anytime
want.

Why don't we take a look at
your second birthday now, and
then your third and then....

See the newest Bolex Super-8
projectors and cameras at better
camera counters everywhere. For
more information and a free copy
of our new book, “"Sound Movies Made Easy;’ write for Lit/Pak P76 to
Ehrenreich Photo-Optical Industries, Inc., Woodbury, N.Y. 11797 E[Z3
In Canada: W. Carsen Co., Ltd., Ontario. ,’

THE BOLEX
TIME-TRAVELER

HEATHKIT PERSONAL COMPUTERS

It figures,
doesn’t it?

Of course it does! What eise would
you expect from the leader in kit-
form electronics if not a complete
line of “total-system” computers
and peripheral devices? There’s the
H8 8080 Digital Computer, the H11
16-Bit Digital Computer based on
the famous DEC LSI-11, the HS
Video Terminal, the H10 Paper Tape
Reader/Punch and the fabulous
LA36 DEC Writer Il Keyboard Printer
Terminal. Capability, expandability
and economy are the key words
where Heath computer products are
concerned. It figures, doesn't it?

MICROPROCESSOR OPERATION
AND APPLICATION COURSE

Course EE-3401 provides individualized instruction
in microprocessor operation, interfacing and pro-
gramming. Hardware and software experiments are
included. Couple these with the optional 6800 mi-
croprocessor-based ET-3400 Microprocessor Trainer
and you get real hands-on exparience

ne
Kit
$530

LA36
DEC
Writer || assembled!
(& & N |

HEATH

Schlumberger Benton Harbor, Michigan 49022

Please send me my FREE Heathkit Catalog.
| am not on your mailing list.

Heath Company, Dept. 036-350 l

Nearly 400 kits in all. <= Name

Everything from computers to stereo Address

hi-fi and color TV. Send for your copy )

today! City State '

Heath Co., Dept. 036-350, Benton Harbor, MI 49022 CP-132 Zip
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small step-down transformer, and the
rectifier tubes convert the alternating

| current to direct current at suitable volt-

ages to replace ‘B’ batteries. The num-
ber of receivers of the table and the con-
sole type is about evenly divided.”

“The Norwegians have perfected
whaling ships capable of operating in
the Antarctic, thousands of miles from
their home port. These ships are fitted
with a false bow that can be tilted down-
ward into the water to serve as a runway
on which one of these huge mammals
can be drawn to be cut up. Machinery
aboard extracts the oil from the blub-
ber and converts the carcass into meal.
These ships are independent of a land
base, and having filled their storage
tanks with the whale oil, which is in
special demand by soap-makers, they

| steam to whatever world port holds
| forth the best promise of a profitable

market for their cargo. In recent years
the number of whaling companies has
increased rapidly, and no ocean area is
exempt from whaling operations. In ex-
cess of 10,000 whales are killed annual-
ly, the maximum yield of oil having
been reached in 1923, amounting to
44,000,000 gallons. Millions of gallons
of whale oil now find a ready market in
this country. This freedom of operations
without restraint on the high seas has
aroused the fear of intelligent observers
that whales may soon become commer-
cially extinct. The only possible control
of such operations must be found in in-
ternational agreement.”

NOVEMBER, 1877: “Mr. Thomas
A. Edison, the renowned electrician of
New Jersey, has in the course of a series
of extended experiments in the produc-
tion of his speaking telephone conceived
the highly bold and original idea of re-
cording the human voice on a strip of
paper, from which at any subsequent
time it might be automatically delivered
with all the vocal characteristics of the
original speaker accurately reproduced.
A speech delivered into the mouthpiece
of this apparatus may 50 years hence—
long after the original speaker is dead—
be reproduced audibly for an audience
with sufficient fidelity to make the voice
easily recognizable by those who were
familiar with the original. As yet the ap-
paratus is crude, but it is characterized
by the wonderful simplicity that seems
to be a trait of all great inventions or
discoveries.”

“Practiced mountaineers who have
climbed to a height of 17,000 or 18,000
feet have been of the opinion that even
at such altitudes there is a very impor-
tant and perceptible diminution of the
bodily powers, and they think the height
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HERE’'S ONE ENGINEERING OPPORTUNITY
YOU WON'T GET IN PRIVATE INDUSTRY.

If vou're thinking about a
technical position after graduation,
think about this.

How many companies can offer
vou a nuclear submarine to operate?
The answer is none. Equipment
like this is available only in
one place —the Navy.

The Navy operates over half the
nuclear reactors in America.

So our training is the broadest and
most comprehensive. We start by
giving vou a vear of advanced

technical education. In graduate
school, this would cost vou
thousands, but in the Navy, we
pay vou.

Once vou're a commissioned
Nuclear Propulsion Officer. vou'll
earn a top salary. Over $24.000
a year after four vears. And
vou'll be responsible for some
of the most advanced equipment
developed by man.

The Navy also has other
opportunities in surface ships

NAVY OFFICER.
IT'S NOTJUSTA JOB,IT'S AN ADVENTURE.
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and aviation assignments. If vou
are majoring in engineering, math
or the physical sciences, contact
vour placement office to find out
when a Navy representative will be
on campus. Or send vour resume to:
Navy Officer Programs,
Code 312-B382, 4015 Wilson Blvd.,
Arlington. VA 22203.

The Navy. When it comes to
nuclear training, no one can give
vou a better start.






“The only gusher Pll ever see is
at the movies?’

Gulf Production
Superintendent Bob
Valentine perforates a
legend. “I don’t think I
ever saw an oil movie
where they didn’t have a
gusher. Everybody gets
greasy, and they laugh a
lot.

“But today the only
gushers are in the movies,
not in real life. And a
good thing, too. All that
oil spraying all over the
landscape. All those tools
and pipe flying around —
a man could get killed
that way.

“The fact is that wells

“A modern oil strike: rock with oily
pores.”

“This is a remote control blow-out
preventer manifold. It
keeps gushers from happening.”

Gulf Oil Corporation

just don’t come in as
gushers anymore.

The easy oil is gone

“One reason is that
drilling and well-comple-
tion technology has
improved. These days, we
bring the oil to the surface
under carefully controlled
conditions, in order to
avoid spillage.

“Another reason is
that the easy oil is gone.
We're drilling deeper—
sometimes as deep as
20,000 feet. We're drilling
in tough, inaccessible,
out-of-the-way locations
we wouldn’t have
attempted ten years ago.

Wet rock

“These days, an oil
strike is a lot less dramatic.

© 1977 SCIENTIFIC AMERICAN, INC

At the end of a successful
drilling operation, your
best indication of oil may
be a wet rock. The oil is
in the pores of the rock,
and you sometimes have
to do some incredible
things to get it out. Stimu-
lation with chemical
solutions; fracturing at
eight or ten thousand
pounds’ pressure; or steam
injection flooding.

“These days, getting
the oil out is a real chal-
lenge. But we've got the
tools and the knowledge,
and we'll do it”

Gulf people:
meeting the challenge.



of 25,000 or 26,000 feet will be found to
be about the limit that will ever be
reached on foot. Aeronauts have proved
that life can exist at 30,000 feet above
the level of the sea, and that at 25,000
feet and upwards one can be positively
comfortable if one is dressed warmly
enough. Mr. Glaisher, in his memorable
balloon ascent of September 5, 1862,
left the ground at 1:00 p.M. and in less
than an hour had shot up to a height of
30.000feet. At the start the temperature
of the air was 59 degrees Fahrenheit,

THE FACT ALTEC IS THE NO.1 Grecs lower: Mountainéers. expericnce

h iati .

CHOICE OF PROFESSIONALS They rarely ascend more rapidly har
1.000 f hour. h

SHOULD TELLYOU MORE THAN 15.000 e;etetlf) 61; ao.liirayl?e;/rc:i Sge:;rcl)Lrlr(l:e ?g

A WHOLE PAGE OF SPECS. some extent acclimatized as they pro-

gress upwards. On the whole we are in-
Every speaker manufacturer can easily fill a number of pages with

clined to think man will not rest until he
has at least attempted to reach the lofti-
est summits on the earth. although we

technical data. However, not every speaker can claim to be the number one shall venture to assert that it will be long
choice of the pros —at major recording studios, concert halls, stadiums before anyone crushes down the snow
and theaters. And we've been there for over 40 years. on the summit of Mount Everest.”

So if youre thinking of putting a great hi-fi system into your home,
listen to an Altec Lansing speaker. The sound will convince you more “It is now an established fact that

there is oil in Ventura County, Califor-
nia, in paying quantities. One of the
chief advantages is in the ease with
which the refined oil can be placed on
board vessels bound for foreign ports. A

than anything you read. Write us for a full-line
pipe line will convey every gallon to the
barrels in the holds of the vessels, thus

catalog and the name of your nearest Altec Lansing
dealer. Altec Lansing International, 1515
S. Manchester, Anaheim, CA 92803. @
ALTEC/LANSING. THE NUMBER ONE NAME IN w
PROFESSIONAL SPEAKERS IS COMING HOME.
saving all the immense expense of haul-

_ ing and storing in hazardous places the
oil barrels awaiting shipment.”

“ Soccer's my thing—and
my Bolex 5122 sound movie
camera makes sure | bring back all
the action. Naturally, there's no time
to make exposure or sound settings,
and with the Bolex 5122, | don't
have to, ever. Its 12-to-1 Macrozoom
lens lets me pullin all the action, from
goalpost to goalpost. And hearing
the roar of the crowd when | play
my movies back is just like being
there again.

Incredibly advanced, incredibly
easy to use—from Bolex, the #1
superstarin super-8 movies. See
the Bolex 5122 and other Bolex
cameras and projectors, at better

“Are the brain, and the moral and in-
tellectual processes known to be associ-
ated with the brain, subject to the laws
we find paramount in physical nature?
Science has led us into the domain of
metaphysics, and we have been pre-
pared for the affirmative response. The
phenomena of heredity, how much we
owe to the transmitted influence of the
past, how closely we are bound up in a
chain of evolutionary events whence we
cannot escape—all are adduced to prove
that we are not masters of the circum-
stances in which our motives and wishes
originate, and if finally our motives and
wishes determine our actions, in what
- | sense can these actions be said to be the
result of free will? Professor Tyndall
writes: ‘There is on all hands a growing
repugnance to invoke the supernatural

camera counters everywhere. And write for Bolex Lit/Pak P76 and in accounting for the phenomena of hu-
a free copy of our new 24-page book “Sound Movies Made Easy.’ man life; and thoughtful minds. finding
Ehrenreich Photo-Optical Industries, Inc., Woodbury, N.Y. 11797.B#8 | no!r e of evidepge in favar of any ofh-
In Canada: W. Carsen Co., Ltd., Ontano.” action of social forces the genesis and

| development of man’s moral nature. If
they succeed in the search, and I think
they are sure to succeed, social duty
would be raised to a higher level of sig-
nificance, and the deepening sense of so-
cial duty would, it is to be hoped, lessen,
if not obliterate, the strife and heart
burnings that now beset our social life."”

THE BOLEX
- SPORTSMAN
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THE
FINEST CARS
IN THE
WORLD

UNIROYAL

This car chose Uniroyal as
one of its original equipment radial tires.
Can you identify it?

Tutu!n!!‘_'
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Never buy a Bordeaux by the bottle.
Buy a great,velvety Bordeaix by the label.

—

.%.ll (‘ewr'. ’ A nd rmla‘m
L0k i1 fol G

1975

ONTET-LATOUR

WeRliarion = owtaaidl

&
$OROS Ao wine . propuCe OF A
o Ut 1Pt 8% Fi oo Ko 1,
N0 g goegrier . Négociants & Minnguriert i st
BY BROWNE vINTNERS CO. NEW FOML RE
Sole Distritigtors in the USA

The B&G label.
B&G. 250 years of winemaking history from all the great wine regions of France:
Bordeaux, the Loire Valley, Beaujolais, Cotes du Rhone and Burgundy.
Now B&G brings you Pontet-Latour, a great velvety wine from Bordeaux.

Superb. But affordable.

Just buy 1t by the label. B &G

Leztters of recommendation from France.

IMPORTED BY BROWNE VINTNERS, NEW YORK AND SAN FRANCISCO. AD PREPARED BY TT&P. INC
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THE AUTHORS

ELI GINZBERG (“The Job Prob-
lem™) is A. Barton Hepburn Professor
of Economics at the Columbia Univer-
sity Graduate School of Business and
director of the university’s Conserva-
tion of Human Resources project. A
lifelong New Yorker, he was educated
at Columbia, where he received his
Ph.D. in economics in 1934. Ginzberg
has served as an adviser on manpower
for the past eight presidents, beginning
with President Roosevelt, and he is cur-
rently chairman of the National Com-
mission for Manpower Policy. He is the
author or coauthor of more than 50
books, among them The Human Econo-
my and The Manpower Connection: Edu-
cation and Work. His other interests in-
clude the economic problems of women
and minority groups, metropolitan eco-
nomic problems, the economics of de-
veloping countries, medical economics
and the economy of Israel.

NORMAN H. HOROWITZ (“The
Search for Life on Mars”) is professor
and chairman of the Division of Biology
at the California Institute of Technolo-
gy. A native of Pittsburgh, he was edu-
cated at the University of Pittsburgh
and Cal Tech, where he received his
Ph.D. in biology in 1939. After working
for four years at Stanford University he
returned to Cal Tech as associate pro-
fessor of biology in 1947. From 1965 to
1970 he was chief of the Bioscience Sec-
tion at the Jet Propulsion Laboratory of
Cal Tech, and from 1970 to 1974 he
served on the Space Science Board of
the National Academy of Sciences. His
research interests include the genetics
and biochemistry of the red bread mold
Neurospora, molecular evolution, bio-
logical water requirements and the pos-
sibility of extraterrestrial life.

KOBE SHOIJI (“Drip Irrigation™) is
senior vice-president of the Alexander &
Baldwin Agribusiness Corporation in
Honolulu. He was educated at Pomona
College and the University of California
at Los Angeles, where he received his
Ph.D. in plant physiology in 1950. He
then joined the faculty of the University
of Hawaii and did research on the min-
eral nutrition of coffee, banana and su-
garcane plants. From 1960 to 1975 he
worked for a series of agricultural com-
panies in Hawaii, Iran and Puerto Rico,
directing research devoted to optimizing
the yield of sugarcane and other tropical
crops. In his present position Shoji is in-
volved in the evaluation and develop-
ment of a wide variety of agricultural
projects. During the past year he trav-
eled a total of 30.000 miles to consult in
such diverse places as the Australian
outback, Central and South America,

the Libyan desert, Khartoum, Teheran,
Rome and London.

EDWARD J. GROTH, P. JAMES
E. PEEBLES, MICHAEL SELDNER
and RAYMOND M. SONEIRA (“The
Clustering of Galaxies’’) are a group of
cosmologists at Princeton University.
Groth was educated at the California
Institute of Technology and at Prince-
ton, where he received his Ph.D. in
physics in 1971. He stayed on and stud-
ied pulsars before taking up his present
research. Peebles is professor of physics
at Princeton and the leader of the group.

A native of Canada. he attended the |

University of Manitoba, going on to ob-
tain his Ph.D. in physics from Princeton
in 1961. An initial interest in the physics
of gravity led him to astrophysics and
then cosmology. Seldner did his under-
graduate work at Rutgers University

and received his Ph.D. from Princeton |

this year. His thesis research dealt with
the clustering of radio sources. He has
also collaborated with Groth “on a

number of double plays for the physics |

department softball team.” Soneira, a
Ph.D. candidate, received his bachelor’s
degree in physics from Columbia Uni-
versity in 1972.

NEIL B. TODD (“Cats and Com-
merce”) is director of the Carnivore Ge-
netics Research Center in Newtonville,
Mass. He was educated at the Univer-
sity of Maryland, the University of
Massachusetts and Harvard University,
where he received his Ph.D. in biology
in 1963. From 1964 to 1968 he was em-
ployed as a geneticist at the Animal Re-
search Center of the Harvard Medical
School, where he was responsible for
breeding programs for dogs and cats for
research purposes. In 1968 he joined the
Carnivore Genetics Research Center,
and he worked concurrently for private
animal-breedinglaboratories and as ad-
junct professor of biology at Boston
University until last year. Todd’s re-
search on the population genetics of do-

mestic cats has involved field studies |

throughout the world. Apart from his
scientific work his major interest is nu-
mismatics. He has just completed for
publication “extensive research notes on
the tavern tokens associated with the
wine and spirit trade in late-19th-centu-
ry Dublin.”

LAWRENCE H. KEELEY (“The
Functions of Paleolithic Flint Tools”) is
an anthropologist with a special interest
in prehistoric stone implements. He did
his undergraduate work at California
State University at San Jose and his
graduate work in anthropology at the
University of Oregon and the University
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Save on Calculators

HEWLETT-PACKARD

Model Your Cost
HP 97 224 Program Step/Printer  $59695
HP 29C Comb bet. HP25C/HP67 1k 8
121.95
1395
259 95
13995
9950

Madel Your Cost
HP 67 224 step programming $35795
HP 19C Combbetw HP25C/HPET/ptr 274.95
HP 2 Bond Trader-Finance-Ponter 43695
HP 25 Scient -programmable

HP 80 R/E-Bus-Fin-200 yr calendar

HP 25C Scient. retains memory
HP 27 Comb Bus.-Science-Stat
HP 91 Printer Scient.-HP 45 specs
HP 10 hand held Ptr-mem., small
HP 22 R/E Business-Finance

HP accessories at discount prices

234 95
HP 55 Scient. prog-Timer (was $335) |39 95
HP 21 Scient. slide rule

HP usar lh solut books (40)each 9.50

We are an HP franchised dealer Each unit comes complete wih charger.
batteries. case. manuals . e pub
will beat a0y 23l Try us

TEXAS NSTRUMENTS

Madal

Ti 53 360 prog step—100 mems $22

PC 100A printer for Ti 59-58-56.52 To%s

SR 40 Scint. side rle parentheses 2435

Bus Analyst R/E and Finance

SR 51-2 Super Shide Rule-Conv. 48 95

Data Clip pencil thin, LCD 1000 Hrs

T1 1680 Instant Replay calcs 2595

7125503 Business-Memory

T1 5040 Pantor Display Momory

Th 50508 ACOC priner, memory
11050 Mem percent-square ro0t

an anes for TI59and Tt 8

Your Cost

$ 9795
63.95
17.95
1895
19.95
6795
1295

Model

T1 58 480 step prog-60 memories
T157 150 step prog.-replaces SR56
T1 30 Scient. shde rule, parentheses
Money Manager for R/E and Finance
T1 1750 Thin, wall. LCD 2M Hrs, mem,
MBA Business-Finance-Stats

Uttle Prot. for kids 5 yr./up
Data-Man (Big Prof.) educ.

Ti 5015 Prt-Grand Total-Percent

T1 5100 Desk-Digital, mem.-percent
T11@5 Memory-Percent-+/— 1095
0 TiDigital Watches 5 funcs from 9%

We are a Tl franchised dealer andcarry Tl accessonesatdiscount prices
We will beat any deal Try us All Tl calculators are guaranteed by Texas

SPECIALS

Model

Sony KV-12 Color Tnnitron 15"
Sony KV-1541R Color remote 15"
Sony KV-1724 Color Tnitron 17
Sony KV-174R Color remote 17"
Sony KV-1921 Color Triitron 19"
Sony KV-2101 Color Trinitron 21*
Sony stereos-recorders and others _call us
Norelco Mini Cassettes 5 Calc-Watch, mem.by Hughes Aircraft 125 00
Craig # 2@5 elect. notebook 14900  Atari computTV game incl./27 games 169 95
Craig #2706A dictating/transc 183.95  RCA Televisions All mods Call for best deal
Smith Corona #2200 elec type-cass 233.95 RCA new 4 hours video cassette recorder,
Dlivetts Lexikon 82 ball typewrtr — 243.00  revolutionary video recorderfor less call us
3M Dry phatocopy machine #149 7995  Zemith Televisions. All models.

New T1. Star Wars dig. watch mcu 1495

Chranagraph 15 funct LCO or 59.95
Sony KV-2 04 Color Trinitron |z

Your Cnst

21.95
64.95
4395

Your Cost
$36100
409 00
41800
47900
461.00
569.00

Model Your Cost
Noreico #95 Dictating unit
Norelco #185 Dictating unit
Norelco #88 Dictating unit
Norelco #186 Transcribing unit
Norelco #NT-1 new dictating unit
Norelco #97 dictating or transc
Norelco #98 dictating or transc

Call us for the best deal
Phone-Mate- Code A Phone-Record a Calt

31400 callus

We carry Royal—Dlivett—Smith Corona~Amana- Littan—Commodore—
APF—Unirox—Canon—C harp—P: ly—JV C—

v G Victor—Sinclair— ~Midex alarm—3M
M|cm"\a»Unyds—BnSHErfﬁuLkweI1 ~Sentry Safes—Walton Gym
cquipt ~RCA. Zemth-Sany-Atari—Phone Mate-Record A Call. Code A
Phone and many more Over 20,000 units. (Try COFFEE PLUS at $179 per
one pound can by the case of 24 cans. Freight prepaid

Prcas are fob LA. Goods subject to availability. Ask for our famous catalog
We will beat any prices if the competition has the goods on hand
Aid $300 forshipping hand held calculators CA residents add 6% sales tax.

OLYMPIC SALES COI‘l'IDﬂﬂ‘J inc

h Owlard Ave. - P.0O. Bos T454%
Lo l.—-;n-\ A SO004 - (213) 3813911 - Twles 673477

A Game with
Three Rules...

The Peer of Chess

gy

A fascinating, subtle new game

that is child’s play, simple in its ruies.
A game of depth and beauty that

will never stale.

LOCUS is a very successful
embodiment of certain mathematical
ideas in a game with a minimum rule
structure. its very name is an acronym
for a fundamental concept—largest
connected set (LCS)—and its playing
pieces are those fascinating
geometrical entities, polyominoes.

A decade of play has led us to the
belief that others will relish this
sublimely simple-subtle game as we
do. Sets consisting of playing pieces,
playing mat, container. rules, and
annotated games are available at
§7.95 each from:

STATCON, Box 338
| Hockessin, DE 19707
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Celestron 90

Maksutov-Cassegrain
Telescope

C90 Astro
Telescope
$495.

OBSERVE OR PHOTOGRAPH
IN CRISP DETAIL

A butterfly's antennae at 20 feet, a

friend's portrait at 100 feet, the infinite

crater detail on the Moon, the beit

structure and twirling satellites of Jupiter or

the awesome grandeur of the rings of Saturn.
Celestron has established a new standard

in superb optical systems at affordable

prices with the new C-90. It features large

observatory type mirror-lens optics folded

into a compact portable telescope.
Celestron - the world's leading

manufacturer of mirror-lens telescopes

in apertures from 3.5 to 14 inches.

Hundreds of colleges and universities

have selected Celestron telescopes in

portable and observatory models for

teaching and research.

Send for free data sheet on the C-90 or
enclose $2.00 for your copy of the new
Celestron 32-page color catalog showing
how to select and use a Celestron
telescope.

Celestro

C90 Telephoto
$245.

C90 Spotting Scope
$295.

Dealer inquiries invited

() Celestron International
2835 Columbia, P.O. Box 3578 -C
Torrance, California 90503

Telephone (213) 328-9560
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of Oxford, where he received his D.
Phil. this spring. He has participated in
archaeological investigations in Califor-
nia and in England, and he has applied
computer and microwear analysis to
flint implements from sites in Britain,
Germany and Syria. “As for future re-
search,” he writes, “I am of course inter-
ested in applying my methods of micro-
wear research to stone implements from
the European and African Paleolithic
and from the North American Paleo-In-
dian period. I am also engaged in a study
of preagricultural technologies, with
particular reference to the use of
chipped stone implements in the exploi-
tation of plant resources.” This past
year Keeley has been a guest lecturer at
the University of Edinburgh, the Uni-
versity of Chicago and the University of
California at Berkeley.

DAVID EPEL (“The Program of
Fertilization”) is professor of biology at
the Hopkins Marine Station of Stanford
University. He first became interested in
biology as a high school student, when
he was given a vintage 1880 Leitz micro-
scope with which he spent long hours
observing protozoa. He continued his
study of biology at Wayne State Univer-
sity and went on to obtain his Ph.D. in
zoology from the University of Califor-
nia at Berkeley in 1963. After two years
of postdoctoral research in Britton
Chance’s laboratory at the Johnson Re-
search Foundation of the University of
Pennsylvania School of Medicine, he
joined the staff of the Hopkins Marine
Station in 1965. In 1970 he moved to the
Scripps Institution of Oceanography of
the University of California at San Die-
go; he returned to Hopkins this fall.
For the past three summers Epel has co-
directed the embryology program at
the Marine Biological Laboratory in
Woods Hole, Mass.

JOHN U. NEF (“An Early Energy
Crisis and Its Consequences”) is profes-
sor emeritus of economic history at the
University of Chicago. Born in 1899,
Nef attended Harvard College and the
Robert Brookings Graduate School in
Washington, where he received his
Ph.D. in economics in 1927. After
teaching for two years at Swarthmore
College he joined the Chicago faculty.
In 1942 he founded the Committee on
Social Thought, a small interdisci-
plinary faculty devoted to the study of
historical and cultural development.
The committee attracted many eminent
thinkers and artists to Chicago, among
them Friedrich von Hayek and Saul Bel-
low (who became the committee’s chair-
man after Nef’s retirement). Nef is the
author of 15 books, including a two-vol-
ume history of the British coal indus-
try and, most recently, a memoir titled
Search for Meaning: The Autobiography of
a Nonconformist.



IF YOU DON'TJUDGE A BOOK BY
I'TS COVER,WHY PAY FOR THE COVER?

Join us in a new kind of
book club, called QPB.
It features great books
by great writers in full-
size, quality softcover
editions. The saving: as
much as 65% over the
hardcover prices.

QPB is a book club for 4
people who love toread
and collect important
works of fiction and non-
fiction, but are stunned by
current bookstore prices.

4135.A Rumor Of War. Philip Caputo.
In hardcover: $10 QPB Edition: $5.95.
Same text, type size and number of
pages. And only $1 if it's part of your
3-book membership choice

396. The Illustrated Edgar Allan
Poe. Satty. With an introduction by
Thomas Albright. Hardcover: $15
QPB: $7.95

397. The Unabridged Mark Twain
Opening Remarks by Kurt Vonnegut, Jr.
Edited by Lawrence Teacher

QPB: $8.95

399. The Crash Of '79. Paul E.
Erdman. Hardcover: $8.95

QPB Ed: $4.95

The QPB alternative
gives you the titles you
want in full-size, soft-
cover editions. These are
books printed on fine
paper, as permanent and
durably bound as most
hardcover editions.

Youll get at least one
bonus point for each book
or set you buy and when
you've accumulated six
bonus points, you will be
able to pick another book
or set free.

And with QPB’s care-
fully selected list, num-
bering in the hundreds
(many available in soft-
cover only through QPB),
no serious reader will
have a problem finding
books he or she has

wanted to own.

434. The Discovery Of The Tomb
Of Tutankhamen. Howard Carter
and A.C. Mace. New introduction by
Jon Manchip White. (Photos) QPB: $4
436. Dangerous To Man: The
Definitive Story of Wildlife's Reputed
Dangers. Revised Edition. Roger A.
Caras. Hardcover: $15 QPB: $7.95
437. Design For A Limited Planet
Living with Natural Energy. Norma
Skurka and Jon Naar. QPB: $5.95

Let’s try each other for 6 months.

Quality Paperback Book Club, Inc.,Middletown, Pa. 17057.
Please enroll me in QPB and send the 3 choices ['ve listed below. Bill
me $3 plus shipping charges. [ understand that [ am not required to
buy another book. You will send me QPB Review (if my account is
in good standing) for 6 months. If | have not bought and paid for at
least 1 book in every six-month period, you may cancel my membership.

Indicate by number the ] [ } |
3 books or sets you want L I

7-QB170-11
Name

(Please print plainly)
Address Apt.
16

City State Zip

How membership works

1. You receive QPB Review 15
times each year (about every 3%
weeks). Each issue reviews a new
Main Selection, plus scores of
Alternates. All Main Selections with
established publishers list prices are
offered at at least 20% discount off
that list price.

2. It you want the Main Selection
do nothing. It will be shipped to you
automatically. If you want one or
more Alternate books—or no book
at all—indicate your decision on the
reply form always enclosed and
return it by the date specified.

3. Free books. For each book or
set you take (except the first 3 you
get for $1 each) you earn Bonus
Points which entitle you to free books.
You pay only shipping charges.

4. Return privilege. If QPB
Review is delayed and you receive
the Main Selection without having
had 10 days to notify us, you may
return it at our expense.

5. Cancellations. You may cancel
membership at any time by notifying
QPB. We may cancel your member-
ship if you elect not to buy and pay
for at least one book in every six-
month period
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222. The Americans. Daniel J.
Boorstin. (3 Vols.) Hardcover: $47.50
QPB: $14.85

228. The Life And Work Of
Sigmund Freud. Ernest Jones. The
Letters Of Sigmund Freud. Edited by
Ernst L. Freud. (2 Vols.) Hardcover:
$27.95 QPB: $11.90

253. The Adventures Of Sherlock
Holmes and The Memoirs Of
Sherlock Holmes. A. Conan Doyle
(2 Vols.) Tllus. QPB: $7.90

260. The New Catalogue Of
Catalogues: The Complete Guide to
World-Wide Shopping by Mail. Maria
Elena De La Iglesia. (Photos)

QPB: $7.95

372. The Uses Of Enchantment
The Meaning and Importance of Fairy
Tales. Bruno Bettelheim. Hardcover:

$12.50 QPB Ed: $5.95

375. The Mediterranean And The
Mediterranean World In The Age
Of Philip 11. Volumes I and 11
Fernand Braudel. Translated by Sian
Reynolds (Illus.) Hardcover: $35
QPB: $13.90

Join now. Pick
any 3 books or
sets for $1 each—
with no
obligation to buy
another book.

111. The Foundation Trilogy: Three
Classics of Science Fiction. Isaac Asimov

Hardcover: $17.85 QPB: $4.95

151. The Lord Of The Rings
J.R.R. Tolkien. (3 Vols., Boxed)
Hardcover: $25 QPB: $8.95

198. The Best Of Life. (Photos)
Hardcover: $19.95 QPB: $8.95

378. Other Homes And Garbage
Designs for Self-Sufficient Living. Jim
Leckie, Gil Masters, Harry Whitehouse
and Lily Young. QPB: $9.95

380. The Rolling Stone Illustrated
History Of Rock & Roll. Edited by
Jim Miller. Designed by Robert Kings-
bury Hardcover: $19.95 QPB: $9.95
444. The Rape Of The Nile: Tomb
Robbers, Tourists and Archaeologists in
Egypt. Brian M. Fagan. (lllus.) Hard-
cover: $14.95 QPB: $7.95

431. Colonies In Space. TA.
Heppenheimer. Produced by Richard C.
Mesce. (Photos & Illus.) Hardcover:
$12.95 QPB Ed: $6.95
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MATHEMATICAL
GAMES

In which joining sets of points by lines

leads into diverse (and diverting) paths

by Martin Gardner

“Prove that at a gathering of any six
people, some three of them are ei-
ther mutual acquaintances or complete
strangers to [one an]other.”

—ProblemE 1321,

The American Mathematical Monthly,

June-July, 1958

y column this month, on Ram-
M sey graph theory, honors the
appearance this year of The
Journal of Graph Theory, a periodical ex-
clusively concerned with one of the fast-
est growing branches of modern math-
ematics. The editor-in-chief is Frank
Harary, an eminent graph theorist and
author of the world’s most widely used
textbook on the subject. The publisher
of the magazine is John Wiley & Sons.

Graph theory studies sets of points
joined by lines. Two articles in the first
issue of the new journal deal with Ram-
sey graph theory, a topic that has a large
overlap with recreational mathematics.
Although a few papers on Ramsey the-
ory, by the Hungarian mathematician
Paul Erdos and others, appeared in the
1930’s, it was not until the late 1950’s
that work began in earnest on the search
for what are now called Ramsey num-
bers. One of the great stimulants to this
search was the innocent-seeming puzzle
quoted above.

It is easy to transform this puzzle into
a graph problem. Six points represent
the six people. Join every pair of points
with a line, using a red pencil, say, to
indicate two people who know each oth-
er and a blue pencil for two strangers.
The problem now is to prove that no
matter how the lines are colored you
cannot avoid producing either a red tri-
angle (joining three mutual acquain-
tances) or a blue triangle (joining three
strangers).

Ramsey theory, which deals with such
problems, is named for an extraordinary
University of Cambridge mathemati-
cian, Frank Plumpton Ramsey. Ramsey
was only 26 when he died in 1930, a few
days after an abdominal operation. His
father was president of Magdalene Col-
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lege. Cambridge, and his brother was
archbishop of Canterbury from 1961 to
1974. Economists know him for his re-
markable contributions to economic
theory. Logicians know him for his sim-
plification of Bertrand Russell’s rami-
fied theory of types (it is said that Ram-
sey Ramseyfied the ramified theory) and
for his division of logic paradoxes into
logical and semantical classes. Philoso-
phers of science know him for his inter-
pretation of probability in terms of be-
liefs and for his invention of the “Ram-
sey sentence”: a symbolic device that
greatly clarifies the nature of the “‘theo-
retical language” of science.

In 1928 Ramsey read to the London
Mathematical Society a now classic pa-
per, “On a Problem in Formal Logic.”
(It is reprinted in The Foundations of
Mathematics, a posthumous collection
of Ramsey’s essays edited by R. B.
Braithwaite and currently available in
paperback.) In this paper Ramsey
proved a deep result about sets that is
now known as Ramsey’s theorem. He
proved it first for infinite sets, observing
this to be easier than his next proof, for
finite sets. Like so many theorems about
sets, it turned out to have a large variety
of unexpected applications to combina-
torial problems. The theorem in its full
generality is too complicated to explain
here, but for our purposes it will be suffi-
cient to see how it applies to graph-col-
oring theory.

When all pairs of » points are joined
by lines, the graph is called a complete
graph on n points and is symbolized by
K,. Since we are concerned only with
topological properties, it does not mat-
ter how the points are placed or the lines
are drawn. The illustration on page 23
shows the usual ways of depicting com-
plete graphs on two through six points.
The lines identify every subset of n that
has exactly two members.

Suppose we arbitrarily color the lines
of a K, graph red or blue. We might
color the lines all red or all blue or any
mixture in between. This is called a two-
coloring of the graph. The coloring is of
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course a simple way to divide all the
two-member subsets of » into two mutu-
ally exclusive classes. Similarly, a three-
coloring of the lines divides them into
three classes. In general an r-coloring
divides the pairs of points into » mutual-
ly exclusive classes.

A “subgraph” of a complete graph is
any kind of graph contained in the com-
plete graph in the sense that all the
points and lines of the subgraph are in
the larger graph. It is easy to see that any
complete graph is a subgraph of any
complete graph on more points. Many
simple graphs have names. The illustra-
tion on page 24 shows four families:
paths, cycles, stars and wheels. Note
that the wheel for four points is anoth-
er way of drawing K. It is often called
a tetrahedron because it is a planar pro-
jection of the tetrahedron's skeleton.

Consider now the following problem
involving six pencils of different colors.
To each color we assign any kind of
graph we like. For example:

. Red: a pentagon (five-point cycle).
. Orange: a tetrahedron.

. Yellow: a seven-point star.

. Green: a 13-point path.

. Blue: an eight-point wheel.

. Purple: a bow tie (two triangles
sharing just one point).

AN RN =

We now ask a curious question. Are
there complete graphs that, if they are
arbitrarily six-colored, are certain to
contain as a subgraph at least one of the
six graphs listed above? In other words,
no matter how we color one of these
complete graphs with the six pencils we
are certain to get either a red pentagon
or an orange tetrahedron or a yellow
seven-point star, and so on. Ramsey’s
theorem proves that beyond a certain
finite size all complete graphs have this
property. The smallest graph of this infi-
nite set is called the Ramsey graph for
the specified set of subgraphs. Its num-
ber of points is called the Ramsey num-
ber for that set of subgraphs.

Every Ramsey graph provides both a
game and a puzzle. For our example the
game is as follows. Two players take
turns picking up any one of the six pen-
cils and coloring a line of the Ramsey
graph. The first person to complete the
coloring of one of the specified sub-
graphs is the loser. Since it is a Ramsey
graph, the game cannot be a draw.
Moreover, it is the smallest complete
graph on which a draw is not possible.

The related puzzle involves a com-
plete graph with one less point than the
Ramsey graph. This obviously is the
largest complete graph on which the
game can be a draw. Such a graph is
called the critical Ramsey graph for the
specified set of subgraphs. The puzzle
consists in finding a coloring for the crit-
ical graph in which none of the sub-



graphs appears. The coloring is called a
critical coloring.

I have no idea what the Ramsey num-
ber is for the six subgraphs given. Its
complete graph would be so large (con-
taining hundreds of points) that playing
a game on it would be out of the ques-
tion, and the associated puzzle is far too
difficult to be within the range of a
feasible computer search. Nevertheless,
Ramsey games and puzzles with smaller
complete graphs and with pencils of just
two colors can be quite entertaining.

The best-known Ramsey game, called
Sim, was discussed in this column for
January, 1973. It is played on the com-

plete graph on six points (Kg), which
models the problem about the party of
six people. It is not hard to prove that 6
is the Ramsey number for the following
two subgraphs:

1. Red: triangle (K3).
2. Blue: triangle (K3).

In “classical” Ramsey theory it is cus-
tomary to use solitary numbers for com-
plete graphs, and so we can express the
aboveresult with this compact notation:
R(3,3) = 6. This means that R, the Ram-
sey number for the smallest complete
graph that forces a “monochromatic”

(all red or all blue) triangle when the
graph is two-colored, is 6. Thus if two
players alternately color the K¢ red and
blue, one player is certain to lose by
completing a triangle of his color. The
corresponding and easy puzzle is to two-
color the critical graph, K5, so that no
monochromatic triangle appears.

It turns out that when Kg is two-col-
ored, at least two monochromatic trian-
gles are forced. (If there are exactly two
and they are of opposite color, they
form a bow tie.) This raises an interest-
ing question. If a complete graph on n
points is two-colored, how many mono-
chromatic triangles are forced? A. W.

14

12

A critical three-coloring of K j6, a complete graph on 16 points
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Goodman was the first to answer this in
a paper, “On Sets of Acquaintances and
Strangers at Any Party,” in The Ameri-
can Mathematical Monthly (Vol. 66, No.
9, November, 1959, pages 778-783).
Goodman'’s formula is best broken into
three parts:

If n has the form 2u, the number of
forced monochromatic triangles is
You(u— 1)(u—2). If nis 4u+ 1, the
number is Y2u(u — 1)(4u + 1). If n is
4u + 3, it is Y52u(u + 1)(4u — 1). Thus
for complete graphs of six through 12
points the numbers of forced one-color
triangles are two, four, eight, 12, 20, 28
and 40.

Random two-coloring will usually
produce more monochromatic triangles
than the number forced. When the col-
oring of a Ramsey graph contains exact-
ly the forced number of triangles and no
more, it is called extremal. Is there al-
ways an extremal coloring in which the
forced triangles are all the same color?
(Such colorings have been called blue-
empty, meaning that the number of blue
triangles is reduced to zero.) In 1961
Léopold Sauvé showed that the answer
is yes. This suggests a new class of puz-
zles. For example, draw the complete
graph on seven points. Can you two-col-
or it so that there are no blue triangles
and no more than four red triangles? It
is not easy. (Next month I shall give a
solution.)

Very little is known about “classical”
Ramsey numbers. They are the number
of points in the smallest complete graph
that forces a given set of smaller com-
plete graphs. There is no known practi-
cal procedure for finding classical Ram-
sey numbers. An algorithm is known:
one simply explores all possible color-
ings of complete graphs, going up the
ladder until the Ramsey graph is found.
This task grows so exponentially in diffi-
culty and at such a rapid rate, however,
that it quickly becomes computational-
ly infeasible. Even less is known about
who-wins—the first player or the sec-
ond—if a Ramsey game is played ratio-
nally. Sim has been solved (it is a sec-
ond-player win), but almost nothing is
known about Ramsey games involving
larger complete graphs.

So far we have considered only the
kind of Ramsey game that Harary calls
an avoidance game. As he has pointed
out, at least three other kinds of game
are possible. For example, in an
“achievement” game (along the lines
of Sim) the first player to complete
a monochromatic triangle wins. In the
other two games the play continues until
all the lines are colored, and then either
the player who has the most triangles
of his color or the player who has the
fewest wins. These last two games are
the most difficult to analyze, and the
achievement game is the easiest. In what
follows “Ramsey game” denotes the
avoidance game.

Apart from R(3,3), the basis of Sim,
only five other nontrivial classical Ram-
sey numbers are known for two-color-
ings:

1. R(3.4) equals 9. If Ky is two-col-
ored, it forces a red triangle (K3) or a
blue tetrahedron (K, ). No one knows
who wins if this is played as a Ramsey
game.

2. R(3,5) equals 14.

3. R(4,4) equals 18. If K;g is two-
colored, a monochromatic tetrahedron
(K,) is forced. This is not a bad Ramsey
game, although the difficulty of identify-
ing tetrahedrons makes it hard to play.
The graph and its coloring correspond
to the fact that at a party of 18 people
there is either a set of four acquaintan-
ces or four total strangers.

4. R(3,6) equals 18. At the same party
there is either a set of three acquain-
tances or six total strangers. How these
two sets are related to the two tetrahe-
dral sets in the preceding example is an
interesting question that no one seems to
have investigated.

5. R(3,7) equals 23.

Note that the above list does not in-
clude R(5,5). That is because no one yet
knows the Ramsey number for a com-
plete graph that, if it is two-colored,
forces a monochromatic K. Stefan A.
Burr of the long-lines department of
the American Telephone and Telegraph
Company, a leading expert on Ramsey
graph theory, thinks it is possible that
R(5,5) will never be known, so great is
the jump in complexity. Even R(4,5),
he believes, is so difficult that it is con-
ceivable it too may never be found. In
both cases, however, there are known
bounds. R(5,5) is between 38 and 67 in-
clusive; R(4,5) is between 25 and 29 in-
clusive.

Only one other classical Ramsey
number is known, and it is for three col-
ors. R(3) =3 is trivial because if you
one-color a triangle, you are sure to get
a one-color triangle. We have seen that
R(3,3) equals 6. R(3,3,3) equals 17. This
means that if K;; is three-colored, it
forces a monochromatic triangle. Actu-
ally it forces more than one, but the ex-
act number is not known.

R(3,3,3) =17 was first proved in
1955. The Ramsey game for this graph
uses pencils of three different colors.
Players alternately color a line, using
any color they want to, until a player
loses by completing a monochromatic
triangle. Who wins if both players make
their best possible moves? No one
knows. The corresponding Ramsey puz-
zle is to three-color K the critical
graph, so that no monochromatic trian-
gle appears. The illustration on page 19,
reproduced from Graphs and Hyper-
graphs, by the French graph theorist
Claude Berge, shows one of the two
essentially different solutions. (“Differ-
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ent” is used here in a combinatorial
sense deeper than mere exclusion of ro-
tations and reflections.)

What about R(3,3,3,3), the minimum
complete graph that forces a one-color
triangle when it is four-colored? It is un-
solved, although an upper bound of 64
was proved by Jon Folkman, a brilliant
combinatorialist who committed sui-
cide in 1964 at the age of 31, following
an operation for a massive brain tumor.
The best lower bound, 51, was estab-
lished by Fan Chung, a young Chinese
mathematician at Bell Laboratories
who gave the proof in her Ph.D. thesis.

Classical Ramsey theory generalizes
in many fascinating ways. We have al-
ready considered the most obvious way:
the seeking of what are called general-
ized Ramsey numbers for »-colorings of
complete graphs that force subgraphs
other than complete ones. Vaclav Chva-
tal and Harary were the pioneers in this
territory, and Burr has been mining it
for the past five years. Consider the
problem of finding Ramsey numbers for
minimum complete graphs that force a
monochromatic star of n points. Harary

was the first to solve it for two-coloring.
In 1973 Burr and J. A. Roberts solved it
for any number of colors.

Another generalized Ramsey prob-
lem is to find Ramsey numbers for two-
colorings of K, that force a specified
number of monochromatic “disjoint”
triangles. (Triangles are disjoint if they
have no common point.) In 1975 Burr,
Erdos and J. H. Spencer showed the
number to be 5d, where d is the number
of disjoint triangles and greater than
two. The problem is unsolved for more
than two colors.

The general case of wheels is not even
solved for two colors. The Ramsey
number for the wheel of four points, the
tetrahedron, is, as we have seen, 18. The
wheel of five points (a wheel with a hub
and four spokes) was recently shown to
have a Ramsey number of 15 by Tim
Moon, a Nigerian mathematician. The
six-point wheel is unsolved, although
its Ramsey number is known to have
bounds of 17 to 20 inclusive. The con-
jectured value is 20. If this is true, com-
plete graphs of 17, 18 and 19 points
can be two-colored without containing

A
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a monochromatic six-point (five-spoke)
wheel. It would be of considerable inter-
est to obtain such a coloring for K7, and
I would be pleased to hear from any
reader who finds one. If it exists, it prob-
ably has a high degree of symmetry.

The illustration on page 26, a valu-
able chart supplied by Burr and pub-
lished here for the first time, lists the 113
simple graphs with no more than six
lines and no isolated points for which
the generalized Ramsey number is
known. Note that some of these graphs
are not connected. In such cases the en-
tire pattern, either all red or all blue, is
forced by the complete graph with the
Ramsey number indicated.

Every item on Burr’s chart is the basis
of a Ramsey game and puzzle, although
it turns out that the puzzles—find-
ing critical colorings for the critical
graphs—are much easier than finding
critical colorings for classical Ramsey
numbers. Note that the chart gives six
variations of Sim. A two-coloring of Kg
not only forces a monochromatic trian-
gle but also forces a square, a four-point
star (sometimes called a “claw”), a five-
point path, a pair of disjoint paths of two
and three points (both the same color), a
square with a tail, and the simple “tree”
that is 15 on Burr’s chart. The triangle
with a tail (8), the five-point star (12), the
Latin cross (27) and the fish (51) might
be worth looking into as Ramsey games
on K.

Ronald L. Graham, one of the na-
tion’s top combinatorialists (he heads
the Discrete Mathematics Department
at Bell Laboratories), has made many
significant contributions to generalized
Ramsey theory. It would be hard to find
a creative mathematician who less re-
sembles the motion-picture stereotype.
In his early youth Graham and two
friends were professional trampoline
performers who worked for a circus un-
der the name of the Bouncing Baers. He
is also one of the country’s best jugglers
and former president of the Internation-
al Juggler’s Association. The ceiling of
his office is covered with a large net that
he can lower and attach to his waist, so
that when he is practicing with six or
seven balls, any missed ball obligingly
rolls back to him.

In 1968 Graham found an ingenious
solution for a problem of the Ramsey
type posed by Erd6s and Andras Hajnal.
What is the smallest graph of any kind,
not containing Kg, that forces a mono-
chromatic triangle when it is two-col-
ored? Graham’s unique solution is the
eight-point graph shown in the top il-
lustration on page 28. The proof is a
straightforward reductio ad absurdum.
It begins with the assumption that a two-
coloring avoiding monochromatic tri-
angles is possible, then shows that this
forces such a triangle. At least two lines
from the top point must be, say, gray,
and the graph’s symmetry allows us to
make the two outside lines gray with
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no loss of generality. The endpoints of
these two lines must then be joined by a
colored line to prevent the formation
of a gray triangle. Readers may enjoy
trying to complete the argument.

What about similar problems when
the excluded subgraph is a complete
graph other than Kg? The question is
meaningless for K; because Kj is itself a
triangle. K5 is unsolved. The best-known
solution is an 18-point graph described
by Robert W. Irving in a 1973 paper. K,
is even further from being solved. Folk-
man, in a paper published posthumous-
ly, proved that such a Ramsey graph
exists, but his construction used more
than 2111291 points. This is such a
monstrous number that there is no way
to express it without using a special
arrow notation. The notation is intro-
duced by Donald E. Knuth in his article
“Mathematics and Computer Science:
Coping with Finiteness” in Science (De-
cember 17, 1976).

Imagine the universe tightly packed
with spheres the size of electrons. The
total number of such spheres is incon-
ceivably smaller than the number occur-
ring in Folkman’s graph. Erd6s has a
standing offer of $100 to anyone finding
a graph for this problem that has fewer
than a million points.

Folkman’s graph dramatically illus-
trates how enormously difficult a Ram-
sey problem can be even when the prob-
lem’s statement mentions no graph with
more than four points. But as Al Jolson
liked to say, you ain’t heard nothin’ yet.
Graham has found an even more mind-
boggling example.

Consider a cube with lines joining ev-
ery pair of corners. The result is a com-
plete graph on eight points, except now
we have added a Euclidean geometric
structure. Imagine the lines of this spa-
tial Kg arbitrarily colored red and blue.
Can it be done in such a way that no
monochromatic K, results that lies on a
plane? The answer is yes, and it is not
hard to do.

Let us generalize to n-dimensional
cubes. A hypercube has 2» corners. On
the four-dimensional hypercube, it also
is possible to two-color the lines of the
complete graph of 24, or 16, points so
that no one-color complete planar graph
of four points results. The same can be
done with the 25 hypercube of 32 points.
This suggests the following Euclidean
Ramsey problem: What is the smallest
dimension of a hypercube such that if
the lines joining all pairs of corners are
two-colored, a planar K4 of one color
will be forced? Ramsey’s theorem guar-
antees that the question has an answer
only if the forced K4 is not confined to a
plane.

The existence of an answer when the
forced monochromatic K, is planar was
first proved by Graham and Bruce L.
Rothschild in a far-reaching generaliza-
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Graham’s solution to a problem by Erdis

tion of Ramsey’s theorem that they
found in 1970. Finding the actual num-
ber, however, is something else. In an
unpublished proof Graham hasrecently
established an upper bound, but it is a
bound so vast that it holds the record for
the largest number ever used in a serious
mathematical proof.

To convey at least a vague notion of
the size of Graham’s number we must
first attempt to explain Knuth’s arrow
notation. The number written 313
is 3 X3 X3=33=27. The number
3113 denotes the expression 31 (3 13).
Since 3 13 equals 27, we can write 3113
as 3127 or 327. As a slanting tower of
exponents it is

33°

The tower is only three levels high, but
written as an ordinary number it is

7,625,597,484,987. This is a big leap
from 27, but it is still such a small num-
ber that we can actually print it.

When the huge number 31113 =
3113113)=311327 is written as a
tower of 3’s, it reaches a height of
7,625,597,484,987 levels. Both the tow-
er and the number it represents are now
too big to be printed without special no-
tation.

Consider 311113 =311131113).
Inside the parentheses is the gigantic
number obtained by the preceding cal-
culation. It is no longer possible to indi-
cate in any simple way the height of the
tower of 3’s that expresses 3 11113, The
height is another universe away from
371713. If webreak 311113 downtoa
series of the double-arrow operations,
itis 31T@11@1T...113113)...),
where the number of steps to be iterated
is 3111 3. As Knuth says, the dots “sup-
pressalotof detail.” 3 11113 is unimag-
inably larger than 3 1113, but it is still
small as finite numbers go, since most
finite numbers are very much larger.

We are now in a position to indicate
Graham’s number. It is represented in
the illustration below. At the top is
311113, This gives the number of ar-
rows in the number just below it. That
number in turn gives the number of ar-
rows below it. This continues for 26, or
64, layers. It is the bottom number that
Graham has proved to be an upper
bound for the hypercube problem.

Now hold on to your hat. Ramsey-
theory experts believe the actual Ram-
sey number for this problem is probably
6. As Stanislaw M. Ulam has said many
times in his lectures, “The infinite we
shall do right away. The finite may take
a little longer.”

Est month’s problem was to guess the
secret rule that determined the final
layout for a round in the card game
Eleusis. The rule was: “If the last card is
lower than the preceding legally played
card, play a card higher than the last
card, otherwise play a lower one. The
first card played is correct unless it is
equal to the starter card.”
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Graham’s upper bound for the solution to a Euclidean Ramsey problem
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Introducing a new high

in Technics waveform fidelity:
A low price.

While many components are designed for impressive
specs, we design ours for something more—waveform
fidelity. And we offer it in our SU-7300, SU-7700 and
SU-8600 integrated amps. And our ST-7300 and ST-8600
matching tuners, At your kind of price, From $179.95*
to $349.95*

Why do we stress waveiorm fidelity? Because
it means that the musical signal going into the
component will come out of it virtually unchanged.
And that’s something good specs alone can’l
guarantee.

And it’s the kind of fidelity you'll hear with
Technics. All our amps have the ability to float through
the wildest octave or decibel leaps in any musical
passage. Because all have been designed with the
latest hi-fi technology. Like current mirror loading for
a phono S/N ratio as high as 78 dB (2.5 mV) or 90 dB
(10 mV) with the 7700. And total harmonic distortion as
low as 0.08% at rated power with all our amps. There is
also a sixfold power supply to virtually eliminate
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transient crosstalk distortion in the SU-8600.

Our matching tuners also boast superb
technology. Like flal group delay filters that combine
high selectivity and low phase distortion. Phase
Locked Loop 1C for low distortion and wide, stable
stereo separalion,

And quadrature detectors that can handle even a
300% overmodulated signal and still produce clean,
accurale sound.

Listen to Technics new matching amps and tuners.
And hear the high-priced sound of waveform fidelity.
Without the high price.

Power oulpul: SU-8600~73 walls. SU-7700-50 walts. SU-T300-41
walts. All per channel, min. RMS, both channels driven, into 8 ohms from
20 Hz=20 kHz with no more than 0.08% total harmonic distortion,

*Technics recommended price, but actual retail prices will be set by dealers.,
All cabinetry is simulated wood.
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BOOKS

Perpetual motion, shaman ritual and art

and the responsiveness of blind infants

by Philip Morrison

OF AN OBSESSION, by Arthur W. J.
G. Ord-Hume. St. Martin’s Press
($15). By the time of the cathedrals the
idea was already firm: an “uneven num-
ber” of mallets hanging on a wheel
might make it turn of itself. In about
1640 the Marquess of Worcester proba-
bly did demonstrate such a wheel “four-
teen foot over” and bearing 40 50-
pound weights on levers to Charles I at
the Tower of London. (Inertia is impres-
sive, and flywheels were almost un-
known.) He gave a brief account of the
wheel in his Century of Inventions, under
the deadpan rubric A4An Advantageous
Change of Centres. Water mills contrived
to pump water up, subsequently to fall
back down on the wheel, and a wind-
mill-bellows cycle were drawn and
sometimes constructed. There were
skeptics. Bishop Wilkins wrote in 1648
that he “could scarce forebear, with Ar-
chimedes, to cry out ‘Eureka! ” when he
first had the waterwheel idea, but that
experience and trial convinced him that
the “stream, though multiplied, will not
be of force enough to turn about the
screw.” Simon Stevinus used the unbal-
anced chain of balls running around an
inclined plane to derive the equilibrium
of nonparallel forces by invoking the
impossibility of perpetual motion. “A
wonder, and yet no wonder,” he wrote.
Nevertheless, in 1730 the best-known
volumes of mechanisms still showed the
perpetual cyclical machines, and frauds
began to appear about then in various
royal precincts. Hopeful patents contin-
ued to pour out. The first British patent
for perpetual motion was granted in
1635, and there were 600 or more issued
up to 1903. Most were Victorian in ep-
och, and the topic was discussed in the
skeptical pages of Scientific American
during the Yankee inventors’ heyday.
Mere mechanisms came to lack mys-
tery, and innovators, such as Jean Ber-
noulli, Robert Boyle and Sir William
Congreve in their time, began to invoke
capillarity (Congreve had weighted
chains pressing unequally on wet spong-
es), asymmetries of buoyancy, magne-
tism, eventually motors and generators
wired head to tail.
Enter the day of public frauds. Phila-

PERPETUAL MorTioN: THE HISTORY
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delphia housed two of them. The first, in
about 1813, was displayed by one
Charles Redheffer. “Incontestably a
perpetual self-moving principle,” it de-
ployed a big gear driven by a small pin-
ion. A clever young man noticed that
these meshing gears had become worn
on the wrong faces: power was coming
in by way of the supposed output. Red-
heffer took his device to New York (but
only after the ingenious Philadelphians
had made up and showed him their own
perpetual-motion machine. Driven by a
hidden clock spring, it remains a master-
piece of indirection with little weights
sliding on inclined planes, arranged so
that the inner clockwork could not drive
the wheels unless the pressure of the
weights was present). In New York it
was the redoubtable Robert Fulton who
exclaimed as he entered the showroom,
“Why, this is a crank motion!” He no-
ticed the rhythm of an unseen hand,
hardly to be expected from perpetual
movers. Fulton knocked away some
light wood braces that were there appar-
ently to steady the machine. A catgut
belt drive was revealed that led to “an
old man with a long beard” turning the
power crank in an attic room.

Some 50 years later John W. Keely, a
Philadelphia enterpriser with a cool
head but little education, sold shares in
his “hydro-pneumatic - pulsating - vacu-
engine” to thousands of Gilded Age
speculators, who received a fine picture
of it on their stock certificates. That en-
gine drew “etheric force” from a thim-
bleful of water. The firm made millions
from stock sales but sold not one joule
of energy. After eight or 10 years of high
living Keely was without support. The
newspaper account of his struggles in
poverty attracted a woman, newly wid-
owed by the death of her wealthy hus-
band, who became his benefactress. The
Keely engine revived, now “vibratory”
and calculated to take a ship across the
Atlantic on a gallon of water. Until 1896
the issue was contested, in spite of the
fact that skeptics had noticed hollow
wires—represented as being solid—in
nearly every piece of apparatus in Kee-
ly’s laboratory. These were compressed-
air supplies, people guessed, and so they
turned out to be. After Keely’s death,
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examination of his house revealed air
ducts, moving magnets, shafts and hy-
draulic-pressure sources, all hidden in
the walls and driven by a strong, silent
spring motor in the basement.

There is active in southern California
today a well-financed chemical-engi-
neering project for releasing hydrogen
fuel from water without cost in energy.
Certainly the hydrogen is there; we all
await the results.

Self-delusion is more disarmingly
wholehearted than fraud. In 1918 an ex-
pert commission set up by act of Con-
gress undertook official study of the
project of an honest man, Garabed Gir-
agossian. He had stirred the entire coun-
try, particularly the press, with his pub-
lic offer: he asked only searching and
expert scrutiny when the time should
come for him to present the American
people with his new scheme for free en-
ergy—perpetual motion at last. He had
gone direct to Congress because he
doubted the protection of the Patent Of-
fice. His invention was the flywheel! He
saw that he could run his wheel, once it
was started, with a 1/20-horsepower
motor but that it delivered 10 measured
horsepower every time it was braked
rapidly to rest. Utterly honest, he had
never grasped the difference between
energy and power.

The book enters a few whimsical by-
paths of interest. A clock made in the
1760’s was powered by variations of at-
mospheric pressure, which induced
small but reliable motions of the col-
umn of a barometer to wind up the
weights. Mr. Cox’s Perpetual Motion, a
handsome cynosure in its time, did in
fact run well on the bounty of the atmo-
sphere for a lifetime; it stands mute to-
day in the Victoria and Albert Museum,
its heavy mercury load long since re-
moved, a noble ruin. Ord-Hume can
take some comfort from the fact that a
well-known Swiss firm now makes a line
of handsome and practical mantel
clocks with the same never-wind virtue
but with an aneroid chamber rather than
a mercury column. In an Oxford labora-
tory today (we see its photograph) there
is an electric chime run by two dry volta-
ic piles, potted in sulfur in 1840. The
minute current still flows to strike the
bells a few times a second, except when
the humidity is too high. The striker ball
is wearing visibly, and below it lies “a
tiny but ominous pile of metallic dust.”
Was this not the forerunner of modern
low-power integrated circuitry?

There is good humor, generally care-
ful history and physical sense in this
well-illustrated nontechnical book by a
British aeronautical engineer. Not every
analysis is quite to the point, but there
are many good ones. It is hard to for-
get Ord-Hume’s own encounter in 1958
with a touching elderly Londoner who
had made in his little flat a wonderful
new aircraft engine that ran reliably at
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high power without any fuel. The au-
thor’s natural question was might he see
it? The polite reply was even more rea-
sonable. Of course, it had been working
just out there in the hall for weeks, but
the inventor could not make it stop, and
so the other tenants had insisted that he
disassemble it completely to end the
tiresome noise!

TONES, BONES AND SKIN: RITUAL AND
SHAMANIC ART, edited by Anne
Trueblood Brodzky, Rose Danesewich
and Nick Johnson. The Society for Art
Publications, Toronto ($27.50). A sha-
man, a woman of the Mapuche Indians
of Chile, looks gravely out of the page at
you, bearing a shallow drum. The drum
she beats as she stands on the notched
pole (at once the world tree and her own
celestial ladder) is not new to us. It is the
very form of the drum, celebrated in
Enlightenment Europe, that the dashing
and ambitious Carl von Linné—Lin-
naeus himself—held as he stood for his
portrait in the full shaman’s dress he
brought back from a journey among the
Lapps. In this real medicine bundle of a
book, with crowded pages bearing many
images and diverse text, and with gate-
folds and color plates as well, the editors
assemble for us almost 20 picture essays
on the theme of the title.
Our cultural sensitivity to the shaman
of the hunting peoples has reached un-
precedented heights. We easily accede

now to the proposition that the “sha-
manic system...can be said to be man-
kind’s oldest religion,” for the evidence
is strong. Depicted in the painted cave of
Les Trois Freéres, a half-animal, half-hu-
man figure appears to charm the deer
and the bison—themselves not far from
human—who dance around him. His
music comes from what appears to be a
small bow held in the mouth. Just such a
musical bow is shown here in the hands
of the Huichol shaman Ramén Medina,
and another mouth bow of bent white
birch is shown from the instrument col-
lection of the National Museum of Man
in Ottawa. A shaman healer in Nepal is
seen ritually sucking the evil out of a
patient’s body, exactly as his counter-
part operates in the delta of the Orinoco.
Mankind spread past the edge of the ice
to all the Americas, and clearly the mar-
ginal Old World peoples who are closest
to the hunting life still practice the an-
cient periglacial arts, which lie, below
the surface and much enriched, more or
less everywhere. That ancient art is a
la mode today. Consider the abstract,
evocative intensity of “stones, bones and
skin,” the numinous union of animal
and human, the living flesh revealing the
bone within, the hallucinogens, the vo-
cation sickness, the use of ecstatic trance
to heal, the spirit language, the priestly
guardianship of the public weal and
even the selfish exploitation of those
dark powers.

In these pages we watch a long-
evolved Kwakiutl dance with great cre-
ative masks, cannibal birds, wasps and
the raven, in a fine multiple-flash photo-
graphic record. In one colorful gatefold
we see a shaman’s costume in loving de-
tail. It is a Siberian costume (now in
New York) collected by the sinologist
Berthold Laufer from the Goldi along
the Amur River in 1900. (Why we see no
drum is not explained.) A special fea-
ture of the volume is a set of accounts
and displays of contemporary art in-
spired by shamanism. Bill Reid, an artist
whose mother was a Haida, has bril-
liantly transformed the motifs and vi-
sion of that culture into intricately
worked gold, silver and wood, the fore-
runner of a renascence of Pacific North-
west art. The six little heads peering out
between the clamshell valves at a shel-
tering Creator Raven illustrate the Hai-
da Genesis: “‘Whah! Come out! whis-
pered the Creator. ... Then human faces
appeared one by one, in a row.” It is all
carved into one vibrant clam-sized piece
of boxwood.

The fictionalized account of the Ya-
qui shaman Don Juan became a popular
prototype of mysteries in the past dec-
ade. Much more wonderful is the honest
account, together with photographs, of
the Huicholshaman given us here by the
anthropologist Peter T. Furst of the
State University of New York at Alba-
ny. We see Don Ramoén in “spectacular,

Repetitive-flash photograph in Stones, Bones and Skin shows part of the “cannibal bird” dance of a Kwakiutl shaman
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and very dangerous, rapid-fire leaps—
flights might be more appropriate”—
from one slippery boulder to another at
the lip of a high waterfall. He said, “I
took you there to show you what it
means ‘to have balance.” So you could
see and understand about the shaman.”
We see and in part do understand; he is a
real shaman, acting as a human being is
given to act at the farthest reaches. Here
is no demeaning hyperbolic fiction.

At Baker Lake the story is told:
“When the moon rocket went to the
moon and some of the young kids were
trying to tell the old people about this,
they were getting really frustrated be-
cause the old people were saying, ‘Oh,
that’s nothing, my uncle went to the
moon lots of times.”” Uncle belongs to
the Apollo story, all right; in a way, he
first urged us to go, but we should not
expect that he brought back samples.

NSIGHTS FROM THE BLIND: COMPARA-

TIVE STUDIES OF BLIND AND SIGHTED
INFANTS, by Selma Fraiberg, with the
collaboration of Louis Fraiberg. Basic
Books, Inc., Publishers ($11.95). “Now
in 1961 it was written in all our books
(including one of my own) that it is the
visual stimulus of the human face that
elicits smiling in the baby at three
months.”” But Toni, a robust little girl
five months old and blind from birth,
had an experienced and tender mother.
“When her mother went over to her and
called her name, Toni’s face broke into a
gorgeous smile. ... Toni’s smile had just
shattered a theory, which shows you
what one baby can do.”

This volume reports a decade-long
study of 10 infants, totally blind from
birth, who were each studied carefully
as individuals for several years. They
were chosen to be neurologically intact
and free of all other sensory or motor
handicaps. They lived at home with
their families but were visited by senior
staff members twice a month. The data
consist of careful narrative records, in-
cluding a list of hundreds of items of
behavior held in the observer’s memory
as he or she watched and tested during
the usual one-hour visit. A ‘“‘generous
and unprejudiced film sample” of be-
havior was made (about 500 feet every
few weeks) and analyzed, often frame
by frame. A readable and coherent sum-
mation of a series of journal articles
(some written with coauthors), this af-
fecting, engaging and hopeful book
opens the discipline with easy intimacy
and logical rigor to a general reader.
The investigations have the meticulous
and objective quality of ethology and
yet retain the sensitivity to context and
implication and the acute concern for
individuality that are typical of psy-
choanalysis. Although its questions are
hard ones, this field has the best of two
clinical worlds.

The aim of the work is clear: to learn

32

how healthy blind infants manage the
social, linguistic and epistemological
achievements of the first years. They
must acquire a system of signs without
sight and long before they have speech.
Only with such feedback loops can they
develop human attachments based on
the recognition of one who cares as an
enduring object. They need to reach and
manipulate the world, as sighted infants
reach for a toy or the moon. They must,
for healthy development, come to some
purposeful mobility. They must learn
speech and then, most subtle of all, how
to represent themselves as individuals in
speech and in thought: “the self as T'ina
universe of T's.”” All of this most of
them can do, and do well (if generally
a little later than sighted children) with-
out the model of other people’s faces,
without the early ability to sense most
objects at some distance, without the
powerful self-image of a mirror, with-
out. ... Much indeed is lost when the en-
tire visual cortex of the brain stands use-
less, but the task can be completed pretty
well, if heroically, by the human mind
and spirit given half a chance. These in-
vestigators did not fail to share what
they were learning. “The research...
found solutions, and the gift from sci-
ence was returned, as it should be, to
the clinic.”

Take infant smiles. At eight or 10
weeks sighted infants smile regularly at
the visual stimulus of a human face. The
blind do not smile automatically, even
at the sound of the mother’s voice. “In
our records and film we often see the
mother coaxing a smile.... Something
was needed that was not automatically
given.” It turned out (one could say “of
course” if behavior were not so subtle a
structure) that it was bouncing, tickling
and nuzzling games that were almost
certain stimuli. Parents had learned the
way to close their own behavioral loops,
which needed a smile!

We read much in the face. A smiling
baby and a crying baby are legible to all.
In between we recognize modulations,
partly imitative, that seem to express
boredom, coyness, longing, uncertain-
ty—a wide range of affect and attitude.
Not so in the blind. The visitor can read
little in the blind face and comments,
“She looks depressed” or “The face is so
bland. No expression.” The stranger
misses what we normally read in the
face visually examined. Yet those states
are present, and they are expressed; they
must be in order to record attachment
and preference, to encourage and repeat
the experiences that change affect. The
expression of such states in healthy, ade-
quately stimulated and developing blind
babies, however, lies elsewhere. “We
have to turn our eyes away from the face
to discover them. To do this is so alien to
normal human discourse” that it might
easily have been missed.

It was in watching the baby’s hands to
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study prehension and coordination that
the observers found all that, and more.
The hands give meaning to emotional
experience; the hands state preference,
intention, reciprocity. Eight-month-old
Robbie was too young to reach out for a
musical toy dog. His face remained
blank, giving no sign of yearning or
wanting—but he held his hands in the
posture that anticipated grasping the
dog. No doubt this hand language is
present in sighted infants early, but it is
soon covered by the swifter eloquence
of eye, face and smile. Thus do we learn,
the comparisons bringing insight as the
title promises, although many questions
are still unanswered, with sight or with-
out it. Plainly a serious and intelligent
effort to make up for the lack of stimu-
lus and the impaired channels of learn-
ing can and does work. It is no simple
training scheme but a rich program of
sensitivity to a need and provision of
new incentives for growth. A baby must
“reach on sound” before it is apt to
creep toward it.

It is all a subject filled with awe, and
these clinical researchers do not conceal
their delights and frustrations, although
their language remains somewhat tech-
nical throughout. The author had as
consultants during her work the best-
known of her colleagues worldwide.
Would you know the human quality of
this project? Dr. Fraiberg tells us how it
was when she showed the film clips in
which little blind Robbie first made it
clear that he had understood what the
theory of Jean Piaget calls the “object
permanence” of a sound-making toy,
adaptively pursuing it into the place
where it was lost. The old philosopher
from Geneva watched the film. “Pia-
get tossed his beret into the air and
cheered.”

ORRESPONDENCE  PRINCIPLE  AND

GROWTH OF SCIENCE, by Wlady-
slaw Krajewski. D. Reidel Publishing
Company. 160 Old Derby Street, Hing-
ham, Mass. ($19.50). Studies of the soci-
ology and the philosophy of science
have prospered in the past 15 years or
so; as the sciences have acquired a mea-
sure of public suspicion a scholarly cri-
tique of science has grown in energy and
appeal. It is a contentious discipline giv-
en to trends and schools, to elderly sages
and young Turks. It is a hard subject
too. One recent well-accredited volume
impressed a physicist reader with its
nice distinctions, ingenious verbal ex-
amples and painstaking sophistication
of approach, and then its last pages pro-
duced as a culmination an argument
that can be seen only as a thorough mis-
understanding of the theory. And such
an anticlimax is not unique.

This pungent little book by a senior
scholar at the University of Warsaw
makes a quite different and very conge-
nial impression. A physicist can only
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HP measurement and computer advances
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HP’s new System 45: an efficient
way to handle a small
department’s computing needs.

In a compact, fully integrated desk-top package,
System 45 incorporates the high-performance
hardware that scientists and engineers need to
solve their computational problems on the spot.
It's portable, accessible, and powerful enough to
satisfy the processing needs of a project group or
a small department.

With the speed and power of abig minicomputer in a
desk-top-sized chassis, HP’s System 45 is a new
genre of computer system.

System 45 integrates:
e an interactive keyboard with alphanumeric, con-
trol, editing, and special function keys.

e a processor that is fast enough to execute a full-
precision addition in 220 usec, and powerful
enough to invert an 85 by 85 matrix— with a
single command.

e a CRT display that lets you plot and manipulate
data as it is generated.

e two built-in, high-speed tape transports (217k
bytes per cartridge), one of which is optional,
or optional disc drives (up to 50M bytes).

e a unified mass storage command structure that
automatically places all files and maintains
a directory by mnemonic name.

o ready-made /O capability for BCD, bit parallel, bit
serial, and HP-IB devices.

An approach to “processor distributing”:
System 45 goes wherever the need exists.

e powerful language—ANSI standard BASIC that
can be enhanced with FORTRAN-like capabil-
ities at the user’s command— plus an extensive
library of utility and application programs.

e an optional built-in printer that operates at 480
lines per minute and can copy formatted data
from the CRT.

For scientific computation and data analysis, Sys-
tem 45 handles data characterizations, variance, re-
gression analysis, and other complex routines. It al-
lows you to view the results immediately in whatever
form you choose, and to manipulate them as you
proceed to an optimum solution.

For computer-aided design, System 45 places the
entire process directly under your control. It lets you
customize BASIC programs easily with the CRT and
editing keys, display tabular or plotted results on the
CRT, and rerun an analysis with new variables.

For data acquisition, System 45 interfaces directly
with instrumentation, eliminating high develop-
ment costs and delays. It captures real-time data at
500k transfers/sec and runs VO operations while it
performs computation routines.

With its singular combination of power, accessiblity,
and portability, System 45 presents technical mana-
gers with new opportunities to distribute computing
power within their departments, and so increase the
productivity of smaller science and engineering labs.
If, on the other hand, multi-user distributed proces-
sing better fits your needs, you should consider HP’s
S/1000 or 3000 Series II computer systems.

Prices for the HP System 45 start at 11,500*.
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After the honeymoon, how do
you support a microprocessor?

If you're contemplating the conjugation of a mi-
croprocessor with a product you are developing,
you now have an alternative to costly board-
exchange programs in the event of faulty circuit
components: HP’s new 5004 signature analyzer.

Until now, tracing faults in a digital circuit (the type
of circuit in which microprocessors reside) has been
difficult. The time-honored signal tracing techniques
that a field service technician can use to troubleshoot
and repair analog circuits just don’t work with digi-
tal circuits, where voltage measurements have no
meaning and all waveforms look alike. Instead, man-
ufacturers have had to base field service not on com-
ponent repair but on much more expensive board
exchange or replacement programs.

Signature analysis, a new measurement technique
development by HP, provides component-level ser-
vice capability for digital circuits. Here’s how it
works. When the modest requirements of signature
analysis are designed into a product, the HP 5004
signature analyzer automatically characterizes the
bit stream associated with a data node as a four-digit
hexadecimal signature. A compressed ““fingerprint”
of the data present at the node, each signature is
unique for a specific good node; any fault in the
data stream—even one bad bit out of thousands—
generates an erroneous signature. By comparing the
displayed signature with the correct one noted on the
product schematic, a service technician can easily
spot a faulty node, trace it back to a bad component,
and repair it without replacing the board—just as
with an analog circuit.

The HP 5004 generates the signature by compressing
the data stream in a linear feedback shift register.
With this technique, there is a 100 percent certainty

HEWLETT I"hp; PACKARD

1502 Page Mill Road, Palo Alto, California 94304

For assistance call: Washington (301) 948-6370, Chicago (312) 255-9800,
Atlanta (404) 955-1500, Los Angeles (213) 877-1282.

extend your possibilities.

Four-digit signature displayed by the HP 5004 signature analyzer
(the instrument to the left of the unit under test) greatly simplifies
the identification and correction of faulty digital circuits at the
component level.

that the HP 5004 will detect a single-bit error, and a
99.998 percent certainty that it will detect any
error—regardless of the length of the stream or the
subtlety of the fault. It even detects time-related faults
such as mid-cycle displaced bits, and speed-related
failures in assembled systems.

For the manufacturer, the bottom line is a substantial
reduction in field service costs for microprocessor-
based products and high-speed state machines. Sig-
nature analysis increases development costs by only
about 1 percent, an increase that is more than offset
by lower manufacturing costs due to reduction in
circuit boards, interconnections, and production-
line troubleshooting time.

If this sounds interesting, send in the coupon to
receive HP Application Note 222, A Designer’s Guide
to Signature Analysis, which tells how to implement
signature analysis in the design of a product.

Price of the HP 5004 is $990*.

P
Mail to: Hewlett-Packard, 1502 Page Mill Road, Palo Alto, CA 94304.
Please send me further information on

| | ) HP System 45 desk-top computer

| ) HP 5004 signature analyzer
Name
Company

J Address
City State Zip

*Domestic U.S. prices only. 00750
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welcome the central theme, which has
been recognized as a major principle for
the development of novel physics since
Niels Bohr first made it explicit when
quantum theory grew. Not until 1948
did there appear ““a small but important
book—the first book in world literature
devoted especially” to the correspon-
dence principle. It was the Russian phi-
losopher I. V. Kuznietsov who took this
step, not without courage in the context.

Professor Krajewski writes of it all
with unusual directness and candor, al-
most in aphorisms. He tells in three
pages what he sees in the history of the
philosophy of science since the years be-
tween the wars. It is clear that since
about 1960 the central interest has shift-
ed away from an essentially ahistorical
study of the boundary between science
and metaphysics, from the role of the a
priori and the empirical (as from the
“search for examples supporting some
ideas of the classics of Marxism”) to a
serious look at how modern science has
actually grown—at the nature of revolu-
tions in science. (That phrase was not
out of the red East but out of the crim-
son Ivy League.)

The correspondence principle itself, a
major instrument for the quantum tri-
umph, is the requirement that every new
theory contain, in as formal a way as its
methods allow, a limiting transition to
the old theory it replaces. Insofar as the
old theory has fitted some sound experi-

ments, the new thecry must concur. If
Planck’s constant /4 tends toward zero,
the quantum equations become just the
classical ones; if the speed of light ap-
proaches infinity, Einstein’s kinematic
and dynamical equations go over to
Newton’s, and so on over a large num-
ber of examples from contemporary
physics. The principle is a “magic stick”
for searching out new laws, because it
sets formal constraints on the new math-
ematics. It also secures science against
loss of the achievements of the past; for
innovators it is a warning like the Hip-
pocratic maxim for physicians: above
all do no harm! Classical mechanics is
not a mere blunder that was repudiated
in 1905, as the headlines imply.

The principle, like all other deep
ideas, has logical problems. What can it
mean to have a world with infinite light
speed? What is an approximate theory
about, anyhow? Are we to accept as ar-
gument admitted ccntradictions? Now
the philosophers go to work. To be sure,
the problem is a delicate one, not easy
for the matter-of-fact and ingenuous sci-
entist to grasp. The solution proposed is
also rather slippery, in spite of a table
and a diagram. The law—say Newto-
nian velocity addition—is transformed
into relativistic form, and the limit ¢
equals infinity is taken to restore the
classical result. An intermediate step is
needed: the true relativistic form, with
the actual ¢ value, is replaced, or “ab-

stracticized.” (The author’s frequent re-
sort to ad hoc neologisms has not been
taken very pleasantly into English.) This
step appears to be the same in form, but
now c is taken to be a free parameter,
eliminating the c-equals-constant as-
sumption without changing the theo-
ry. A fuller discussion argues that the
meaning of the symbols remains the
same.

Much is made of the correspondence
between Kepler’s laws and the full clas-
sical mechanics. The discussion is physi-
cally reasonable, but so far no philoso-
pher has grappled with the real growth
of celestial mechanics, via perturbation
theory, from Lagrange through Hamil-
ton to the present day. It would seem
that here was the great testing ground
and theater of classical mechanics.
Could the laws of Newton give us not
only the rough Kepler orbits for the so-
lar system, for the moon systems of the
major planets and for double stars but
also the precise motions? It is exact-
ly here that Einstein found Mercury’s
missing 44 seconds of arc per century.

Vigorous schools of thought in Poz-
nan and Warsaw have touched on these
matters for a dozen years and have tried
to engage topics in the development of
science that have been debated in the
West as well: What is the role of models
and idealization, of continuity and revo-
lution? Are not all facts laden with theo-
ry? Do experiments falsify or prove hy-

ow well

How canyou tell
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potheses? The positions are described,
assessed, placed in appealing if slightly
bewildering logical schemes by Kra-
jewski, whose own subtle reconciling
positions are put forward disarmingly.
There are hints, perhaps inadvertent,
that in the end the entire philosoph-
ical topic will be seized by the statisti-
cians, the logicians and the historians, to
disappear by partition as did certain
kingdoms of the past! Until that hap-
pens this book offers a stimulating intro-
duction and review for any reader of
philosophical bent with a background in
science. It is too brief and personal to be
more than a beginning; its bibliography
is the best guide to the next steps.

The book brings American readers
something more: an internal account of
living scholarship in Eastern Europe,
about which we know remarkably little.
It is good to read for that reason alone.
Writes Krajewski: “Many Marxist phi-
losophers now pay more attention to
logical analysis, many Western analyti-
cal philosophers turn to the study of the
methods used in advanced sciences and
of the growth of knowledge.... My
prognosis about the future of the philos-
ophy of science (I do not speak about
philosophy in general) is optimistic.”

ANDBOOK OF ADHESIVES, edited by
Irving Skeist. Van Nostrand Rein-

hold Company ($39.95). “In a world of
ominous disruption, the adhesives go

about their business of combining and
uniting.” They performtheir subtle two-
dimensional task more or less visibly
throughout American technology, from
the plywood or gypsum wallboard of
your room to the shoes on your feet, the
match heads in your pocket, the paper-
bound books on your shelves, the enve-
lope and stamp you lick, the grocery
bags and boxes you carry and the wall-
to-wall pile carpet you cross in the lob-
by. Four million tons are produced per
year. They are mainly synthetic poly-
mers, including a wide variety of rub-
bers, but sticky stuff for many applica-
tions is still provided by beef bones, hog
blood, fish skins, casein from acid-treat-
ed skim milk, corn- and milo starch and
cotton linters—natural polymers all.
This hefty volume, a second edition, is
an interesting representative of a well-
known genre. Here some 75 specialists
join the present 56 chapters around the
glue line, that thin frontier of adhesion.
The first few chapters, bound to attract
the general reader, review the theory,
the economic importance and the speci-
fication and testing of adhesives; the
bulk of the book treats them chemical
type by chemical type, from good old
water glass to library paste, schoolroom
“white glue,” a wide variety of synthet-
ics, the newish silicones and even newer
organic polymers, which are serviceable
glues at red heat. The volume closes
with chapters (more mechanical engi-

neering than chemical) reviewing the
applications and techniques, including
pressure-sensitive tapes, bonded abra-
sives, glues and cements in dental and
medical practice. (The natural protein-
aceous adhesive of the holdfast disk of
the common mussel sticks, wet and dry,
through pounding surf to “all known
surfaces,” including Teflons.) The refer-
ence value of the volume is plain, al-
though it stays at a high technical level.
What gives it value is the richness with
which it conveys by example, better
than any assertive single survey article,
the ingenuity and vigor of a growing and
diverse technology.

The theory of adhesives goes back to
Thomas Young and Willard Gibbs, who
gave simple but fundamental treat-
ments, respectively mechanical and
thermodynamic, of spreading and capil-
larity. The adhesive bond is first of all
a problem of liquid-solid interaction.
There are at least five components in
every join: the two adherent slices, the
adhesive filling of the sandwich and the
two “butter” interfaces. The first act is
the wetting of the solid surfaces by the
adhesive, complicated like all surface
physics by the reality of surface rough-
ness, adsorbed vapors, internal surface
stresses and chemical interaction be-
tween the liquid and the solid surface. A
generation of careful study by a group
around W. A. Zisman of the U.S. Naval
Research Laboratory has begun to put

Try Systemark. Its a touch better.

Systemark by Parker brings a new look and
feel to writing.

The unique Systemark Floating Ball point
lets you glide freely across the page with
a crisp line of slick, glistening liquid ink
(not the thick paste ink used in ordinary

handwriting.

+ PARKER

ballpoints). It adds dash and verve to your

You can feel the Systemark difference in
two other points: a fine-line Stylus or a
bold, long-lasting Super Soft Tip. A touch
better gift, too! At $5, $10 and $20.

Try Systemark: the touch of tomorrow.
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MERGER OR
FINANCING?

Are you thinking of equity financ-
ing or merger of your company,
now or in the future? Beckman
Instruments maintains a long-term
search for top quality, technical
growth opportunities serving sci-
ence, medicine, and industry. Per-
haps you or an associate would
like a copy of our Diversification
Interests statement —foryour pres-
ent review or future reference.
Available on request and in
confidence.

ROBERT B.BROWN
Director of Corporate Planning
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the chemistry of adhesive choice on a
quantitative basis. The old thermody-
namic concepts work only if the nature
of the surfaces is controlled. The surface
wets and the liquid spreads freely when-
ever the surface energy of the liquid is
less than that of the solid under the actu-
al conditions. Most liquids at ordinary
temperatures have surface energies in
the same order of magnitude as the en-
ergy of water, and hard, high-melting
crystalline solids exceed such energies
by up to a hundredfold. The organic
polymers (paper, wood, rubber) we like
to glue are low-surface-energy solids,
however, with values rather like those of
the liquids, and so nonspreading is fre-
quent.

The main progress has been a set of
careful measurements establishing for
many types of such solids what the crit-
ical surface energy is for wetting. Giv-
en extreme cleanliness, pure materials,
glass-smooth surfaces and chemical sav-
vy about the effect of contaminating va-
pors, the contact angles of fluid drops
are reproducible, independent of wheth-
er the drop is advancing or receding
over the surface, and are chemically
reasonable. Even one monolayer of
adsorbed molecules—water, say—will
largely hide most solid surfaces from
the fluids; for nonpolar substances the
forces are the dispersion forces of Fritz
London, which fall off rapidly with dis-
tance; for polar substances the dipolar
forces of hydrogen bonds are an even
stronger molecular mechanism.

Recent controversy obscured the very
foundations of the subject for more than
five years. Does pure water freely wet
pure polished gold surfaces, with the
zero contact angle required by thermo-
dynamic concepts? By the 1970’s the an-
swer was a clear yes. This chemistry of
samples of bulk materials that are effec-
tively in layers only a few molecules
thick is the triumph of rational virtuosi-
ty in technique, redeeming our faith in
simple concepts.

Finally the glued joint sets (except for
the peelable tacky tapes we all use).
Now solid-state physics commands.
Shrinking and flexure give rise to strains.
A glued joint commonly pulls apart at a
tenth of the stress calculated from sur-
face energies. We are in the domain of
crack propagation. Surface roughnesses
tend to allow gas bubbles to form at the
“butter” interface, and the concentrated
stresses propagate a crack failure along
a plane of bubbles like a zipper. It is
conventional to roughen the glued sur-
face, which does increase the contact
area, but coplanar bubbles are a distinct
counterindication. Roughness is too
crude a concept; it is the form of the
surface that counts. Undesired adhesion
is governed by the same theory, and
technologically it too is of high impor-
tance. In all molding, casting and roll-
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ing, sticking is a problem; then consider
ice on wings and windshields. Perhaps
the right kind of roughness could weak-
en the icy grip, but it is not easy. Repeat-
ed thawing and freezing can get ice to
adhere even to Teflon, the ice creeping
into the pores and acquiring a large sur-
face area of contact.

A few ingenuities are worth retell-
ing. Gummed paper curls on drying, as
the amateur wallpaper-hanger quickly
learns. It is traditionally flattened for the
printer by “breaking” it over the sharp
edge of a steel strip. The tiny segments
of broken gum film can expand or con-
tract without much stress on the paper.
Nowadays printers are made still happi-
er by stay-flat adhesives that require no
mechanical gum-breaking and yet re-
main flat over a wider humidity range.
Discrete glue particles are micropulver-
ized, suspended in a slurry in a volatile
nonaqueous solvent and rolled onto a
tape or a label; the solvent is removed to
serve again. The paper fibers are water-
wetted for the first time when they are
stuck in place.

There are anaerobic glues that replace
lock washers and other fittings in many
mechanical assemblies. Oxygen inhibits
the polymerization of the monomer;
even the air that diffuses into a polyeth-
ylene bottle keeps the stuff liquid on the
shelf for a year or more. Spread the sin-
gle substance on a bolt, however, thread
the bolt into its fitting and the exclusion
of oxygen allows hard setting as soon as
the residual dissolved oxygen is used up.
Indeed, it turns out that iron ions cata-
lyze the process so that curing is fast,
without the release of water or solvent
or even heat, deep inside a loudspeaker
or an electric motor. Some adhesives are
being cured by ultraviolet in seconds.

The alkyl cyanoacrylates form strong
bonds rapidly with nearly all materials.
Their polymerization is initiated by al-
kaline substances; even water vapor is
sufficiently baselike to do the job. A
drop (the glue sells for more than $100 a
pound) will bind a square inch of clean,
sanded steel surfaces together with a
shear strength of more than a ton. Al-
kyl cyanoacrylates have wide applica-
tions in surgery, mainly as supplements
to sutures.

A clever device has been developed
for mixing two fluid components inti-
mately without any moving solid parts.
A series of identical, cunningly perforat-
ed aluminum stoppers occupies a length
of pipe. Two streams that enter the first
element pass through four tricky tubu-
lar passageways to emerge as eight
streams, rearranged in position. A set of
10 such elements, called interfacial sur-
face generators, cuts and shuffles a cou-
ple of million layers of fluid.

This book has a glossary and a very
full index; the first edition was issued in
1962.
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You're gonna love our Great
& Great little goodies. Great little

What makes Mazda's Great Little Car great?
It's things like: A rear wiper, washer and defroster, standard
on every Deluxe GLC and Sport. A choice of
4-speed, 5-speed or automatic transmission
(5-speed not available on standard GLC.
Sport comes with 5-speed only.) For "
Deluxe GLCs and Sport, a hatch you may
unlatch electrically with a button below the instrument panel (or from outside,
if that’s handier.) And a split rear seat that allows you to fold none, one, or both
seats down. For every GLC, it's things like room. Lots of it, in front and back.

REAR WIPER/WASHER/DEFROSTER

s It’s also the fact that now,
N\ as you can see, there are
[7 . four models to choose
-~ g
—— N\ s ui REMOTE

1 GLC Deluxe 5-door Hatchback
2 GLC Deluxe 3-door Hatchback
3 Standard GLC Hatchback

4 GLC Sport Hatchback
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Little Car. Mazda GLC.

piston engine. Great little price.

from for 1978. (Last year, the great little
Mazda success car took off like a shot.
Now we happily announce more GLCs
for you to love.)

The Mazda GLC is all this and
much more, for not much money.
Mazda’s Great Little Car is a
great little car. You're
gonna love it.

*EPA estimates based on 5-speed transmission (optional on Deluxe
models, standard on Sport model ). With 4-speed transmission
(standard on all models except on Sport ), EPA estimates are 43/34 mpg.
Your mileage may vary depending on how and where you drive,

your car’s condition, and optional equipment. Calif. 42/33 mpg,

optional 5-speed, 40/3R mpg, 4-speed.

*"Price for standard model shown (3). Other models higher,

up to $3849. All prices POE Seattle (slightly higher in

California, and other areas).

=2 Taxes, license, freight, and optional
m equipment are extra.
GLC. Now, four great little cars in all, from $3074:*
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Look at it this way:
Your daughter named the live turkey you bought “Cuddles;’
so you had to get a frozen one after all.
And you're still drinking ordinary scotch?

86 PROOF BLENDED SCOTCH WHISKY —RENFIELD IMPORTERS, LTD.. N.Y.
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The Job Problem

The composition of the U.S. labor force has been sharply changed by

the influx of women. The failure of the economy to create enough jobs

is aggravated by the poor quality of most of the jobs added since 1950

he economic-stimulus program

proposed by President Carter and

passed by Congress early this year
represented a major revision of Keynes-
ian economics. Instead of continuing to
rely exclusively on fiscal, monetary and
tax measures as the major economic
stimuli, the President decided to add the
direct creation of jobs. About $10 bil-
lion of his stimulus program of more
than $20 billion represents funds for
public-service employment (PSE) and
related manpower measures. The $10
billion job program includes $4 billion
for public works, which is in addition to
$2 billion appropriated for such purpos-
es in the fall of 1976.

The fact that job creation represents a
significant departure in economic policy
can be judged by the fact that in the mid-
1960’s, in the heyday of President John-
son’s “Great Society,” Senator Joseph S.
Clark of Pennsylvania and Senator Win-
ston L. Prouty of Vermont could not
generate any enthusiasm among their
Congressional colleagues for a program
to create jobs for the hard-to-employ.
Only a few years later President Nixon
vetoed the Comprehensive Manpower
Act of 1970 because it provided for the
creation of public-service jobs. He said
he would not be a party to resurrecting
the “leaf raking” philosophy of New
Deal days. And only with the greatest
reluctance did he sign the Public Em-
ployment Program (PEP) of 1971 and
the Comprehensive Employment and
Training Act (CETA) of 1973, each of
which contains a modest provision for
job creation.

When the Democrat-controlled Con-
gress finally acted in December, 1974, to
take stronger steps against unemploy-
ment, it provided for the creation of
260,000 new public-service jobs, which
at the high point of the recession in the
spring of 1975 provided a job for no

by Eli Ginzberg

more than one out of every 25 unem-
ployed workers.

This summary of lack of enthusiasm,
outright opposition, reluctant accept-
ance and restricted scale with regard to
Federal job-creation efforts by both
Democratic and Republican adminis-
trations since the mid-1960’s should be
sufficient to support the contention that
President Carter’s adoption of an ag-
gressive manpower policy represents a
major new departure in U.S. domestic
policy. In fact, Secretary of Labor Ray
Marshall has reported that he could
have had more money for manpower
programs but decided that an expansion
from 310,000 public-service-employ-
ment jobs to 725,000 by September,
1978, was probably the maximum that
could be effectively managed, particu-
larly in the light of the additional job
opportunities planned for in-school and
out-of-school youth.

In order to understand the manpower
aspirations of the Carter Administra-
tion and to assess their potential for en-
ergizing the U.S. economy and for pro-
viding jobs for a significant number of
the nation’s unemployed, the following
issues must be assessed: How well did
the U.S. economy perform during the
past quarter century in creating new
jobs? To what extent does the unem-
ployment problem in 1977 reflect a
shortage of total jobs and to what extent
does it represent a shortage of good
jobs? How much reliance can be placed
on public-service employment and re-
lated efforts, such as public works, to
overcome limitations to the expansion
of employment in the private sector?

My brief answers to these three ques-
tions, for which I shall offer supporting
data, follow. First, between 1950 and
1976 the percentage of civilian jobs in-
creased at least as fast as the working-
age population, yet the unemployment
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rate more than doubled. Second, there is
today a shortage of both available jobs
and good jobs. Since 1950 only three out
of 10 jobs added in the private sector of
the economy can be regarded as good
jobs. In contrast, two-thirds of the jobs
created by Federal, state and local gov-
ernments can be considered good.
Third, public-service employment and
related efforts can absorb only a small
fraction of the adults who are not
now working but who are employable.
Moreover, in addition to the seven mil-
lion “officially” counted as unemployed
(since they are “actively” seeking work)
the total number of potentially employ-
able Americans may be more than three
times that number, or about 24 million.

When the unemployment rates of
the major industrial nations of
Western Europe were fluctuating be-
tween 1 and 2 percent in the 1960’s and
early 1970’s, those countries were high-
ly critical of the high unemployment
rate of the U.S. and Canada, which for
most of the period hovered between 5
and 6 percent. European statesmen and
economists believed they had found the
answer to operating their economies at
full employment, and they saw no rea-
son why the U.S. and Canada could not
follow suit if they freed themselves from
preoccupation with balanced budgets,
price increases and balance-of-payment
problems.

The worldwide recession that began
late in 1974 has chastened those critics,
who are now learning that maintaining
full employment looks easier in retro-
spect than in prospect. The large coun-
tries such as the United Kingdom, Ger-
many and France, and the smaller ones
such as Sweden, Denmark and the Neth-
erlands, now understand that “special
circumstances,” such as their long re-
construction cycle after World War II,
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CHANGING STRUCTURE OF THE U.S. LABOR FORCE between 1950 and 1976 can be
inferred from the disproportionate rise in unemployment that has taken place even as the num-
ber of jobs more than kept pace with the growth in the noninstitutionalized working-age popu-
lation (bars at left) and from the dramatic influx of women into the civilian labor force (bars at
right). Whereas the number of unemployed (defined as people actively looking for work) stood
at 5.3 percent of the civilian labor force in 1950 and fell below 5 percent in six of the next nine
years of the decade, the average number unemployed last year was 7.7 percent, and it was even
higher the year before that. In mid-1977 the figure was 7 percent. In 1950 women made up
slightly less than 30 percent of the civilian labor force. In the next 26 years more than 20 mil-
lion women entered the labor force compared with only 12.6 million men, so that in 1976, 41
percent of the labor force consisted of women. For past 17 years unemployment among women
has averaged about 1.5 percent higher than that among men. The number employed includes
full-time, part-time and dual jobholders and unpaid family workers and the self-employed.
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their demographic profiles (relatively
slow growth of new entrants into the
labor force) and the sustained growth
in international trade, all of which
changed for the worse in the mid-1970’s,
may have had more to do with their
maintaining full employment than did
their skill in managing their economies.

Some of us have countered the Euro-
pean criticism of the high unemploy-
ment rate in the U.S. by emphasizing
that the American economy had a good
record, not a poor one, in job creation.
Our high unemployment rate, we have
pointed out, reflected excessively rapid
increases in the number of job seekers,
particularly young people and mature
women.

Between 1950 and 1976 the U.S. pop-
ulation of working age (16 and over) in-
creased by 47 percent. In the same peri-
od the economy expanded civilian em-
ployment from under 59 million to 87.5
million, a gain of 48 percent. This com-
parison points up the fact that in a peri-
od of unprecedented increases in the
population of working age the U.S.
economy expanded its employment op-
portunities at a comparable rate. Al-
though the comparison of rates is im-
pressive, a juxtaposition of the number
of jobs and the number of job seekers is
less favorable, since a rising proportion
of the adult population actively sought
work or would have looked for work if
more jobs had been available.

If we divide the 26-year span into
three periods—the 1950’s, the 1960’s
and the first six years of the 1970’s—we
find substantial fluctuations in the num-
bers of potential job seekers and new
jobs [see illustration on opposite page).
In the 1950’s, when President Eisen-
hower was in office, the U.S. provided
approximately one additional job for
every two potential job seekers. In the
1960’s, under the Kennedy and Johnson
administrations, the ratio improved to
nearly two jobs for every three new po-
tential workers. And between 1970 and
1977, under the Nixon and Ford admin-
istrations, the ratio slipped back to ap-
proximately one job for every two new
potential aspirants.

Although there are some advantages
to dividing these 26 years into decades
that roughly coincide with different na-
tional administrations, most economists
rely on cyclical analyses to identify
short and intermediate developments.
Such analyses reveal the following addi-
tional aspects of the employment rec-
ord. During the eight years of the Eisen-
hower Administration the job market
fluctuated erratically. After a decline of
1.1 million in the total number of em-
ployed in 1954, following the end of the
Korean ‘war, civilian employment ex-
panded briskly by 2.1 million in 1955
and 1.6 million in 1956 before slowing
sharply in 1957 and contracting by one
million jobs in 1958. In the last two Ei-
senhower years employment again ad-



vanced strongly, averaging 1.4 million
additional jobs per year. For the entire
eight years the average gain was slightly
under 700,000 new jobs per year.

In the next five years, from President
Kennedy’s taking office until the accel-
eration of the Vietnam war in 1965, the
rate of job increases was slightly above a
million per year; during the remainder
of the decade, 1966-70, the rate of in-
crease accelerated to about 1.5 million
per year. The 1970’s also show a good
rate of increase: about 1.8 million per
year between 1971, when President Nix-
on decided (at the prompting of Arthur
F. Burns and over the objections of
George P. Shultz) to become a Keynes-
ian, and the worldwide economic col-
lapse of 1974. Since the first half of
1975, which marked the low point in
the recession, employment has again ex-
panded strongly.

There is an additional observation
that can be made on the basis of a close
examination of the employment record.
During four periods in the past eight
years—the second half of 1968 through
the first half of 1969, the second half of
1971 through the first half of 1973 and
the second half of 1975 through the first
half of 1976—new civilian employment
increased by at least two million per
year and in the last two periods by at
least 2.6 million. This helps to explain
why the National Commission for Man-
power Policy in its Second Annual Report
to the President and the Congress (Decem-
ber, 1976) suggested, among other rec-
ommendations, an annual goal of 2.5
million new civilian jobs in the period
immediately ahead, which would repre-
sent a respectable level of job expansion
if it could be achieved for a period of
years.

he number of net new jobs created is

one critical element in how well or
poorly the economy is meeting its em-
ployment objectives. The other critical
element is the number of potential
workers, that is, the size of the civilian
labor force, defined as the total of those
who have jobs and those who are unem-
ployed but are actively seeking work.
The civilian labor force thus excludes
those in the armed forces and other peo-
ple of working age who are not actively
seeking work for whatever reason: be-
cause they are in school, keeping house,
retired or unable to work, or because
they believe no jobs are available.

As with every accounting system, cal-
culating the number of people in the la-
bor force is not easy because it depends
on many arbitrary definitions and con-
ventions. Congress concluded in its
1976 session that the time was right for a
new look at the problem and provided
for a Presidential Commission to Study
Employment and Unemployment Sta-
tistics. Sar Levitan, a distinguished man-
power economist, has recently been
chosen by President Carter to head the
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INCREASES IN ADULT POPULATION AND EMPLOYMENT in the U.S. proceeded at
uneven rates over the 27-year period 1950-76, as is shown in this breakdown by decades. The
numbers above the bars represent millions of people. The gray bars in the chart show the in-
crease in the working-age population, the hatched bars the increase in civilian employment.
The strongest period of creation of new jobs was the decade of the 1960’s, when three new
jobs were created for every five people who were added to population 16 years of age and over.

commission, which is scheduled to re-
port by the end of 1978.

A fuller understanding of employ-
ment statistics in the U.S. over the past
quarter century calls for a close look at
the changing composition of the civilian
labor force. Between 1950 and 1976 the
labor force increased from 62 million to
about 95 million, an increase of 33 mil-
lion. Of the total increase men account-
ed for 12.6 million and women for more
than 20 million, a simple demonstration
of the greatly increased role of women
in the labor force. In terms of participa-
tion rates (the proportion of each sex in
the labor force) the male rate declined
from 86.8 percent to 78.1 as the female
rate increased from 33.9 percent to 47.4.
In every age bracket from teenagers to
people of 65 and older the male rate
declined as the female rate increased,
with the single exception of women of
65 and over, whose participation rate
showed a slight decline.

The first striking finding is that wom-
en accounted for 60 percent of the total
increase in the size of the labor force
between 1950 and 1976, even though in
1950 they were outnumbered by men by
nearly 2.5 to one. By 1976 the male-fe-
male ratio had fallen below 1.5 to one.
A closer look at the changes by age
brackets reveals that in the period 1960-
76 the number of young people (16 to
24) in the labor force increased from
11.5 million to 23 million, or by 100
percent. Another way to assess the im-
portance of the substantially increased
inflow of young people (in spite of the
fact that many of them were remaining
in school longer) is to recognize that
they accounted for about one out of ev-
ery three additions to the labor force in
the entire period 1950-76.

When we add the 20 million women
who entered the labor force to the 5.6
million new young male workers under
the age of 24, we have accounted for just
under eight out of 10 of the total in-
crease. The remaining two out of 10 rep-
resent men between 25 and 64.

Several misconceptions about the
American labor force can be eliminated
by a closer inspection of the past quarter
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century. We commonly think of a work-
er as someone who is employed full-
time all year. The reality, however, is
different. Once a year the Bureau of La-
bor Statistics conducts a special survey
that seeks to determine, among other
things, the “work experience” in the pre-
ceding 12 months of everyone over the
age of 16. The 1975 survey showed that
although the civilian labor force aver-
aged only 94.8 million, a total of 101
million individuals worked at some pe-
riod during the year. The difference of
6.2 million between the two figures rep-
resents individuals who held jobs at
some time during the year, who retired
or who died while they were employed.
Of the 101 million nearly 91 million
were wage and salaried workers not em-
ployed in agriculture, 4.1 million were
employed in agriculture, 5.6 million
were self-employed and 600,000 were
unpaid family workers. The proportion
of people who worked all year at full-
time jobs was only slightly more than
half (54.4 percent). The remainder, out
of preference or necessity (primarily the
first), worked less than a full-time sched-
ule throughout the year. In the 10 years
between 1965 and 1975 nonagricultur-
al workers on a full-time schedule in-
creased by 14 percent and those in vol-
untary part-time employment increased
by 40 percent. One of the consequences
of the rapid rise of female and young
male job seekers was the increasing de-
mand for part-time work.

Another common assumption is that
all men, particularly those between the
ages of 25 and 65, are attached to the
work force, either as jobholders or job
seekers. The figures prove otherwise. In
1976, 19 out of every 20 males in the age
bracket 25 to 45 were in the labor force;
in the age bracket 46 to 54 the figure was
10 out of 11, and in the age bracket 55 to
64 it was only three out of four. Starting
in their late forties and accelerating as
they enter their fifties, men are increas-
ingly being ejected from the labor force,
are being encouraged to leave it or are
retiring through choice.

Another assumption is that young
women work for a few years, leave the
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COMPARISON OF THE UNEMPLOYMENT RATES of the U.S.
and Canada with those of Japan and the six largest economies among
the countries of Western Europe show that with the single exception
of Sweden all these countries have experienced rising unemploy-
ment rates since the recession of 1973-74. Unemployment in five of
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the Western European countries has now exceeded the 4 percent rate,
which some economists believe is the maximum rate that can be tol-
erated in a healthy economy. The rate of unemployment in the U.S.
exceeded that rate seven years ago. Because countries count their un-
employed in different ways the data here are not strictly comparable.
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EXPANSION OF CIVILIAN EMPLOYMENT in the U.S. was er-
ratic over the period 1950-76, with one year of no growth and three
years in which the total number of jobholders declined by a million or
more. For the entire 27-year period the civilian economy added an
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average of 1.1 million jobs per year, slightly more under Democratic
administrations and fewer under Republican ones. The civilian labor
force was growing by 1.25 million per year, so that the number of un-
employed increased from 3.3 million in 1950 to 7.3 million in 1976.
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labor force to raise a family and return
to work, if at all, only after their chil-
dren are adolescents. The data belie the
impression. The highest participation
rate is no longer, as it was in 1950,
among teenagers but rather among the
20-to-24 age group, in which two out
of every three women are in the labor
force. And although the rate drops off
for the next three age brackets, which
cover ages 25 to 54, the decline is mod-
est and at no point drops below 55 per-
cent. In short, an ever increasing propor-
tion of women remain in the labor force
throughout their adult lives, at least un-
til they reach age 55.

The employment trends of the past
quarter century can be summed up as
follows:

The U.S. economy did well in creating
jobs: the total number of civilian jobs
was increased by over 28 million, or by
just under 50 percent of its 1950 base.

The rapid rate of job expansion un-
questionably facilitated the increased
participation of women in the labor
force; one out of approximately three
worked in 1950 and nearly one out of
two worked in 1975.

The rapid increase in jobs also helped
to create opportunities for many, if not
all, of the people in the larger pool of
young entrants into the labor force, a
pool that approximately doubled in the
period after 1965.

The number of job seekers who want-
ed (or settled for) less than full-time
work increased three times as much as
the number of those on a full-time
schedule.

Although adult women significantly
increased their participation rates, ma-
ture men, beginning in their late forties,
show striking declines.

For many years American economists
have assumed that if the unemploy-
ment rate is 4 percent or lower, there
is a rough balance between jobs and
job seekers. Recently conservatively in-
clined economists have argued that the
“natural rate of unemployment” has ris-
en to 5 percent or even higher, to allow
for the growing numbers of women and
young people in the labor force. Using
the higher figure, we find four poor
years in the 1950’s (1950, 1954, 1958
and 1959), five bad years at the begin-
ning of the 1960’s and five bad years in
the 1970’s. This makes a total of 14 out
of 27 years in which unemployment was
excessive. If we accept the more conven-
tional figure of 4 percent as the norm for
unemployment, we find that only seven
of the 27 years meet the test of adequa-
cy: three years near the beginning of the
1950’s (during the Korean war) and the
last four years of the 1960’s (during the
Vietnam war).

The “adequacy of job creation”
should not, however, be assessed solely
by the unemployment rate, since the

number of jobs that are created has a
significant effect on the number of job
seekers. It is inconceivable that 20 mil-
lion additional women would have
joined the labor force between 1950 and
1976 if most of them had not been able
to find—some quickly, others more
slowly—jobs at which they were willing
to work.

The success of the U.S. economy in
providing jobs over the past quarter cen-
tury might thus be evaluated as follows:
By increasing employment opportuni-
ties by about half in the 26 years be-
tween 1950 and 1976, the economy pro-
vided the base for a major structural
transformation whose most striking fea-
ture was an increase in the participation
of women in the labor force from about
one out of three to one out of two. This
structural transformation was aided by
two parallel developments: more young
people decided to remain in school long-
er and pursue postsecondary education,
and a growing proportion of males, par-
ticularly those in their fifties and early
sixties, left the labor market voluntarily
or otherwise.

It is now clear what happened. Al-
though the U.S. economy provided a
rapid and substantial increase in jobs,
the number of job seekers, particular-
ly married women and young people
reaching working age, increased even
more rapidly, and the unemployment
rate therefore remained at an unsatis-
factorily high level throughout most of
the period.

Most adults work because they must
support themselves and their de-
pendents. If the jobs available pay little
or are otherwise unattractive, however,
many potential job seekers may choose
to keep house, go to school, engage in
illicit or illegal activities, or live off So-
cial Security or some other form of in-
come transfer. Hence a broad view of
the employment situation requires that
we look beyond the number of jobs
to the quality of the job opportunities
available.

There are different ways to assess the
quality of a job, but most specialists
would agree that the following charac-
teristics are significant: wages, fringe
benefits, regularity (or intermittency) of
employment, working conditions, job
security and opportunities for promo-
tion. Although certain jobs must be per-
formed under poor working conditions,
such as those on an automobile assem-
bly line or in a foundry, they may pay
above-average wages. More often than
not, however, favorable elements go to-
gether. Accordingly we can differentiate
between good jobs and poor jobs, with
earnings as the most reliable indicator.

In the period between 1950 and 1976
total payroll employment in nonagricul-
tural establishments showed important
changes in numbers and division among
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industries. The number of workers on
industrial payrolls increased by 25 mil-
lion. If we analyze the relative growth
of employment in different industrial
groups, however, we find that the num-
ber of jobs that paid above-average
weekly wages increased more slowly
than the number that paid below-aver-
age wages. The five industrial groups
that consistently pay above-average
wages employed 25 million workers in
1950 and 32.1 million in 1976, an in-
crease of about 28 percent. The five bet-
ter-paying groups and the percentage
changes between 1950 and 1976 in the
number of jobs they provided are min-
ing, minus 13 percent; construction,
plus 54 percent; manufacturing, plus 24
percent; transportation and utilities,
plus 12 percent, and wholesale trade,
plus 70 percent. In actual numbers of
new jobs manufacturing supplied by far
the most: 3.7 million, or more than half
of the total increase attributable to the
five better-paying groups. Wholesale
trade and construction respectively pro-
vided 1.7 million and 1.3 million addi-
tional jobs.

Total employment in the three indus-
try divisions with below-average weekly
earnings more than doubled between
1950 and 1976: from 14.2 million to
32.4 million. The division that includes
finance, insurance and real estate added
2.4 million jobs, an expansion of 125
percent. Retail trade added 6.6 million
jobs, expanding 96 percent. The service
industries, which grew the fastest of all,
added 9.3 million jobs, expanding 172
percent. In these industries weekly earn-
ings are below average either because
the industries pay low hourly rates or
because they provide less than full-time
work, and often both reasons apply. To
summarize, between 1950 and 1976
about two and a half times as many new
jobs (18.2 million v. 7.1 million) were
added in industries that provide below-
average weekly earnings as were added
in industries that provide above-average
earnings. More than three out of every
five new jobs created in the past 26 years
have been in retail trade or services,
where many jobs are part-time and wag-
es are traditionally low.

The difference in weekly earnings be-
tween the better-paying and the poorer-
paying industrial groups was substan-
tial. Compared with a national average
of $176 in weekly earnings in 1976.
earnings in services averaged $146 and
in retail trade only $114. In construc-
tion, mining and transportation week-
ly earnings ranged between $258 and
$284.

Not only are workers in retail trade
and services poorly paid but also under
the law and under collective-bargaining
agreements they are generally preclud-
ed from participating in various govern-
ment- and employer-sponsored benefit
plans. Overall the statistics lend sub-

47



stantial support to the view that the U.S.
economy has developed a dual labor
market in which white men have pre-
ferred access to the good jobs while
women and members of minority
groups are the ones who generally get
trapped in the poor jobs.

In a discussion of good and poor jobs
special note should be taken of the
transformation that has occurred in the
character of government employment
over the past quarter century. In 1950

GOOD JOBS (MILLIONS)
N

-~

there were just under two million civil-
ian employces on the Federal payroll
and just over four million on state and
local payrolls, for a total of six million.
In 1976 the number of Federal civilian
cmployees had risen to 2.7 million (a
smaller percentage increase, it should be
noted, than there was in the private
economy), but the number of state and
local employees had approximately tri-
pled to 12.2 million, for a total govern-
ment civilian payroll of just under 15
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NUMBER OF POOR JOBS increased much more rapidly than the number of good jobs be-
tween 1950 and 1976. Using earnings as the criterion of job quality, the best jobs have tradi-
tionally been provided by the five industry groups represented by the two bars at left. Between
1950 and 1976 they supplied only 7.1 million additional jobs, an increase of 28 percent. The
number of jobs provided by lower-paying groups at right more than doubled in same period.
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million. Thus government at all levels
accounted for more new net jobs (nearly
nine million) than any industrial group
in the private sector, services alone ex-
cepted. Over the 26-year period the em-
ployment growth rate of government
was 150 percent, second again, but by
only a slight margin, to the service in-
dustries.

In 1949 average annual earnings of all
civilian government employees were
within $100 of the average for all pri-
vate industries, $2,920 compared with
$2,840. In 1975 the earnings in govern-
ment were nearly $1,000 higher than
they were in industry: $11,710 com-
pared with $10,740, testifying to the
greater gains for government employ-
ees. A closer inspection reveals that the
greatest gains were made by Federal
employees, whose average earnings in
1975 were $12,630 compared with
$10,900 for state and local employees, a
much wider spread than had been the
case a quarter century earlier. For the
most part government employees have
reasonably good working conditions,
enjoy various fringe benefits, belong to
an internal promotion system and enjoy
considerable job security. In terms of
job quality most government jobs are
good ones, but perhaps as many as one
out of three can be considered poor, ei-
ther because they are poorly paid or be-
cause they provide less than full-time
work. Furthermore, not all government
employees have the security of civil-
service status. To sum up, between 1950
and 1976 government added some nine
million new jobs, two-thirds of which
can be classified as good in terms of
wages, working conditions, fringe bene-
fits, job security and opportunities for
advancement. In the same period the
private sector provided about 25 million
new jobs, of which fewer than three out
of 10 can be rated good by the same
criteria.

Here four broad observations can be
made. First, the number of jobs grew
much faster in government than they
did in the private sector of the economy.
In fact, the figures I have cited are a
considerable understatement of govern-
ment’s role in creating jobs; they do not
include the large number of workers in
private industry whose jobs depend on
government purchases. According to
studies I have made in collaboration
with Dale L. Hiestand, government pur-
chases in 1973 provided jobs for more
than seven million industrial workers, or
roughly half the number that govern-
ment employed directly [see “The Plu-
ralistic Economy of the U.S.,” by Eli
Ginzberg; SCIENTIFIC AMERICAN. De-
cember, 1976].

Second, again on a relative basis, gov-
ernment outperformed private industry
in providing good jobs. Between 1950
and 1976 government accounted for
only slightly less than half of all the



good jobs that were added. Third, the
private sector provided two and a half
times as many poor jobs as it did good
ones. Fourth, over the entire period
three out of five of all the new jobs creat-
ed must be classified as poor.

If most of the jobs that were added in
the past quarter century were poor, how
does one explain the near-absence of
criticism and discontent among Ameri-
cans who obtained those jobs? The most
plausible answer is that most of the new
jobholders were “secondary” workers
whose earnings supplemented the in-
come of the family’s principal bread-
winner.

Of the 28 million individuals added to
the employed work force between 1950
and 1976 by far the largest category—
about 12 million—were married women
whose husbands were employed and liv-
ing at home. A second large increase,
amounting to 5.9 million, took place
among single people, for the most part
young, many of whom were still in
school and therefore content with less
than full-time work. About 10 million
of the 28 million new jobholders were
heads of households: six million men
with nonworking wives and four million
men or women who shouldered family
responsibilities without spouses.

A comparison in the distribution of
jobs held by women in 1950 and in 1976
emphasizes the extent to which they re-
mained concentrated at the low end of
the occupational hierarchy. In 1950, 76
percent of working women were em-
ployed as sales and clerical workers, as
operatives in factories or as service
workers, either in private households or
in industry. In 1976, 73 percent of work-
ing women were still so employed. The
proportion engaged as sales and clerical
workers increased from about 35 to 42
percent, and the proportion working as
operatives in factories decreased from
22 to 21 percent. There was also a small
decline in the number of service work-
ers, from 20 to 18 percent. There was,
however, a sizable increase in the pro-
portion of women in professional and
technical occupations (from 10.3 to 16
percent) and a steep decline in the pro-
portion working on farms (from 6.9 to
1.3 percent). The fact remains that at the
end of the period, as at the beginning,
three out of four women were employed
as sales, clerical or service workers or as
operatives in factories.

In looking ahead to 1990 we must
take account of three likely develop-
ments. First, the number of young peo-
ple reaching working age will decline
sharply: the pool in 1990 will be three
million lower than the 24 million in
1980. Second, the number of women in
the labor force will continue to grow
substantially: according to current esti-
mates, this group will increase from 37
million in 1975 to 49 million in 1990, or
by about a third. Third, an increasing
number of women. because of their
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TWO-THIRDS OF THE NEW GOVERNMENT JOBS provided in the U.S. between 1950
and 1976, about six million out of a total of nine million, can be characterized as good jobs,
whereas fewer than one out of three private-sector jobs so qualify. As two circle charts in-
dicate, government supplied nearly half of the 13.1 million good jobs added between 1950
and 1976 (/ef?). Private sector supplied six out of seven of 21.2 million poor jobs added in same
period. Of nine million civilians added to public payrolls between 1950 and 1976, only 700,000
were employed by the Federal Government. The rest were added to state and local payrolls.

heightened attachment to the labor
force, will be seeking good jobs and a
career, not just any job. If this forecast
proves to be correct, the availability of
good jobs will become a central issue of
public policy.

It is paradoxical that the U.S. became
seriously interested in full employ-
ment as a national goal in the mid-
1970’s, just at the time the advanced
countries of Western Europe were
forced to lessen their commitment to
full employment. We should not, how-
ever, overstate the change in the U.S.
The President and his advisers now look
to 1981 as the year when an interim tar-
get of about 4 percent unemployment
will be reached. If the goal is realized, it
will mean that the U.S. will have taken
11 years to return to a condition of a
tight labor market such as the one that
prevailed in 1969. It is always difficult to
guess what Congress will do; we cannot
forecast the legislation that may follow
the bill submitted last year by Senator
Hubert H. Humphrey of Minnesota and
Congressman Augustus F. Hawkins of
California, which would have estab-
lished the Federal Government as the
employer of last resort. The odds are,
however, that in the short run Congress
will do nothing.

If there is socially useful work to be
done and people are able and willing to
do it, what stops the Federal Govern-
ment from taking the necessary action
to put all unemployed job seekers to
work? Up to a point nothing, or at least
very little. Beyond that point dollars,
management abilities and secondary
consequences are likely to be the major
barriers.

As I have noted, the Carter Adminis-
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tration has put some $10 billion into di-
rect job creation that will provide use-
ful employment for approximately 1.25
million people for a year. It is a matter
of concern to Congress whether those
placed in public-service-employment
jobs will at the end of a year be able to
make the transition into regular employ-
ment or whether they will become a con-
tinuing responsibility of the Federal
Government.

If the sole or primary objective of
manpower policy were to reduce the un-
employment rate from about 7 percent
to 4 percent, which would require jobs
for about three million unemployed
workers, the cost would be not $10 bil-
lion but nearly $25 billion, a large but
not impossible sum. One reason to hesi-
tate, however, is that such a program,
dollars aside, would be three times larg-
er than the one Secretary Marshall be-
lieved to be within the ability of the Fed-
eral Government to launch and carry
out successfully by September, 1978.

In making such computations it is
easy to overlook the fact that the num-
bers of people “overhanging” the labor
market who would be interested in a
government job far exceed the seven
million now counted as unemployed.
The number of people not in the labor
force who nonetheless categorize them-
selves as “Want a job now” totaled more
than five million in the Department of
Labor’s 1976 special survey. These peo-
ple were not counted in the labor force
for various reasons: 1.4 million were in
school, 650,000 were in poor health or
disabled, 1.2 million had home respon-
sibilities and 900,000 had concluded
they could not get a job. To this group
we should add the estimated million
employables who receive payments
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FAMILY STATUS OF WORKING AMERICANS changed substantially between 1950
and 1976. In 1950 just under one out of four working men was single or living without a wife.
By 1976 the number in these categories (14.2 million) had increased by more than 40 percent
whereas the number of married men had increased less than 20 percent (bars at leff). Among
working women the changes were still more striking. The largest single addition to the labor
force was among married women, whose numbers increased 150 percent, from eight million to
20 million. Number of single women or women living without husbands who were employed in
1976 (14.6 million) slightly exceeded number of men of equivalent single status (14.2 million).

from the Aid for Dependent Children
(AFDC) program, possibly another mil-
lion employables who receive Federal
food stamps, a million in Federal train-
ing programs who are not counted as
being unemployed although they want
jobs and 3.5 million working part time
because they cannot find full-time jobs.

In addition to the five million people
not counted as part of the labor force
who nonetheless reported they “want a
job now” there were 54 million in 1976
who reported they “do not want a job
now,” leaving open whether or not they
might consider working at a future time
or under certain conditions. Included in
the 54 million were more than 30 mil-
lion with home responsibilities, 8.5 mil-
lion retired, about five million in poor
health, 6.4 million in school and 3.5 mil-
lion categorized under “All other rea-
sons.” A Federal job-entitlement pro-
gram even at modest (minimum) wages
would surely induce some people to
shift their classification from “Do not
want a job now” to “Want a job now.”
Even a 10 percent shift would add 5.4
million job seekers to the labor force.

It would not be difficult to identify 5.4
million additional job seekers from the
following categories: the considerable
number of young people who remain in
school because they cannot find jobs, the
30 million housewives who might be
tempted to enter the labor market if jobs
were available, the group of disabled
and older workers who feel they could
still be useful and people in still other
groups who are not working but who are
not currently counted among the unem-
ployed because they are not actively
seeking work.
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In order to estimate the total number
of people overhanging the labor market,
one would have to add this group of 5.4
million potential job seekers to the five
million who want jobs now, the two mil-
lion employables receiving aid for de-
pendent children or food stamps, the
million currently in Federal training
programs, together with another 3.5
million with part-time jobs who want
full-time work. We can thus arrive at a
total of some 17 million potential job
seekers, allowing for a small amount
of double counting, to add to the sev-
en million currently counted as un-
employed. The addition of 17 million
would swell the labor force by about 18
percent, or more than three times the
number of counted unemployed.

he Carter Administration is consid-

ering recommending, or has already
passed, legislation in which Federal job
creation has several roles to play. In the
first instance the Administration decid-
ed to rely on public-service employ-
ment, together with the related program
of public works, as one of two principal
vehicles for stimulating the economy by
increasing direct job creation; the other
vehicle is fiscal and tax policy. The as-
sumption is that job creation is a good
way to put money into the hands of low-
income people who will spend it quick-
ly. Therefore a tentative first finding
is that public-service employment can
complement fiscal policy.

A second goal of Federal job creation
is to provide employment opportunities
for hard-to-place people in the expecta-
tion that after a year or so in a public-
service-employment job they will be in a
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better position to move into the regular
economy in the private or public sector.
This was the intent of the Public Em-
ployment Program of 1971, the original
intent of Title II of the Comprehensive
Employment and Training Act (CETA)
of 1973 and the intent of the CETA
amendments of 1976.

A third goal, only haltingly imple-
mented so far, is to use public-service
employment as an instrument to remove
employable people from extended un-
employment insurance or from the wel-
fare rolls. A fourth is directed to assist-
ing young people in or out of school to
gain work experience in the expectation
that such experience will facilitate their
long-term employability.

Two additional objectives should be
noted. Federal job creation is used to
provide basic or supplemental income
opportunities for older people who
would otherwise be forced onto welfare
rolls. It also plays a central role in a

limited number of experimental and

demonstration projects that go under
the rubric of “supported work,” a pro-
gram aimed at helping deviant groups
such as former prison inmates and for-
mer drug addicts to reenter the working
community.

The identification of these multiple
objectives for public-service employ-
ment (and the listing could be extended
by including certain rural manpower
programs) emphasizes how fast and
how far we have come since President
Nixon vetoed the reinstitution of “leaf
raking” jobs paid for by the Federal
Government. There remains, however,
a wide gap between the scale of the pres-
ent and the proposed expanded public-
service-employment program and the
number of claimants for such employ-
ment. There are surely three million
and possibly up to five million pri-
ority claimants for the approximately
one million public-service-employment
openings.

As readers of newspapers and viewers
of television have repeatedly had im-
pressed on them, unemployment weighs
heavily on minority groups, particularly
black and Spanish-speaking teenagers.
As the Government recently reported,
three out of every four minority-group
teenagers in New York City have been
unable to find full-time jobs. Because of
the combined weight of past and pres-
ent discrimination, low family income,
poor schooling and other powerful neg-
ative factors, the young members of mi-
nority groups are concentrated at the
end of the job queue. There is no pros-
pect of this country’s meeting its com-
mitments with regard to racial equal-
ity and arresting the decline of its ur-
ban centers until the scourge of un-
employment is eliminated. At a mini-
mum, manpower and training measures
should be focused on the groups that are
currently the least equipped to find and
hold jobs.



Many professorsand politicians, inad-
dition to businessmen, question wheth-
er the increasing involvement of the
Federal Government in direct job crea-
tion is a sensible policy. They suggest
as an alternative the stimulation of the
private sector, which they feel is the
backbone of a healthy economy. Apart
from the fact that they continually un-
derestimate how much of the current
employment in the U.S. is supported di-
rectly or indirectly by government dol-
lars—surely one out of every three
jobs—they have yet to acknowledge the
large number of potential job seekers
who remain invisible and uncounted.

The Administration has put off until
1981 the goal of a labor market in rea-
sonable equilibrium, but that goal looks
only to the reabsorption of three million
or so people currently on the unemploy-
ment rolls. It surely does not include ab-
sorbing a significant number of the esti-
mated 17 million additional people not
currently counted in the labor force who
need work or want to work.

One should not be regarded as anti-

TOTAL CIVILIAN LABOR FORCE (MILLIONS)

business if one concludes that there is no
prospect of the private sector’s expand-
ing sufficiently to make a significant im-
pression on the overhanging mass of po-
tential job seekers. If the private econo-
my can find jobs over the next four years
for the new entrants into the job market
and for three million of the currently
unemployed, it will be doing well. On
the other hand, one should not be re-
garded as antigovernment if one con-
cludes that there is no realistic prospect
of the Federal Government’s succeed-
ing in the years immediately ahead in
significantly reducing the pool of po-
tential employables. The Government
could do so, if it could do it at all, only at
the price of extreme inflation.

In economic policy, as in political and
social policy, a country that avoids
the pursuit of unrealizable goals is a
country that protects its treasure. It is
therefore in a better position to experi-
ment, to innovate and to modify its pro-
grams as it gains greater knowledge of
how to translate goals into accomplish-

MEN (MILLIONS)
N

ments. That is the stance the U.S. should
adopt with respect to employment pol-
icy, now and in the future. We cannot
assume that the private sector will be
able to create adequate numbers of new
jobs, and we cannot assume that the
Federal Government will be able to
provide a job for everyone who is able
and willing to work. That is a commit-
ment that, at least for the present, is
too ambitious. The Federal Govern-
ment has begun to and should continue
to identify groups in the community
that are most in need of assistance in
improving their employability and em-
ployment. Government should not be
so hesitant to help those citizens most
in need of help, and it should not be
so foolhardy as to make promises on
which it will be forced to renege. A
responsible democracy with a $2,000
billion annual output cannot afford to
ignore its responsibility to experiment
vigorously, intelligently and continuous-
ly to improve employment opportu-
nities for all its citizens and particular-
ly for those most in need of assistance.
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PROJECTIONS OF LABOR-FORCE COMPOSITION in the U.S.
show several probable developments. The pool of young people reach-
ing working age will begin to decline after 1980, and the rate of par-
ticipation of young women in the labor force will increase, so that by
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1990 the age group 16 to 24 will contain nearly equal numbers of the
two sexes. With increasing participation of older women, by 1990
nearly as many women between the ages of 24 and 55 will have been
added to labor force as men of same age (11 million v. 11.4 million).
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The Search for Life on Mars

The Viking landers have completed their biological experiments.

The experiments did not detect life processes, but they did reveal

much of interest about the chemistry of the surface of the planet

an interesting and legitimate scien-

tific one, quite unrelated to the fact
that generations of science-fiction writ-
ers have populated Mars with creatures
of their imagination. Of all the extrater-
restrial bodies in the solar system Mars
is the one most like the earth, and it is by
far the most plausible habitat for extra-
terrestrial life in the solar system. For
that reason a major objective of the Vi-
king mission to Mars was to search for
evidences of life.

The two Viking spacecraft were
launched from Cape Canaveral in the
summer of 1975. Each spacecraft con-
sisted of an orbiter and an attached
lander. When the spacecraft arrived at
Mars in July and August of 1976, each
was put in a predetermined orbit around
the planet, and the search for a landing
place began. Cameras aboard the orbit-
ers were the principal source of infor-
mation on which the choice of the land-
ing sites was based; important data also
came from infrared sensors on the orbit-
ers and from radar observatories on the
earth. The sole consideration in the final
selection of the sites was the safety of
the spacecraft. It would be a mistake to
suppose, however, that the sites were
therefore without biological interest.
Biological criteria dominated the initial
decisions as to the latitude at which each
spacecraft would land. Once the lati-
tudes had been chosen there was rela-
tively little difference between sites at
different longitudes.

On command from the earth each
lander separated from its orbiter. With
the help of its retroengines and para-
chute it dropped to the surface of Mars.
Both orbiters continued to circle the
planet, operating their own scientific in-
struments and relaying to the earth data
transmitted from the landers. Both land-
ings were in the northern hemisphere of
Mars, and the Martian season was sum-
mer. (Mars has seasons like those on the
earth, but each season lasts approxi-
mately twice as long. The Martian year
is 687 Martian days; each Martian day,
named a sol by the Viking team to dis-
tinguish it from a terrestrial day, is 24

Is there life on Mars? The question is

52

by Norman H. Horowitz

hours 39 minutes long.) On July 20,
1976, the Viking 1 lander came to rest in
the Chryse Planitia region of Mars,
some 23 degrees north of the equator.
Six weeks later the Viking 2 lander set-
tled down in the Utopia Planitia region,
some 48 degrees north of the equator. In
longitude the two landers are separat-
ed by almost exactly 180 degrees, thus
placing them on opposite sides of the
planet. Since the instrumentation of the
two landers is identical, the difference in
their landing sites is the only distinction
between them.

he first biologically significant task
carried out by each lander was the
analysis of the Martian atmosphere.
Life is based on the chemistry of light
elements, notably carbon, hydrogen,
oxygen and nitrogen. To be suitable as
an abode of life a planet must have those
elements in its atmosphere. Spectro-
scopic observations from the earth and
from spacecraft that had flown past
Mars in previous years had already
shown that carbon dioxide was the prin-
cipal component of the Martian atmo-
sphere. Small quantities of carbon mon-
oxide, oxygen and water vapor had also
been detected. Nitrogen had not been
detected in any form, however, and at-
mospheric theory suggested that Mars
had lost most of its nitrogen in the past.
Each Viking lander analyzed the at-
mosphere by means of two mass spec-
trometers. One spectrometer, operating
during the descent to the surface, sam-
pled and analyzed the atmospheric gas-
es every five seconds. The second spec-
trometer operated on the ground. The
results showed that the atmosphere near
the ground was approximately 95 per-
cent carbon dioxide, 2.5 percent nitro-
gen and 1.5 percent argon, and that it
also held traces of oxygen, carbon mon-
oxide, neon, krypton and xenon. At both
landing sites the atmospheric pressure
was 7.5 millibars. (The atmospheric
pressure at sea level on the earth is
1,013 millibars.)
Since the Viking spacecraft revealed
that nitrogen is indeed present in the
Martian atmosphere, we can say that
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the elements necessary for life are avail-
able on Mars. Missing from the list of
gascs, however, is one critically impor-
tant compound: water vapor. Although
earlier measurements had shown that
traces of water vapor are present in the
Martian atmosphere, the quantity varies
with season and place. The Viking orbit-
ers carried out a survey of water vapor
over the entire planet with infrared spec-
trometers. The results showed that the
highest concentration of atmospheric
water vapor was at the edge of the north
polar cap (the summertime hemi-
sphere), and that the concentration fell
off toward the south (the opposite of
what is found on the earth). In the polar
region the amount of water vapor in the
atmosphere would form a film only a
tenth of a millimeter thick if all of it
were to be condensed on the planet’s
surface. At the landing sites the concen-
tration of water vapor ranged between
10 and 30 percent of the concentration
at the pole.

These numbers put into quantitative
terms a long-known fact about Mars: It
is a very dry place. Mars has ice at its
poles, but nowhere on its surface are
there oceans or lakes or any other bodies
of liquid water. The absence of liquid
water is related to the dryness of the
atmosphere through a fundamental law
of physical chemistry: the phase rule.
The phase rule states that for liquid wa-
ter to exist on the surface of a planet the
pressure of the water vapor in the atmo-
sphere must at some times and in some
places be at least 6.1 millibars. The Vi-
king measurements imply that the vapor
pressure of water at the surface of Mars
in the northern hemisphere is at most .05
millibar, even if all the water vapor is
concentrated in the lower atmosphere.
At that low pressure liquid water cannot
remain in the liquid phase; depending
on the temperature, it must either freeze
or evaporate. By the same token rain-
drops cannot form in the Martian atmo-
sphere and ice cannot melt on the Mar-
tian surface.

The extreme dryness presents a diffi-
cult problem for any Martian biology.
Liquid water is essential for life on the



earth. All terrestrial species have high
and apparently irreducible require-
ments for water; none could live on
Mars. If there is life on Mars, it must
operate on a different principle as far as
water is concerned. If Mars had a more
favorable environment in the past, how-

LANDING SITE OF VIKING 1 LANDER on Mars was photo-
graphed from the spacecraft in February to document the digging of
the series of trenches seen at the lower right. Soil samples from the

ever, and if the planet did not dry up too
fast, species may have had time to
evolve and adapt to present conditions.
Pictures made by the Mariner 9 space-
craft, which went into orbit around
Mars in 1971, suggested that Mars may
indeed have had running water on its

surface in the past. The pictures from
the Viking orbiters have confirmed that
impression. The evidence consists of
channels in the Martian desert that re-
semble dry riverbeds. There seems to
be little doubt that the channels were
carved by rapidly flowing liquid, and

TR §

trenches were delivered to instruments in the spacecraft to be tested
for their chemical composition and for signs of life. The orange tinge
of sky shows that a great amount of dust is suspended in atmosphere.

LANDING SITE OF VIKING 2 LANDER is a field of boulders
superficially similar to the landing site of the Viking 1 lander. The
camera aboard the lander made this picture early in the afternoon of
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September 24, 1976, three weeks after spacecraft had landed and be-
fore samples of soil were taken. Horizon is tilted because lander is
not quite level. Objects in foreground are instruments on spacecraft.
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there is widespread agreement that the
most probable liquid is water.

If liquid water once existed on Mars,
could life have arisen on the planet? If
the life evolved to meet changing condi-
tions, could it exist there still? There is
no way to settle these questions by de-
ductive reasoning or even by experi-
mentation in laboratories on the earth.
They can be answered only by the direct
exploration of Mars, and that is what
the Viking spacecraft did.

Five different types of instrument on
each Viking lander were involved in
the search for evidences of life: two
cameras for photographing the land-
scape, a combined gas chromatograph
and mass spectrometer for analyzing the
surface for organic material and three
instruments designed to detect the meta-
bolic activities of any microorganisms
that might be present in the soil. In this
brief account I shall not be able to men-
tion the names of the many scientists,
engineers and managers whose joint ef-
forts made all the Viking projects possi-
ble. They work in universities, industrial
laboratories and the National Aeronau-
tics and Space Administration and its
field centers. Their names are recorded

in the growing technical literature deal-
ing with this historic mission.

Each of the Viking landers carried
two cameras of the facsimile type,
which built up a picture of the scene by
scanning it in a series of narrow strips.
Such cameras make pictures slowly, but
they are rugged and versatile. Their res-
olution was moderately high: a few mil-
limeters at a distance of 1.5 meters.
They produced pictures in black and
white, in color and in stereo. The two
cameras on each lander could between
them survey the entire horizon around
the spacecraft.

As life-seeking tools cameras have in-
herent advantages and disadvantages.
Their chief advantage lies in the fact
that a picture contains a large amount of
information. In principle it would be
possible to prove unequivocally the ex-
istence of life on Mars with a single pho-
tograph. For example, if a line of trees
were visible on the horizon or if foot-
prints appeared on the ground in front
of the spacecraft one morning, there
would be no room for doubt that there is
life on Mars. Another advantage lies in
the fact that pictorial evidence is inde-
pendent of all assumptions about the
chemistry and physiology of Martian
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LOCATIONS OF THE TWO VIKING LANDERS are indicated on this map of Mars, which
shows some of the major geological features of the planet. The two spacecraft are on opposite
sides of the planet, some 4,600 miles apart. Both are in the northern hemisphere at sites selected
partly for their possible biological interest. Viking I lander is in Chryse Planitia region at a lat-
itude of 23 degrees; Viking 2 lander is in Utopia Planitia region at a latitude of 48 degrees.
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organisms. The organisms need not re-
spond in certain ways to certain sub-
stances or treatments in order to be rec-
ognized. The cameras could identify,
say, a mushroom made of titanium as a
form of life if one were to sprout up
from under a rock in the course of the
mission. Of course, reliance on pictorial
evidence rests on its own set of assump-
tions about the morphology of living
things. The most obvious disadvantage
of the camera as a life-seeking instru-
ment is the fact that an entire world of
life can exist below the camera’s limit of
resolution.

Of all the results of the Viking mission
the wonderful photographs of the Mar-
tian desert at the two landing sites are
the most impressive. The photographs
have been eagerly scanned by alert and
hopeful eyes, but no investigator has yet
seen anything suggesting a living form.

he next step was to analyze the soil

for any organic constituents. Among
the elements carbon is unique in the
number, variety and complexity of the
compounds it can form. The special
properties of carbon that enable it to
form large and complex molecules arise
from the basic structure of the carbon
atom. That structure enables the carbon
atom to form four strong bonds with
other atoms, including other carbon at-
oms. The molecules thus formed are
very stable at ordinary temperatures, so
stable, in fact, that there seems to be no
limit to the size they can attain. The con-
nection between life and organic chem-
istry (that is, the chemistry of carbon)
rests on the fact that the attributes by
which we identify living things—their
capacity to replicate themselves, to
repair themselves, to evolve and to
adapt—originate in properties that are
unique to large organic molecules. It is
the highly complex information-rich
proteins and nucleic acids that endow all
the living things we know, even “simple”
ones such as bacteria and viruses, with
their essential nature. No other element,
including that favorite of science-fiction
writers, silicon, has the capacity carbon
has to form large and complex struc-
tures that are so stable. It is no accident
that even though silicon is far more
abundant than carbon on the earth, it
has only minor and nonessential roles in
biochemistry. Biochemistry is largely a
chemistry of carbon.

Such fundamental facts lead to the
conclusion that wherever life arises in
the universe it will most likely be based
on carbon chemistry. That view has
been strengthened by the discovery of
organic compounds of biological inter-
est in meteorites and in clouds of dust in
interstellar space. Although these com-
pounds are nonbiological in origin, they
are closely related to the amino acids
and the nucleotides that are the respec-
tive building blocks of proteins and of
nucleic acids. The fact that they are



formed in settings remote from the earth
implies that carbon chemistry gives rise
to familiar organic compounds through-
out the universe. This fact in turn sug-
gests that life elsewhere in the universe
will be based on an organic chemistry
similar to our own, although not neces-
sarily identical with it.

Such considerations led to the deci-
sion to include an organic-analysis ex-
periment aboard the Viking landers.
The instrument used in the experiment
was the mass spectrometer that had ana-
lyzed the atmosphere combined with a
gas chromatograph and a pyrolysis fur-
nace. A sample of the Martian soil was
first heated in the furnace through a se-
ries of steps up to a temperature of 500
degrees Celsius. Any volatile materials
released were passed through the gas
chromatograph. Since each of the dif-
ferent compounds has a different mo-
lecular weight, composition and polar-
ity, among other properties, it passed
through the columns of the gas chro-
matograph at a unique rate, and so the
compounds were separated from one
another. As each compound emerged
from the chromatographic column it
was directed into the mass spectrometer
for identification. Since essentially all
organic matter is cracked, or decom-
posed, into smaller fragments at 500 de-
grees C., the method is capable of de-
tecting organic compounds that have a
wide range of molecular weights.

Two soil samples were analyzed at
each landing site. The only organic com-
pounds detected were traces of cleaning
solvents known to have been present in
the apparatus. The fact that the solvents
were detected shows the instruments
were functioning properly. The heated
samples gave off carbon dioxide and a
small amount of water vapor; nothing
else was found.

his result is surprising and weighs

heavily against the existence of bio-
logical processes on Mars. The com-
bined gas chromatograph and mass
spectrometer aboard each Viking lander
is a sensitive instrument, capable of de-
tecting organic compounds at a concen-
tration of a few parts per billion, a level
that is between 100 and 1,000 times be-
low their concentration in desert soils on
the earth. Even if there is no life on
Mars, it has been supposed the fall of
meteorites onto the Martian surface
would have brought enough organic
matter to the planet to have been detect-
ed. Because Mars is near the asteroid
belt, from which meteorites originate, it
is believed to receive a much larger
number of meteorite impacts than ei-
ther the earth or the moon. Indeed, a
question that was frequently discussed
before the Viking spacecraft were
launched was whether or not it would be
possible to distinguish biological organ-
ic matter on Mars from the meteoritic
organic matter that was expected to be

CHRYSE REGION was photographed from 1,555 kilometers above the Martian surface by
the Viking I orbiter on July 17, 1976, showing a recently determined accurate landing site of
the Viking 1 lander (cross). The landing area, in the western part of Chryse Planitia, is a
smooth plain with many small impact craters dotting the surface. The wrinkle ridges to the west
(top) seem to be similar to volcanic ridges found on smooth lava floors of maria on the moon.

present. The absence of organic matter
at the parts-per-billion level, however,
suggests that on Mars organic com-
pounds are actively destroyed, probably
by the strong ultraviolet radiation from
the sun.

The other experiments aboard the Vi-
king landers searched not just for organ-
ic matter in the soil but for living organ-
isms. On the earth microorganisms such
as bacteria, yeasts and molds are the
hardiest of all species. There are few
places on the earth where microbial
forms do not live; they are the last survi-

vors in environments of extreme tem-
perature and aridity. The reasons for
their hardiness are interesting but need
not detain us here. Suffice it to say that
if there is life on Mars, the chance of
detecting it would be maximized
by searching for microorganisms in the
Martian soil.

Each Viking lander carried three in-
struments designed to detect the meta-
bolic activities of soil microorganisms.
First, the gas-exchange experiment was
designed to detect changes in the com-
position of the atmosphere caused by

UTOPIA REGION was photographed from 3,360 kilometers above the surface of Mars by the
Viking 2 orbiter on August 16, 1976, as the spacecraft was surveying the planet for a landing
site for the Viking 2 lander. The area is rough, apparently blanketed by dunes. Site at which the
Viking 2 lander touched down is indicated by cross at far right (north) edge of photograph.
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BIOLOGICAL LABORATORY aboard both Viking spacecraft oc-
cupies a volume of only one cubic foot. The three biological experi-
ments were the gas-exchange experiment (right), the labeled-release
experiment (boftom left) and the pyrolytic-release experiment (fop
left). Each experiment, shown cut away, had several test chambers on
a carousel so that the experiment could test several samples of Mar-
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tian soil. The soil was dumped into an entry port at the top of the lab-
oratory, where it fell into a hopper. For each sample of soil one test
chamber of each experiment was rotated under the hopper in order
to receive a portion of the sample. All together approximately half
a dozen samples of soil were tested at each landing site. The experi-
ments were completed in April. Results are given on following pages.
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microbial metabolism. Second, the la-
beled-release experiment was designed
to detect decomposition of organic com-
pounds by soil microbes when they were
fed with a nutrient. Third, the pyrolytic-
release experiment was designed to de-
tect the synthesis of organic matter in
Martian soil from gases in the atmo-
sphere by either photosynthetic or non-
photosynthetic processes. All three ex-
periments analyzed portions of each
sample of Martian soil.

All the experiments detected chemi-
cal changes of one kind or another in the
soil. All the experiments are now com-
pleted, and some of the changes they
observed suggest biological processes.
There has been much discussion both
within the team of Viking investigators
and outside it as to the best way to inter-
pret the findings. Are the changes due to
biological responses or are they just
chemical reactions we would like to be-
lieve are biological? Indeed, since life is
a form of chemistry, how can the two be
told apart?

One way to decide whether or not a
process is biological is to test its
sensitivity to heat. Living structures are
highly organized and fragile, and they
are destroyed by temperatures that
leave many chemical reactions unaffect-
ed. A process that is insensitive to heat is
thus likely to be a nonliving chemical
reaction, but a process that is sensitive
to it could be either living or nonliving.

The decision as to whether a heat-sen-
sitive process is biological or not must
be based on additional evidence. In the
end, however, the judgment is based on
Occam’s razor: the traditional principle
that the hypothesis most likely to be cor-
rect is the one that accounts for the max-
imum number of observations with the
minimum number of assumptions.

The gas-exchange experiment and the
labeled-release experiment were frankly
terrestrial in orientation. In both experi-
ments a nutrient medium composed of
an aqueous solution of organic com-
pounds was mixed with a sample of
Martian soil. Since liquid water cannot
exist on Mars, the experiments could
not be conducted under Martian condi-
tions; the test chambers had to be heated
to prevent the water from freezing and
pressurized to prevent it from boiling.
Both experiments were based on the uni-
versal property of terrestrial organisms
to evolve gas as they metabolize food. If
a sample of soil from the earth is moist-
ened with a nutrient solution, the micro-
organisms in the soil take up the nutri-
ents and convert them partly into more
microorganisms (that is, the population
of microorganisms grows) and partly
into various by-products, including gas-
es. Among the gases given off in mi-
crobial metabolism are carbon diox-
ide, methane, nitrogen, hydrogen and
hydrogen sulfide. On the earth gases
evolved by one species of organisms are
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GAS-EXCHANGE EXPERIMENT tested the Martian soil to see if there were any micro-
organisms in it that took in atmospheric gases and nutrients and gave off gaseous by-products.
The experiment proceeded in two stages. In the first stage a small volume of a complex nutrient
solution (dark color) was injected into the test chamber in such a way that it humidified the
chamber without wetting the soil (f0p). The gases evolved (light gray) were flushed into a gas
chromatograph with a stream of helium (light color), where they were analyzed for organic
compounds and compared with results of reference analysis run as a standard. In second stage
of experiment a large volume of nutrient was poured into chamber to wet the soil (bottom).

eventually consumed by other species of
organisms. In that way the light ele-
ments at the earth’s surface are continu-
ally cycled through the biosphere and
the atmosphere.

n the gas-exchange experiment a com-
plex nutrient solution was added to a
sample of Martian soil in a closed cham-
ber, and the gases were analyzed period-
ically by means of a gas chromatograph.
The experiment proceeded in two
stages. In the first stage a small volume
of the nutrient solution was introduced
into the soil chamber in such a way that
it humidified the chamber without actu-
ally wetting the soil, and the resulting
gases were analyzed several times. In the
second stage a large volume of the nutri-
ent was poured into the chamber, satu-
rating the soil. With the soil now in di-
rect contact with the medium the main
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part of the experiment began. The soil
was incubated for nearly seven months,
so that whatever microorganisms might
be in the sample had enough time to
signal their presence by producing or
consuming gases. During the period of
incubation the atmosphere in the cham-
ber was periodically analyzed.

The findings of the first stage of the
experiment were both surprising and
simple. Immediately after the soil sam-
ple was humidified carbon dioxide and
oxygen were rapidly released. The re-
lease of the gases ceased soon after it
had begun but not before the pressure in
the chamber had risen measurably. At
the Chryse site in a period of little more
than one sol the quantity of carbon di-
oxide in the incubation chamber of the
Viking 1 lander increased by a factor
of five and the quantity of oxygen in-
creased by a factor of 200. At the Uto-
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pia site the increases were less, but they
were still considerable.

The rapidity and the brevity of the
response recorded by both landers clear-
ly suggested that the process observed
was a chemical reaction, not a biological
one. The appearance of the carbon diox-
ide is readily explained. Carbon dioxide
gas would be expected to be adsorbed
on the surface of the dry Martian soil; if
the soil was exposed to a very humid
atmosphere, the gas would be displaced
by water vapor. The appearance of the
oxygen is more complex. The produc-
tion of so much oxygen seems to require
an oxygen-generating chemical reac-
tion, not just a physical liberation of pre-
existing gas. It is likely that the oxygen
was released when the water vapor de-
composed an oxygen-rich compound
such as a peroxide. Peroxides are known
to decompose if they are exposed to wa-
ter in the presence of iron compounds,
and according to the X-ray fluorescence
spectrometer aboard each Viking land-
er, the Martian soil is 13 percent iron.

A both landing sites the second phase
of the gas-exchange experiment
was anticlimactic. When the soil sample
was saturated with the nutrient medium
and incubated, carbon dioxide contin-
ued to be released. The production of
the carbon dioxide gradually tapered
off, however, and the oxygen gradually

disappeared. The slow increase in the
amount of carbon dioxide was probably
a continuation of the reaction in the hu-
mid stage of the experiment. The disap-
pearance of the oxygen also can be easi-
ly explained: one of the ingredients of
the nutrient medium was ascorbic acid,
which combines readily with oxygen.
And so after seven months it became
clear that everything of interest had
happened in the humid stage of the ex-
periment, before the soil came in con-
tact with the nutrient! What the gas-ex-
change experiment detected was not me-
tabolism but the chemical interaction of
the Martian surface material with water
vapor at a pressure that has not been
reached on Mars for many millions of
years.

The labeled-release experiment dif-
fered from the gas-exchange experiment
in several ways. The nutrient medium
employed was a simpler one contain-
ing only a few cosmically abundant or-
ganic compounds such as formic acid
(HCOOH) and the amino acid glycine
(NH,CH,;COOH). All the compounds
were labeled with atoms of the radioac-
tive isotope carbon 14. The labeled-re-
lease instrument was designed to detect
radioactive gases, principally carbon di-
oxide, released when the nutrient medi-
um was added to a sample of soil. The
number of radioactive disintegrations in
gases can be counted quite efficiently, so
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RESULTS OF THE GAS-EXCHANGE EXPERIMENT, according to data of Vance I
Oyama of the Ames Research Center of the National Aeronautics and Space Administration,
showed that in the first humid stage of the experiment a large amount of carbon dioxide (black)
and molecular oxygen (color) surged into the test chamber. In the second wet stage the amount
of carbon dioxide continued to rise at a decreasing rate and then declined. The amount of oxy-
gen, however, quickly fell. It is believed the gases were released by physical and chemical proc-
esses, not by biological ones. One micromole is a millionth of a mole, where one mole is the

het.

a t of a

e that has a weight in grams equal to its molecular weight. Oxygen curve

is displaced to the left by one sol so that the curves do not overlap. A sol is one Martian day.
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that the labeled-release experiment is
faster and more sensitive than the gas-
exchange experiment in detecting mi-
crobial activity in terrestrial soil. The
labeled-release experiment’s sequence
of operations did not include a humid
stage as such, but it attempted to accom-
plish the same end by injecting a volume
of nutrient medium that was insufficient
to wet the entire soil sample but suffi-
cient to humidify the chamber. If the
experiment worked on Mars as planned,
subsequent injections of the medium,
which were controlled by commands
sent from the earth, brought the medi-
um into contact with some soil that had
previously been wetted and with other
soil that had been humidified but not
wetted.

A in the gas-exchange experiment, im-
mediately after the nutrient medi-
um was added to the soil in the labeled-
release experiment, gas surged into the
chamber. The release of gas tapered off
soon after the first sol. The gas, un-
doubtedly carbon dioxide, was radioac-
tive, showing that it had been formed
from the radioactive compounds of the
medium and not from compounds in the
Martian soil. Nonradioactive gases,
which also must have formed when the
aqueous medium came in contact with
the soil, were not detectable in the ex-
periment.

The production of radioactive carbon
dioxide in the labeled-release experi-
ment is understandable in the light of
the evidence from the gas-exchange ex-
periment suggesting that the surface
material of Mars contains peroxides.
Formic acid, one of the compounds of
the labeled-release nutrient medium, is
oxidized with particular ease: if a mole-
cule of formic acid (HCOOH) reacts
with one of hydrogen peroxide (H5O5,),
it will form a molecule of carbon diox-
ide (COy) and two molecules of water
(2H,0). The amount of radioactive car-
bon dioxide given off in the labeled-
release experiment was only slightly less
than what would have been expected if
all the formic acid in the medium had
been oxidized in this way.

If the source of the oxygen released in
the humid stage of the gas-exchange ex-
periment was indeed peroxides in the
soil decomposed by water vapor, then in
the labeled-release experiment all the
peroxides should also have been decom-
posed by the first injection of nutrient.
Thus the next injection should have
evolved no additional radioactive gas in
spite of the fact that part of the sample
presumably had not yet been wetted by
the medium. That proved to be the case.
When a second volume of medium was
injected into the chamber, the amount
of the gas in the chamber was not in-
creased; indeed, it decreased. The de-
crease is explained by the fact that car-
bon dioxide is quite soluble in water;
when fresh nutrient medium was added
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LABELED-RELEASE EXPERIMENT on the Viking landers tested
the Martian soil for microorganisms that could metabolize simple or-
ganic, or carbon, compounds. The nutrient medium was composed of
several organic compounds that are widely abundant in the universe.
The compounds were labeled with radioactive carbon. If microorgan-
isms exist in the Martian soil, they might consume the labeled nu-
trient and give off radioactive gases (particularly carbon dioxide),
which would be detected by the carbon-14 counters. Before the soil
was tested the background level of radiation was measured (/ef?).
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The soil was dumpeda into the test chamber, injected with a small
amount of medium (middle) and incubated for up to 11 sols. The
amount of nutrient in this first injection was planned to wet only part
of the soil but to humidify the entire chamber. A subsequent injec-
tion of the nutrient (right), controlled by signals from the earth, thus
brought the medium into contact with soil that had already been wet-
ted and with other soil that had been humidified but not wetted. If
the labeled-release experiment worked on Mars as planned, its results
would serve as a check on the results of the gas-exchange experiment.
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RESULTS OF THE LABELED-RELEASE EXPERIMENT for the
first sample of soil analyzed at the Chryse site (curve in color) were
indeed consistent with the results of the gas-exchange experiment,
according to data from Gilbert V. Levin and Patricia A. Straat of
Biospherics Inc. Immediately after the first injection of the nutri-
ent, radioactive gases surged into the chamber. The radioactivity was
measured at 16-minute intervals throughout the experiment except
for the first two hours after the first injection, when measurements

were made every four minutes. After the second injection the amount
of gas in the chamber dropped, then remained at a nearly constant
level until the end of the experiment. In order to test the sensitivity
of reaction to heat a second portion of the soil sample was sterilized
at a temperature of 160 degrees Celsius for three hours and the ex-
periment was repeated (curve in black). The reaction was abolished.
Although such behavior is consistent with a biological process, it is
more likely that experiment again detected only a chemical reaction.

to the chamber, it absorbed some of the
carbon dioxide in the head space above
the sample.

This result was obtained with all the
samples tested by the labeled-release ex-
periment at both Viking sites. In that
respect the results of the labeled-release
experiment did not parallel the results
of the gas-exchange experiment. At both
sites both experiments tested soil gath-
ered from the ground’s exposed surface;
at the Utopia site the experiments also
tested soil gathered from under a rock.
Although the labeled-release experi-
ment found essentially no difference in
the amount of gas released by any of the
samples, the gas-exchange experiment
recorded about three-fourths as much

carbon dioxide from the surface sam-
ples at the Utopia site as it had from the
surface samples at the Chryse site, and it
recorded even less carbon dioxide from
the sample from under the rock.

The gas-exchange experiment also re-
corded less oxygen from the samples
from the Utopia region, but the interfer-
ence of the ascorbic acid in the complex
nutrient medium of that experiment
makes it difficult to quantify the differ-
ence. In every case, however, the gas-
exchange experiment detected consid-
erably more gas than the labeled-release
experiment did with portions of the same
sample. Those results, however, do not
contradict the thesis that the production
of oxygen detected by the gas-exchange
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experiment and the production of radio-
active carbon dioxide detected by the
labeled-release experiment are simply
different measurements of the same sur-
face chemistry. The gas-exchange ex-
periment measures the total amount of
oxidant in the surface; the labeled-re-
lease experiment measures only a frac-
tion of it.

The labeled-release experiment also
tested the stability of the reaction to
heat. When the soil was preheated to
160 degrees C. for three hours before
incubation, the reaction was abolished.
When it was heated to 46 degrees for the
same length of time, the magnitude of
the reaction was reduced by about half.
These results have been regarded by
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PYROLYTIC-RELEASE EXPERIMENT tested the Martian soil (dark gray) to see if there
were microorganisms in it that would create organic compounds out of atmospheric gases by
either a photosynthetic process or a nonphotosynthetic process. A sample of soil was sealed
into a chamber along with some Martian atmosphere and a small amount of radioactive car-
bon dioxide and carbon monoxide (/ight gray). A xenon arc lamp irradiated the soil with sim-
ulated Martian sunlight (7). After five days lamp was turned off and the atmosphere was removed
from the chamber (2). Soil was heated to a temperature high enough to pyrolyze (decompose)
into small volatile fragments any radioactive organic compounds produced. Fragments (light
gray) were swept out of the chamber (3) by a stream of helium (light color) into a column de-
signed to trap organic molecules but pass carbon dioxide and carbon monoxide. In column
trapped radioactive organic molecules were released by raising column’s temperature; the mol-
ecules were oxidized to form carbon dioxide, which was carried into a radiation counter (4).

60

© 1977 SCIENTIFIC AMERICAN, INC

some as evidence in favor of the hypoth-
esis that the reaction is biological. The
results are of course consistent with
such a hypothesis, but they are also con-
sistent with a chemical oxidation in
which the oxidizing agent is destroyed
or evaporated at relatively low tempera-
tures. A variety of both inorganic perox-
ides and organic peroxides could proba-
bly have produced the same results.

he third microbiological experi-

ment, the pyrolytic-release experi-
ment, differed from the gas-exchange
and labeled-release experiments in two
respects. First, it attempted to measure
the synthesis of organic matter from at-
mospheric gases rather than its decom-
position. Second, it was designed to op-
erate under the conditions of pressure,
temperature and atmospheric composi-
tion that actually obtain on Mars, since
those are the conditions under which
any form of Martian life must exist. In
practice the conditions in the chamber
were a reasonably good approximation
of Martian conditions except for the
temperature, which stayed warmer than
the outside temperature because of heat
sources within the spacecraft.

A sample of Martian soil was sealed
in a chamber along with some Martian
atmosphere. A quartz window in the
chamber admitted simulated Martian
sunlight from a xenon arc lamp. Into
this Martian microcosm small amounts
of radioactive carbon dioxide and radio-
active carbon monoxide were intro-
duced. Both gases are present in the
Martian atmosphere but not in radioac-
tive form. After five days the lamp was
turned off, the atmosphere was removed
from the chamber and the soil was ana-
lyzed for the presence of radioactive or-
ganic matter.

First the soil was heated in the pyrol-
ysis furnace to a temperature high
enough to crack any organic com-
pounds into small volatile fragments.
The fragments were swept out of the
chamber by a stream of helium and
passed through a column that was de-
signed to trap organic molecules but
allow carbon dioxide and carbon mon-
oxide to pass through. The radioactive
organic molecules were thus transferred
from the soil to the column and at the
same time were separated from any re-
maining gases of the incubation atmo-
sphere. The organic molecules were re-
leased from the column by raising the
column’s temperature. Simultaneously
the radioactive organic molecules were
decomposed into radioactive carbon di-
oxide by copper oxide in the column.
The carbon dioxide was then carried by
the stream of helium into a radiation
counter. If organic compounds had been
synthesized in the soil, they would be
detected as radioactive carbon dioxide;
if no organic compounds had been syn-
thesized, no radioactive carbon dioxide
would have been formed.



Surprisingly, seven of the nine pyro-
lytic-release tests executed on Mars
gave positive results. The two negative
results were obtained at the Utopia site,
but a third sample tested at Utopia was
positive. This third sample was actually
incubated in the dark, implying that
light may not be required for the re-
action. The amount of carbon fixed in
the soil by the experiment was small:
enough to furnish organic matter for be-
tween 100 and 1,000 bacterial cells. The
quantity is so small, in fact, that it could
not have been detected by the organic-
analysis experiment. The quantity is
nonetheless significant; it was surprising
that in such a strongly oxidizing envi-
ronment even a small amount of organic
material could be fixed in the soil.

Even more significant, the pyrolytic-
release instrument had been rigor-
ously designed to eliminate nonbiologi-
cal sources of organic compounds. Dur-
ing the development of the experiment it
had been found that in the presence of
short-wavelength ultraviolet radiation,
carbon monoxide spontaneously com-
bined with water vapor to form organ-
ic molecules on glass, quartz and soil
surfaces in the experimental chamber.
In order to avoid those reactions and
the confusion they would have caused,
the short-wavelength ultraviolet was fil-
tered out of the radiation allowed to en-
ter the incubation chamber. To receive
positive results from the soil on Mars in
spite of that precaution was startling.

Nevertheless, it appears that the find-
ings of the pyrolytic-release experiment
must also be interpreted nonbiological-
ly. The reason is that the reaction detect-
ed was less sensitive to heat than one
would expect of a biological process. In
two of the nine pyrolytic-release experi-
ments performed on Mars the soil sam-
ple was heated before the radioactive
gases were injected and the incubation
was begun. In one case the sample was
held at 175 degrees C. for three hours
and in the other it was held at 90 degrees
for nearly two hours. The effect of the
higher temperature was to reduce the
reaction by almost 90 percent but not to
abolish it. The effect of the lower tem-
perature was nil. When it is recalled that
the temperature at the surface of Mars
at the two landing sites does not rise
above zero degrees C. at any time, and
that the temperature below the surface
is even lower, it becomes difficult to
reconcile the results with a biologi-
cal source. Any organisms living in the
Martian soil should have been killed by
those temperatures.

On the other hand, it is not easy to
point to a nonbiological explanation for
the positive results. Investigations into
the problem are now under way in ter-
restrial laboratories with synthetic Mar-
tian soils formulated on the basis of the
data from the inorganic analyses carried
out by the Viking landers. The solution
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RESULTS OF PYROLYTIC-RELEASE EXPERIMENT are shown for all the samples tested
on Mars (dots in color). The axis labeled Peak 1 shows how much radioactivity in the form of
carbon dioxide and carbon monoxide passed through the column during the pyrolysis of each
sample. The axis labeled Peak 2 shows how much radioactivity, representing newly synthesized
organic matter, remained attached to the column in each case. Each dot in color is labeled and
numbered according to the site at which it was tested and which experiment it represents. (For
example, “Chryse 1” means the result of the first experiment at Chryse, “Utopia 1” means
the result of the first experiment at Utopia, and so on.) The dots in black are the data ob-
tained from tests of sterilized soil samples in a duplicate of the Viking pyrolytic-release instru-
ment on the earth. The black line drawn through those points represents the best fit to the
points. The colored line above the black line is a statistically significant dividing line; any point
lying above the colored line is a positive result. The single black point above the colored line
is believed to be due to a technical error in performing that particular test. Seven of the nine
pyrolytic-release experiments performed on Mars, however, yielded firmly positive results.

to the puzzle will probably also explain
why the organic-analysis experiment de-
tected no organic material in the Mar-
tian surface. Until the mystery of the
results from the pyrolytic-release exper-
iment is solved, a biological explanation
will continue to be a remote possibility.

Even though some ambiguities re-
main, there is little doubt about the
meaning of the observations of the Vi-
king landers: At least those areas on
Mars examined by the two spacecraft
are not habitats of life. Possibly the
same conclusion applies to the entire
planet, but that is an intricate problem
that cannot yet be addressed. The most
surprising finding of the life-seeking ex-
periments is the extraordinary chemical
reactivity of the Martian soil: its oxidiz-
ing capacity, its lack of organic matter
down to the level of several parts per
billion and its capacity to fix atmospher-
ic carbon (presumably into organic mol-
ecules) at a still lower level. It seems
Mars has a photochemically activated
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surface that, due to the low temperature
and the absence of water, is maintained
in a state far from chemical equilibrium.

These conclusions drawn from the re-
sults of the life-seeking experiments on
the Viking landers are undeniably disap-
pointing. The discovery of life would
have been much more interesting, to say
the least. There are doubtless some who,
unwilling to accept the notion of a life-
less Mars, will maintain that the inter-
pretation I have given is unproved. They
are right. It is impossible to prove that
any of the reactions detected by the Vi-
king instruments were not biological in
origin. It is equally impossible to prove
from any result of the Viking experi-
ments that the rocks seen at the landing
sites are not living organisms that hap-
pen to look like rocks. Once one aban-
dons Occam’s razor the field is open to
every fantasy. Centuries of human expe-
rience warn us, however, that such an
approach is not the way to discover the
truth.

61



Drip Irrigation

In this system plastic pipes laid on the surface of the ground

deliver water to plants drop by drop. The system reduces stress

on the plant, conserves water and works well with saline water

Israeli engineer, observed that a

large tree near a leaking faucet ex-
hibited a more vigorous growth than the
other trees in the area, which were not
reached by the water from the faucet.
Blass knew that conventional methods
of irrigation waste much of the water
that is applied to the crop, and so the
example of the leaking faucet led him to
the concept of an irrigation system that
would apply water in small amounts,
literally drop by drop. Eventually he de-
vised and patented a low-pressure sys-
tem for delivering small amounts of wa-
ter to the roots of plants at frequent in-
tervals. The technique, as developed by
Blass and subsequently refined by him
and various manufacturers, consists in
laying a plastic tube of small diameter
on the surface of the field alongside the
plants and delivering water to the plants
slowly but frequently from holes or
special emitters located at appropri-
ate points along the tube. The concept,
which is now called drip irrigation or
trickle irrigation, has gained wide ac-
ceptance, proving to be particularly val-
uable in areas that are arid and have
high labor costs. An unforeseen benefit
is that the system works well with water
that is highly saline, as water in arid re-
gions often is.

In much of the world farmers still irri-
gate as they did 5,000 years ago, either
by flooding their fields or by diverting
water to the crop through parallel fur-
rows. In these methods of irrigation the
plants take up only from 30 to 60 per-
cent of the water that is applied. More-
over, the preparation of the field and the
management of the irrigation system re-
quire much labor. If water is plentiful
and labor is not too costly, the furrow
method may have an economic advan-
tage in spite of its inefficiency. In areas
such as California and Hawaii, howev-
er, which face not only water shortages
but also rising labor, power and water
costs, drip irrigation has been rapidly
and successfully adopted. Indeed, Cali-
fornia, where last year was the third-dri-

Some 40 years ago Symcha Blass, an
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est on record, now has 15 percent of the
worldwide total of some 162,000 hec-
tares (400,000 acres) with drip-irriga-
tion systems.

The basic idea underlying drip irriga-
tion can be traced to experiments in
Germany in the 1860’s. Farmers laid
clay pipes with open joints about .8 me-
ter below the surface of the soil in an
effort to combine irrigation and drain-
age as the water table rose and fell dur-
ing the year. In the 1930’s growers in
Australia with limited water supplies
devised a system for irrigating peach or-
chards with five-centimeter galvanized-
iron pipes in which holes had been cut
with a chisel. Greenhouse operators in
the United Kingdom began to try a simi-
lar method in 1948 for the growing of
tomatoes.

Drip-irrigation techniques were first
introduced into the U.S. in the early
1960’s, when a number of operators in
the nursery industry installed the system
in greenhouses. It was applied to or-
chards and row crops in California be-
ginning in 1968; since then it has been
adapted to other crops, including to-
matoes, grapes, strawberries, corn, pine-
apples and sugarcane. (Drip irriga-
tion is not suitable for closely planted
crops, such as cereal grains and alfalfa,
because the amount of tubing they re-
quire makes the system uneconomic.)

hen Blass conceived the idea of

drop-by-drop irrigation in the
1930’s, the materials needed to build a
low-pressure system at reasonable cost
were not available. Only with the rapid
development of the plastics industry af-
ter World War II could appropriate ma-
terials for making chemically resistant,
flexible lines of small diameter be pro-
duced economically. The earliest drip-
irrigation systems consisted of plastic
capillary tubes of small diameter (one
millimeter) attached to larger pipes.
Friction in the tube restricted the flow of
water into the soil from a given dis-
charge point to between two and four
liters per hour. The system was initially
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installed underground, but because of
the primitive filtration techniques of the
time and frequent clogging the distri-
bution apparatus was moved above-
ground. This change made it easy to
check the tubes for clogging and main-
tained the chief advantage of the sys-
tem: the direct application of water to
the root zone of the plant.

One of the refinements made by Blass
in his original system was a coiled emit-
ter that he designed to prevent clogging.
It consisted of a spiral tube in a hard
casing. The tube served to reduce the
discharge pressure by lengthening the
flow path of the water, thereby making it
possible to discharge the water through
a larger hole.

In the 1960’s experimenters in Israel
reported spectacular success when they
applied the Blass system in the desert
areas of the Negev and the Arava.
Yields there had been poor with both
furrow and sprinkler irrigation. The
main reason was that the water was
quite saline. Drip irrigation can general-
ly utilize water of higher salinity than
would be acceptable with other methods
of irrigation, a subject to which I shall
return.

The conditions for agriculture in the
desert areas were distinctly adverse: not
only saline water but also high tempera-
tures, low relative humidity and sandy
soil. In spite of these difficulties the drip-
irrigation technique brought about a
substantial improvement in crop yields.
For example, a field trial in the Arava
produced annual harvests of almost
58.3 metric tons of winter tomatoes per
hectare with drip irrigation, compared
with 35.8 metric tons with sprinkler irri-
gation. In another trial the yield of
muskmelons was increased by 70 per-
cent, and salt-sensitive crops such as cu-
cumbers showed significant yields for
the first time. Moreover, drip irrigation
demonstrated such additional advan-
tages as a diminished consumption of
water, a reduction in labor costs and an
improved distribution of fertilizer. A
soluble fertilizer can easily be distribut-



ed in the irrigation system along with the
water. Since a drip system delivers the
water only near the plant, the fertilizer is
applied where it is most useful.

Over the past decade an entire indus-
try devoted to designing and manu-
facturing equipment for drip irrigation
has arisen. As a result of this activity the
equipment designed for drip irrigation
has changed rapidly. Drip irrigation is
applied to a wide variety of soils under
many topographic conditions, so that
the design of a system for maintaining
uniform flows is a challenge to the engi-
neer. Even though any drip system is
based on the hydraulics of flow in pipes,
however, an installation must be de-
signed specifically for the crop it will
supply and the conditions under which
the crop is to be grown.

A typical modern drip-irrigation sys-
tem is made up of a network of plastic
pipes and tubes of graduated sizes. A
fairly large pipe brings the water to the
edge of the field. A series of main lines
of smaller diameter takes it out into the

field without discharging it onto the
crop. Submains of still smaller size carry
it to the lateral lines, from which it is
applied to the plants through emitters or
holes. The supply line (about 30 centi-
meters in diameter) and the main lines
(15 centimeters) are rigid plastic pipes
and are normally installed under the
surface. If submains are included, they
are likely to range from 7.6 to 15.2 cen-
timeters in diameter. In some systems
the lateral lines are attached directly to
the main line.

The flexible lateral lines are from 12
to 32 millimeters in diameter. They are
installed beside the planting, on or just
below the surface of the ground. Emit-
ters attached to the lateral line (or holes
spaced along it) administer water to the
plant at a rate of from one liter to six
liters per hour. In an orchard or a vine-
yard there are from one to six water-dis-
charge points per plant, depending on
the size and spacing of the plants, and
the points are arranged either parallel to
the row of plants or in a circle around
each plant. For a row crop the lateral

lines are either porous hoses or tubes
with pinhole-size orifices and are in-
stalled parallel to the crop.

The system also requires a control sta-
tion at the edge of the field. Typically
the station includes units to filter the wa-
ter and remove particles that might oth-
erwise clog the lateral lines, an injector
that can add fertilizer or chemicals to
the water, pressure regulators, water
meters and of course the valves and
pumps needed to control the flow of wa-
ter. Usually a system is designed so that
it can be operated either manually or
automatically (by means of timers and
valves). It can also be designed to irri-
gate a number of fields in any desired
sequence.

Although the number of hectares un-
der drip irrigation in the U.S. has risen
from 40 in 1960 to more than 54,600
today, the total is still small compared
with the amount of land under irrigation
by other methods. The trend, however,
is strongly expansionary. Accordingtoa
survey of drip irrigation conducted in
1975 by C. Don Gustafson of the Uni-

DRIP-IRRIGATION SYSTEM appears in photographs made in an
experimental plot at the University of Hawaii. In the photograph at
the left narrow plastic tubes deliver water to individual lettuce seed-
lings by means of tiny holes made at appropriate intervals in the tubes.
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The wet spots on the soil indicate the precision with which the water
is applied. In the photograph at the right the lettuce plants in a near-
by plot are shown after growing under drip irrigation for four weeks.
In some systems more complex emitters are installed in the pipes.
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PIPING PATTERNS employed in drip irrigation are shown in a styl-
ized arrangement that emphasizes how pipes and emitters are set up
differently for different crops. In an orchard where the trees are small
and close together the pipes can be laid parallel to the rows of trees
with numerous orifices or emitters. With large trees the pipe is looped
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around each tree, again with several emitters. For a row crop the pat-
tern may be one pipe per row or one pipe in every other row. When a
crop is closely planted, as alfalfa and cereal grains are, drip irrigation
may not be the best way to irrigate, since the quantity of pipe required
may make the method uneconomic. If drip irrigation is used with such

WET ZONE around the roots of a tree or a plant irrigated by the
drip method varies in cross section according to the soil. In each ex-
ample here an emitter is positioned just to the left of the tree, and the
wettest zone (dark color) is directly under the emitter. In well-pre-
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pared, fine-grained soil (a) capillary forces predominate, and the pro-
file of the wet zone (light color) approaches the shape of a hemisphere.
If the soil is poorly prepared, lumps and clods interfere with capillary
action, and the profile is influenced more by gravity (). In soil that is
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a crap, the pipes and emitters are spaced even-
ly. Sequencing valves make it possible to wa-
ter different areas in sequence. Tensiometers
measure the moisture in the soil so that the
delivery of water can be scheduled efficiently.

quite coarse (c) gravitational forces predomi-
nate. A layer of hardpan (d), being fairly im-
permeable, restricts the water’s downward
movement and improves its lateral movement.

versity of California Agricultural Ex-
tension, California had the largest
amount of land (24,290 hectares) irri-
gated by drip methods, with smaller but
still substantial amounts in Texas, Ha-
waii, Florida, Arizona and Michigan.
Drip systems had also been installed
widely in Australia, Israel, South Africa
and Mexico and to a lesser extent in
Canada, Cyprus, France, Iran, New
Zealand, the United Kingdom and some
countries of West Africa. It is estimated
that some 350,000 hectares will be un-
der drip irrigation worldwide by 1980.

What makes drip irrigation attract-
ive economically in many agricul-
tural situations is that it provides more
benefits than other methods of irriga-
tion. Probably the principal benefit,
which is not matched in other tech-
niques, is that drip irrigation supplies
plants with the precise amount of water
they need. Just enough water is deliv-
ered to the root zone of a plant to replen-
ish the amount consumed in evapotran-
spiration (the water evaporated from
the soil and transpired by the plant), and
an additional amount to leach salts from
the region of the soil close to the roots.
This procedure is far more efficient than
wetting an entire field or supplying wa-
ter through furrows.

Much work has been done in the past
to determine equations that represent
the amount of water required by plants
of various species. The factors that go
into such an equation include the nature
of the evaporating surface and the ef-
fects on vapor pressure of wind, temper-
ature, the quality of the water and the
amount of energy available. Once the
water needs of a crop have been deter-
mined the water is metered to each plant
through the drip-irrigation installation.
As the water flows from the drip emit-
ters it moves underground, creating a
potlike formation of moisture around
the plant’s roots.

The size and shape of the wet zone, as
it would be seen in cross section, vary
according to the characteristics of the
soil, the rate at which the plant extracts
moisture from the soil, the number and
location of emitters near the plant and
the rate at which they discharge water.
Through the larger pores of the soil the
irrigation water moves downward by
gravity; through the smaller pores it
spreads in all directions by capillary ac-
tion. In a fine soil the capillary forces are
stronger than the gravitational ones, and
the cross-sectional pattern of the wet
zone is more or less circular. In a coarse
soil, which is not likely to retain water
well, the cross section becomes more el-
liptical.

Because drip irrigation slowly and
frequently supplies water at a predeter-
mined rate the content of moisture in the
wet zone remains fairly constant. Hence
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the plant grows without stress in an envi-
ronment of favorable moisture. Drip ir-
rigation thus effectively eliminates the
wide fluctuations in the moisture con-
tent of the soil that typically result when
water is applied periodically by other
methods of irrigation. Between applica-
tions of water by sprinklers or through
furrows, for example, water evaporates
from the soil and is transpired by the
plant, and the water that remains be-
comes increasingly difficult for the plant
to extract. Soil-moisture tension (the
force with which water is held in the soil
matrix) rises; if it is unduly prolonged at
a high level, the plants suffer stress and
eventually begin to wilt.

With drip irrigation, however, a grow-
er can schedule applications of water
to maintain a narrow, predetermined
range of levels of soil-moisture tension.
The optimum level is termed field ca-
pacity; it is the level at which excess wa-
ter is drained from the soil by gravity
and the remaining water is held in the
soil by capillary action. At field capaci-
ty, when the soil-moisture tension is
from zero to .3 atmosphere, plants can
absorb water from the soil with minimal
stress. Because the water requirement of
a crop in a field is basically an estimate,
notwithstanding the equations that have
been worked out for evapotranspira-
tion, measuring devices are often put in
the field to monitor the content of mois-
ture in the root zone in order to ensure
that it is held as close as possible to field
capacity.

The concept of maintaining the soil-
moisture tension at an optimum level
for the growth of a crop is not new. Be-
fore the development of drip irrigation,
however, it was economically impracti-
cal to try to maintain such a condition
because of the excessive amounts of wa-
ter and labor required with convention-
al methods of irrigation. A bonus from
the elimination of plant stress by drip
irrigation is that the plants frequently
reach bearing age sooner than compara-
ble plants irrigated by other methods.
An early crop can often be sold at higher
prices than a crop put on the market at
the peak of the harvest.

Alother advantage of drip irrigation is
its ability to make the maximum
beneficial use of the available water.
This benefit has attracted interest in wa-
ter-short areas throughout the world.
With drip irrigation the parts of the
field that are between the rows of plants
remain dry, so that little water is lost
through evaporation, runoff and perco-
lation. (Sometimes an additional form
of loss arises in irrigation with sprinklers
because water is carried off by wind be-
fore it reaches the plants.) Plants utilize
as much water in drip irrigation as they
do in other methods, but with drip tech-
niques losses are minimized. The effi-
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SOIL-MOISTURE TENSION, a measure of the force by which wa-
ter is held in the soil and thus of the effort required of a plant to ex-
tract water, is compared for drip irrigation (solid curves) and sprin-
kler or furrow irrigation (broken curves). In drip irrigation water is
applied daily. The soil-moisture tension rises slightly during the pe-

riod of from 12 to 18 hours between applications. With sprinkler or
furrow irrigation, which is more likely to be done at longer time in-
tervals, the soil-moisture tension builds up considerably between ap-
plications. The upper set of curves shown here represents irrigation
with saline water, the lower set irrigation with relatively fresh water.

ciency of water use varies according to
how well a drip system is managed.
With good management growers of su-
garcane in Hawaii have reported in-
creases in efficiency of from 40 to 60
percent through drip irrigation.

In Hawaii, which provides about 10

percent of the sugar consumed in the
U.S,, some 48,600 hectares of the total
of 89,700 planted to sugarcane are irri-
gated. Each irrigated hectare requires
46,700 cubic meters of water over the
two-year growing period of the cane.
Because supplies of fresh water in Ha-

\'.f.jr

waii are severely limited and the cost of
water is usually high, the efficient use of
irrigation water is essential. Efficiency in
irrigation is measured by the ratio of the
amount of water available to the plant
to the amount applied. The traditional
furrow-irrigation systems in Hawaii are

y c i

A

B

BUILDUP OF SALT in the root zone of plants irrigated with drip
irrigation is depicted for three conditions in which plants are sepa-
rated by one meter and each plant has an emitter next to it. Four de-
grees of salt buildup, ranging from insignificant to severe, are repre-
sented by the spectrum from white through shades of gray to black. If
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the amount of water applied during irrigation is less than the amount
lost through evaporation and transpiration (a), a high concentration
of salt builds up in the area between the plants, and the entire root
zone contains a significant amount of salt. In the other two condi-
tions depicted irrigation equals () and exceeds (c) evapotranspiration.
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highly inefficient, wasting about half of
the water applied. Sprinkler systems are
more efficient, with an efficiency rate of
from 70 to 80 percent, but the operating
and equipment costs are high. With drip
irrigation efficiencies of from 80 to 95
percent are obtained.

The third major benefit from drip irri-
gation is the fact that it works well even
if the water is quite saline. Most crops
under irrigation will tolerate water that
has a total content of dissolved salts
amounting to 600 milligrams per liter or
less. If drainage and leaching are ade-
quate, irrigation will work with water
containing from 500 to 1,500 milli-
grams per liter of dissolved salts. If the
salinity is between 1,000 and 2,000 mil-
ligrams per liter, irrigation must be fre-
quent to promote leaching. Water with a
salinity of between 3,000 and 5,000 mil-
ligrams per liter normally produces a
crop yield only if the plants being grown
are highly tolerant of salt.

When irrigation is done with saline
water, the concentration of salt in the
soil increases as the soil dries out be-
tween applications of water. At such
times the soil-moisture tension rises,
making it difficult for the plants to ex-
tract the remaining irrigation water
from the soil. The salts gradually accu-
mulate, and plant growth and crop
yields decline. The wusual practice
among growers is to rely on rainfall or
additional heavy applications of irriga-
tion water to leach out the salts. Only
with careful management of the rela-
tions between the plant, the soil and the
water, however, can adequate produc-
tivity be maintained, particularly in arid
regions. Even with careful management
good yields sometimes cannot be ob-
tained when irrigation is done with sa-
line water by conventional methods.

With drip irrigation, on the other
hand, the buildup of salt is controlled by
what is effectively continuous leaching.
Salts are pushed out to the periphery of
the root profile by an advancing front of
water emitted from the orifices of the
tube. The roots are able to take up water
freely from the middle of the wet zone,
where soil-moisture tension is low and
the salt level remains nearly the same as
it is in the irrigation water.

Drip irrigation frequently brings
about larger yields and a more uni-
form growth of the crop. The uniform
growth, which results from the applica-
tion of approximately the same amount
of water to every plant in the field, great-
ly facilitates mechanical harvesting.
Drip irrigation, as [ have mentioned, re-
quires little in the way of special prepa-
ration of the land. Moreover, the system
is adaptable to a wide variety of soil
types and terrains. Since moisture can
be applied frequently, the fact that soils
such as sand will not hold water between
irrigation cycles ceases to be important.
Because drip irrigation eliminates the

R — - - —
COUNTRY ACREAGE IN 1975 CROPS '
ARGENTINA 375 VINEYARD PLANTS
DECIDUOUS FRUIT, VEGETABLES,

AUSTRALIA 42,840 AVOCADOES, BANANAS, CITRUS
FRUIT, NURSERY PLANTS, NUTS
DECIDUOUS FRUIT, VEGETABLES,

BRAZIL 909 NURSERY PLANTS, NUTS
DECIDUOUS FRUIT, VEGETABLES,

CANADA 1,000 NURSERY PLANTS, ORNAMENTALS
VEGETABLES, VINES, BANANAS,

CYPRUS 1,000 CITRUS FRUIT

COSTA RICA 25 OIL PALMS (EXPERIMENTAL)

I - |

DECIDUOUS FRUIT, FLOWERS,

FRANCE 3,050 GREENHOUSE PLANTS

HONDURAS 5 BANANAS, PALMS ‘

INDIA 50 DECIDUOUS FRUIT, VEGETABLES |

IRAN 2,000 CITRUS FRUIT, VEGETABLES ‘
DECIDUOUS FRUIT, VEGETABLES,
AVOCADOES, BANANAS, CITRUS

ISRAEL 25,000 FRUIT, GREENHOUSE PLANTS,

| ORNAMENTALS

I - - - - -
JAPAN 0 CITRUS FRUIT, GRAPES,

VEGETABLES
DECIDUOUS FRUIT, CITRUS
MEXICO 13,826 FRUIT, ROW CROPS, OLIVES
—
[ MARTINIQUE 1,000 BANANAS, AVOCADOES, SUGARCANE
DECIDUOUS FRUIT, VEGETABLES,
NEW ZEALAND 2,682 CITRUS FRUIT, AVOCADOES,
GREENHOUSE PLANTS
PANAMA 2 DECIDUOUS FRUIT, VEGETABLES
PUERTO RICO 181 MANGOES, CHERRIES, PLANTAINS .
DECIDUOUS FRUIT, VEGETABLES,
SOUTH AFRICA 18,000 GREENHOUSE FLOWERS
UK 4000 DECIDUOUS FRUIT, VEGETABLES,
K : GREENHOUSE FLOWERS
DECIDUOUS FRUIT, VEGETABLES,
U s CITRUS FRUIT, SUGARCANE, NUTS,
S. 133,717 GREENHOUSE PLANTS, NURSERY PLANTS,
ORNAMENTALS, ROW CROPS, AVOCADOES
WEST AFRICA (SENEGAL) 1,000 VEGETABLES

EXTENT OF DRIP IRRIGATION in 1975 is charted. The data are based on a survey made
by C. Don Gustafson of the University of California Agricultural Extension. In the U.S. the
largest amount of land (60,000 acres) under drip irrigation was in California. Seven other states
had more than 1,000 acres under drip irrigation. Gustafson found the system in 35 states.
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POROUS HOSE drips water slowly along its length to provide a form of drip irrigation to a
row crop. For this photograph the hose was lifted off the ground in order to reveal more clearly
the emission of the water. The black strip along the top of the hose is a seal made of resin.

problem of runoff, it can be installed in
hilly areas. With drip irrigation sugar-
cane is planted in Hawaii on slopes of
from 20 to 30 percent, and avocado or-
chards are planted in San Diego on
slopes of from 50 to 60 percent without
problems of erosion.

Drip irrigation also makes the maxi-
mum beneficial use of fertilizer. Apply-
ing soluble fertilizer directly through
the drip-irrigation installation not only
achieves a more accurate and even de-
livery of nutrients but also reduces costs
by eliminating the loss of fertilizer
through deep percolation and waste be-

tween rows. The system also diminishes
the environmental problems associated
with the contamination of underground
water by agricultural chemicals. More-
over, plants never experience “fertilizer
burn” in a drip system, because the
chemicals in the fertilizer are greatly
diluted by irrigation water before they
reach the plant.

Since most of the soil surface stays
dry with drip irrigation, the growth of
weeds and fungi is inhibited. Weeds can
be a problem, however, in the wet areas
near the emitters. Experiments in Cali-
fornia have indicated that such weeds

EMISSION HOLE

WATER INLET

INLET TO HELICAL PATH

NOZZLELIKE EMITTER is designed to reduce water pressure by causing the water to move
along an elongated helical path. With low pressure the emission hole can be larger, so that its
tendency to become clogged is diminished. An emitter of this design is preset at the factory to
emit one, 1.5 or two gallons of water per hour. The hook at the right attaches the emitter to
the drip-irrigation pipe at a right angle; water enters the conical tip from the center of the pipe.
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can be controlled satisfactorily with her-
bicides.

A final advantage of the system is that
it can reduce significantly the amount of
money spent on power and equipment.
At the edge of the field the pressure of a
typical drip-irrigation system is from .4
kilogram to one kilogram per square
centimeter (from five to 14 pounds per
square inch), whereas with sprinkler ir-
rigation it is between three and eight
kilograms per square centimeter (40 and
110 pounds per square inch). Less pow-
er is needed for pumping in the drip sys-
tem, and the low pressures of the system
also reduce the cost for hardware be-
cause the mains and submains can be of
lighter gauge than is required for sprin-
kler irrigation.

Drip irrigation is not without prob-
lems. Perhaps the most serious one is the
plugging of holes and emitters, which
can impair the efficiency of distribution
throughout the system. The low pres-
sure, small orifices and low velocity of
flow exacerbate the clogging, which can
be caused by particles in the water or by
slime that collects around the orifices or
line the inside of the tubes.

Research has shown that the particles
can be dealt with by filtering. Settling
basins can remove particles larger than
75 microns in diameter. Smaller parti-
cles can be removed with screen filters
or, in severe cases, with sand filters.
Clogging can also be minimized by cer-
tain field practices, such as orienting the
orifices upward and flushing the tubes
regularly. The slime problem can be
dealt with by chlorinating the water for
20 minutes per day at a rate of 10 parts
per million. Chlorine simultaneously
serves to control the bacteria that flour-
ish on the iron and sulfur in the water
of certain areas.

Another problem sometimes associat-
ed with drip irrigation is that the tubes
are attacked by ants seeking water and
rodents sharpening their teeth. The pres-
ent method of controlling these assaults
is to apply chemicals. Research is under
way to incorporate repellents into the
tubing materials.

At the World Water Conference (con-
vened by the United Nations in Argenti-
na in March) it was pointed out that al-
though 70 percent of the earth’s surface
is covered by water, only 1 percent of
the water is fresh and 99 percent of the
fresh water is underground. As it be-
comes more expensive in water-short ar-
eas to build up supplies by digging wells,
diverting rivers, desalting seawater and
seeding clouds, the conservation and ef-
ficient utilization of the available re-
sources become increasingly important.
Drip irrigation is a promising technolo-
gy for helping to solve shortages of wa-
ter and food by improving the efficiency
of irrigation and increasing the produc-
tivity of land.
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SCIENCE AND THE CITIZEN

Armament Decade

he 1970’s, proclaimed at their be-

ginning by the United Nations

General Assembly as the Disar-
mament Decade, have seen the consoli-
dation of détente between the main pro-
tagonists in the arms race, the U.S. and
the U.S.S.R., and the adoption of a num-
ber of partial arms-limitation agree-
ments, both bilateral and multilateral.
The Helsinki Conference on Security
and Co-operation in Europe is in partic-
ular widely regarded as an important
step toward the easing of international
tensions. These results, however, “have
been far from sufficient to turn or even
to stem the tide of the arms race,” ac-
cording to the report of a study conduct-
ed for the UN by an international group
of disarmament experts. The 13-mem-
ber study group, which was appointed
by UN Secretary General Kurt Wald-
heim nearly two years ago to help pre-
pare for the General Assembly’s spe-
cial session on disarmament next May,
goes on to say: “It is already apparent
that the Disarmament Decade is not
likely to produce the results hoped for,
and that in planning for the next the
reasons for that failure will have to be
carefully considered.”

The new UN report, titled “Economic
and Social Consequences of the Arma-
ments Race and Its Extremely Harmful
Effects on World Peace and Security,”
was originally intended to bring up to
date the first such report, which was sub-
mitted to the General Assembly by the
Secretary General in 1971. The main
features of the earlier report, the study
group remarks, ‘retain their entire va-
lidity today. Indeed, arsenals have been
growing in size and sophistication, and
new types of weapons of even great-
er destructive power have been devel-
oped or have become operational in the
meantime. The threat inherent in vast
accumulations of weapons, and of nu-
clear weapons in particular, continues
to grow. The cost of the arms race for
the world as a whole and for the vast
majority of countries has continued its
rise, while the problems of development
and the urgency of social needs are as
acute as ever.”

Adding to the urgency of the need for
disarmament, the new report finds, are a
number of features of the arms race that
have changed in the intervening two-
thirds of a decade. For one thing, the
report says, ‘“‘as the major powers have
made no progress in actual reductions of
their arsenals but have continued to ex-
pand and refine them, the arms race has
proven increasingly difficult to confine
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geographically. New powers are emerg-
ing with a regional military preemi-
nence and the number of countries on
all continents which are being drawn
into the overall arms buildup...is in-
creasing.”

Although world military expendi-
tures, after rising rapidly during the
1960’s, appear to have leveled off in re-
cent years at approximately $350 billion
annually (in today’s prices), the situa-
tion has in fact been “changing for the
worse. In the 1970’s many countries ex-
perienced deep recession and severe in-
flation. Most others were affected indi-
rectly by [the] impact on international
trade and by the disruption of the inter-
national system of payments. As a re-
sult, government programs in the social
and economic fields have in many ca-
ses had to be revised downward. At
the same time, though for partly differ-
ent reasons, problems of environment
preservation and resource conservation
have gained a new prominence and have
been the cause of growing concern.
Against this background of a darkened
economic outlook and a greater aware-
ness of the scarcity of resources and the
fragility of the physical environment,
the continued mindless and uninhibited
wastage of the arms race becomes ever
more incongruous and unacceptable.”

“All of this,” the report concludes,
“points to one of the serious shortcom-
ings of disarmament efforts for over a
decade: the lack of a comprehensive
scheme in which partial measures would
find their place and, supplementing each
other, would add up to a coherent strate-
gy. General and complete disarmament
under effective international control
must remain the ultimate goal. Agree-
ments to regulate and confine the arms
race in the meantime are means and, in
some cases, preconditions for achieving
that goal, but they cannot take its place.
Effective restraining measures in one
field, even if they are adopted, can be
circumvented, and in the longer run new
countries would be likely to enter the
competition. In this context, it is impera-
tive that negotiations on general and
complete disarmament should receive
greater and more urgent attention than
has been the case in the past.”

The task of elaborating an overall
“strategy for disarmament,” the report’s
authors believe, falls naturally to the
UN, which “should be able to fulfill its
role of overall guidance in the field of
disarmament more effectively than it
has been able to do in the past.” In this
respect, the report adds, the upcoming
special session of the General Assembly
could be “of great importance,” possi-
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bly leading to the convocation of a
World Disarmament Conference.

The members of the Secretary Gener-
al’s study group, who approved the re-
port unanimously, were Simén Alberto
Consalvi, permanent representative of
Venezuela to the UN; Hendrick de
Haan, professor of international eco-
nomic relations at the University of
Groningen in the Netherlands; Drago-
mir Djokic, a member of the permanent
mission of Yugoslavia to the UN office
in Geneva; Gheorghe Dolgu, professor
of economics and president of the Acad-
emy of Economic Studies in Bucharest
(chairman); Vasily S. Emelyanov, cor-
responding member of the Academy of
Sciences of the U.S.S.R.; Placido Garcia
Reynoso, former professor of econom-
ics at the National University of Mexi-
co; Saad M. Hashmi, deputy permanent
representative of India to the UN; Ron-
ald H. Huisken, visiting fellow at the
Strategic and Defence Studies Centre
of the Australian National University;
Ladislav Matejka, deputy minister of
the Presidium of the Government of the
Czechoslovak Socialist Republic; Isaac
M. Randolph, a former government of-
ficial in Liberia; Kurt W. Rothschild,
professor of economics at the Universi-
ty of Linz in Austria, and Yves Ullmo,
director of the National Institute of Sta-
tistics and Economic Studies in Paris.
The Secretary General was represented
in the group’s deliberations by Rolf
Bjornerstedt, Assistant Secretary Gen-
eral and head of the UN Center for Dis-
armament.

It Moves

hat the earth moves is no longer sub-
ject to controversy. In addition to
the planet’s daily rotation and its yearly
revolution around the sun, however,
there is now evidence for a much gran-
der motion. It seems the earth moves
with respect to the universe as a whole.
Of course the universe itself is not
static: galaxies in all distant regions are
receding from us and from one another.
In the cosmological theory that is most
widely accepted today this general ex-
pansion is said to result from an explo-
sive event some 15 to 20 billion years
ago: the “big bang.” The best available
evidence for that theory is a background
of faint radiation that seems to bathe the
entire universe. The radiation was emit-
ted when the universe was much denser
and hotter, but today the spectrum is
characteristic of radiation emitted by
a colorless body with a temperature of
2.7 degrees Kelvin (2.7 degrees Celsius
above absolute zero). The outstanding
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characteristic of the background radia-
tion has been its isotropy: its intensity
has apparently been the same in all di-
rections of observation. Now, however,
a small anisotropy, or directional bias,
has been found. A straightforward inter-
pretation of that bias is that it represents
a Doppler shift in wavelength caused by
the motion of the earth.

The anisotropy is reported in Physical
Review Letters by George F. Smoot,
Marc V. Gorenstein and Richard A.
Muller of the Lawrence Berkeley Lab-
oratory and the Space Sciences Labo-
ratory of the University of California
at Berkeley. They monitored the direc-
tional characteristics of the background
radiation with a microwave receiver
mounted in a U-2 aircraft flown at an
altitude of 20 kilometers (65,000 feet).

The background radiation presents
only a small signal to a receiver and the
directional bias is a still smaller modula-
tion of that signal, so that extraordinary
measures were required to eliminate
noise. The experiment was conducted at
high altitude in order to reduce contami-
nation by atmospheric sources of radi-
ation. The receiver compared signals
from two horn antennas, mounted at
an angle of 60 degrees to each other,
and switched between them 100 times
a second in order to eliminate spuri-
ous signals resulting from variations in
gain. The antennas themselves were in-
terchanged every 64 seconds, and the
airplane reversed its course every 20
minutes. Residual atmospheric noise
was compensated for by monitoring ra-
diation at another frequency where such
emissions are stronger.

Data obtained during eight flights,
made between December, 1976, and
May, 1977, gave clear evidence of the
anisotropy. Moreover, the variation was
found to have a simple pattern. The ap-
parent temperature of the radiation is
higher in one direction and lower in the
opposite direction, and it has intermedi-
ate values in between. This is precisely
the pattern that would be expected if
the earth is moving with respect to the
source of the backgroundradiation. The
motion is toward the point of highest
temperature.

A similar experiment is being con-
ducted by B. E. Corey and David T.
Wilkinson of Princeton University.
Their preliminary results differ some-
what from those of Smoot, Gorenstein
and Muller, but the possible errors in
the experiments are sufficiently large for
the inconsistency not to be alarming.
Several other groups are attempting to
measure the motion of the earth with
respect to galaxies.

The results obtained by Smoot, Gor-
enstein and Muller suggest that the
earth is moving toward a point in the
constellation Leo with a velocity of

72

390 + 60 kilometers per second. The or-
bital motion of the earth around the sun
is only a small component of that veloci-
ty, about 30 kilometers per second. (Al-
though that is less than the possible er-
ror in the measurement, examination of
data gathered six months apart does re-
veal a signal of the correct magnitude.)
A larger component is the motion of the
sun in its orbit within the Milky Way.
From independent measurements, that
velocity is known to be about 300 kilo-
meters per second, but in the other di-
rection: the spin of the galaxy is taking
us away from Leo. Summing the com-
ponents of the velocity suggests that the
Milky Way is moving toward the con-
stellation Hydra at about 600 kilome-
ters per second.

The measurements of Smoot, Goren-
stein and Muller superficially resemble
the famous “aether drift” experiment of
A. A. Michelson and E. W. Morley, who
attempted in the 1880’s to measure vari-
ations in the speed of light caused by the
motion of the earth. The new experi-
ment, however, does not suppose a “lu-
miniferous aether” that defines an abso-
lute frame of reference in the universe.
It measures the velocity of the earth
with respect to the matter that emitted
the background radiation, and thus with
respect to the oldest and most distant
parts of the universe.

Packaged DNA

he precise manner in which the
DNA molecules of higher organ-
isms are arranged within the chromo-
somes of the cell nucleus has long been a
controversial subject in cell biology.
The packaging problem is a formidable
one: in human cells nearly four meters
of DNA are packed into 46 paired chro-
mosomes whose total length is only 200
microns—a ratio of about 10,000 to
one. Moreover, the fact that certain
genes on a chromosome can be ex-
pressed while others are not means
that the chromosomal DN A must be ar-
ranged in such a way that each function-
al segment is independently accessible
for transcription into messenger RNA.
Biochemical studies have shown that
a single long DNA molecule is com-
plexed with the positively charged pro-
teins called histones to form the fiber
called chromatin; this fiber is in turn
coiled and folded into the cylindrical
shape of the chromosome. Determining
how the histones are complexed with the
DNA, however, has not been an easy
task. The problem is that chromatin
structure is both beyond the resolving
power of the electron microscope and
insufficiently ordered to lend itself to
analysis by X-ray diffraction.
Until recently it was generally as-
sumed that the chromatin fiber consist-
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ed of a superhelix—a helix of the double
helix of DNA—with histone molecules
continuously wrapped around it. Then
in 1974 Marcus Noll and Roger D.
Kornberg, working at the British Medi-
cal Research Council’s Laboratory of
Molecular Biology in Cambridge, found
that when they digested chromatin with
DNA-cleaving enzymes, they obtained
DNA fragments mostly 200 base pairs
long, suggesting that chromatin is com-
posed of repeating subunits. Kornberg
and others subsequently proposed that
the DNA superhelix is wound around
globular complexes of histone. These
complexes, termed nucleosomes, are
separated by straight segments of DNA
and are spaced out evenly along the lin-
ear molecule like beads on a string. Now
John T. Finch, Aaron Klug and their
colleagues, also working at the MRC
Laboratory of Molecular Biology, have
determined the overall shape of the nu-
cleosome “core particle,” that is, the his-
tone-DNA complex minus the straight
chain of DNA that links one nucleo-
some to the next.

Writing in Nature, the MRC investi-
gators report that the core particle con-
tains a segment of double-helical DNA
about 140 base pairs long. This DNA
segment is associated with an aggregate
of eight histone molecules, two from
each of the four principal classes of his-
tones: H2A4 and H2B, which are rich in
the amino acid lysine, and H3 and H4,
which are rich in the amino acid argi-
nine. (A fifth histone, H1, is also pres-
ent but is readily removed.) By means
of a large-scale preparation method the
investigators were able to obtain enough
purified core particles to grow crystals
of them for X-ray-diffraction analysis.

The low-resolution electron-density
map they have obtained provides a pic-
ture of the overall shape of the core par-
ticle; features less than 20 angstroms
across cannot be distinguished. The par-
ticle is roughly disk-shaped with a hole
in its center. It has a diameter of 110
angstroms and a thickness of 57 ang-
stroms, and it is divided into two sym-
metrically arranged halves along its
short axis. Although it is not possible to
distinguish between DN A and protein at
this resolution, it appears that the DNA
double helix is wound around the out-
side of the histone complex like a “heli-
cal tire,” with nearly two turns of super-
helix per particle. Since the DNA can
bend smoothly to a radius of about 40
angstroms without undue strain, it is not
necessary to postulate that the winding
of the DNA onto the particle requires
“kinks” in the double helix at periodic
intervals to render it more compact.

How is the nucleosome assembled?
Reconstitution experiments have shown
that DNA can be folded into a superhe-
lical structure with many of the features
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of the nucleosome core by simply add-
ing the two arginine-rich histones to a
suspension of DNA, without the need
for the lysine-rich histones. An attract-
ive model for assembly is therefore that
four arginine-rich histone molecules act
as a “spool” around which two turns of
double-helical DNA are wound, a proc-
ess analogous to “wrapping a garden
hose around one’s forearm.” Once the
appropriate length of DNA has been
measured out, the lysine-rich histones
associate with and further stabilize the
complex.

The MRC investigators have also ob-
served an interesting parallel between
the packing of the DNA in the chromo-
somes of eukaryotic cells (cells with a
nucleus) and the packing found in pro-
karyotic cells (such as the bacterium
Escherichia coli), which lack discrete
chromosomes. In both types of cell the
DNA is stored in superhelix form. The
coiling of the E. coli DN A appears to be
achieved by acomplex of two smalli pos-
itively charged proteins, which stabilize
the superhelix by binding together two
adjacent turns of it at a single point. As
eukaryotic cells evolved from prokary-
otic cells, the investigators conclude,
“further basic proteins may have been
introduced to produce a more regular,
better protected particle—the nucleo-
some—capable of being organized into
higher-order structures.”

Deep Pastures

urveying a rift zone on the Pacific
floor roughly midway between the
coast of Ecuador and the Galdpagos Is-
lands last February and March, re-
search vessels of the Woods Hole Ocea-
nographic Institution encountered four
separate oases of marine life at a depth
in excess of 1,300 fathoms, a zone of
perpetual darkness where the water
temperature is normally no more than
three or four degrees Fahrenheit above
freezing. The oases, each one 150 feet or
more in diameter, were populated by
various mollusks, including clams as
much as a foot in length, mussels and
limpets, marine worms sheltered in
tubes 14 to 18 inches long, unidentified
marine animals about an inch in diame-
ter tethered to the bottom not by a stalk
but by a radiating array of fibers, and
such transient inhabitants as crabs,
fishes and one octopus. The oases were
all located in a five-mile stretch along
the central axis of the rift where the Co-
cos plate, moving slowly to the north-
east, is breaking away from the Nazca
plate, moving slowly to the southeast.
According to Robert D. Ballard of
Woods Hole, writing in the institution’s
journal Oceanus, the upwelling lava that
is filling the gap between the sea-floor
plates provides the mechanism support-



ing these improbable aggregates of ma-
rine life. As the hot lava rises into the rift
zone it heats the cold bottom water; the
water wells up from temporary vents, its
temperature raised as high as 60 degrees
F. Sulfate in the warmed seawater is
converted into hydrogen sulfide, which
is taken up by sulfur-metabolizing bac-
teria; the bacteria multiply and furnish
the nutrients needed by the filter-feeding
mollusks, either directly or by nourish-
ing some bacteria-eating intermediate in
the food chain. The mollusks in turn
may feed the transient animals and the
transients may also feed on one another;
for example, crabs are a natural prey for
the octopus.

In any event, once the lava cools, the
ecosystem collapses. The Woods Hole
investigators found a fifth oasis where
the vent no longer supplied warm water.
The bottom was covered with hundreds
of empty clam and mussel shells, slowly
dissolving as the chill ocean water car-
ried their constituent calcium carbonate
away into solution.

Invisible Crater

hroughout its history the earth must

have been bombarded with meteor-
ites as the moon has been. Erosion and
the evolution of the earth’s crust have
erased most traces of the bombardment,
although inrecent years many meteorite
craters have been recognized in photo-
graphs made from artificial satellites
and high-altitude airplanes. One large
crater, however, is not visible on any
photograph. Located in France near the
village of Rochechouart, some 40 kilo-
meters west of Limoges, the crater is
not marked by a raised circular rim or a
lake in its interior. In fact, all topograph-
ic evidence of it has been erased by gla-
cial abrasion and thick vegetation. Yet
the meteorite’s impact was so violent
that even though the crater itself has
been obliterated the record of the im-
pact and the history of the crater is pre-
served in the shocked structure of the
underlying rocks.

P. Lambert of the Bureau de Recher-
ches Géologiques et Mini¢res in Orléans
has collected some 1,000 samples of
minerals from the area and has analyzed
them in order to map the way in which
the rocks were shocked in different
zones at various distances from the site
of the impact. According to Lambert,
writing in Earth and Planetary Science
Letters, the geological evidence indicates
that the most probable point of impact
is about four kilometers west of Roche-
chouart. The evidence indicates that the
original crater had a diameter of at least
13.5 kilometers and perhaps as much as
25 kilometers. The breccias, or frag-
mented rocks, that fell back from the
impact into the center of the crater were

contaminated by molten material from
the impacting body, which appears to
have been an iron meteorite.

The shock zones around the point of
impact are not circular but approxi-
mately elliptical. To Lambert the lack
of circular symmetry implies that the
original land excavated by the meteorite
may have been hilly and uneven, and
that the meteorite may have struck it at
a grazing angle. Lambert also suggests
that one reason the crater is not de-
pressed in the middle is that soon after
the impact the entire floor of the crater
was somehow uplifted, raising the floor
to the level of the surrounding land-
scape. When the rim of the crater was
eroded away, all external traces of the
crater were erased.

Measurements of the abundance of
krypton and argon in the shock-meta-
morphosed rocks indicate that the crater
was formed some 165 million years ago
in the Middle Jurassic period. Lambert’s
analyses of the rocks in the area reveal
something of the geography of France
at that time. Marine sediments found in
the rim of a feature known as the Aqui-
taine Basin some 20 kilometers west of
Rochechouart reveal that during the
Triassic and Lower Jurassic periods the
basin was part of the ocean floor. There
are no sedimentary rocks in the Roche-
chouart crater, however, suggesting that
at the time of the impact the Roche-
chouart region was either dry land or
part of a very shallow sea.

Coke

Fashions change in drugs that make
people feel good (although alcohol
and tobacco seem to go on forever), and
in the past decade or so the status drug
appears to have come to be cocaine: it
dependably produces euphoria, it is ap-
parently not physically addictive, it is
expensive enough to be stylish and has a
reputation for being relatively safe or
even harmless. Various lines of evi-
dence indicate that cocaine use and
abuse have been increasing. Cocaine is
far from being a mass-consumption
street drug, but some two million Amer-
icans are thought to be taking it. All the
same not much has been known about
its psychoactive effects and toxicity or
the extent and sociology of its use. In an
attempt to learn more about the drug
and make that knowledge available the
National Institute on Drug Abuse has
financed a four-year research effort, the
results of which were published recently
in a research monograph.

The leaves of the shrub Erythroxylon
coca have been chewed by the Indians of
the Andes for well over 1,000 years, not
primarily for recreation but as a source
of energy and a sense of well-being (or
at least toleration) while working. The
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Spaniards brought the plant to Europe,
but it could not be propagated there. It
was not until the active principle was
isolated in Germany in the 1860’s that
Europeans became interested in the
medical and psychoactive potentialities
of cocaine. Sigmund Freud was an early
investigator of the drug’s properties; he
tried it on himself, prescribed it and
prompted experiments by two ophthal-
mologists that established its value as a
local anesthetic. In the U.S. the drug was
given to overcome morphine addiction
and as a psychic energizer. There were
reports of incapacitating cocaine depen-
dence, but according to Robert C. Peter-
sen of the Institute on Drug Abuse that
did not prevent the proliferation at the
end of the century of commercial
cocaine-containing products ‘ranging
from ointments, nose powders, supposi-
tories, throat lozenges and sprays to
wines and coca cigarettes.” Coca-Cola,
originally introduced as a patent medi-
cine in 1886, contained cocaine until
1903. Cocaine was increasingly discred-
ited after the turn of the century by the
recognition of its side effects, by a gener-
al reaction against the excesses of patent
medicines and by racist myths attribut-
ing crime to the “coke-crazed Negro
brain.” As a result of increasing regu-
lation cocaine became expensive and
could be afforded only by an affluent
minority; the renewal of interest in it
during the 1960’s appears to have been
prompted by increased affluence as well
as widespread experimentation with
psychoactive drugs.

Cocaine strongly constricts blood ves-
sels, and so it is still the best local an-
esthetic for surgery of heavily vascu-
larized areas in the nose and throat. Il-
licit cocaine, a white crystalline powder
commonly adulterated with various
sugars or with synthetic anesthetics,
ranges in price from $60 to $100 per
gram. It is usually “snorted,” or inhaled,
but is also taken orally or intravenously.
The effects vary widely with the individ-
ual, the route of ingestion and the cir-
cumstances under which it is taken. The
desirable effects are said to include “a
sense of intense stimulation and of psy-
chic and physical well-being accompa-
nied by reduced fatigue.” Moderate dos-
es significantly increase both blood pres-
sure and heart rate. Heavy, prolonged
use of the drug can produce depen-
dence, intense anxiety or depression and
sometimes a cocaine psychosis charac-
terized by tactile hallucinations, in par-
ticular a feeling that insects are crawl-
ing over the skin. Overdoses can cause
death, resulting from a central-nervous-
system response usually involving sei-
zures followed by respiratory or cardiac
arrest. Contrary to widespread cocaine
lore, even snorting can result in a lethal
overdose.
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The Clustering of Galaxies

Galaxies tend to form small groups, which in turn form larger

clusters, and so on. Such a hierarchical organization has long

been suspected, but only recently has it been clearly perceived

by Edward J. Groth, P. James E. Peebles, Michael Seldner and Raymond M. Soneira

odern cosmology is based on the
M concept that matter is uniform-
ly distributed throughout the
universe. This principle is supported by
much observational evidence; on the
other hand, it cannot be the whole truth.
In our own vicinity matter is distributed
quite unevenly: it is dense inside stars
and scarce in the spaces between stars.
The stars in turn are concentrated in
galaxies and are essentially absent in
the vast volumes between the galaxies.
Even the distribution of galaxies is not
smooth. The galaxies are organized into
clusters, and the clusters tend to form
superclusters. Thus there is a hierarchy
of astronomical structures, and only in
an average computed over many thou-
sands of galaxies does the distribution of
matter approach uniformity.

We have recently been able to show
that the clustering of galaxies has a re-
markably simple and regular underlying
pattern. The discovery of such patterns
in nature is always exciting, since they
often bring an advance in understand-
ing. In this case the pattern not only de-
scribes the present large-scale structure
of the universe but also imposes con-
straints on models that attempt to de-
scribe how the universe may have be-
gun. The hierarchy of galaxy clusters
observed today is what one might expect
to see in a universe that has evolved
from an earlier state of higher density.
in other words from a “big bang.”

The Local Supercluster

Our own galaxy has one large nearby
companion, the Great Nebula in An-
dromeda. Within a radius of about two
million light-years there are several doz-
en smaller galaxies, all of which are
probably bound gravitationally to one
another. These galaxies, together with
our own, are collectively known as the
Local Group. A similar cluster, called
the M 81 group after its most prominent
member, happens to lie relatively near-
by. The M81 group provides an excel-
lent illustration of an informal, empiri-
cal rule: The best place to look for a
galaxy is right next to another galaxy.
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Few galaxies are as close to usas M 81 is,
and yet where we find that one galaxy
we find at least two more in the same
neighborhood.

A much larger collection of galaxies,
the Virgo cluster, is centered on a posi-
tion about 50 million light-years from
us. A comparatively dense cloud of gal-
axies extends from the Virgo cluster to
roughly our own position. Hence an ob-
server in a distant part of the universe
would immediately see that our galaxy
is near the edge of a concentration of
many thousands of galaxies centered on
the Virgo cluster. The entire system is
called the Local Supercluster.

Studies of the aggregation of galaxies
generally begin with the preparation of
maps of all the galaxies in aregion of the
sky that exceed some arbitrary level
of apparent brightness. This approach
has one serious limitation: the galaxies
are distributed throughout three-dimen-
sional space, but in a map their arrange-
ment is reduced to a two-dimensional
plane. Two galaxies that are adjacent in
such a map might actually lie at vastly
different distances from us along the line
of sight and therefore would not be close
together at all. The distances to the gal-
axies can be estimated, but when posi-
tions must be calculated for thousands
of galaxies, the measurements are much
too time-consuming to be practical.

As it happens, we can avoid the prob-
lem of unknown distances when a great
many galaxies are being mapped; in
fact, the distances can be ignored pre-
cisely because the sample of galaxies is
large. Angular separation in a map of
the sky is not a reliable indication of the
distance between any particular pair of
galaxies, but it is meaningful when it is
averaged over thousands of pairs.

Maps of the distribution of galaxies
are based on apparent brightness, which
is usually expressed in terms of magni-
tude. The higher the magnitude of an
astronomical object is, the fainter it ap-
pears. The scale of magnitude is a loga-
rithmic one, calibrated so that an in-
crease of five magnitudes corresponds
to a hundredfold decrease in brightness.
Bright stars are of the first magnitude;
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the dimmest objects that can be seen
with the unaided eye are of approxi-
mately the sixth magnitude. Because
galaxies are distant objects most of them
are extremely faint and hence of high
magnitude.

Data collected by the late Fritz
Zwicky and his colleagues at the Cali-
fornia Institute of Technology can be
presented in the form of galaxy maps
covering most of the northern celestial
hemisphere. One such map includes gal-
axies brighter than the 13th magnitude,
which is about 600 times fainter than
the dimmest objects that can be seen
with the unaided eye. The map includes
about 500 galaxies with an average dis-
tance of some 140 million light-years.
The Virgo cluster appears as a dense
knot of galaxies in this map, and the
band of galaxies extending from the Vir-
go cluster to our own position can be
perceived.

Another map based on Zwicky’s data
includes galaxies brighter than the 15th
magnitude, about 4,000 times fainter
than the limit of unaided vision. At that
apparent brightness more than 5,000
galaxies can be distinguished, with a
typical distance of 340 million light-
years. The Local Supercluster now ap-
pears to include many more galaxies,
simply because more of the intrinsically
faint members of the supercluster are
included. What is more, the distribution
of galaxies everywhere in the sky is
smoother in the deeper map. Clustering
is no less pronounced at great distances:
the distribution merely seems smoother
because we see more clusters overlap-
ping along the line of sight.

An even more extensive collection of
galaxies has been compiled by C. Don-
ald Shane and Carl A. Wirtanen of the
Lick Observatory. Their map covers es-
sentially the same region of the sky as
the Zwicky sample, but it includes gal-
axies brighter than the 19th magnitude;
an object of the 19th magnitude is about
160,000 times fainter than one barely
visible to the unaided eye. The galaxies
lie at an average distance of 1.4 billion
light-years, which is about 4.4 times far-
ther than those in the 15th-magnitude



Zwicky survey. The volume of space
surveyed is (4.4)3, or roughly 85, times
larger. As would be expected if the av-
erage density of matter is the same
throughout the universe, the Shane-Wir-
tanen map includes about 85 times as
many galaxies as the 15th-magnitude
Zwicky map—approximately a million
in all. Counting them took 12 years, and
it was done with such meticulous care
that the Shane-Wirtanen map has be-
come an indispensable source of infor-
mation on galaxy clustering.

Statistical Measures

To count a million objects, even in 12
years, one cannot spend much time on
each one. Shane and Wirtanen divided
the sky into cells a sixth of a degree on a
side and simply counted the number of
galaxies brighter than the 19th magni-
tude in each cell. They examined about
a million of these cells on photographic
plates. On the average they found about
one galaxy per cell, but there were sig-
nificant variations; for example, 1,600
cells were found to contain 10 or more
galaxies.

The galaxies of the Local Superclus-
ter are included in the Shane-Wirtanen
map, but there are so many other galax-
ies at greater distances that such nearby
features are lost in the multitude. Other
clusters, however, are discernible. One
dense, elliptical knot of galaxies falls in
the constellation Coma Berenices and is
called the Coma cluster. It is about six
times as distant as the Virgo cluster and
has 10 times as many galaxies. A more
general feature of the Shane-Wirtanen
map is a curious filamentary pattern
that seems to cover the entire sky. The
interpretation of the filaments is some-
what uncertain.

At least one galaxy map that extends
even deeper into space than the Shane-
Wirtanen survey has been prepared. It is
based on information compiled by Kon-
rad Rudnicki and his colleagues at the
Jagellonian University in Cracow. The
map includes galaxies as faint as magni-
tude 20.5, with a typical distance being
about twice that of the Shane-Wirtanen
sample. At this distance there are so
many galaxies that one could not hope
to survey an entire celestial hemisphere.
Rudnicki and his colleagues confined
their study to a square section of sky six
degrees on a side. Even within this mod-
est area they were able to distinguish
about 10,000 galaxies. In the Rudnicki
map clusters are not conspicuous fea-
tures. Many clumps and clouds of gal-
axies are superposed, so that the cluster-
ing is almost completely averaged out
and the galaxies approach the smooth
distribution assumed in cosmological
models.

A theory of the distribution of gal-
axies must be guided by quantitative
measurements of the distribution. Two
general approaches to obtaining such

NEARBY CLUSTER of galaxies is called the M81 group after its most prominent member,
which is listed as No. 81 in the catalogue of galaxies compiled by Charles-Joseph Messier. M81
is the large galaxy to the right of center. It is much like our own galaxy, and the M81 group is
similar to the Local Group, the cluster that includes our galaxy. M81 is about 10 million light-
years from us. This photograph and the one below were made with 48-inch Schmidt telescope
on Palomar Mountain in the National Geographic Society—Palomar Observatory Sky Survey.

.

LARGE CLUSTER of galaxies in the constellation Hercules is about 700 million light-years
from us. Some 20 or 30 galaxies can be identified in the photograph, but the cluster also in-
cludes hundreds of fainter galaxies that can be seen only in longer exposures. The images of gal-
axies can be distinguished from those of stars (which are in our own galaxy) by the slight fuzzi-
ness that surrounds the galaxies. In the hierarchy of astronomical structures the Hercules clus-
ter is a much larger entity than the M81 group; at a distance of some 700 million light-years
the area of sky that is shown in the photograph measures some 20 million light-years across.
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DISTRIBUTION OF GALAXIES in the northern celestial hemisphere was mapped from data
compiled by the late Fritz Zwicky of the California Institute of Technology. Each dot repre-
sents one galaxy; there are about 500 in all. The map includes galaxies that exceed the 13th
magnitude in apparent brightness. The galaxies have an average distance of 140 million light-
years. The knot of galaxies near the center is the Virgo cluster; the band extending toward the
10-0’clock position connects Virgo cluster with Local Group, forming the Local Supercluster.

LARGER SAMPLE of galaxies compiled by Zwicky includes those brighter than the 15th
magnitude. There are more than 5,000 galaxies in the map, with a typical distance of 340 mil-
lion light-years. Virgo cluster now appears to be much denser, but most features of the Lo-
cal Supercluster are less conspicuous, since more clusters at greater radial distances overlap.
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quantitative information have been em-
ployed. We might label them loosely as
the botanical and the statistical meth-
ods. In the botanical approach the ob-
served aggregations of galaxies are clas-
sified according to their distinguishing
features. For example, one prominent
and important species consists of very
large clusters such as the Coma cluster.
George O. Abell of the University of
California at Los Angeles has cata-
logued almost 3,000 clusters of this
kind, extending to a distance about
equal to that of the Rudnicki sample.
Abell has found that these clusters are
themselves clustered, and recently it has
been discovered that many of them are
strong sources of X rays.

Although these observations are of
great interest, they do not seem to lead
to a general theory of clustering. The
overall distribution of galaxies is so rich
and varied that the classification of all
the knots and clumps of galaxies seems
to be of doubtful practicality. We have
therefore adopted the alternative statis-
tical method.

In order to formulate a statistical the-
ory one needs a means of expressing in
simple, quantitative terms the tendency
of galaxies to form clusters. A reason-
able assumption with which to begin is
that galaxies within a cluster are closer
together than the average. This tenden-
cy can be expressed quantitatively in
terms of correlation functions. The two-
point correlation function measures the
tendency for pairs of galaxies to be clos-
er than the average. The three-point and
four-point correlation functions mea-
sure the same tendency among triplets
and quadruplets of galaxies. In principle
a correlation function for any number
of galaxies could be determined, but
we have not found it practical to go be-
yond the four-point function.

The calculation of the two-point cor-
relation function begins with the count-
ing of all the pairs of galaxies in a sam-
ple that are separated by some selected
angle, such as one degree. (In practice
all the pairs that fall within a small
range of angular separations, such as .8
degree to 1.2 degrees, must be included.)
Thisnumberisthendivided by thenum-
ber of such pairs that would be expected
if the galaxies were distributed random-
ly but uniformly across the sky. If the
distribution were truly uniform, with no
clustering at all, the result of the division
would be 1; since this condition is in-
tended to signify no correlation between
the pairs, the result is adjusted to zero by
subtracting 1. The remainder is the two-
point correlation function for an angu-
lar separation of one degree. It is the
ratio of clustered pairs to pairs formed
by accidents of superposition. In the ab-
sence of clustering the function is zero;
if clusters are present, the function is
greater than zero and measures the
strength of the clustering.

For a complete analysis of galaxy
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INTRODUCING THE NEW LARGE

AUDI 5000

AND THE EXTRAORDINARILY GIFTED
ENGINEERS WHO DESIGNED IT.

Starting clockwise at the bottom of the pictureand ~ weather conditions here. Other imports do not do this.

ending in the center. They are: Hartmut Warkusz, It looks the way it does because it is
3 | designed racing cars before com-  Styling: functional. It is aerodynamically ef-

Ferdinand Piéch, g g y y

Project Director: ing to Audi. But the Audi 5000was ficient, so it requires less machinery to move it. Beauty

a bigger challenge. A racing car can be designed to last is one thing. But if the design had not worked in the
for a few races only. That is its job. A passenger car has wind-tunnel, it would have been thrown out.

to do much more. Besides performing well, it mustlast  joseph Eibl, It is better to pull a car than to push
a very long time. | knew we had assembled remarkable =~ Chassis Design: it, so | insisted on front-wheel drive.
engineering talent. But they surprised even me. You have no idea the difference this can make, espe-
Werner Schulze, A high-performance car doesnt cially on wet or slippery roads. When you test-drive the
Interior Design: have to have an interior like the Audi 5000, save it for a rainy day.

cockpit of a fighter plane. [ felt it was important for the Dirk Bosenberg, If you have grown accustomed to

Audi 5000 to have a comfortable atmosphere that was ~ Acoustics Testing:  noise in imported high-perform-
not distracting, the same as a driver would find in his ance cars, you must try the Audi 5000. It gives you

home. It makes him a calmer, better driver. superb performance, yet it will surprise you with its
Dr. Anton Wimmer, A man named Timoshenko had a quietness. This is why [ insisted on true high fidelity
Structural Safety:  theory of constructionwhichcould ~ equipment as an option, instead of a simple radio.

help make safe cars. Yet no one had ever tried it. [did ~ Franz Hauk, When | proposed the 5-cylindergas-
try it, and the results were remarkable. | believe it will ~ Engine Design: oline engine, my colleagues smiled.
take our competitors years to utilize this theory. Some-  linsisted, even though no onehadever done it before. It
day, perhaps, this construction could save your life. wasnt easy. But now, | believe we have an engine that

Dr. Franz Behles, The Audi 5000 is the largest Ger-  offers outstanding performance like a 6, and great effi-
Assistant Director:  man car for the money. Yet for all  ciency likea 4. They smile a different smile now.
its size, it is also surprisingly lively. At about $8,500* we Dr. Fritz Naumann,  We designed the Audi 5000 with as

feel there is no other car with our combination of room, =~ PowerTrain Testing: few moving parts as possible to
handling, acceleration, and comfort. make it reliable. Parts that are not in the car can never
Jorg Bensinger, We have been testing 100 carsin ~ break. It wasnt easy. Sometimes I think they call it the

Prototype Evaluation:  the (Injted Statesand Canadafor ~ Audi 5000 because that's how many dinners| missed.
months before offering the first one for sale. It wasthe ~ Please come in and drive it. It was a lot of work.
Only way we Could truly knOW hOW they perform n a” “Suggested 1975 retail price $5450, PO.E., transp , local taxes, and dealer delvery charges, additional.
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clustering the correlation function must
be calculated for a broad range of pair
separations. The 13th-magnitude map
based on Zwicky's data includes too few
galaxies for a reliable estimate of corre-
lation, but we have calculated the two-
point function at various angles for the
15th-magnitude Zwicky sample and for
the Shane-Wirtanen and the Rudnicki

10 OR MORE

A MILLION GALAXIES brighter than the 19th magnitude are in-
cluded in a map that extends to an average distance of some 1.4 bil-
lion light-years. The map is based on a survey made by C. Donald
Shane and Carl A. Wirtanen of the Lick Observatory. The map does
not record the positions of individual galaxies. It was constructed by
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maps. Most of our findings are based on
these calculations.

One unmistakable trend is that the
correlation function decreases as the an-
gular separation being examined in-
creases. In other words, the greater the
angle between two galaxies, the small-
er the probability that they are truly a
clustered pair. In the Zwicky sample.

9 8 7 6 5
NUMBER OF GALAXIES PER SQUARE
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galaxies separated by .05 degree exhib-
it a two-point correlation function of
about 10. This number can be interpret-
ed as meaning that 10 times out of 11 a
pair of galaxies with this angular separa-
tion will be members of a single cluster
rather than an accidental grouping of
galaxies with similar angular positions
but different distances along the line of

dividing the sky into small squares and counting the galaxies in each
square. The numbers obtained were then represented by shades of
gray. Only the largest clusters are readily distinguished in the Shane-
Wirtanen map because many are superposed. Nevertheless, the sta-
tistical properties of the distribution of galaxies are easily measured.
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STANDARD:
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STANDARD:
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Carpeting.

STANDARD:
Strong unitized body.

Amazing. More for less.
For 1978, we added a long
list of new standard features to
Chevette, and still kept the
price below last year’s Chevette
with the same equipment.

Chevette was already a
nifty little car. Now we've
added everything from the AM
radio to the reclining bucket
seats to make Chevette a
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windows.
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Jacques Cousteau's life is a history
of adventure, excitement, and mystery.

But none of his many expeditions
has ever been as unique as the new one
Cousteauembarks on this year aboard
Calypso.

“The Cousteau Odyssey.’

Four hour-long specials begin on
November 22nd with “Calypso’s Search
for the Britannic”

Cousteau and Britannic survivor,

N NN

The Cousteau Ddgseg

eighty-six year old Sheila MacBeth the indelible stamp of Cousteau's genius
Mitchell, return to the sunken luxury ~ on alegend that is sure to keep inspiring
liner to find the reason for its disaster. ~ men for all time.

Early next year,“The Cousteau Later, Cousteau’s never-ending
Odyssey” in two hour specials explores search to learn from the past takes him
a new theory about a lost civilization  to anisland buried by a volcanic erup-
that has held the imagination of people tion 200 years before the birth of Christ.

everywhere. “Diving for Roman Plunder!” A
"“Calypso’s Search for Atlantis. fantastic story of Grecian art treasures
Parts [ and II” stolen by the Romans and recovered

An extraordinary journey that puts from under the sea by Cousteau.

The production of “The Cousteau Odyssey" specials for PBS is made possible by a grant from Atlantic Richfield Company to KCET, Los Angeles,
expressly for the funding of the broadcasts. The specials are produced by Captain Cousteau and Philippe Cousteau in association with KCET. A R

AtlanticRichfieldCompany

© 1977 SCIENTIFIC AMERICAN, INC



sight. As the angular separation in the
Zwicky sample increases to 10 degrees
the correlation function drops to about
.1, meaning that in only one case out of
11 does a pair with this separation be-
long to a cluster.

A second trend apparent in the data is
that the strength of the clustering seems
to decline as the depth of the sample
increases. This result could be expected,
since the inclusion of more distant gal-
axies necessarily increases the overlap-
ping of clusters at different distances. In
fact, since we know the average distance

CELESTIAL
NORTH POLE

GALACTIC
NORTH POLE

of the galaxies in each sample, we can
calculate the expected effects of increas-
ing depth. Since a typical pair of galax-
ies in the Shane-Wirtanen sample is 4.4
times as far away as an equivalent pair
in the 15th-magnitude Zwicky map,
pairs in the Shane-Wirtanen map having
an angular separation of one degree
should properly be compared with those
in the Zwicky map having a separation
of 4.4 degrees. Similarly, galaxies that
are one degree apart in the Rudnicki
map are comparable with those that are
8.1 degrees apart in the Zwicky map. By

applying these factors to the deeper
samples we can compare the correlation
functions of galaxies with the same lin-
ear separation.

The extent to which independent clus-
ters overlap along the line of sight is also
proportional to the depth of a sample. A
measured correlation function of 1 in
the Shane-Wirtanen sample is equiva-
lent to one of 4.4 in the Zwicky map; a
correlation function of 1 in the Rudnicki
sample corresponds to a value of 8.1 in
the Zwicky map. Thus a measurement
made with the Shane-Wirtanen sample

- CELESTIAL EQUATOR

- GALACTIC EQUATOR

PROJECTION OF THE SKY employed in the Shane-Wirtanen map
transforms the coordinates of galaxies from a frame of reference
based on the orientation of the earth to another frame of reference
based on the orientation of our galaxy. The map is derived from a
photographic survey in which the sky visible from the Lick Observa-
tory was divided into overlapping sections six degrees on a side, each
section corresponding to one photographic plate. This array of plates
is centered on the celestial north pole and extends to 20 degrees south
latitude. Because the earth’s axis is inclined by about 60 degrees with

respect to the axis of our galaxy, all the points in the map must be
shifted by that amount in order to create a map based on galactic co-
ordinates. The resulting projection has the galactic north pole at the
center and the galactic equator at the circumference. Since the pe-
rimeter of the map corresponds to the plane of the Milky Way, few
galaxies can be seen there. In conducting their survey Shane and Wir-
tanen divided each six-degree photographic plate into squares a sixth
of a degree on a side, then counted the galaxies in each of these small-
er squares. The map itself was constructed with the aid of a computer.
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A Rare Opportunity For
Knowledgeable Individuals...
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DINOSAUR TRACK DISPLAY
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180,000,000 years ago, the earliest dinosaurs walk-
ed the earth. Genuine tracks of these small meat-
eating dinosaurs (Coelurosaurs) have been mounted
on attractive stands with cards of authenticity. We
offer a limited supply of single and muitiple track
plates.

TERROR OF THE ATLANTIC

26,000,000 years ago, a colossal beast named
Carcharodon Megalodon roamed the Atlantic, din-
ing on whales and large fish. A limited supply of
3%2" teeth of this 70 foot long shark have been
mounted on attractive wooden plaques with bronze
engravings.

FOSSIL FERN CLOCK

Our fossil ferns in shale represent oné of the pidas
forests on earth. Our craftsmen have created battery-
operated clocks from 300,000,000 year-old exquisite
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DEEPEST GALAXY MAP, which includes galaxies brighter than magnitude 20.5, is based on
data obtained by Konrad Rudnicki and his colleagues at the Jagellonian University in Cracow.
At this level of brightness there are far too many galaxies for their distribution over the entire
sky to be mapped, and so the survey is confined to a square section of the sky six degrees on a
side and equivalent in area to one of the large squares in the diagram on preceding page. Even
in this small area there are more than 10,000 galaxies, with an average distance from the earth
of some 2.8 billion light-years. Clustering is not a conspicuous feature of the map; on the con-
trary, the distribution appears to be almost random. The reason is not that more distant galaxies
are less likely to form clusters but merely that more clusters are seen along the same line of sight.

should be equivalent to one made with
the Zwicky sample if both the measured
angles and the calculated correlation
functions are multiplied by a factor of
4.4. A similar adjustment, employing a
factor of 8.1, should bring the Rudnicki
sample into agreement with the others.
(An additional small adjustment is need-
ed. We see the galaxies in the deeper
samples not only at greater distances but
also at progressively earlier times. Since
the universe is expanding, the factors 4.4
and 8.1 must be slightly modified in or-
der to compensate for the movement of
the galaxies.)

When these adjustments are made,
the correlation functions for the Shane-
Wirtanen and the Zwicky samples are in
almost exact coincidence. The function
for the Rudnicki sample has a similar set
of values but seems to be slightly low.
This small discrepancy is not disturbing;
the Rudnicki survey is the most uncer-
tain because the distances are so great
that the clustering is almost completely
obscured by the accidental pairing of
overlapping galaxies. The approximate
agreement of the correlation functions
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for the three maps is an important and
reassuring result; it indicates that the
functions are not seriously disturbed by
possible errors in the surveys. More-
over, it provides quantitative evidence
that the clustering of very distant galax-
ies is statistically identical with the clus-
tering of nearby ones.

A Hierarchy of Clusters

For small angular separations the
two-point correlation function has a
simple dependence on the angle. If both
the correlation function and the angles
are plotted on logarithmic scales, the
correlation function decreases along a
straight line as angular separation in-
creases. The fact that the line is straight
indicates that each time the distance be-
tween galaxies is doubled the correla-
tion function declines by a fixed factor.
The slope of the line indicates that the
factor is .59.

At a separation of about 10 degrees
for the 15th-magnitude Zwicky map,
and at correspondingly smaller angles
for the other samples, the straight-line



dependence of the correlation function
on separation abruptly changes. At
these larger angles the correlation func-
tion drops more steeply as the angle in-
creases. The point at which the slope
changes corresponds to a linear distance
between galaxies of about 60 million
light-years. Thus as the distance be-
tween galaxies increases, the probability
that they are members of a single cluster
declines smoothly and regularly up to a
separation of about 60 million light-
years; beyond that distance the tendency
of galaxies to form clusters declines
more rapidly.

This regularity in the correlation
function was our first indication that the
clustering of galaxies might follow some
simple pattern. On the other hand, the
two-point correlation function alone
does not specify what the pattern might
be. That is not surprising, since the two-
point correlation function condenses all
the information in the galaxy maps into
a single graph.

The range of possible interpretations
can be narrowed by considering the
three-point and four-point correlation
functions. These functions are calculat-
ed by counting the triplets and quadru-
plets of galaxies at each of several an-
gular separations, then comparing the
result with the number of triplets and
quadruplets that would be expected in a
uniform distribution. We have found
that the three-point function also be-
haves in a simple way: it is directly pro-
portional to the square of the two-point
function, and the constant of propor-
tionality is the same for all three of the
surveys. James Fry, one of our col-
leagues at Princeton University, has
found that for the Shane-Wirtanen sam-
ple the four-point function is propor-
tional to the cube of the two-point func-
tion. (The Zwicky and Rudnicki samples
are too small for a reliable estimate of
the four-point function.) The physical
meaning of these findings can be simply
stated: If a good place to look for a gal-
axy is right next to another galaxy, then
a better place to look is near a pair of
galaxies and a still better place is near a
triplet of galaxies.

With this information in hand we can
specify the clustering pattern with rea-
sonable confidence. Galaxies are ar-
ranged in a hierarchy of clusters. The
galaxies tend to be found in small, dense
knots; the knots form clusters, the clus-
ters form larger clusters and so on, until
the size of the cluster reaches the scale at
which the correlation function begins to
decline steeply—about 60 million light-
years. Beyond that range clustering is on
the average comparatively weak.

Although quantitative evidence sup-
porting this conclusion has been gath-
ered only recently, it is certainly not the
first time a hierarchy of structures has
been proposed in astronomy. Hierarchi-
cal clustering was suggested as long ago
as 1761 by the mathematician J. H.

MATERIALS
RESEARCH
CENTER
REPORTS...

1

Photons from laser sources n
excite the internal states of chemical react
selective reactions. This new field called “photon chemistry” 15
being explored by chemists and physicists at the Materials
Research Center (MRC).

Dr. K. V. Reddy of MRC has developed a technique called
Intracavity Dye Laser Photoactivation. It permits efficient and
highly selective excitation of reactant molecules with tunable
photons in the visible region of the optical spectrum. Reactant
samples are placed within the optical cavity of a continuous
(cw) dye laser tuned precisely to the wavelength needed for
excitation of the reactant. The new technique is especially useful
for producing highly excited vibrations and electronic states
within reactants. Two examples are presented below.

The photoisomerization of methyl isocyanide (CH3NC)
to acetonitrile (CH3 CN). This is caused directly by single
photon excitation of the C-H stretch vibration within the
methyl isocyanide reactant. The vibrational energy supplied
(39 keal mole 1) causes isomerization with a reaction probability
of unity in low-pressure samples. As the reactant pressure
increases, molecular collisions decrease the photoisomerization
efficiency.

Biomolecular reactions of electronically excited oxygen.
Photons are used to prepare singlet sigma oxygen molecules
[O; (b1 2.8 )1 that react efficiently with various unsaturated
hydrocarbons. For example, excited oxygen reacts very
efficiently with tetramethylethylene [(CH3),C = C (CH3)3] to
yield 2,3-dimethyl-3-hydroperoxybutene-1 as the sole product.

Continuing photon chemistry emphasizes novel synthetic
and separative routes to chemical products.

Allied Chemical Corporation / Materials Research Center
P.O. Box 1021R, Morristown, New Jersey 07960
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On Laser-Induced
Photon Chemistry
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ANGULAR SEPARATION (DEGREES)

EXTENT OF CLUSTERING can be expressed in terms of correlation functions, which mea-
sure the probability that a pair or a group of galaxies are members of a single cluster. Here the
two-point correlation function is graphed for the 15th-magnitude Zwicky sample (colored dots),
the Shane-Wirtanen sample (gray dots) and the Rudnicki sample (black dots). The two-point
correlation function can be interpreted as the ratio of clustered pairs, which are truly close to
each other in space, to accidental pairs, which appear to be close together but are actually at
different distances along the line of sight. Thus for the Zwicky sample 10 out of 11 pairs sep-
arated by .05 degree are clustered, but at 10 degrees only one out of 11 is a clustered pair.
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ANGULAR SEPARATION FOR ZWICKY SAMPLE (DEGREES)

ADJUSTED CORRELATION FUNCTIONS reflect the different average distances at which
galaxies are seen in the three samples. Galaxies separated by one degree in all three maps are
much farther apart (in linear measure) in the Shane-Wirtanen sample than they are in the
Zwicky sample, and they are still more distant in the Rudnicki sample. The number of clusters
overlapping along the line of sight is also greater in the deeper samples. After adjustments for
these two effects the measured correlation functions for the three samples are in good agree-
ment with one another. As the separation between galaxies increases, the correlation function
decreases, and for small angles it follows a straight line. From the slope of the line one finds
that each time the angular separation is doubled the correlation function is reduced by a fixed
factor of .59. Beyond about 10 degrees the correlation function declines more steeply, suggest-
ing that at distances greater than about 60 million light-years clustering is comparatively weak.
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Lambert. The idea was taken up again
by the science writer E. E. Fournier
d’Albe in 1907 and again in 1922 by the
astronomer C. V. L. Charlier.

The discovery of the true nature of the
galaxies in the 1920’s led to theories
more like our own. An example is
Abell's observation that large clusters
such as the Coma cluster tend to form
clusters. In recent years the strongest ad-
vocate of a hierarchical organization
has been Gérard de Vaucouleurs of the
University of Texas at Austin. Now our
statistical methods have led to a similar
conclusion. There is an important dis-
tinction, however, between the cluster-
ing hierarchy that our measurements
imply and the one proposed by some
earlier workers. The clustering hierar-
chy revealed by the correlation func-
tions does not continue indefinitely.
Rather, it begins to fade out when the
size of the clusters reaches about 60 mil-
lion light-years.

A Model Universe

If we have correctly interpreted the
pattern of galaxy clustering, we should
be able to construct a model universe
that looks the same as the real one. We
have constructed such a model by a
method that automatically reproduces
the observed two-point correlation
function. At a randomly chosen point in
space we place an imaginary bar and
assign it a random orientation. At each
end of the bar we attach smaller bars
that also have random orientations; the
second-level bars are shorter than the
first bar by a fixed factor, which we have
calculated should be equal to .57. At the
ends of the second-level bars we attach
still smaller third-level bars, which
again are randomly oriented and are
shorter than the second-level bars by the
factor .57. This procedure is continued
until the length of the bars is compara-
ble with the size of galaxies; then an
imaginary galaxy is placed at the ends of
each of the smallest bars. Of course, we
do not actually assemble these tinker-
toy galaxy clusters; instead we employ a
computer to calculate the positions of
the galaxies. We place the ball-and-stick
galaxy clusters at random positions
throughout the model universe and then
instruct the computer to project the gal-
axies onto the sky of an imaginary ob-
server. The computer takes into account
variations in distance and intrinsic
brightness, and so many of the galaxies
are too faint to be seen by the observer.

This procedure is certain to reproduce
the observed straight-line decrease in
the two-point correlation function be-
cause the length of the bars determines
the number of clustered pairs that can
form at any given pair separation. Why
this is so can be understood by consider-
ing the hierarchy in reverse order, from
the smallest bars to the largest ones. At
each higher level the length of the bars



Every day, we help America save

more energy than it takes to light NewYork.

More than enough for every
bulb, neon sign, streetlamp and
fluorescent light New York
City burns every day.

And that doesn’t include all
the energy Combustion Engi
neering helps save.

Only the fuel saved by the
Ljungstrom® heat exchanger,
just oae of the energy-recovery
products from C-E Air
Preheater.

Installed on a steam gener-
ator or process furnace, the
Ljungstrom captures heat
energy that would be lost
through the smokestack and
sends it back to work.

With the Ljungstrom, a

utility, refinery or process plant
uses up to 25% less fuel. In fact,
over the past five vears, the
energy saved by Ljungstrom
units around the world equals
150 million tons of coal, 190
million barrels of oil and 1.4
trillion cubic feet of natural gas.

We do more than save fuel.
For over 60 years, we've helped
provide the equipment,
technology and research to
produce energy, conserve it,
squeeze more use out of it, even
create new forms of it.

C-E Power Systems, for
example, designed the steam
generators that produce 40%
of all the thermal-electric power
in the Free World.
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C-E Natco helps process
25% of all the oil and gas the
world uses every day.

C-E Lummus has created a
clean liquid fuel by removing
the ash and sulfur from coal.

For more information about
our activities around the world,
write Combustion Engineering,
Inc., Dept. 7008-27,

902 Long Ridge Road,
Stamford, Connecticut 06902,

: COMBUSTION
ENGINEERING
The Energy Systems Company
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+1977 Mercedes Benz acceleration (0-50 mph) from Car and Driver, March 1977 H’;S JUST (@) Wond erful cdar.
( swagen of America .
True,we had a big advantage:
we started with a wonderful car
and made it even better.

1978 -
RABBIT.
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you'll get better acceleration.

If you tfrade up to aRabbit from
a Cadillac Seville, you'll get more
trunk space. And there are 32 cars
you can trade up to a Rabbit for
more people space.

The Rabbit is so roomy, there
was even room for improvement.

The’78 Rabbits look betterthan

ever. Handsome metallic colors.

Touches of chrome here and there

i_-l s

X

i

.=y -
EEA ey T

y

- 13 e

tomakethem evenznappier
The biggest news of all
for '78 can’t be seen. And

barely heard. We've refined the OES lT
Rabbits fuel-injected engine to )

make it quieter and more efficient.
All in all, we are very proud.
Once we were famous forn
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New

Vivitar Series 1.
90mm 2.5
macro lens

The Vivitar Series 1 90mm 2.5 macro
lens may well be the sharpest lens in
35mm photography. The lens utilizes
the floating group concept to maintain
optimum performance throughout its
focusing range. Tests for resolution and
contrast from infinity to life-size (1:1
reproduction) give the Series 1 90mm
f2.5 lens some of the highest overall
axial to corner ratings obtained for
macro lenses.

A 90mm macro lens yielding good
performance could have been pro-
duced using a normal double Gauss
design. To achieve and maintain very
high levels of performance from infinity
to life-size, however, Vivitar Series 1
designers used a unique 8 element/7
groupconfigurationtobringaberrations
to an absolute minimum and to stabilize
them throughout focusing distances
fromareproduction ratio of 1:2 to infinity.
The extremely stringent performance
demandsto eliminate aberrations in the
lensalso requiredtheuseofoptical glass
of a very high index of refraction and
some uncommonly thick elements.

Using the concept of a null lens,
borrowed fromastronomical optics, the
designers created a 3 element macro

corrector-lens adapter that achieves a
true flat-field image, high resolution and
excellent contrast in the 1:2 to 1:1

reproduction range. The macro correc-
tor-lens adapter is nota magnifying lens.
Its sole function is to compensate aber-
rations produced when the lens is
moved away from the fim plane for life-
size photography.

The selection of 90mm as the focal
length of this lens provides two distinct
benefits to photographers. It is an ideal
focal length for portraiture and general
purpose photography. When used with
its macro adapter the lens allows life-size
photography at a greater working dis-
tance from the subjectthan shorter focal
length macro lenses. This greater work-
ing distance increases the photogra-
pher's options in illuminating macro
subjects and lessens chances of dis-
turbing live subjects.

As with all Vivitar Series 1 lenses, the
mechanical configuration has been as
carefully engineered and manufactured

as the optics. The lens engravings give
the photographer maximum informa-
tion and legibility. The lens barrel styling
is entirely functional, all controls being
placedin the most appropriate positions
for precise, comfortable operation.
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Optical Specifications

Elements/Groups:
Main lens 8 elements, 7 groups.
Macro Adapter 3 elements, 3 groups.
Lens coating: VMC Vivitar multicoating.
Angle ofaccep-
tance: 27°
Aperture range: f2.5 to f22

Minimum focus

distance from

film plane: 39.3cm (15.5in)
without Adapter,
35.5cm (141n.) with
Adapter.

Maximum repro-
duction ratio: 1:2 without Adapter,

1:1 with Adapter.

Vivitar Series 1

conventional
design i

design

Mechanical Specifications
Lengthat infinity 90mm (3.5 in.) without
Adapter 138mm
(5.4 in.) with Adapter.
Maximum barrel

diameter: 70mm (2.8in.)
Weight
Main lens 644 gms. (23 0z.)
with Adapter: 936 gms. (33 0z.)
Filter size 58mm
Lens case Semi-hard, 2 compart-
ment case

Available in mounts to fit Nikon, Canon, Minolta.
Olympus OM, Pentax K, M, Vivitar and other
universal thread mount cameras

@ [
Vivitar Corporation, 1630 Stewart Street,

Santa Monica, California 90406,
In Canada: Vivitar Canada Ltd./Ltée

©Vivitar Corporation, 1977



increases by the inverse of .57, or by
1.75. At the same time the number of
clustered pairs doubles, since each high-
er level connects twice as many galaxies
by rigid bars. The number of accidental
pairs, on the other hand, is proportional
to the area of sky surveyed; thus at each
higher level the number of accidental
pairs increases by (1.75)2, or 3.06. Since
the correlation function is simply the ra-
tio of clustered pairs to accidental ones,
the correlation function decreases by

the factor 2/3.06, or .65, each time the
pair separation increases by the factor
1.75. This rate is equivalent to a de-
crease of .59 for each doubling of the
pair separation, which was the behavior
observed in the real universe.

The model universe also reproduces
the observed three-point and four-point
correlation functions, at least in an ap-
proximate way, since a galaxy that is a
member of n clustered pairs contributes
to n2/2 clustered triplets and n3/6 clus-

tered quadruplets. (The approximation
is valid if » is large.) Hence the three-
point and four-point correlation func-
tions are proportional to the square and
the cube of the two-point function, as
they are in the real universe.

In our first attempt to construct a
model universe we filled the imaginary
space with thousands of statistically
identical cluster balls. Each one began
with a largest bar of the same length and
each had a total of nine levels, with 512

MODEL UNIVERSE was designed to reproduce the correlation func-
tions measured in maps of galaxy distribution. The model is construct-
ed by placing a large, imaginary bar at a random position and in a
random orientation in space. Smaller bars are attached to the ends of
this bar and again are randomly oriented, then still smaller bars are
attached to the ends of these. At each level the bars are shorter by a
fixed factor calculated to reproduce the observed two-point correla-

tion function. When the desired number of levels has been completed,
imaginary galaxies are attached to the ends of the smallest bars. The
result is a collection of galaxies distributed in a known clustering hier-
archy. The model is built with the aid of a computer, which as a final
step projects the positions of the galaxies onto the sky of an imagi-
nary observer. Their distribution can then be mapped. Only one clus-
ter ball is shown here; a realistic model requires several thousand balls.
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VISUAL EVALUATION of various models of universe is accomplished
by comparing the galaxy distribution they predict with the real distribution,
as represented by a segment of Shane-Wirtanen map (far right). A com-
pletely random and uniform distribution of galaxies, with no clustering at

galaxies at the ends of the smallest bars.
The distribution of galaxies when they
were projected on the sky was then plot-
ted in the same graphic format we had
employed for the Shane-Wirtanen sam-
ple. The resulting map is easily distin-
guished from a random galaxy distribu-
tion and has some interesting features,
but judged simply by appearance it is
disappointing. The main flaw in this
model is that it has too few bright re-
gions, or in other words too few dense
clumps of galaxies. The difference can
be detected in the higher-order correla-
tion functions, since dense clumps con-
tribute more to the count of triplets and
quadruplets than to the count of pairs.
Although the three-point and four-point
correlation functions for the model uni-
verse are proportional to the square and
to the cube of the two-point function,
the constants of proportionality are in-
correct: they are too small by factors of
three and 19.

In a second model universe we creat-
ed more dense regions by including clus-
ter balls with a varying number of levels
and hence with a varying number of gal-
axies. After some experimentation we
settled on a model with 24,000 seven-
level balls, 8,000 eight-level balls and
diminishing numbers of higher-level
balls, down to 40 12-level balls. Each
ball begins with a largest bar of the same
size, but some clusters terminate before
others. To within the accuracy with
which we can measure them the two-
point, three-point and four-point corre-
lation functions of this model are identi-
cal with those of the Shane-Wirtanen
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sample. What is more, the appearance
of the distribution is similar to that of
the Shane-Wirtanen map. Even some
wispy filaments like those that are so
conspicuous in the sky maps can be
seen. Many of our colleagues believe
these filaments are real lines or sheets of
galaxies in space. It is not yet clear how
common such structures might be, but
the model illustrates the risk of hasty
judgment in these matters. The fila-
ments in the model are not built in but
result from accidents in the random ar-
rangement of the galaxies, accentuated
by the sensitivity of human vision to lin-
ear features. Some of the filaments in
the real distribution of galaxies may be
similar artifacts.

A hierarchical organization is incor-
porated in our model by design, but
some other aspects of the clustering are
ignored. For example, in a great concen-
tration of galaxies such as the Coma
cluster gravitational interactions can be
so strong that small groups of galaxies
are disrupted, leaving a smooth distribu-
tion without distinct subclusters. Only a
small fraction of all galaxies are mem-
bers of such great clusters, however.

A somewhat subtler flaw of our mod-
el is that the clustering terminates ab-
ruptly at pair separations somewhat
greater than the length of the longest
bar, whereas in the real universe com-
paratively weak clustering of galaxies
persists at larger scales. Even with these
defects the model reproduces much of
the visual texture of the galaxy distribu-
tion. The agreement between model and
observation suggests that a hierarchical
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all, yields a pattern (far lef?) that is distinctly different from the
real one; difference in appearance can be expressed quantita-
tively in terms of a correlation function, which for a random pat-
tern is by definition zero. Model made up of cluster balls, all of

organization of clusters must be a rea-
sonable approximation of the large-
scale structure of the universe.

The demonstrationthat a hierarchy of
galaxy clusters exists today immediately
raises the question of how the hierarchy
developed. We can describe a possible
pattern of evolution that seems plausi-
ble in the light of our present knowl-
edge. It must be emphasized, however,
that these ideas are speculative.

The Evolution of Clusters

The basis of the big-bang theory of
cosmic evolution is the observation that
all distant galaxies are receding from us
with velocities proportional to their dis-
tance from us. In the standard big-bang
theory this general expansion of the uni-
verse can be traced back to an enor-
mously dense state of matter that began
expanding some 15 billion years ago.
The theory requires that the original dis-
tribution of matter be almost exactly
uniform; in the early universe there
were no clusters.

An important variable in this theory is
the average mass of a galaxy, in other
words the average density of the uni-
verse. If the galaxies are quite massive,
then their mutual gravitational attrac-
tion must eventually halt the expansion
and the universe will begin a general
contraction. If the galaxies are lighter
than some critical mass, then the present
expansion of the universe must continue
indefinitely. As we shall see, the galaxy
masses also have a significant influence
on the development of galaxy clusters.



which have the same number of levels (second from left), gives
a much better approximation, but it still differs from the real dis-
tribution in certain statistical properties. There are also differ-
ences apparent to the eye; in particular, there are too few bright

We have employed a computer model
in studying the development of cluster-
ing. The model includes representations
of 2,000 galaxies, which initially are
packed at high density into a spherical
volume of space. The galaxies are dis-
tributed randomly but uniformly and
are assigned velocities that cause the en-
tire sample to expand. With the aid of
the computer we can trace the subse-
quent motions of the galaxies under
their mutual gravitational attraction.
An important property of the real uni-
verse is that all observed space is filled
with galaxies, but we cannot reproduce
this property in the model; our sample
of galaxies exists in isolation. Ignoring
the galaxies outside our selected sphere
represents an approximation, but it is an
acceptable one for small clusters.

As the model universe expands and
the galaxies recede from one another,
gravity slows the expansion. Small, ran-
dom differences in the density of galax-
ies are magnified: where the density is
slightly higher than average the gravita-
tional field is slightly stronger, and so
the density declines more slowly. As a
result small irregularities in the original
distribution grow into clusters. When
the clusters first form, their distribution
is more or less random, reflecting the
random initial distribution. The clusters
themselves, however, represent regions
of higher than average density, and
hence gravitation tends to gather them
into somewhat larger clusters. As the
process repeats at even larger scales the
expanding universe develops a natural
hierarchy of clusters.

The development of a clustering hier-
archy in a model of cosmic evolution is
an encouraging result, but it is only a
qualitative one. The model would be far
more satisfying if it could make quanti-
tative predictions. Our computer model
cannot make such predictions chiefly
because it is too small. By treating the
sample of 2,000 galaxies as if it were
isolated we ignore most of the universe.
Bigger models would be more accurate,
but for now they are not practical. Each
of the 2,000 galaxies in our model
moves under the influence of gravita-
tional forces from 1,999 other galaxies;
hence for each moment at which the po-
sitions of the galaxies are calculated we
must evaluate 2,000 X 1,999, or almost
four million, interactions. If we were to
increase the number of galaxies by a fac-
tor of 10, the number of interactions
would increase by a factor of 100, which
would tax the fastest computer.

A Gas of Galaxies

Because a straightforward simulation
of cosmic evolution seems to be beyond
our means we have adopted another ap-
proach to the problem, in which the gal-
axies in an expanding universe are re-
garded as the particles of a gas. This too
represents an approximation, but it may
be a more successful one. A theory that
describes the clumping of particles in
gases has been developed in plasma
physics, the discipline concerned with
the behavior of hot, ionized gases. Ironi-
cally the theory has not proved to be
very useful in plasma physics; in its ex-
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regions in the model. This deficiency is corrected in a model that includes
cluster balls of various sizes (third from left). The map that has been gen-
erated by this model resembles the Shane-Wirtanen map in its general ap-
pearance, and the correlation functions for the two maps are in agreement.

act form the theory is too complicated
for results to be calculated with it, but
simplified versions are not adequate to
describe many phenomena of interest.
In applying the theory to the evolution
of galaxy clusters, however, we have a
significant advantage: we already know
certain important properties of the
“gas,” such as the two-, three- and four-
point correlation functions. With this
knowledge we can try to simplify the
theory without discarding its essential
details. Marc Davis of Harvard Univer-
sity, working in collaboration with us,
has recently completed a study of cos-
mic evolution employing this method.
The results agree with two essential fea-
tures of the observed galaxy distribu-
tion: the predicted three-point correla-
tion function is of the correct magnitude
with respect to the two-point function,
and the two-point function follows a
logarithmically straight line and then
declines sharply.

The consistency of these results sup-
ports our model of the development of
the observed clustering hierarchy. Not
all observations, however, are consis-
tent with this model; indeed, there is one
measurement of great importance that
is in direct conflict with our results.

As pointed out above, the average
mass of galaxies has a strong influence
on the development of clustering. In the
calculation based on the theory bor-
rowed from plasma physics the mass
was just enough to stop the expansion.
Estimates of the true masses of the gal-
axies, however, suggest that they are too
light to stop the expansion by a factor of
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between 10 and 30. If the masses are
that small, then our models make some-
what different predictions: small, dense
clusters could form, but not the larger
clusters of clusters. The hierarchy stops
much sooner, or in other words the cor-
relation functions decline faster with in-
creasing separation.

At the moment we cannot account for

the discrepancy between the masses ap-
parently needed to explain the hierarchy
of galaxy clusters and the masses astron-
omers have estimated by independent
methods. On the other hand, we are not
greatly discouraged by the contradic-
tion: there are large uncertainties in
both calculations. Indeed, the conflict is
intriguing. If the galaxies turn out to be

very massive, then we may well have
formulated a successful theory of gal-
axy clustering, but we shall be left with
the problem of finding the missing mass.
If the estimated masses are found to be
correct, we face the equally interesting
problem of finding some other way to
account for the simple pattern that un-
derlies the clustering of galaxies.

EVOLUTION OF CLUSTERS from a homogeneous universe can be
traced in a computer simulation. The model employs a spherical sam-
ple of the universe containing 2,000 galaxies. The sphere of galaxies
is expanding, as is required by the “big bang” theory of the origin of
the universe, but the expansion is slowed by gravitation. At the top
such a sample is shown soon after the big bang and after it has ex-
panded by a factor of four and then by a factor of 16. The same se-
quence of events is shown in the middle panel, but with the scale arti-
ficially adjusted in each case so that the size of the sphere seems to
remain constant. Small fluctuations in density in the initial distribu-
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tion are magnified by the expansion and give rise to clusters; with fur-
ther expansion the clusters in turn aggregate to form larger clusters.
The clustering is a result of gravitational interactions and is therefore
determined by the masses of the galaxies, which in this model are just
large enough for the expansion of the universe to stop. Smaller masses
yield a significantly different structure. In the evolutionary sequence
at the bottom the total mass is half that needed to halt the expansion,
with the result that small clusters form but not larger clusters of clus-
ters. The observed hierarchy of clusters thus implies that the universe
is rather dense, a finding in conflict with some other observations.
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Cats and Commerce

Cats have had a long association with people but have rarely been

intentionally bred for specific characteristics. The distribution

of their mutants thus reflects certain human tastes and movements

t first cats would not seem to offer a
likely clue to human history. Yet
when one considers that the writ-

ing of adequate histories of human pop-
ulations began scarcely 200 years ago,
that writing itself dates back only about
6,000 years and that for many popula-
tions historical, linguistic and cultural
records are inadequate or nonexistent,
cats appear in a different light. They
have been associated with human be-
ings for a long time, but they have never
had any economic significance and only
rarely have they had much social signifi-
cance. Genetically they, unlike other
domesticated animals, have been left
largely to themselves. The study of the
population genetics of cats is therefore
rewarding not only for what it reveals
about the evolution of cats but also for
what it suggests about the movements of
human populations.

The study of population genetics has
in general become a powerful tool for
unraveling human history and prehisto-
ry and particularly for solving problems
of the origin and dispersal of plants and
animals. Each individual study, how-
ever, brings out limitations in both the
organism being investigated and the
approach made to the study. To obtain
greater precision in the interpretation of
complex events it is therefore desirable
to study a number of species. Cats
would qualify for this reason alone, but
they have several advantages in addition
to the ones I have already mentioned.

One advantage is that cats display vis-
ible polymorphisms, or variable traits,
for which the genetic bases are reason-
ably well understood. Most of the poly-
morphisms relate to the color, pattern
and texture of the fur and so can be diag-
nosed and recorded at a glance. Hence
the accumulation of data is a relatively
inexpensive procedure, unencumbered
by sophisticated techniques and tech-
nologies.

Cats are cosmopolitan, thanks to the
exploratory and commercial activity of
human beings. The animals have been
spread from their homelands in the Old
World to every inhabited part of the
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earth. They even persist in areas that
people have abandoned. In addition to
being ubiquitous cats are numerous.
Most populations number at least in the
hundreds, and many of them doubtless
reach the millions. As a result the geneti-
cist has both abundance and inherent
genetic stability to work with.

Although further observations are re-
quired to assess certain complexities,
most cat populations approximate what
is known in genetics as the Hardy-Wein-
berg equilibrium. The expression means
that the frequencies of various genetic
factors can be stated in terms of theoret-
ical mathematical distributions apply-
ing when it is assumed that populations
are very large, randomly breeding and
free from the complexities introduced
by mutation, selection and migration. In
the real world, of course, these criteria
are never met. If they were, geneticists
would have nothing to study. The ap-
parent conformity of cat populations to
the Hardy-Weinberg equilibrium does
not mean that the influences of muta-
tion, selection and migration are not
important; rather, it means they take
a relatively long time to bring about
changes. Hence differences between
populations can be ascribed to systemat-
ic forces rather than erratic ones. With
cats one such force has been man, who
in taking cats with him wherever he has
gone has inadvertently conducted a se-
ries of experiments in population genet-
ics that can now be evaluated.

he basic strategy in population ge-
netics is the survey of a population.
In practice the survey is usually a sam-
pling. A sample can be gathered in a
variety of ways, but the object always is
to tabulate the frequency of phenotypes
(observable characteristics of the organ-
ism) controlled by mutant alleles (varia-
ble genes). From seven to 10 such char-
acteristics can be scored simultaneously
in cat populations by simply looking at
the cats.
The cats, of course, are only a tran-
sient packaging of genetic information.
In the final analysis it is the gene pool
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that is evolving. Therefore the geneticist
is seeking not phenotype frequencies but
mutant-allele frequencies, which are
usually quite different from what is ac-
tually seen because of the ways in which
each trait is inherited and interacts with
other traits. A discussion of the mathe-
matical manipulations whereby pheno-
type frequencies are translated into mu-
tant-allele frequencies would be out of
place here. The end result is the con-
struction of what is known as a cline
map, which shows the frequency with
which certain mutant alleles appear in a
given geographic area. The maps, then,
become the relevant observation. Three
such maps accompany this article; I
shall return to them when I discuss some
feline phenotypes.

Underlying any interpretation to be
made from the cline maps and the data
they reflect must be an appreciation that
what is being studied is the complex of
adaptations of an organism shifting
from one ecological niche to another.
The cat has moved, or is moving, from a
wild and predatory life-style to a domes-
ticated and subsidized one. It is evolving
to a new niche, which is essentially the
urban habitat. In the process it is experi-
encing a new set of interspecies and in-
traspecies relations.

What does this experience have to-do
with coat colors? In mammals there is a
definite (but only rudimentarily under-
stood) relation between pigmentation
and endocrine chemistry. For example,
the pigment melanin and the hormone
adrenalin share a metabolic pathway, a
common precursor being required for
the synthesis of each. Studies of several
kinds of animal have revealed that basic

THREE MUTANT CATS are portrayed in
the illustration on the opposite page, together
with the “wild,” or nonmutant, type (a). The
mutants, which embody traits controlled by
certain alleles, or variable genes, are nonagou-
ti (), which is most commonly represented
by the black cat; blotched tabby (c), and sex-
linked orange (d). The color, pattern and tex-
ture of the fur provide a ready means of as-
certaining the presence of the mutant alleles.



101
© 1977 SCIENTIFIC AMERICAN, INC



p . ¥ &
~ e . l
A s ; -
A O
, A gl el
A 4 : et
L 4 | - ‘( " - Py
Y - " Ny K M‘:‘l""' \"“
) " = 1 ‘- Wiy
y ”V‘— . L .‘ .-‘ A .I-’I A

'S '“’J/ r*m f*ﬁ T

b | ik

ol N> -;Ili.

o

VARIANTS CONTROLLED BY THE SEX-LINKED-ORANGE ALLELE are represented
by the tortoiseshell (a), calico (5) and marmalade (c) cats. Tortoiseshell and calico cats are usu-
ally female, since the orange mutation is located on the X, or £ le, chr e Af 1

has two X chromosomes and so can simultaneously express both orange and nonorange traits.
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behavioral traits such as fear and ag-
gression can be manipulated by simply
crossing different coat-color mutants.
Such effects have been documented for
rats, mice, mink and foxes; if the effort
were made, the same effect would al-
most certainly be revealed in cats and
probably in all other mammals.

A piece of evidence here is that virtu-
ally every mutation in the cat shows a
differential selective sensitivity to some
feature or features along an urban-rural
axis. For example, the genetic profiles of
the cats of London and Paris show more
similarities to each other than either
profile does to that of the rural cats of
Brittany. The selective forces responsi-
ble for these distinctions seem to be
powerful; in one study the cats of urban
and suburban Glasgow could be distin-
guished from one another. In a number
of ways this spectrum of habitats is a
spatial representation of the most im-
portant changes that have taken place in
the living conditions of. cats over the
centuries. Recall that only the small
towns and rural communities of today
retain ecological features that were al-
most universal until a few hundred
years ago. In ancient times a community
of 10,000 inhabitants constituted a ma-
jor urban complex. Only a few cities,
such as Alexandria and Carthage, had
populations of more than 100,000.

Since people and cats are inextricably
associated in the process of domesti-
cation, it is necessary to look at some of
the ways in which they do and do not
interact. I have already noted that inten-
tional human direction in modifying the
gene frequencies of cats is largely negli-
gible. There are, however, certain ex-
ceptions.

One of them might be termed novel-
ty selection. This phenomenon derives
from the human penchant for the odd
and the curious or for the esteem of rari-
ty. It may have had far-reaching ramifi-
cations in the history and development
of all domesticated animals, but it seems
most conspicuous today in the cat.

As background one should bear in
mind that a new mutation, whatever its
intrinsic adaptive value may be, is at a
high risk of loss through the vagaries of
chance. Geneticists refer to the process
as genetic drift. In populations of cats
one can observe that several mutant
alleles stand at values that give their
respective phenotypes a frequency of
about 10 percent over large geographic
areas or a maximum of 10 percent in
scattered localities. The figure holds for
mutant alleles that are inherited as dom-
inant (controlling traits such as white-
ness and polydactyly, referring to an ex-
cess of toes over the normal number),
recessive (long hair and the Siamese pat-
tern) or lethal (Manx taillessness), even
though some of the traits are not benefi-
cial to the animal.
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CLINE MAP indicates the distribution of the sex-linked-orange al-
lele in terms of percents. Such a map is made by sampling the cat pop-
ulation in a number of places and mathematically translating the ob-
servable traits of the sampled animals into mutant-allele frequencies.

The explanation seems to be that
when a phenotype reaches 10 percent, it
is no longer perceived as being novel
and is therefore regarded with indiffer-
ence. If the phenotype’s incidence be-
gins to fall, however, it may be favored
again. Hence a noteworthy type of selec-
tion, which could be called frequency-
dependent selection, operates to facili-
tate the introduction and maintenance
of genetic variation in populations. Pre-
sumably at the other end of the scale a
highly advantageous mutation will be
prevented from entirely displacing its
alternative (going to fixation) by the
same force. This unusual system may
underlie the richness of genetic variabil-
ity seen in domesticated animals, al-
though in the more exploited species the
variations are rapidly partitioned into
breeds tailored for some particular hu-
man requirement. In cats, since the an-
imals do not rank high in economic
or social affairs, such variations simply

become dispersed throughout popula-
tions.

Asecond exception results from what
can be called selective migration.
Paradoxically, what are water barriers
to most animals become veritable high-
ways to cats. Most domestic animals
have been transported over water, of
course, but usually they go under strict
control. Cats actually take up residence
on ships and come and go at will (at the
risk of being left in port). Apparently as
soon as men had mastered the art of
commercial navigation, cats became ha-
bitual members of the ship’s company.

The choice of feline shipmates may
do little more than extend novelty selec-
tion. On the other hand, it may promote
further genetic change owing to circum-
stances that enable basic aesthetic (or
other) preferences to become effective
agents of selection. Whatever the rea-
sons for the choice of cats, the effect in
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The contour lines give percents in increments of 10, and more precise
percentage figures are given for a number of cities. The clinal data
suggest that the focus of the sex-linked-orange allele, that is, the lo-
cation where the mutant first obtained a foothold, was in Asia Minor.

maritime migrations may be particular-
ly strong. The animals involved are of-
ten removed from the inertia implicit in
being part of a large population and are
transported to a smaller community.
A human preference that would be
swamped in a settled cat population can
become quite evident in a migratory
population.

Inevitably some mutations confer
special advantages in certain circum-
stances. A familiar example involves the
allele for darkness in moths; in normal
circumstances it is deleterious, making
the moth too conspicuous to birds, but
in sooty industrial areas it makes the in-
sect less conspicuous. When the normal
background rate of mutation is coupled
with novelty selection and migratory se-
lection, the generation of variability is
accelerated and the process of adap-
tation is facilitated. The mutant, pre-
served and secured, as it were, by special
selection, now comes under the influ-
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NONAGOUTI ALLELE is distributed as depicted in this cline map.
Agouti, named for the South American rodent that exemplifies the
condition, is a salt-and-pepper appearance caused by the fact that
each hair of the fur has a band of reduced pigmentation below the tip.

ence of natural selection, in the sense
that its fate is no longer linked directly
to the idiosyncrasies of man. The muta-
tion may impart some intrinsic superior-
ity, such as resistance to disease or a
broader tolerance in nutritional require-
ments, or it may modulate behavior in
such a way as to reduce friction between
species and within the species. Whatever
the contribution, new forces come into
play according to the nature of the ge-
netic difference.

In some cases mutants are most suc-
cessful in the heterozygous state. (An
organism receives half of its genes from
the mother and half from the father. If
both of the two gametes, or sex cells,
that fuse during fertilization carry the
same gene for a certain trait, such as
coat color, the offspring is homozygous.
If they carry different genes for the trait,
the offspring is heterozygous.) Hetero-
zygosity may impart a “hybrid vigor,” in
which case the mutants will reach an
equilibrium according to the relative fit-
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The nonagouti mutation eliminates the band and brings about a more
uniform pigmentation, which is most commonly black. The distribu-
tion suggests that a major focus of the mutation (some 2,500 years

ago) was in the

ness of the two homozygous alterna-
tives. Other factors may be most advan-
tageous only in one of the homozygous
combinations. Then the mutants rise
toward fixation at a rate that depends on
the relative adaptive values of the alter-
native genotypes. Finally, a mutation
may confer no inherent advantage, al-
though because of its novelty it is pre-
served and dispersed at low levels.
Among the four cat genotypes I shall
discuss below, the evidence suggests
that one, sex-linked orange, imparts a
heterozygous advantage; that another,
nonagouti (usually black), manifests
features of heterozygous and homozy-
gous advantage, depending on the cir-
cumstances; that a third, blotched tab-
by, is so powerfully favored in the
homozygous state that it is driving in-
exorably to displace its alternative al-
lele, the wild type, and that the fourth,
polydactyly, persists as a curiosity. My
assumptions about selective forces are
based partly on the clinal distributions
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n Mediterr:

, probably Greece or Phoenicia.

and partly on other evidence and the-
oretical considerations. No unequivo-
cal proofs have yet been produced; the
following discussion therefore serves
mainly to describe some of the hypothe-
ses that are being put forward as guide-
lines for further study.

It is worth noting explicitly the under-
lying assumption that the present heter-
ogeneous patterns of the four mutants
(as well as of other mutants) have arisen
from an ancestral population that was
relatively uniform and homogeneous.
Thus a fundamental influence in the dis-
tribution of any mutant is the time and
place of “origin,” by which is meant the
time and the site in which the mutant
initially secured a foothold. Such a point
becomes the focus for further dispers-
al, whatever the mutant’s precise geo-
graphic point of origin may have been. I
therefore employ the term focus to cov-
er the situation, with the understanding
that the literal place of origin may or
may not be coincidental.
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BLOTCHED-TABBY ALLELE exhibits this distribution. The map
can be read to suggest two foci for the allele, one (the more promi-
nent) in Britain and one in northeastern Iran. The westward flow of
the mutant from the focus in Iran seems to be merging in Asia Minor

Sex-linked orange is a mutant respon-
sible for a variety of well-known phe-
notypes, depending on the sex and the
genotype of the individual carrying the
gene and on certain interactions with
other mutants. The most familiar exam-
ples are the cats commonly called mar-
malade, tortoiseshell and calico. Tor-
toiseshell and calico cats are almost
always female, since the phenotype de-
pends on heterozygosity. (The orange
mutation is located on the female, or X,
chromosome. Since a female has two
such chromosomes, she can carry and
simultaneously express both orange and
nonorange. Males normally have only
one X chromosome, the other one being
Y, and so a male can express orange or
nonorange but not both at once.) This is
a fascinating story in itself, but in the
present context the relevant point is that
the frequency of the sex-linked-orange
allele is not known to rise above 36 per-
cent anywhere in the world; 25 percent
is closer to the usual level. This observa-

tion leads to the tentative conclusion
that the basic equilibrium is at about 25
percent, which is a likely level to obtain
in cases of heterozygous advantage.
Hence the most parsimonious interpre-
tation of the clinal distribution of the
sex-linked-orange allele is that where
the percentage is lower than 25 an equi-
librium has not yet been struck, and
where it is higher the equilibrium has
been disturbed.

The cline map showing the distribu-
tion of the sex-linked-orange allele pre-
sents an extraordinary pattern: an irreg-
ular central area with frequencies dis-
tinctly lower than those found outside
the core. The full explanation for this
pattern is elusive, but one of the geo-
graphic features—the corridor through
France, linking London and the Medi-
terranean—is explainable. The valleys
of the Seine and the Rhéne, augmented
inrecent times by an elaborate barge-ca-
nal system, have long been a highly de-
veloped maritime route employed as an
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with the eastward flow from the focus in Europe. The hypothesis of
Britain as a focus of the allele is supported by the numbers of cats
bearing the allele in New England, Canada, Australia and New Zea-
land, all of which were colonized over some 300 years from Britain.

alternative to the transport of goods by
way of the Strait of Gibraltar.

This inland conduit is a constant fea-
ture in the distribution of three of the
four mutants under consideration. It has
clearly served to promote the dispersal
of nonagouti, blotched-tabby and other
mutants but seems to have had an oppo-
site influence on sex-linked orange. The
low values of the mutant in parts of the
core, Rome and Marseilles in particular
and perhaps London too, are attribut-
able to the long, continuous presence
of large populations of cats. When sex-
linked orange reached those areas, it
would have represented only a small
fraction of all the alleles present. Hence
the low frequency of the mutant in the
corridor reflects little more than the re-
duced opportunity for the recruitment
of sex-linked-orange cats as migrants.
The long stability of the cat population
in turn probably reflects the centuries of
Roman hegemony in the region.

Can the focus of the mutant be de-
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duced from the clinal distribution? The
relatively high frequency of sex-linked
orange along the northern coast of Afri-
ca, in the Balearic Islands and along the
Mediterranean coast of Spain suggests a
migration from the east over water. Asia
Minor therefore emerges as a potential
focus, since the frequencies there are
comparatively uniform and presumably
at an equilibrium over a large area. With
certain exceptions the levels drop off in
every direction.

What, then, would account for the
high frequency of the mutant in the is-
lands off the northern and western
coasts of Scotland and to a lesser extent
in rural Iceland, the Faroe Islands and
the Isle of Man? The frequency of domi-
nant white is also higher there than al-
most anywhere else. Could it be that
1,000 years after they were introduced
to these last outposts of European civili-
zation cats still reflect what may have
been aesthetic preferences of the Vi-
kings?

The only other place where this com-
bination of orange and dominant-white
frequencies is known to occur is the re-
mote district of Van in eastern Turkey.
It is noteworthy that dominant-white

cats, although they may be pleasing to
the eye, are basically a disadvantaged
genotype. They suffer from reduced via-
bility, and the ones that survive are of-
ten afflicted with defects of sight and
hearing and are susceptible to certain
kinds of skin cancer. Wherever their
numbers are high, the hand of man can
be inferred. The evidence suggests that
the Vikings selectively transported this
profile of sex-linked orange and domi-
nant white from their contacts on the
Black Sea and planted it in the North
Atlantic.

Turning to the mutant nonagouti, the
most common manifestation of
which is the black cat, certain broad fea-
tures are worth mentioning. Agouti (so
named because the agouti, a South
American rodent, exemplifies the suite
of characteristics well) is a basic mam-
malian condition. The agouti phenotype
is due primarily to the distribution of
melanin in the hair shaft in such a way as
to produce a band of reduced pigmenta-
tion below the tip of the hair. The result
is a salt-and-pepper, or brindle, pattern.
A simple recessive mutation, nonagouti,
eliminates this band and so gives rise to
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a hair that is more or less uniformly pig-
mented along its length.

Most mammals are agouti, but most
domesticated mammals are nonagouti.
The cat is something of an exception in
that everywhere it shows a sharp dimor-
phism for the two alternative states.
Some 150 surveys have revealed that
nonagouti stands at above 50 percent.
The finding is strong circumstantial evi-
dence that a basic equilibrium exists at
this level and that it is probably deter-
mined by heterozygous advantage.

Can the hand of man be seen in the
distribution of nonagouti cats? The
highest frequencies of the mutant are
found in Britain and in parts of north-
west Africa. Slightly lower frequencies
predominate along the narrow corridor
through central France and throughout
most of the Mediterranean; Rome and
Venice are conspicuous exceptions.

The evidence is strong that the non-
agouti mutant is favored by the urban
habitat. If the evidence is construed to
mean that the mutant is instrumental
in fostering the cat-human affiliation,
some sensible interpretations can be
made. The high values in Britain stem
from the high degree of affiliation im-
plicit in selective migration, reinforced
by intensive urbanization. The signifi-
cance of the corridor through France is
again that it had a principal role in the
movement of commerce.

Although the British and northwest
African areas are undoubtedly serving
now as major foci, the high frequencies
of the mutant there were created initial-
ly by the sequential intensification of
frequencies through selective migration.
In other words, each time people em-
barked to expand their sphere of civi-
lized activity they took along an increas-
ingly concentrated sample of nonagouti
cats. Was the first step in this process, at
least in the classical Mediterranean, tak-
en by Greeks and Phoenicians in their
colonization of Massilia and Carthage?
Was a second step taken by Carthagin-
ians when they founded communities
in the Balearics, Algeciras, Tangier and
Rabat?

Blotched tabby displays a close ap-

proach to the ideal dissemination of
a mutant. The pattern, taken at face val-
ue, suggests a British focus (and in this
instance probably a British origin), pen-
etration through France and a rapid
spread eastward across the Mediterra-
nean. An eastern focus hasrecently been
identified in or adjacent to northeast
Iran. The westward flow from this focus
seems to be merging on the Anatolian
plateau of Asia Minor with the eastward
flow from Europe.

The selective advantage shown by the
blotched-tabby mutant is a mystery.
The type is clearly spreading like an epi-
demic that will apparently engulf all cat
populations. Even among the feral cats
of Tasmania the mutant demonstrates



superiority to the alternative (the wild
type) in the face of a selection pressure
that is rapidly reducing most of the oth-
er mutants to low levels.

Since the blotched-tabby allele pre-
sumably arose rather recently, and since
it shows such a powerful impetus to
spread, few clues for tracing its history
can be found in the Old World clines.
Data from the New World, Australia
and elsewhere supplement the picture of
Britain as a focus.

Beginning in the 17th century British
cats were exported to lands that had no
indigenous cats. New England, Canada,
Australia and New Zealand were all re-
cipients, at different times, of British
propagules. If the premise is accepted
that each of these populations was based
on a representative sample of British
cats drawn off over a period of 300
years, an interesting relation appears
between the frequency of certain alleles
and the time of sampling. Blotched tab-
by is the key to this analysis, since it
shows a dramatic correlation.

Suppose various places are assigned
dates according to the time of initial set-
tlement, and the present genetic profiles
of cats in those areas are taken to ap-
proximate those of the original cat pop-
ulation; it is then possible to plot time
against frequency. This exercise reveals
atrend, established in the first 200 years,
that predicts the present frequency of
blotched tabby in Britain with remark-
able accuracy. The finding reinforces
the appraisal, based on the cline map of
the Old World, that the blotched-tabby
allele has been rising rapidly in Britain
and diffusing into surrounding popu-
lations. Comparable analyses of the
exploration and colonization by the
Dutch, the French, the Portuguese and
the Spanish would probably yield simi-
lar pictures.

My final example concerns a muta-
tion resulting in extra digits. (Polydacty-
ly, meaning many digits, is not really an
accurate term.) Cats with this condition
are common in New England, New
Brunswick and Nova Scotia, where they
may constitute more than 10 percent of
all individuals. Elsewhere, however, ex-
cept for isolated pockets, they are rare.

The evidence suggests a New England
origin, or at least a New England focus,
for the dispersal of such cats, doubtless
on the basis of novelty. The strong likeli-
hood that the cats must have been pres-
ent in, say, Boston by the middle of the
18th century is supported by their equal
abundance today in Halifax. That city
was not founded until the middle of the
18th century, and then it was at first a
center of commercial activity involving
New England and later a refuge for
thousands of Loyalists fleeing the Amer-
ican rebellion. It would seem that the
people who traveled to Halifax trans-
ported more than goods, services and
political persuasions. They also took
their polydactyl cats.
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The Functions
of Paleolithic Flint Tools

The microscopic examination of the working edges of certain stone

implements used by ancient hunters makes it possible to distinguish

among such uses as scraping hide, cutting meat and sawing wood

Imost the only evidence of man’s
presence on the earth for a period
of more than half a million years

is vast numbers of stone tools. Some are
made of basalt, some of quartzite or
quartz and some of the volcanic glass
obsidian. In many places the majority
are made of flint. As soon as these ob-
jects were recognized as man’s handi-
work they were assigned names based
on guesses about their probable func-
tion. The French began the process with
coup-de-poing, which in English became
“hand axe.” A multitude of other func-
tional names followed: “end scraper,”
“side scraper,” “blade,” “point,” “bu-
rin” and the like. Although generations
of prehistorians have used such names,
there has been scarcely any tangible
evidence on what purposes the stone
tools actually served.

Over the past 15 years students of ear-
ly man have grown sufficiently dissatis-
fied with this state of affairs to do some-
thing about it. The result has been the
development of a methodology known
as microwear analysis, which reveals the
functions of many early flint imple-
ments. The evidence is almost indelibly
recorded in the form of microscopic
traces of wear on the working edges of
the flint.

One reason for the current lively in-
terest in the function of stone tools is
that progress in the methods of absolute
dating, such as carbon-14 analysis, has
freed many prehistorians from two for-
mer preoccupations. The first was, in the
absence of absolute dating, the con-
struction of relative chronologies. The
second was closely related to the first: it
was the search for “cultural” similari-
ties between assemblages of stone tools
from different areas. Such similarities
aid in the construction of interlock-
ing regional chronologies. Early in the
1960’s a new school of prehistorians be-
gan to offer fresh hypotheses to explain
the variations between and within re-
gional assemblages of tools.

In this view the variations were attrib-
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utable less to chronological and cultural
differences and more to differences in
function. For example, the new school
sought to explain the differences be-
tween the kinds of tools present in two
roughly contemporaneous assemblages
in terms of the different kinds of activ-
ity the tools’ users could have pursued
in the two places. Proponents of this
school argued that in attributing such
differences to “cultural” distinctions be-
tween two unrelated groups the older
school was misreading the evidence.

A vital prerequisite to the testing of
the functionalhypotheses was a detailed
knowledge of what the artifacts were
used for and how. In 1964 Prehistoric
Technology, a summary of the studies of
tool function conducted by the Russian
prehistorian S. A. Semenov, was pub-
lished in an English translation. Seme-
nov and his colleagues at the Leningrad
Academy of Sciences had established
the fact that tools of even the hardest
stone retained actual traces of their use
in the form of polishes, striations and
other alterations of the tools’” working
edges. More often than not the traces of
wear were visible only at quite high
magnifications. It seemed to scholars in
Britain and America that at last the
means were in hand for pursuing just the
kind of information about tool function
that the new hypotheses required.

Semenov's functional interpretations
of the uses of Paleolithic and later
stone implements unearthed in the
U.S.S.R. were fascinating but also tanta-

lizing. He had not included a detailed
account of the methodology that
formed the basis for his interpretations.
To make matters worse, the particular
kinds of microscopic equipment em-
ployed by Semenov were then available
only in the U.S.S.R., and so the transla-
tor had omitted most of the few techni-
cal details Semenov had included in his
original.

As a result a number of prehistorians
outside the U.S.S.R. proceeded to do
microwear analysis armed only with
the translation of Semenov’s book and
stereoscopic microscopes that often had
a maximum magnification of 80 diame-
ters. In addition to this technical handi-
cap the implements these workers se-
lected for study were made from stone
materials quite unlike those found in the
U.S.S.R. Disappointment and disillu-
sionment followed as one investigator
after another found Semenov’s results
impossible to substantiate.

This situation, however, was scarcely
surprising. For one thing, in most cases
the investigators could not even see mi-
crowear features such as the polishes
and striations Semenov had observed
because the magnifications they were
working with were far too low. For an-
other, the low-magnification wear fea-
tures they could see (primarily edge
damage, the small breaks and flake scars
on the working edge of the tool) did not
allow precise and unambiguous inter-
pretations of tool function. Many inves-
tigators came to the conclusion that
SemenovV’s interpretations were suspect

ALTERED MICROTOPOGRAPHY of the working surfaces of flint tools is seen in the scan-
ning electron micrographs on the opposite page. At the top left is the edge of an unused flint;
it is magnified 300 diameters. At the top right is a closer view of an unused flint surface, mag-
nified 1,700 diameters. The author used the flint edge and surface in the middle (magnified
140 and 1,700 diameters respectively) to scrape dry hide. The tool edge is markedly rounded,
and the topography of the tool surface has been altered by contact with the hide so as to acquire
an extreme matte texture. The author used the edge and surface seen at the bottom (magnified
70 and 130 diameters respectively) to scrape bone. Both edge and surface show the uneven to-
pography produced by such work; characteristic small pits have developed on the flint surface.

© 1977 SCIENTIFIC AMERICAN, INC



© 1977 SCIENTIFIC AMERICAN, INC




WOOD POLISHES produced on the working edge of three modern replicas of flint tools are
visible in these micrographs; all enlarge the surface 300 diameters. The author scraped yew
wood with the tool at the top. A characteristically bright wood polish has begun to appear on
the elevated parts of the flint. He whittled birch wood with the tool in the middle; the extent of
the polish is attributable in part to the wider contact between tool and workpiece. He scraped
yew extensively with the tool at the bottom; the depressions on its edge are almost obliterated.
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and that microwear analysis simply did
not work. Nevertheless, the demand for
information about the functions of
stone tools ensured that the research
would continue.

As a result of this chain of events in-
vestigators outside the U.S.S.R. concen-
trated on studies of the edge damage
that could be observed with low-pow-
ered stereomicroscopes and ignored the
polishes and striations that only begin to
be visible at a magnification of 200 di-
ameters. Many edge-wear studies sensi-
bly relied on experiments. Modern rep-
licas of Paleolithic implements were
made and were used in various ways to
work on a wide range of materials in
order to determine whether the resulting
traces of wear differed from material to
material. Most of these programs, how-
ever, involved too few experiments,
controlled too few variables and were
too limited in scope to achieve anything
useful.

The one adequate program employ-
ing the low-magnification approach to
the analysis of edge damage was con-
ducted at Harvard University by Ruth
Tringham and her students. When the
results of the work were published in
1974, the chief demonstrable distinction
proved to be one between work on
“hard” materials (such as bone, antler
and wood) and work on “soft” materials
(such as meat, hides and nonwoody
plant materials). No reliable criteria
were found for distinguishing between
different methods of working, such as
scraping, whittling, sawing, cutting and
the like. It was also impossible to distin-
guish between on the one hand edge-
damage scars resulting from the actual
use of an implement and on the other
hand small scars created in the course of
manufacture or by the implement’s rub-
bing against other hard materials during
millenniums of burial.

first undertook research in microwear

in 1972 after a review of the literature
in the field and some preliminary stud-
ies. These preliminaries convinced me
that I should employ a wider range of
microscope magnifications and tech-
niques than others had. I began with a
program of experiments designed to
provide a framework for analysis of
the functions served by particular sets
of flint implements from English sites
of the Lower Paleolithic: 500,000 to
100,000 years ago.

I had three microscopes at my dispos-
al: a light stereomicroscope with a range
of magnifications between six and 50 di-
ameters, a light microscope with a range
between 50 and 1,000 diameters, and
my principal research instrument, a mi-
croscope with an incident-light attach-
ment and a range between 24 and 400
diameters. I also made occasional use of
a scanning electron microscope, mainly



for magnifications above 500 diameters.

After making replicas of Paleolithic
stone implements I conducted a series of
nearly 200 tests, processing a variety of
foodstuffs and other materials in many
different ways. I also subjected certain
implements to the kinds of natural wear
that are likely either to make microscop-
ic scars similar to those made by human
use or to erase such scars. Along this
same line I was able, thanks to the avail-
ability of large numbers of Paleolith-
ic implements that had been subjected
to wear by soil movements, chemical
weathering and abrasion by waterborne
and wind-borne sediments, to compare
this natural kind of wear with my exper-
imental results.

The key finding that emerged from
those tests was that microwear polishes
on the working edges of modern repli-
cas become visible at magnifications be-
tween 100 and 400 diameters under illu-
mination striking the sample at an angle
of 90 degrees to the optical axis of the
microscope. The different kinds of pol-
ish can readily be distinguished from
one another. Whether the activity was
cutting or whittling wood, cutting bone,
cutting meat or scraping skins, I found
that each produced a characteristic kind
of work polish.

The work polishes proved to be dura-
ble; they could not be removed from my
replica implements even with chemical
cleaning. I applied caustics that ran the
full pH spectrum from an extreme base
(sodium hydroxide) to an extreme acid
(hydrochloric) without effect. The same
was true with various organic solvents. I
concluded that the work polishes repre-
sent real and permanent alterations in
the microtopography of the flint. Ac-

cordingly similar polishes seemed likely |

to have survived unaltered on flint arti-
facts of great age. This being the case, it
should be possible to infer from the
traces of microwear observable on a Pa-
leolithic tool just what use that particu-
lar tool had served.

he distinctive microwear polishes
can be described as follows.

Wood polish: The tool edge shows a
polish that is consistent in appearance
regardless of whether the wood being
worked is hard, soft, fresh or seasoned.
The polish is also the same regardless
of the manner of tool use. It is very
“bright,” reflecting a considerable per-
centage of the incident illumination, and
very smooth in texture. Because the pol-
ish first develops on the elevated parts
of the microtopographic surface of the
flint its gross appearance is affected by
that topography up to the point where
the contact area becomes completely
polished. Thus if the original topogra-
phy of the flint is coarse, the polish in its
initial stages will be distributed in a net-
like pattern. If the flint is fine-grained,
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the polish is soon evenly spread. Re-
gardless of the distribution, the polish
has a constant bright, smooth character.

Bone polish: The tool edge is bright,
but the polish has a rough, uneven tex-
ture that lacks the smoothness charac-
teristic of wood polish. One distinctive
feature of the rough texture of bone pol-
ish is the presence of numerous pits on
the otherwise bright surface. Bone pol-
ish develops more slowly than wood
polish. On a modern replica, even after
prolonged use, the polish is seldom very
extensively developed. My experiments
revealed no consistent differences be-
tween the polishes on tools used to work

cooked bone and those on tools for
working uncooked bone, or between the
polishes on tools used to work bone be-
longing to different species of animals.
Hide polishes: Here the tool edges do
not develop a single distinctive kind of
polish. The hide polishes differ depend-
ing on the material being worked. They
range from a relatively bright polish
with a greasy appearance (produced by
working fresh wet hide) to a dull matte
polish (produced by working dry hide or
leather). The differences are attributable
to variations in the quantity of lubri-
cants present in the animal skin at differ-
ent stages. A fresh hide gradually cre-

ates a polish not unlike that created by
the cutting of meat. As the hide becomes
progressively drier it contains progres-
sively less lubricant, and the tool polish
not only develops faster but also is dull-
er and less greasy in appearance. If the
hide is fully dried or tanned, the polish is
quite dull and shows an extreme matte
texture. Regardless of these differences
in polish all hide-working tools show
two characteristic kinds of microwear.
One is relatively severe attrition of the
working edge of the implement, that is,
removal of flint by means other than
breakage or scratching. This attrition
gives the stone implement a markedly

PALEOLITHIC FLAKE TOOL, a “side scraper” from Hoxne, an
Acheulean site in England, was among some 800 flint implements ex-
amined for evidences of microwear by the author. The top of the flake
(right) still shows some of the outer surface (lighter area) of the nodule

REPLICA AND ORIGINAL are compared in these micrographs.
The tool edge at the left was used by the author to scrape dry pigskin
for an hour. The edge, seen here magnified 300 diameters, developed

© 1977 SCIENTIFIC AMERICAN, INC

of flint the flake was struck from. Lines and arrows (color) indicate
the working edges of the tool. Prehistorians have assumed that scrap-
ers were used to process animal hides. Microwear traces found on
the flake lend support to such an assumption (see illustration below).

a dull matte work polish and had become rounded by wear. The edge
of Hoxne scraper (right) is seen magnified 300 diameters. It shows
the same dull matte polish and wear-rounding the replica tool does.
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rounded edge. The other characteristic
is the development of shallow and dif-
fuse linear surface features that run par-
allel to the direction in which the tool is
moved. These diffuse linear marks are
similar to the striations caused by other
kinds of materials, but they cannot be
mistaken for such striations, which are
much more prominent.

Meat polish: The tool edge that is

(a

BIFACIAL TOOLS from two Lower Paleolithic sites in England are
a “chopper” from Clacton-on-Sea (/eft) and a “hand axe” from the

TWO WORKING EDGES are magnified 300 diameters. At the left
is one edge of the “bit” of the Clacton biface. The presence of wood
polish indicates that the supposed “chopper” was used for woodwork-
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used to slice meat and other soft animal
tissue develops a microwear polish rath-
er like the polish produced by working
fresh hide. This polish is easily distin-
guished, however, from the polishes cre-
ated by the working of dry hide, bone,
antler, wood and nonwoody plant mate-
rials. Pronouncedly greasy, it is at the
same time dull rather than bright. Thus
with respect to brightness the contrast

© 1977 SCIENTIFIC AMERICAN, INC

between meat polish and an unaltered
flint surface is slight. For this reason
meat polish does not show up well in
photomicrography. The distinction is
nonetheless clear to the eye. The grainy
texture characteristic of raw flint is re-
placed by a matte texture that, although
it seems to preserve the original surface
microtopography, has actually trans-
formed the elevations and depressions

Acheulean site Hoxne. Lines and arrows (color) locate their working
edges. The microwear analysis shows they served different functions.

ing; damage to the bit point, not visible here, indicates that the tool
was used to bore holes. The edge of the Hoxne “axe” at right shows
dull, greasy work polish characteristic of meat-cutting implements.
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into a semicontinuous surface. Tools
that show meat polish also frequently
bear short, narrow striations.

Antler polishes: The edges of tools
used to work antler exhibit one or anoth-
er of two distinctive polishes. The differ-
ence depends on how the tool was used.
Scraping, planing or graving antler
leaves a very bright and smooth polish.
Sawing antler, however, leaves a polish
like bone polish: it is bright but pitted. In
its early stages of development smooth
antler polish is sometimes virtually
indistinguishable from wood polish:
When it is further developed, the pol-
ished surface displays small scattered
depressions, giving it a pockmarked ap-
pearance that is quite different both
from a wood polish and from the strong-
er surface pitting characteristic of the
rougher antler polish. My experiments
with antler were conducted almost en-
tirely with samples that had been soaked
for a day or two in water. Dry antler is
so hard that stone tools used to work it

are dulled by edge damage before any-
thing has been accomplished. Water-
soaked antler, however, is quite easy to
work.

Nonwoody plant polishes: The edges
of tools used to cut nonwoody plant
stems, such as grasses or bracken, ac-
quire a “corn gloss.” The characteristic
feature is a very smooth, highly reflec-
tive surface with a “fluid” appearance. If
any striations are present, they often ap-
pear to be “filled in.” At the same time
the polished surfaces of the working
edge develop curious comet-shaped
pits. As the term implies, corn gloss is
most commonly found on the flint sick-
les used by Neolithic farmers to harvest
domesticated species of the grass fami-
ly. As I was to discover, however, some
nonwoody plants were cut in Lower Pa-
leolithic times, and the cutting tools de-
veloped the same kind of gloss.

Work polishes alone enable the inves-
tigator to infer what materials were
processed with various flint implements.
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RELATIVE BRIGHTNESS of various work polishes is shown in this reflectivity graph as a
function of two measurements. The ordinate values indicate the amount of light reflected
from a standard area of polished surface under normal light-field illumination, as registered
in microamperes on a photometer. The abscissa values indicate differences between the re-
flectivity of polished and unpolished surfaces of an implement under dark-field illumination:
the smaller the difference, the rougher the texture of the polished surface. The brightest and
smoothest of the work polishes were the “corn glosses” produced by cutting nonwoody plant
stems rich in plant opal. Colored dots indicate the readings on Neolithic flint sickle blades
from Syria; the triangles, the readings on Neolithic blades from Bavaria. Among the dullest
and roughest of the work polishes were the ones formed on modern replicas by work on greasy
hide (black triangles); the polishes produced by work on dry hides (black dots) were rougher
but brighter. Polishes produced by working wood (black crosses) were smoother and brighter.
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If one is to determine how the imple-
ments were used, however, one must
rely on several other kinds of microwear
evidence. Perhaps most important are
the distribution and orientation of such
linear wear features as striations. Other
kinds of evidence include the location
and nature of edge damage and the loca-
tion and extent of the polished working
portions. All such evidence must be con-
sidered in relation to the general size
and shape of the tool. In the broadest
terms, once an inventory of the various
kinds of microwear evident on a particu-
lar implement has been made, one then
asks how the tool must have been han-
dled to acquire the observed features.
For example, microwear traces on both
sides of a working edge, combined with
striations that run parallel to the edge,
are the strongest kind of evidence that
the implement was used for sawing or
cutting. Analysis of the work polish
should then indicate what material was
sawed or cut.

aving established six broad catego-
ries of polishes, I was prepared to
apply my experimental results to select-
ed Paleolithic artifacts. A skeptical col-
league suggested, however, that I first
submit my analytical technique to a
blind test. The colleague, Mark H. New-
comer of the University of London, had
strong doubts about the validity of mi-
crowear analysis. We agreed that he
would make several replicas of flint
tools and then work on various materi-
als with them. After recording what he
had done with the tools and then clean-
ing them, he would send them to me for
analysis. Thereafter we would meet and
compare my inferences with his records
of the actual uses. Newcomer made 15
replicas of ancient flint tools and did
various kinds of work with a total of 16
tool edges.

The results of the blind test were in-
structive. To be sure, the number of
implements was small. Nevertheless, I
identified the working portions of the
tool edge in 14 edges of the 16. For 12 of
the edges I was able to reconstruct the
mode of tool use and for 10 of them to
infer the kind of material worked.

Some of the inferences were remark-
ably close to the mark. For example,
Newcomer had skinned a hare with a
double-edged tool, using one of the
edges for the actual skinning and the op-
posite edge to sever those parts of the
limbs that remained with the skin during
hide preparation. I identified the wear
on the skinning edge as meat-cutting
polish. (I had no way of knowing that in
this instance the meat was less than a
millimeter below the skin.) The micro-
wear on the opposite edge I interpreted
as the result of breaking a joint.

With another implement Newcomer
had cut fresh meat resting on a wood
cutting board. I was able to distinguish
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Youd expect McDonnell Douglas to build
the best fighter aircraft in the world...

. .l:illt would you expect “lasm to write
on the sky, make new airp es/'

out of old, keep records
for hospitals, or build
refrigerators for the Arctic?

In aerospace, one often wonders what wonders will come along next.
A current wonder is the F-15 Eagle, the best fighter aircraft in the world.

The Eagle can climb straight up faster than the speed of sound,
find targets in clouds and darkness, and pounce on them with rockets, missiles
and guns. (It turns so tight, one test pilot tells us, that his socks are

pulled into the heels of his shoes.)

Sleek and graceful, the Eagle is the child of ingenuity and hard work.
Its engine thrust is greater than its weight. Its airframe and skin are carved by
computer driven machines from titanium and steel, from aluminum and composites.
Inside are advanced electronics to help it fly and keep it flying.

It's the Eagle. The American Eagle. If we didn’t have it, we’d have to invent it.

Wiite on the sky? L
Yes. Our electronics engineers 33
joined with our experts in optics to =" N\ % =
create a Head-Up Display for the Y
F-15 Eagle. It makes it possible for
pilots to fly their missions without
taking their eyes off the target or
their hands off the stick and
throttle. Called by the
acronym “HUD,” the display
is electronically linked to the
Eagle’s instrument and armament
systems. The information gathered
is projected through cleverly
arranged lenses to appear at
infinity in the sky ahead.
Pilot instructions for bad weather
landings and for combat, plus
speed, altitude and attitude
information, are constantly

'-’m [\ s =
presented “out there.”” HUD even
tells the pilot when he’s on target
and in range, and helps guide him
to a hit. HUD. It helps make the
F-15 the world’s best fighter.

Will it have commercial airline
application? Soon. In your car?
Someday. s
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Ever wonder what happens to
old airplanes? Well, DC-3s seem to
keep flying on and on. But many
others of early vintage disappear
as scrap. Not so with early models
of our DC-8, a plane that helped
introduce the jet age. At our Tulsa
division they’re stripped of
passenger pleasantries; freight
floors and doors are installed,
windows plugged, liners and nets
added. They get new engines as
necessary, and then they’re rolled
out to begin life anew as bargain-
priced airfreighters structurally
ready for tens-of-thousands

more hours of flying. Got one

you want modified? We’ll do it.
Need one to have modified?
We'll find it for you. yy
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For building airplanes,

or rebuilding them, we use
computers. More than a hundred
of all sizes. Seventeen years ago
we began sharing our experience
and our computers with other
businesses, and since then our
MCAUTO™ division has grown
into one of the nation’s top data
services organizations. We are one
of the suppliers of hospital data

services, keeping financial and
health care records for over
400 hospitals in 40 states, helping
hospitals to stay out of the
computer business while enjoying
the efficiency of modern data
processing. We’re not the only one
in the field. But we are the best. If
you serve on a hospital board or in
administration, look into this.

Our cost and service benefits

will make your day.

Building jetliners, spacecraft

and fighter planes occupies much
of our time, but minds that meet
aerospace challenges often come
across solutions to other problems.
After a fire at the Government
Records Center in St. Louis, for
example, our engineers set our
space simulation chambers to

work saving millions of water-
soaked records. Tons of soggy
papers were placed in vacuum
vessels and dried. Priceless

records were recovered. We've
since dried museum artifacts, even
bundles of accidentally-doused
uncashed checks. “There are times,”’
it is said, ““when business shouldn’t
be all business.” We agree.

Space spinoffs are now

affecting our daily lives in more
ways than most of us know.

An idea for temperature control was
developed with NASA and used
aboard the Skylab space station;
some of our engineers thought it
might stabilize foundations
subjected to the violent freeze-
and-thaw conditions of the Arctic.
Tests proved that soil refrigerators,

called Cryo-Anchors, could indeed
keep the soil permanently
frozen under
building

foundations. We made more than
100 thousand to support the
foundations of the trans-Alaska
pipeline. So as the hot oil flows
above the permafrost, remember
that spaceflight played a role.

And when you think of us,
please don’t think of just wings
and tails. Far be it from us to turn
away from an idea just because it
doesn’t fly. If one of the
technologies discussed piques
your interest, put your thoughts
on your letterhead and send them
to us. We’ll be in touch. Write
McDonnell Douglas, Box 14526,
St. Louis, MO 63178.

o+

/

MCDONNELL DOUGLAS

EQUAL OPPORTUNITY IN PROFESSIONAL CAREERS. SEND RESUME: BOX 14526, ST. LOUIS, MO. 63178
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This advanced scientific calculator utilizes
recent developments and refinements in semicon-

ductor technology to provide you with a powerrful
calculating instrument. An instrument of the finest
engineering quality capable of solving awide variety
of problems. Yet the simplicity of the keyboard and
the use of the more efficient method of Reverse
Algebraic Notation (RPN) make this the most useful
problem solving computer available. With the
innovative four (4) register operand stack and the
unique feature of nine (9) seperate storage
memories, anew dimension in sophisticated math-
ematical and scientific equation solving is intro-
duced, with full confidence of accuracy

Entries and results can be as small as 0.1x 10°%° or
as large as 9.9999999999 X 109, and can be
displayed on the Large LED read out in either a 12
digit floating decimal Mode or the scientific Notation
Mode with a 10 digit Mantissa and a 2 digit
Exponent. The Mark 55 has been designed for
ease of operation but still provides a complete
range of scientific and engineering functions. A
power scientific calculator that is only available
today because of the great technical and engi-
neering achievement accomplished in the field of
Micro-Electronics.

This unit comes complete with rechargeable
batteriesand the A.C. adapter/recharger Protective
padded carrying case and detailed operating
instructions included Size'6%" X 3" X 1"

GOOD IDEAS, INC.
One Ranch Mart Buffalo Grove, 1l 60090
(312) 5376550 For Credit Card Orders

Please send the following

—Mark 55 *Scientist” at $39.95 plus
$3.00 Shipping

Mark 90 ‘Programmable Scientist’
at $59.95 plus $4.00 Shipping

(Il Residents Add 5% Sales Tax)
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The Scientist

The APF Mark 55
Advanced Scientific Calculator

Only
$3995

Special Features:

¢ 12 Digit LED Display plus the Sci-
entific Mode of 10 Digits with
2 Exponents.

* Operates using the
Method of RPN logic

* 30 Keys with over 55 Functions

* Floating Decimal Mode

.+, - X, =

* Trig, and inverse trig functions in
radians or Degrees

/X, x2 1/x, plus x° Factorial

* Powers: yX; Roots \/y, LN x, ex, log
x, 10x

* Hyperbolic Functions

« Percentages, Markon, Yield, Delta %

+ Statistical Functions, Mean, Standard
Deviations

¢ Vector Summation

e Pl (TT) Function

* 9 Storage Memories

¢ Polar/Rectangular Conversions

* 8 Metric Conversions

* Rechargeable Batteries
(recharger adapter included)

Computer

Manufacturers Warranty-One Full Year

The Programmable Scientist

The APF Mark 90 ‘Programmable Scientist® is a
powerful calculator designed to bring many of the
features found on large scale computer systems
into your hand. The 72-Keystroke program storage
gives you the capability of solving complex mathe-
matical and scientific models, preparing statistical
and trend analysis and preparing projections and
forecasts with a minimum of effort. Your time is
maximized for the *Programmable Scientist® mini-
mizes your input effort by automating the time-
consuming programmable data.

The APF “Programmable Scientist® has the special
features of the Mark 55 Scientist, plus Spherical/
Cartesian Conversions, Linear Regressions with
trend analysis, slope and intercepts. An additional
memory has also been included. If your computer
needs are complex and your problem solving task
more time consuming, the *Programmable Scienist”
may be your answer Manufacturers One Year
Warranty Through special arrangements with the
manufacturer, we are able to offer this special
computer at $59.95.

O Check or M.O.
O BankAmericard
[ Diners Ciub

Card No

[0 American Express
[0 Master Charge
O Carte Blanche

Bank No.

Exp. Date
Name.

Address.

City. State. 2Zip.

Signature,
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between the microwear caused by the
cutting of the meat and the incidental
wear caused by the contact between the
flint and the cutting board.

Even some of my misinterpretations
were not unreasonable. For example,
Newcomer had used the edge of one
flint tool to cut frozen meat, which
leaves few traces of wear. He had cut the
meat on a wood board, however, and
contact with the board did leave discern-
ible traces. I interpreted the resulting
microwear as characteristic of an imple-
ment used very delicately on wood.
Since Newcomer’s tests were the first
check on the validity of high-resolution
microwear analysis, I found the results
quite encouraging.

It was now time to apply the tech-
nique to selected Paleolithic artifacts.
Three classic British sites of the Lower
Paleolithic period met the desired crite-
ria. First, flint implements from all three
sites are well preserved; they have not
accumulated the surface patina that
would conceal or destroy the evidence
of microwear, and they have usually es-
caped damaging natural abrasion. Sec-
ond, all the artifacts had been recent-
ly excavated, ensuring that their strati-
graphic position in the ground had been
recorded under strict controls and that
they had been carefully handled and
stored to eliminate the danger of post-
excavation damage. The sites were
at Clacton-on-Sea in Essex (the “Golf
Course site”), at Swanscombe in Kent
(the “Lower Loam”) and at Hoxne in
Suffolk (mainly the “Lower Industry”).

he Clacton site has given the name

Clactonian to an entire Lower Pa-
leolithic flint-tool industry that flour-
ished some 250,000 years ago during the
early stages of the Mindel-Riss intergla-
cial period. The distinctive flake tools of
the Clactonian industry were made by
striking rather coarse flakes off nodules
of flint and trimming a few of the flakes
into the desired shape. Some of the left-
over “cores” of flint were also employed
as tools.

The Lower Loam at Swanscombe is a
somewhat later Clactonian site, occu-
pied during the same Mindel-Riss inter-
glacial period. The stone artifacts from
the Lower Loam include tools made on
flakes. Hoxne, a still later site, has yield-
ed refined tools worked on both sides.
These ‘“bifacial” implements are typo-
logically assigned to the Acheulean, a
Lower Paleolithic industry named after
Saint-Acheul, the site in France where
such implements were first found. The
Hoxne strata also contain an abundance
of flint flakes, many of them the waste
left over from production of the bifacial
tools.

The total number of artifacts in suit-
able condition for microwear analysis
was not large. The Clacton group in-

| cluded 144 tools from a layer of gravel
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Thousands were sold at the nationally advertised price of $39.95. Through
special arangement with the manufacturer, Hauman House is proud to
offer Calcupen, the amazing pen with a built-in calculator at only $19.95 ...
an unbelievable 50% off the original price.

a constant companion

Cary this incredible pen in your pocket
or purse for just a few days, and it's got
to become habit forming. CALCUPEN
will be your constant companion . . .
checking addition before you sign
restaurant and hotel tabs . . . keeping
an accurate balance while you write
checks . .. solving scores of everyday
or even complex math problems while
enabling you to put the answers in
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ORDER NOW TOLL FREE

800-243-3755

Conn. res. call 235-6383 collect!

writing. No wonder CALCUPEN is one of
the most-wanted electronics products
... it's the world's only personal-sized
calculator housed inside the brushed
aluminum barrel of a smart-looking
precision pen.

calcupen is so easy to use:

Like the most sophisticated personal
calculators, CALCUPEN has 8 digits,
floating decimal, constant and per-
centkeys. Yet, CALCUPEN is convenient

Credit Card *

tocany.. . just6 3/8"long x 9/16" diam-
eter. The magic 4-in-1 Rocker Keys (TM)
allow calculations to be made quickly
and accurately. Even if you hove large
fingers it's easy to use!

order now at no risk for 45 days.
If you are not 100% delighted, return for
a full refund. CALCUPEN makes a per-
fect gift . . . in presentation case with
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Q0-day parts and labor warranty.
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MAGNIFICATIONS

documents a discovery as

as the first
microscope.

MAGNIFICATIONS is a book of
103 photographs taken with a
Scanning Electron Microscope.
The photographer, David Scharf,
has devised a new technique
that allows him to take photo-
graphs of living organisms without
drying, gold coating, or other
special treatments that might
alter or destroy their surfaces.
This is the first book of S.E.M.
photographs using this new
technique which greatly increases
the clarity of the image. The
result is a new visual experience
of forms in nature; a revelation

of details and structures

not previously reproducible.

Take a fantastic
journey beyond the
sight-barrier into

the world of the
incredibly small.

Magnifications
Photography with the Scanning Electron Microscope

DAVID SCHARF
9” x 12", With 103 at your bookstore or from

Duotone Photographs $24.95 g@ﬂ:{]@@KEN

200 Madison Avenue, New York 10016
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at the Golf Course site and 102 from a
layer of marl. Some of the flakes could
be fitted into the original core from
which they had been struck, indicating
that they had been made on the spot.
Taken together with microwear evi-
dence that the flake tools had been used
for butchering, woodworking, hide-
working and some work on bone, this
suggests that the Golf Course site was
probably occupied for some time rather
than being a transient hunters’ camp.
The predominant activities at the site
were woodworking and butchering.

Of the artifacts from Clacton that I
examined 22 were the coarse bifacial
tools that are traditionally classified
as choppers. Microwear indicates that
only two of the 22 had actually been
used as tools. This is a utilization rate of
10 percent, about half the rate for the
flakes found at the site. Of the flakes
from the gravel 22 percent showed
traces of use; of those from the marl 16
percent did. The relative ratios suggest
that the Clacton toolmakers were pri-
marily interested in using their flint
cores to turn out flakes, as opposed to
bifaces.

Sixty-six flake tools from the Lower
Loam at Swanscombe were in suitable
condition for microwear analysis. Of
these only four actually showed traces
of use. The microwear characteristics
shown by the four flakes were much like
those visible on flake tools from Clac-
ton. The Swanscombe sample is too
small, however, to allow any conclusion
from this coincidence.

he artifacts from Hoxne included

one group of tools (Lower Industry,
Layer 3 West) with little or no abrasion
damage. I studied the entire assemblage
from that layer, numbering 408 imple-
ments. I also analyzed a random sample
of artifacts from other Lower Industry
and Upper Industry strata. The Acheu-
lean industry at Hoxne, with its empha-
sis on the manufacture of bifacial tools,
is marked by large quantities of flakes
that must be counted as potential imple-
ments even though most of them are
surely the debris of toolmaking, too
thin-edged and fragile to be made into
flake tools. Indeed, microwear analysis
reveals that only 9 percent of the flakes
from all the Lower Industry levels actu-
ally show evidence of wear.

The makers of the Hoxne tools used
them for butchering, woodworking,
hide-working and for boring wood and
bone. Interestingly enough, some were
also used to slice or cut plant material
other than wood. These hunters may
have gathered reeds or bracken for bed-
ding. The butchering was not done ex-
clusively with flake tools: two of the
Lower Industry “hand axes” showed the
polish characteristic of butchering im-
plements.

Among the Upper Industry tools at
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Notes and observations from IBM that may prove of interest to the engineering community

Marisat is a communications satellite made by Hughes

toserve U.S. Naval and commercial maritime users. Here the satellite is placed in
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an anechoic chamber that isolates it from encironmental electromagnetic and sound energy.

APL Brings the Computer to Hughes Engineers

Engineers at Hughes Aircraft Com-
pany communicate with an IBM com-
puter through nearby terminals in a
programming language called APL. A
powerful language that can specify ex-
tensive computation with a few symbols,
APL requires little experience or train-
ing in computer programming.

Savs Robert Vuilleumier, a technical
staff manager in Hughes™ Los Angeles-
based Space and Communications
Group: “APL is a particular timesaver on
problems which generate big data ta-
bles. For example, to tabulate the gain of
a microwave antenna against tempera-
ture typically requires a listing of 17 col-
umns by 30 lines. Preparing this table
manually can take two days; the com-
puter takes a few minutes.

“Quite often,” Vuilleumier notes, “1
need to recompute a table for a slightly
different parameter value. Repeating
the antenna analysis at a higher fre-
quency would be an example. It takes
only a moment to type in the new
parameter and re-execute the program
from the terminal.”

Adds George Williams, an engineer-
ing project manager who was instrumen-
tal in APL development at the group:
“APL is very effective for small jobs with
their own data bases, and for spur-of-
the-moment programming. I have seen
users arrive at the terminal and depart so
quickly I thought they'd changed their
minds, but they had actually finished
writing and executing their programs.

“I recently watched someone define
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a plane on the basis of three points in
space for a geometric calculation,” he
continues, “usingonly three lines of APL
code. Conventional programming would
have required three pages.”

“In addition to engineers, managers
use APL for manpower and budget plan-
ning, cost estimating for proposals, and
facilities management,” says Conrad
Stensgaard, Jr.

Stensgaard, a senior staff engineer,
helped install APL in the System/370
Model 158 in the Hughes Computation
Center. “APL has brought the computer
much closer to our users,” he says, “low-
ering the ‘threshold” of entrée to the
machine for small tasks and making in-
teractive computing directly available to
the end user.”
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Simulated Spine Hastens Injury Research

The effect of a 30-mph
automobile crash on the
human trunk is shown by
these drawings derived
from a computer. A normal
spine is at left; the center
and right views show its po-
sition 20 and 40 milli-
seconds after impact.

This insight into the
complex mechanics of the
backbone was made possi-
ble by a mathematical
model ofthe spine, develop-
ed on an IBM System/370
Model 158 at the Chicago
Circle campus of the University of Il-
linois, sponsored in part by the Aero-
space Medical Research Laboratory.
Engineers at the university are studying
the effects of injuries and disease on the
back.

The potential benefit is far-reaching,
since eight million people in the U.S.
suffer from back problems, and half a
million currently wear braces.

“We don’t know much about that
sophisticated structure we call the

spine,” says Dr. Albert B. Schultz, pro-
fessor of mechanical engineering.
“We're working with orthopedic sur-
geons to learn more, in the hope of pre-
venting and treating back problems.”
“Because we can apply engineering
principles to the skeletal system,” adds
Dr. Ted B. Belytschko, professor of
structural engineering, “we can some-
times determine in a few days responses
to treatment which would take years to
find by observing results of therapy.”

0.80000 Q. 0176
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1.0400 843800
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In one experiment, the
computer simulates the
force applied to the spine by
a therapeutic brace. “This
helps show us the effective-
ness of different modes of
treatment,” Dr. Schultz
notes. “In treating lateral
curvature of the spine, or
scoliosis, the model has told
us that applying pressure
from the side will often be
more effective than a
stretching force.”

By means of the com-
puter model, engineers in
the university group have predicted the
effect of a hip-to-neck brace in a number
of patients. The actual results of treat-
ment supported the predictions in 80
percent of the cases.

Each year an additional 400,000
American workers incur back injuries;
Dr. Schultzandhis colleagues expect the
computer model to help analyze their
causes. The results will be available as
guidance to therapists, orthopedists and
industrial safety programs.

Models Aid Study of Continuous Systems

Simulation as a means of investigat-
ing the behavior of a complex physical
system is often far simpler and less
time-consuming than seeking an ana-
lytical solution.

Engineers or designers can create
computer models of almost any complex
mechanical, electrical or other physical
system—aerodynamic components, con-
trol systems or industrial processes, for
example—by means of IBM’s Continuous
System Modeling Program III (CSMP
III). It can also be used in the analysis of
systems with discrete components such
as digital filters, control elements or
logic.

An engineer can readily describe a
system to the computer in the CSMP

language, which includes 42 powerful
functions for performing integration, dif-
ferentiation, signal and function genera-
tion, Laplace transformation, and
switching and logic.

Additionally, since Fortran IV is also
a subset of the language, the user can
build large functions and submodels
specifically suited to his application. The
CSMP III Library stores these func-
tions, as well as arbitrary or experimen-
tal data, tables and complete models —
any of which can be executed alone or in
combination with other simulation ele-
ments.

The system to be modeled may be
entered as a set of differential equations,
or as interconnected blocks, each char-
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acterized as a mathematical function.
CSMP III simulates with time as the
independent variable and stores the suc-
cessive values of as many as 220 depen-
dent variables. Up to 55 of these may be
printed during the run, and as many as
five may be print-plotted simultane-
ously. Trial runs quickly show which
simplifications of the real system can be
made with no significant loss in accuracy.

With its Graphics Feature, CSMP II1
can display up to four co-ordinate grids
on an IBM 2250 Graphic Display Termi-
nal, with up to four variables plotted on
each grid. Experimental data can be dis-
played graphically and edited interac-
tively before it is incorporated into a
simulation model.



When computer-aided design of the integrated circuit chip is complete, a computer-driven plotter
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draws a three-color layout of the circuit inlarge scale.

Computer Designs and Fabricates Computer Circuits

Today’s high-speed, high-capacity
computer systems depend on advanced
electronic devices using Large Scale In-
tegration technology. This micro-
miniaturized circuitry puts thousands of
memory or logic circuits into a space a
quarter-inch square or less, making pos-
sible speeds of billionths of a second.

At IBM’s General Technology Divi-
sion facility in Burlington, Vermont, the
computer itself is instrumental in the de-
sign and production of these advanced
semiconductor devices. Engineers there
are using a System/370 Model 168 and
IBM 2250 Graphic Display Terminals to
design and produce the high-precision
photo-masks that are critical to the fabri-
cation of integrated circuit “chips.” In-
tricate patterns are successively overlaid
using a lithographic process to build a

finished chip containing thousands of in-
dividual memory cells.

To create a tentative design for a
mask, an engineer draws lines with a
light pen directly on the face of a graphic
display terminal connected to the Model
168. The system automatically resolves
the sketch into a precise pattern of
straight lines and geometric shapes.

“It’s easy to move elements around
on the screen, trying alternative layouts
until we find the optimum use of the
space available on a chip,” says Paul
Serednicky, manager of computer-aided
graphics. “We can rapidly try so many
alternatives that we are finding much
more efficient layouts than we ever
could manually on a drafting board.

“Since the finished device usually
consists of one memory cell pattern re-

peated many times,” Serednicky adds,
“the engineer can develop it once in de-
tail. The system then replicates it the
required thousands of times, automati-
cally rotating it, generating mirror im-
ages and adding interconnections.

“Perhaps most significant, though, is
that the computer generates a tape that
guides automatic production of the mask
itself in the final size. Previously, we had
to draft the design by hand, and then use
it as a guide in the preparation—also
manual—of an oversized mask.

“Any change forced us to start over
again from the beginning and repeat the
manual process. Now we can go back at
any time and make a change or im-
provement in the mask design. We can
accommodate an engineering change in
minutes instead of weeks.”

These program products are pow-
erful aids for management of projects
in many different fields.

1. Project Management System
IV (PMS 1V) Creates precedence dia-
grams, helps to optimize the alloca-
tion of resources, calculate detailed
work schedules and monitor work

progress.
2. Project Analysis and Control
System (PROJACS) Performs

PERT/Critical Path Method time
analysis and provides facilities for re-

Project Management Aids

source allocation, cost evaluation and
network preparation.

3. MINIPERT An APL program
for management of small projects. All
functions are interactive and de-
signed for use by planners and man-
agers with little critical path
experience.

For more information on these
IBM Program Products, contact your
local IBM branch office or write to the
Editor of DP Dialogue at the address
on the right.
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DP Dialogue is designed to provide you
with useful information about data proc-
essing applications, concepts and tech-
niques. For more information about IBM
products or services, contact your local
IBM branch office, or write Editor, DP
Dialogue, IBM Data Processing Division,
White Plains, New York 10604.

IBM@

Data Processing Division



Bovne Falls...
A Natural Alternative

In todays society of plastic
simulations, a Boyne Falls
home offers you a natural
alternative in housing. Made
from hand peeled logs, if
you desire a traditional de-
sign, or sculptured solid
cedar for the contemporary
taste. Our pre-engineered, pre-cut homes offer an infinite
number of design possibilities. They are naturally durable,
maintenance free, fire resistant, insulated (an independent
testing lab confirms that our homes consume a minimum of
19% less fuel than conventionally built home), and are
warranteed for 10 years.

For full details, send three dollars for
our colorful portfolio or request our
free folder.

Boyne Falls Log Homes, Inc.
Dept. 8-E

Boyne Falls, Michigan 49713
(616) 549-2421
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Hoxne were a small number of the flake
implements that are traditionally called
“side scrapers” and are presumed to
have played a role in the dressing of
hides. The microwear on these tools
lends support to the guess of the tradi-
tionalists; most of the side scrapers show
the polish characteristic of hide-work-
ing tools.

To cite one further example of micro-
wear analysis, a bifacial tool from Clac-
ton was found to show wood polish on
its working surface. Further examina-
tion revealed utilization damage that
could only have come from a rotary mo-
tion such as boring; the tool had been
turned in a clockwise direction at the
same time that downward pressure was
being applied. Similar wear patterns
also appear on flake tools that were used
for boring. The patterns suggest that
the Clacton woodworkers of perhaps
200,000 years ago were consistently
right-handed.

The seeming wastefulness represent-
ed by the 9 percent rate of flake utiliza-
tion at Hoxne may be more apparent
than real; most of the flakes were biface-
manufacture waste and unsuitable for
use as tools. The prodigal use of flint at
Clacton cannot be similarly explained
away as the debris of bifacial-tool pro-
duction. Perhaps at both sites much of
the waste is better explained by the fact
that chalk flint, an excellent raw materi-
al for the making of stone tools, can be
found easily almost anywhere in south-
eastern England: in river gravels, on
beaches and other superficial deposits
and of course in exposures of the chalk
itself.

he microwear analysis of work pol-

ishes on this group of Lower Paleo-
lithic implements provides the first di-
rect and unequivocal evidence of the
kinds of human activity that took place
at English campsites roughly 250,000
years ago. Such findings make it clear
that a new and rewarding method of ar-
chaeological research has finally come
of age. It is now possible, assuming that
the tools have been suitably preserved,
to determine in most instances not only
how ancient flint tools were used but
also what they were used on.

It seems very likely, although it re-
mains to be proved, that microwear that
can be interpreted in similar ways is
present on tools made from stone mate-
rials other than flint, such as obsidian,
chert and even fine-grained basalts and
quartzites. I have found this to be true of
one fine-grained chert from southern
Africa; experiments show that the mate-
rial retains microwear polishes that are
directly comparable to those found on
chalk flint. The information derived
from future microwear studies should
enable prehistorians to discuss with in-
creasing confidence the technology and
economy of early man.
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A wrist calculator - the ultimate in
common-sense portable calculating power.
Goes where you go, ready for action at a flick
of your wrist.

By virtue of its size,a wrist calculator is
different to a pocket calculator. And now this wrist-
machine has another difference.It has even more power than
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And what’s more, because it’s a kit, supplied to you direct
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THOUSANDS OF SPERM bind to the surface of a sea-urchin egg
in this scanning electron micrograph made by Mia Tegner in the au-
thor’s laboratory. The egg surface seen here is not the plasma mem-
brane, the outer membrane of the egg cell proper, but a coat known
as the vitelline layer, which contains receptor sites for the sperm. In
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spite of the vast numbers of sperm only one sperm is allowed to fer-
tilize the egg. If more than one gets through (the condition called
polyspermy), there will be an excess of paternal chromosomes and
embryo will abort in embryogenesis. Animal eggs have evolved mech-
anisms to prevent polyspermy. The magnification is 2,880 diameters.
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The Program of Fertilization

The fusion of a sperm and an egg triggers a series of transient

changes in the concentration of ions that prevents the fusion

of additional sperm and initiates development of the embryo

he interaction of a sperm and an

egg marks a dividing line between

life and death. If the two cells in-
teract successfully and fertilization oc-
curs, their nuclei (each containing half
of the full complement of chromo-
somes) will combine, and the develop-
ment of a new individual will begin. If
successful interaction does not occur,
the two cells will die within hours or at
the most a few days. Living organisms
therefore expend much physiological
and behavioral energy ensuring that
these two cells will meet and that fertil-
ization will take place.

The process of fertilization can be di-
vided into three major steps: the recog-
nition of the egg by the sperm, the regu-
lation of the entry of the sperm by the
egg so that the genetic material of only
one sperm will combine with that of the
egg, and the activation of the dormant
metabolism of the egg so that cell divi-
sion and embryonic development can
begin. Over the past few years intensive
biochemical investigation has begun to
provide a description of these events at
the molecular level. The concepts de-
rived from these studies may help us to
comprehend other cellular transforma-
tions, such as those that occur in cancer,
and may also provide new approaches
to the control of human fertility.

The eggs of marine invertebrates, par-
ticularly echinoderms (such as sea ur-
chins, sand dollars and starfishes), are
the classical preparation for the study
of fertilization. These animals release
vast numbers of gametes (egg or sperm
cells), only a few of which successfully
interact in seawater to give rise to vi-
able offspring. Sea urchins, for example,
have a breeding season that lasts from
three to eight months, during which a
female can release up to 400 million
eggs and a male as many as 100 billion
sperm. Notably valuable to the investi-
gator is the fact that the eggs and sperm
can be easily removed from these organ-
isms and allowed to combine in labo-
ratory glassware. One merely suspends
the eggs in seawater and adds a small
amount of sperm while stirring. Within

by David Epel

seconds the eggs are synchronously fer-
tilized, and one can then study the
events that occur not in one fertilized
egg but in an entire population of them.

In 1877 centuries of speculation about
the role of semen in procreation
came to an end when the Swiss zoologist
Hermann Fol watched through his mi-
croscope as a starfish sperm cell at-
tached itself to and fertilized a starfish
egg. Only recently, however, have many
of the fundamental questions about the
mechanism of fertilization begun to be
answered. One problem that long con-
fronted biologists is how the sperm spe-
cifically recognizes the egg. Although
the sperm appear to reach the egg by
virtue of their numbers and by chance,
some mechanism must prevent the
sperm from fusing with any other kind
of cell it may encounter along the way.

The specific recognition of the egg by
the sperm is believed to occur when the
sperm makes contact with the jelly coat
that surrounds the egg. Substances in the

jelly coat interact with the plasma mem-
brane, the outer membrane of the sperm
cell, at the tip of the sperm. This region
on the sperm cell, known as the acro-
some (from the Greek for sharp body),
is altered by the interaction and releases
digestive enzymes that enable the sperm
to dissolve a hole in the layers surround-
ing the egg, so that the sperm can reach
the surface of the egg proper. In inverte-
brates such as the sea urchin the acro-
some simultaneously undergoes a re-
markable structural change: it exudes a
thin filament called the acrosomal proc-
ess that attaches itself to the vitelline
layer of the egg, a thin membrane under-
lying the jelly coat. The attachment site
is apparently a receptor protein associ-
ated with the vitelline layer that recog-
nizes and binds to a complementary
protein on the acrosomal process. In-
deed, Kenji Aketa and his colleagues at
Nagoya University and Victor D. Vac-
quier and his colleagues at the Universi-
ty of California at Davis have indepen-
dently isolated the complementary pro-

CLOSE-UP OF THE SURFACE of a fertilized sea-urchin egg shows several sperm bound to
the vitelline layer. The egg surface is covered with tiny projections of the plasma membrane
called microvilli. The micrograph was made by E. William Byrd in the author’s laboratory.
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teins. These workers found that if anti-
bodies to the receptor proteins are pre-
pared and are added to the suspension of
eggs before the addition of sperm, fertil-
ization cannot occur.

Once the tip of the acrosomal process
has interacted with the receptor site, it
perforates the vitelline layer and fuses

with the underlying plasma membrane
of the egg. The plasma membranes of
the two cells then become continuous,
forming a bridge that progressively en-
larges until the entire sperm is surround-
ed by the egg plasma membrane and is
incorporated into the egg.

Although only one sperm normally

fuses with the egg plasma membrane
and enters the egg, many supernumer-
ary sperm also attach themselves to the
surface of the egg during insemination.
Scanning electron micrographs made
by Mia Tegner in my laboratory at
the Scripps Institution of Oceanography
have revealed that under saturating con-

JELLY LAYER

SEA-URCHIN EGG is diagrammed in section at the moment of fer-
tilization. The egg is 75 micrometers in diameter and is entirely sur-
rounded by a thick jelly layer, through which the sperm penetrate,
probably by dissolving holes in it with digestive enzymes. The sperm
then bind to receptor sites on the vitelline layer. Just below the plasma
membrane are thousands of one-micrometer cortical granules, which
fuse with the plasma membrane seconds after fertilization and release
their contents into the space between the membrane and the vitelline
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SPERM

VITELLINE LAYER
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_~MITOCHONDRION
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layer. The protoplasm of the egg contains numerous yolk granules
and mitochondria (which respectively provide food and chemical en-
ergy) and a single nucleus containing half of the normal complement
of chromosomes. The halving of chromosome number in the unfertil-
ized egg is the result of the reductive cell division called meiosis, which
takes place at a late stage of egg maturation. The fusion of a single
sperm with the egg provides the other half of the normal chromosome
complement and activates the egg to begin embryonic development.
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ditions as many as 1,500 sperm can at-
tach themselves to a single egg. Al-
though this redundancy is necessary to
ensure that at least one sperm will fertil-
ize the egg, it is potentially troublesome:
if more than one sperm enters the egg, a
condition known as polyspermy, the
number of chromosomes will be larger
than the normal full complement and
development will be aborted early in
embryogenesis. Animal species have
therefore had to evolve mechanisms for
preventing more than one sperm from
entering the egg.

Work on the sea-urchin egg in the
1950’s by Lord Rothschild and Michael
M. Swann in England suggested that
there are two separate barriers to poly-
spermy: a fast and incomplete block oc-
curring within the first few seconds of
sperm-egg contact, followed by a slower
and more complete block. The nature of
the early block has recently been re-
vealed by the Ph.D. research of Laurin-
da Jaffe at the University of California
at Los Angeles. She inserted microelec-
trodes into a sea-urchin egg and mea-
sured the changes induced by fertiliza-
tion in the voltage between the inside
and the outside of the cell. She found
that about a second after the attachment
of the sperm there is a flow of sodium
ions into the cell, causing a brief voltage
shift resembling that of a nerve impulse.
The voltage change is apparently re-
sponsible for keeping the supernumer-
ary sperm from entering the egg. In sup-
port of this hypothesis Jaffe found that
when she artificially increased the volt-
age across the membrane of unfertilized
eggs to the level normally observed after
fertilization (with the aid of a “voltage
clamp” system) and then added sperm to
the eggs, fertilization did not occur.

Investigations of the slower block to
polyspermy have focused on the
cortical reaction: a massive structural
change in the egg that occurs shortly af-
ter fertilization. As we have seen, the
plasma membrane of the unfertilized
egg is surrounded by the thin membrane
of the vitelline layer. Directly below the
plasma membrane is the cortical layer,
which contains some 15,000 tiny vesi-
cles called cortical granules, each one
about a micrometer (10-3 millimeter) in
diameter. Some 25 to 35 seconds after
the acrosomal process of the fertilizing
sperm penetrates the vitelline layer, the
cortical granules fuse with the plasma
membrane and discharge their contents
into the space between the plasma mem-
brane and the overlying vitelline layer.
The reaction begins at the site of sperm-
egg fusion, rapidly propagates over the
entire surface of the egg and is complete
within an additional 20 seconds.
Analysis of the contents of the corti-
cal granules has revealed that they con-
tain a mixture of enzymes, structural
proteins and colloidal materials called

DRAMATIC STRUCTURAL CHANGE occurs in the sperm of sea urchins and other inver-
tebrates following the initial sperm-egg interaction. The tip of the sperm head exudes a thin fil-
ament known as the acrosomal process; this filament then penetrates the vitelline layer of the
egg and fuses with the egg plasma membrane. The pair of transmission electron micrographs
shown here, made by Frank Collins of Stanford University, show a sperm of the sea urchin
Lytechinus pictus before and after formation of process. Magnification is 45,500 diameters.

MOMENT OF FUSION between the tip of the sperm acrosomal process (/efr) and an egg mi-
crovillus is captured in this transmission electron micrograph, also made by Collins. The fusion
results in the formation of a cytoplasmic bridge through which the sperm cell enters the egg.
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FERTILIZING
SPERM

VITELLINE LAYER

ACROSOMAL PROCESS '

SPERM-RECEPTOR SITE

Lo y 1

CORTICAL REACTION is induced by the fusion of the fertilizing sperm
with the egg. In this sequence the acrosomal process of the sperm pene-
trates the vitelline layer and fuses with the egg plasma membrane (a, 5).
The microvilli in the vicinity of the sperm elongate and then interdigitate

sulfated mucopolysaccharides. Two of
the enzymes released from the granules
have been characterized by Edward J.
Carroll, who was then working in my
laboratory and is now at the University
of California at Riverside. One of the
enzymes specifically alters the sperm-
receptor proteins on the vitelline mem-
brane, so that supernumerary sperm al-
ready bound are detached from the
membrane and additional sperm cannot
bind to it. The second enzyme breaks
down connective proteins that link the
vitelline layer to the plasma membrane,
so that the two membranes are detached
from each other. The colloidal material
released from the granules then pulls
water into the space between the vitel-
line layer and the plasma membrane by
osmosis, causing the vitelline layer to
swell and lift away from the surface of
the egg.

Within a minute of sperm-egg contact
structural proteins derived from the cor-
tical granules associate with the de-
tached vitelline layer, transforming it
into a protective envelope known as
the fertilization membrane. Meanwhile
other colloidal material derived from
the granules covers the surface of the
egg to form a transparent membrane
called the hyaline layer, which later
plays an important role in holding to-
gether the cells formed by the cleavage
of the egg.
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This sequence of events following the
cortical reaction provides a formidable
block to polyspermy. The destruction of
the sperm-binding sites and the forma-
tion of the fertilization membrane effec-
tively prevent supernumerary sperm
from approaching the plasma mem-
brane and fusing with it.

If all goes well, during and following
the corticalreactionasingle fertilizing
sperm enters the egg. The mechanism by
which this occurs is still not understood,
but it does not depend on the motility of
the sperm; the sperm’s whiplike fla gel-
lum stops beating shortly after fusion
with the egg. Scanning electron micro-
graphs made by Gerald P. Schatten and
Daniel Mazia at the University of Cali-
fornia at Berkeley suggest that tiny pro-
trusions called microvilli, which cover
the surface of the egg, are involved in
engulfing the fused sperm, perhaps ais an
amoeba engulfs its prey. Once the sperm
has entered the egg its nucleus rotiates
180 degrees and migrates toward the: nu-
cleus of the egg. Finally, about 20 min-
utes after insemination, the paternal and
maternal nuclei fuse. With the conden-
sation of the chromosomes and the first
cleavage of the egg, fertilization is ccom-
pleted and embryonic development has
begun.
Before the egg is fertilized it existts in
a metabolically repressed state. The: ex-
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SUPERNUMERARY
SPERM

CORTICAL-GRANULE DISCHARGE

over the sperm head, drawing it into the egg (c—¢). Entry of the
sperm is accompanied by the fusion of 15,000 cortical granules
with the egg plasma membrane and the release of their contents
into the space below the vitelline layer (f). The reaction spreads

act extent of this repression is unclear,
but respiration, the transport of sub-
stances into and out of the cell and the
synthesis of protein and RNA are con-
siderably reduced, and DNA synthesis
is completely shut off. At fertilization
there is a general activation of the cell’s
dormant metabolism and an initiation
of embryonic development. This activa-
tion and initiation does not result from
the provision of some factor missing
from the sperm, because eggs can be ex-
perimentally induced to develop simply
by pricking them with a pin or exposing
them to salt or acid solutions. Although
the resulting embryos usually do not
survive because they possess only half
of the full number of chromosomes
characteristic of the species, allowing le-
thal recessive genes to be expressed, the
fact that the egg can be activated in this
way means the sperm merely triggers a
genetic program that has already been
laid down in the egg.

When I first began 13 years ago to
study the biochemical events underlying
egg activation, I was fascinated but be-
wildered by the large number of changes
that are evoked in the sea-urchin egg by
fusion with the sperm. My initial re-
search showed that the activation proc-
ess can be broken down into two distinct
phases: a constellation of “early” chang-
es occurring during the first 60 seconds
after sperm-egg contact and a series of
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over the entire egg surface in 20 seconds. One enzyme released
from granules destroys the sperm-receptor sites on the vitelline
layer; a second enzyme causes vitelline layer to elevate from the
egg surface, carrying away the supernumerary sperm (g). Struc-

tural proteins released from granules then transform detached layer into a
protective envelope termed the fertilization membrane (%). Sperm nucleus
later rotates 180 degrees within the egg and fuses with egg nucleus. Draw-
ing is based on one made by Gerald P. Schatten of Florida State University.

“late” changes beginning five minutes
after contact.

The current view of the program of
fertilization changes indicates that the
early changes begin with an influx of
sodium ions about three seconds after
the addition of sperm, which, as we have
seen, constitutes an early block to poly-
spermy. A second change, beginning at
about 20 seconds, is a sudden increase in
the concentration of calcium ions inside
the cell. A few seconds later sperm entry
and the cortical reaction begin. Almost
simultaneously there begin a massive in-
flux of sodium ions from the seawater
into the egg and a discharge of acid (hy-
drogen ions, or protons) from the egg
into the seawater. The acid release, as
we shall see, results in a large decrease in
the acidity of the egg’s cytoplasm.

Three seconds after the start of the
cortical reaction an enzyme is activated
that converts about half of the cell’s sup-
ply of the coenzyme NAD into its phos-
phorylated form, NADP. Both of these
substances are forms of the B vitamin
niacin; the conversion from one to the
other shifts the metabolism of the cell to
a more reducing and hence more synthe-
sizing state. Then, some 10 to 20 sec-
onds after the start of the cortical reac-
tion, or about 35 to 45 seconds after the
addition of sperm, there is a large rise
in the oxygen consumption of the egg.
At about the same time glucose-6-phos-

phate dehydrogenase, one of the en-
zymes required for the metabolism of
sugars, is released into the cytoplasm
from storage depots inside the cell.
The late changes, beginning five min-
utes after insemination, include biosyn-
thetic events that are of paramount im-
portance to embryonic development. At
this time the rate of protein synthesis
begins to rise, and there is an increased
exchange of potassium ions across the
cell membrane. Also at five minutes
transport systems are activated that
bring into the cell amino acids, phos-
phate and nucleosides: the various
building blocks from which protein and
DNA are made. At 20 to 25 minutes the
first cycle of DNA synthesis begins.

How can the fusion of a sperm with
only .0002 percent of the egg sur-
face be sufficient to trigger all these
changes? One explanation is that the
tiny perturbation caused by the sperm is
amplified at or near the egg surface and
that the amplified signal is then relayed
to the biochemical machinery in the
cytoplasm. In other systems intracellu-
lar messengers such as cyclic AMP and
small ions such as calcium do indeed
function in this way. The events of acti-
vation, however, have not been correlat-
ed with an increase in the level of cyclic
AMP.

In 1937 my former professor Mazia,
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who was then working in the laboratory
of L. V. Heilbrunn at the University of
Pennsylvania, first observed that the
concentration of calcium ions inside the
egg increases after fertilization. Today
Mazia’s findings would be considered
suspect because the increase in calcium
levels had been detected in homogenates
of eggs prepared at various times after
fertilization. Perhaps, it could be ar-
gued, the observed increase is simply an
artifact of the disruption of the cells.
The validity of Mazia’s observations
were verified, however, in an experi-
ment performed recently by Ellis B.
Ridgway of the Medical College of Vir-
ginia in collaboration with John C. Gil-
key and Lionel Jaffe of Purdue Univer-
sity. They made use of the luminescent
protein aequorin, which is extracted
from a jellyfish. Aequorin glows only in
the presence of calcium ions, so that it is
a useful probe for detecting changes in
the amount of free calcium inside cells.
When Ridgway and his collaborators in-
jected aequorin into the large unfertil-
ized eggs of a fish, the Japanese medaka
(Oryzias latipes), they observed a low
level of luminescence. Within a min-
ute after fertilization, however, the lu-
minescence increased ten-thousandfold,
indicating that large amounts of calci-
um had been liberated inside the egg.
The luminescence remained high during
the period of the cortical reaction, and
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then it decreased back to the original
low level. If the investigators first sat in a
darkened room to adapt their eyes and
then fertilized a single egg, they could
actually see the glow of the egg with the
unaided eye.

Mazia had originally suggested that
the increase in free calcium induced by
fertilization was related to egg activa-
tion, but he was not sure whether the
increase was a primary cause of activa-
tion or simply a result of it. Several
years ago Richard A. Steinhardt of the
University of California at Berkeley and

I, and independently Edward L. Cham-
bers, Berton C. Pressman and Birgit L.
Rose of the University of Miami School
of Medicine, realized that we could dis-
tinguish between these two alternatives
with the aid of the recently discovered
antibiotic ionophore A23187. Iono-
phores in general are drugs that make
the cell membrane selectively perme-
able to certain ions. A23187 in particu-
lar makes the membrane permeable to
doubly charged positive ions such as
magnesium or calcium. If increased cal-
cium alone caused the activation of the

egg, we reasoned, then the presence of
this ionophore should trigger develop-
ment parthenogenetically (in the ab-
sence of sperm).

We both found that the ionophore
was indeed an exceptional parthenoge-
netic agent. It activated sea-urchin eggs
faster than sperm and with a sequence of
events identical with that accompanying
normal fertilization. In collaboration
with Carroll in my laboratory and with
Ryuzo Yanagimachi of the University
of Hawaii School of Medicine, Stein-
hardt and I found that the ionophore

Y -h’-."

INCORPORATION OF THE FERTILIZING SPERM into the egg
is shown in this series of scanning electron micrographs. First the
sperm attaches to the vitelline layer by its acrosomal process (1);
then it fuses with the egg plasma membrane. The egg responds with
a localized elongation of its microvilli, which begin to surround the
fused sperm (2). Next the cortical reaction takes place, resulting in
the elevation of the vitelline layer and its transformation into the
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fertilization membrane. The final two views were obtained by remov-
ing the fertilization membrane from the egg. Three minutes after fer-
tilization the sperm is about half-incorporated into the egg and is cov-
ered by the egg plasma membrane (3); one minute later only the
sperm’s tail is visible (). Views 1, 3 and 4 were made by Tegner;
view 2 was made by Schatten and Daniel Mazia at the University of
California at Berkeley. Micrographs are magnified 15,000 diameters.
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activated eggs from a wide variety of
animal phyla, inciuding the tunicates;
the mollusks, the amphibians and the
mammals. To our surprise activation
occurred in the absence of calcium or
magnesium in the seawater, suggesting
that the mechanism of action of the drug
was to free ions from stores bound to
membranes within the cell. The ions
that were liberated were presumably
calcium because the bulk of the magne-
sium ions in the unfertilized sea-urchin
egg are in the free state, whereas calci-
um ions are in a bound form from which
they can be released.

What exactly is the calcium doing?
An elegant experiment performed by
Vacquier indicates that calcium directly
induces the fusion of the cortical gran-
ules with the plasma membrane of the
egg. Vacquier attached unfertilized sea-
urchin eggs to a glass microscope slide
that had been coated with a positively
charged “sticky” protein such as prot-
amine. He then subjected the attached
cells to a jet of calcium-free water, caus-
ing the cells to burst and leave behind
their plasma membrane together with
its associated cortical granules. Vacqui-
er then found that the cortical granules
of these “inside out” cells could be made
to discharge their contents when calci-
um was added to them.

Does the calcium-induced cortical re-
action trigger the late events such as pro-
tein and DNA synthesis? Several im-
portant observations indicate that this is
not the case. For example, a number of
drugs that block the cortical reaction do
not prevent the activation of embryonic
development. Moreover, in 1972 Stein-
hardt and Mazia found that by incubat-
ing unfertilized eggs in low concentra-
tions of ammonia they could activate
several of the late changes such as pro-
tein synthesis, DNA synthesis and even
chromosome condensation without ac-
tivating early changes such as the corti-
cal reaction. Subsequent experiments by
Carroll in my laboratory and by Vac-
quier showed that the incubation of eggs
in a variety of compounds having an
amine group (NH,), for example the an-
esthetic procaine, also activated the late
changes in the absence of the early
changes. All these findings suggested
that the early changes were not a neces-
sary precondition for the late ones.

he first clue to the mechanism of ac-

tivation of the late changes came
from our investigation of the discharge
of acid from the egg, which begins at the
start of the cortical reaction and contin-
ues for the next four minutes of devel-
opment. An acid is defined as a molecule
that readily donates a proton to another
molecule; it can also be a free proton (a
hydrogen atom minus its single elec-
tron). Thus the egg was secreting either
acidic molecules or protons into the sur-

rounding seawater. At first we thought
acidic molecules were being released,
because it was known that the sulfated
mucopolysaccharides discharged from
the cortical granules were acidic. A
problem with this hypothesis arose,
however, when Miles R. Paul, who was
then a graduate student in my laborato-
ry, discovered that the eggs of the echi-
uroid worm Urechis caupo, which do not
undergo a cortical reaction, nonetheless
release acid when they are fertilized. A
second problem with the acid originat-
ing in the cortical granules arose from
our calculations of the amount of acid
released by sea-urchin eggs: if the acid
were contained solely in the granules, it
would have to be at a concentration of
.1 mole of acid per liter, which seemed
too high for the normal functioning of
the cell.

The definitive proof that the release of
acid from the egg was not related to the
cortical reaction came from our analysis
of the activation of the late changes by
ammonia and other amines. James D.
Johnson and I at the Scripps Institution
and Paul, working at the University of
Victoria in Canada, found that acid was
released when the late changes were
triggered by placing eggs in a solution of
ammonia or procaine, even though the
eggs did not undergo the cortical reac-
tion. When we then added sperm to the
eggs to induce a cortical reaction, we
observed to our surprise that no addi-
tional acid was released. We therefore
concluded that acid release is related to
the activation of synthesis and not to
cortical-granule secretion.

Our next clue to the nature of activa-
tion came from Chambers’ discovery
that sodium ions are required for the
continuation of development after the
cortical reaction. When he fertilized
eggs in normal seawater and just after
the cortical reaction transferred them
to sodium-free seawater, the nuclei of
the sperm and the egg failed to fuse
and development stopped. It was as if
the eggs had been placed in a kind of
suspended animation. When Chambers
added sodium ions to the solution, de-
velopment resumed where it had left off.
The sodium requirement lasted for only
a few minutes after the cortical reaction.
If the eggs were fertilized in regular sea-
water and transferred to sodium-free
seawater 10 minutes later, development
was not arrested.

This finding suggested that sodium
was involved in biosynthetic activation.
Was it related to the release of acid from
the egg? To find out we first arrested the
development of eggs by placing them in
sodium-free seawater 60 seconds after
fertilization and then measured the acid-
ity of the suspension. As we expected,
no acid was being released. When sodi-
um ions were added to the suspension,
however, acid appeared in the seawater
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TIMETABLE OF EVENTS following the
fertilization of the egg of the sea urchin Stron-
gylocentrotus purpuratus is graphed on semi-
logarithmic scale. The events can be divided
into an early phase, occurring within the first
60 seconds after fertilization (light color),
and a late phase, beginning about 300 sec-
onds after fertilization (dark color). The ear-
ly changes mostly involve small molecules
such as ions and coenzymes; late changes in-
volve synthesis of large molecules such as pro-
teins and DNA and the activation of trans-
port systems for amino acids and nucleosides.
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ISOLATED CORTICAL GRANULES can be made to discharge their contents by adding cal-
cium ions to them. Victor D. Vacquier of the University of California at Davis isolated the cor-
tical granules by affixing unfertilized sea-urchin eggs to a glass slide and disrupting the eggs
with a jet of calcium-free water. The jet carried away the cell cytoplasm, leaving behind an “in-
side out” plasma membrane with some cortical granules still attached to it, as is shown in the
scanning electron micrograph at the top. When calcium ions were added to this preparation,
the granules fused with one another in an explosive reaction (bottom). This experiment sug-
gests that the normal process of fusion of the cortical granules with the egg plasma membrane
results from the increase in free calcium ions inside the egg. Magnification is 10,000 diameters.
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and the eggs began to develop. We test-
ed several ions normally found in sea-
water and discovered that only sodium
initiated acid release and promoted de-
velopment.

This observation suggested that sodi-
um ions are involved in a sodium-pro-
ton exchange, in which a sodium ion is
taken into the cell for each proton dis-
charged from the cell. Our hypothesis
was supported by the finding that when
we measured the uptake of sodium into
the egg with the radioactive isotope so-
dium 22, the uptake temporally and
quantitatively paralleled acid release.
We also found that when sodium uptake
was blocked with the aid of the diuretic
drug amiloride, activation of develop-
ment did not take place. Thus sodium
uptake and acid release appeared to be
essential for triggering embryogenesis.

We next wondered which of these two
processes was the essential one for trig-
gering development. An experiment
suggested by Chambers’ work provided
the answer. He had found that when he
arrested egg development at 60 seconds
after fertilization by placing the egg
in sodium-free seawater, development
could be restarted simply by adding am-
monia to the seawater. We discovered
that under these conditions acid was re-
leased, indicating that it is the eflux of
protons and not the influx of sodium
ions that is the crucial event for trigger-
ing development.

hat is the effect of the acid eflux

on the egg? The most reasonable
hypothesis is that the loss of acid makes
the cytoplasm of the egg more alkaline.
We tested this hypothesis by the unor-
thodox but expedient method of ho-
mogenizing eggs at various times after
fertilization and directly measuring the
acidity of the homogenate with a pH
electrode. Assuming that these mea-
surements can be directly extrapolat-
ed to the living cell, they reveal that
the pH increases (becomes less acidic)
by .4 pH unit during the first five min-
utes after fertilization. This pH shift
has recently been confirmed in Stein-
hardt’s laboratory by Sheldon Shen,
who worked with microelectrodes in-
serted directly into the egg. All the
available evidence indicates that it is
the pH shift that turns on the synthetic
machinery of the egg after fertilization.
This discovery has raised two major
questions. One is: What is the early, cal-
cium-dependent change that results in
the activation of the sodium-proton ex-
change system? The resolution of this
question requires an understanding of
how the early changes modify the struc-
ture of the egg surface. One possibility is
that the calcium-induced cortical reac-
tion alters the surface of the egg in such
a way that the sodium-proton exchange
system is exposed or activated. A second
possibility is that the increased concen-
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CHANGING CONCENTRATIONS of sodium ions, calcium ions
and hydrogen ions (protons) inside the egg appear to be involved in
many of the changes induced by fertilization. A few seconds after fer-
tilization there is a small influx of sodium ions into the egg associated
with a transient electrical depolarization of the cell membrane. At
about 20 seconds calcium ions are released from intracellular stores,

tration of calcium inside the egg directly
alters the permeability of the egg plas-
ma membrane. This hypothesis is sug-
gested by the experiments of Michael
Berridge and Robert Meech of the Uni-
versity of Cambridge, who found that
an increased concentration of calcium
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ions inside the cell increases the perme-
ability of cells in the salivary gland of
insects and of nerve cells in snails. A
third possibility is that the release of cal-
cium affects contractile proteins such as
actin in such a way as to place the sodi-
um-proton exchange system in the prop-
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apparently triggering the cortical reaction and other early changes. At
about 60 seconds the sodium content of the egg begins to increase,
accompanied by an efflux of protons and a rise in pH, which some-
how triggers synthetic activity and cell division. At 180 seconds cal-
cium concentration has decreased to original level, and between 10
and 20 minutes sodium and pH have returned to their original levels.

er configuration for activity. Future ex-
periments should enable us to determine
which of these possibilities is correct.
The other question is: How does the
increased pH of the fertilized egg turn
on metabolic processes such as the syn-
thesis of protein and the replication of
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FLOW CHART outlines the largely hypothetical relations among the
early calcium-dependent changes (such as the cortical reaction) and
the late pH-dependent changes (such as DNA synthesis). The mech-
anism by which calcium turns on the sodium-proton exchange sys-
tem to result in a reduction of the acidity of the egg cytoplasm (an
increase in pH) is not yet understood. How this pH shift initiates
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protein and DNA synthesis is also not known, but it may involve the
removal of inhibitory proteins from functional proteins such as those
of ribosomes or from structural proteins such as actin or tubulin sub-
units. In the latter case removal of an inhibitory protein might enable
the subunits to polymerize into filaments, resulting in major changes
in cell structure that could initiate a variety of biochemical events.
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“The Physicist’s
Fire’

PATINT PiMONG

That is what Time Magazine called the fire
made with the Texas Fireframe™ grate. ‘A
hot, even, slow-burning fire . . . easy to light

.. a hot fire in 15 minutes.”’ Physicist
Lawrence Cranberg designed the grate so
that two adjustable arms open up a red-hot,
flaming log-furnace—radiant ‘‘heat streams
out into the room.’’ TIME, Dec. 22, 1975.

‘“. . . one of the greatest finds of my per-
sonal energy-saving crusade—the Texas
Fireframe .. . . turns a fireplace into a real
heating plant with none of the gimcrackery
of tubes and blowers . . . I was so excited I
ordered another Fircframe for my other fire-
place. Result: furnace on only an hour-and-
a-half on the coldest days.”” V. Draham,
MONEY, March 1977

‘‘The best new thing I’ve seen in my 30
years in the hardware business.’’ Charles
P. Davis, Davis Hardware, Austin, Texas.

Texas Fireframe Fan Mail

‘‘Dear Wizards: 1 was astounded! I have just
come from the home of a friend who just installed
one of your incredible contraptions: I must have
one! The increase in heat output is remarkable . . .
the temperature in the room increases from 7 to 12
degrees with the Fireframe, over the temperature
with a regular grate. I find that all your claims are
true, if not understated.”’ Lars Isaacson, Berrien
Springs, Mich.

‘.. . it is absolutely amazing. I still can’t be-
lieve it. It throws twice the heat and uses one
quarter the amount of wood.”” Ramsey, New
Jersey.

“‘Like all great inventions, the Texas Fireframe
grate is simple and ‘obvious’. It is a clear improve-
ment over the conventional grate. Please send
another.”” Socorro, New Mexico.

‘It is the greatest fireplace invention since the
discovery of wooden matches.’’ Berkeley, Calif.

This year, we’re offering a new, extra-sturdy
design in two sizes. It’s a gift that brings
warmth, cheer and the delight of discovery.

Welded, heavy, steel bars. Model U-25H: 25"

front width, 21" back, 15" deep, 15" high.

Model U-17H: 17" x 14" x 13" x 13"

Please send U-25H units @ $39.95 (30 Ibs.)
U-17H units @ $34.50 (2! Ibs.)

Check for $e___enclosed (prices include

tax and shipping in U.S.)

Name

Address

City State, Zip

TEXAS FIREFRAME CO,
P.0. Box 3435 Austin, Texas 78764
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DNA? Recent work by David Nishioka,
a postdoctoral investigator in my labo-
ratory, and by Shen and Steinhardt has
shown that the pH shift induced by fer-
tilization is transient and rapidly de-
creases back to the level found in the
unfertilized egg. Nishioka has made the
important discovery that the pH need be
raised for only a 10-minute period to
initiate development. This finding im-
plies that the pH change does not act
directly to increase the rate of synthetic
processes, since most of the synthetic
changes occur after the transient pH rise
is over. Rather, the transient pH rise ini-
tiates a change in the cell, which in turn
results in the activation of the egg.
What might this pH-sensitive change
be? Since so many different events are
initiated during activation, there might
be many pH-sensitive processes or al-
ternatively a generalized or pervasive
effect of increased pH on the cell. An
attractive hypothesis, which could ac-
count for the pervasive effects of the pH
shift, is that an inhibitor molecule is
bound to critical proteins such as en-
zymes or the proteins of ribosomes and
that the transient increase in pH causes
the inhibitor to dissociate from these
proteins, enabling them to function in
synthetic reactions. Once this inhibitor
molecule has been destroyed the egg is
irreversibly committed to development.

Al interesting example of this type of
regulation, and one that might well
apply to egg activation, has been de-
scribed by Lewis G. Tilney of the Uni-
versity of Pennsylvania. Tilney has fo-
cused on the formation of the acrosomal
process during the initial phase of fertil-
ization, and he has discovered that the
acrosomal process is created by the ex-
plosive polymerization of actin, a con-
tractile protein that can exist in two
states: as individual subunits or as a fila-
mentous chain. Until the sperm is trig-
gered to form the acrosomal process the
actin in the head of the sperm is kept
in the unpolymerized state, apparently
through the association of the actin sub-
units with an inhibitory protein. When
the sperm is triggered by interaction
with the jelly coat of the egg, the inhibi-
tory protein dissociates and the actin
subunits spontaneously polymerize. Til-

| ney and his colleagues have recently

shown that the dissociation of the inhibi-
tory protein is caused by an increase in
intracellular pH! Applying this concept
to the activation of the egg, one might
speculate that inhibitory proteins are
similarly bound to major structural pro-
teins of the egg, such as actin or perhaps
tubulin. The pH shift would then cause
the inhibitory protein to dissociate from
the actin or tubulin subunits, causing
them to polymerize. This event would
result in a major reorganization of cell
structure and initiate a variety of seem-
ingly unrelated changes.
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A major question raised by these dis-
coveries is whether the ionic mecha-
nisms that regulate cellular activity at
the beginning of life also do so during
later stages of the organism'’s existence.
Nerve and muscle are well-known ex-
amples of tissues whose function is
closely related to small ions such as
those of sodium, potassium and calci-
um, and there are recent indications that
ions may also participate in the regula-
tion of more complex processes such as
cell division and cell differentiation. A
number of investigators have found that
increasing the intracellular levels of cal-
cium or magnesium ions, either by
means of drug ionophores or simply by
adding ions to the medium of the cells,
will transform previously quiescent
cells in tissue culture into actively di-
viding cells. Most striking is the re-
cent demonstration by Clarence D. and
Charlotte Cone of the Veterans Admin-
istration Hospital in Hampton, Va., that
one can induce nerve cells (which nor-
mally never divide) to begin division by
increasing the concentration of sodium
ions inside them.

Developmental changesalsoappearto
involve changes in ions. For example,
Lester G. and Lucena J. Barth, working
at the Marine Biological Laboratory in
Woods Hole, Mass., have found that
simple variations in the concentration
of sodium ions can switch the differen-
tiation of embryonic amphibian skin
cells so that they become nerve cells.
A second example is the induction of
developmental programs in plants by
light. The effector is the plant pigment
phytochrome, and the work of Ian A.
Newman and Winslow R. Briggs of the
Carnegie Institution of Washington’s
Department of Plant Biology has shown
that the first change induced by light is
one in the permeability of the cell mem-
brane to ions.

It is not clear how small ions can yield
such diverse effects, and indeed the diffi-
culty of imagining possible mechanisms
has led many workers to disregard or
discount hypotheses that modulation of
ion content may be an important factor
in regulating cell function or an initiator
of changes in cell differentiation. The
discovery that transient changes in in-
tracellular calcium and intracellular pH
trigger the development of sea-urchin
eggs now provides a paradigm for visu-
alizing how ions can switch on com-
pletely new cellular activities. We do not
yet know whether intracellular.pH is an
important regulator of development in
eggs other than those of the sea urchin
or whether it is involved in other cell
functions. It seems likely, however, that
regulation through the transient or per-
manent modulation of ionic content is
widespread in the living world and that
the mechanisms for regulating cellu-
lar activity at fertilization are utilized
throughout the life of the organism.



Eleven questions to ask yourself
before buying a 35mm SLR,

Knowing what to look for now in
a 35mm SLR can save you
money and prevent problems
later on.

1. How much cameradol need?
Most manufacturers, including
Minolta, offer a tempting array
of features. Like interchangeable
finders and focusing screens,
motorized film winding, self-
timers and multiple-exposure
" capability. If you’ll be using them,
fine. If not, save yourself some
money by cutting out the frills.

2. Is match-needle or electronic auto-exposure con-
trol best? Minolta offers both, so our only concern is
thatyougetwhat’s best for you.

Generally a match-needle camera costs less. To set
exposure, you line up two needles in the viewfinder. It's
easy, fast and accurate, but you do the work. Minolta
SR-T match-needle cameras offer a wide variety of
features and prices.

Minolta's newest 35mm SLR's have electronically
controlled shutter speeds. So even if the light changes
the instant before you shoot, the camera will set itself
for correct exposure. Among Minolta’s electronic SLR’s,
you'll find features like interchangeable viewfinders
and screens, shutter speeds to 1/2000th of a second
and multiple-exposure capability.

3. What should I look for
in the viewfinder? First of
all, a bright image. So you
can see clearly and focus
easily. Judge this by com-
paring several brands un-
der the same light condi-
tions.

Then, exposure information. The more the view-
finder shows, the more you know about how the camera
is taking the picture. If this means a lot to you, pay the
extra cost. If not, save on a simpler camera.

The important thing about Minolta SLR’s is that in
every single one, you can compose, focus, set expo-
sure and shoot without ever looking away from the
viewfinder. So you won’t miss shots of even the fastest-
moving subjects.

4. What range of shutter speeds
do | need? Most picture taking is
done at speeds between 1/60th
and 1/500th of a second. But to
stop very fast action, higher
speeds are handy to have. And
slower speeds are useful for avail-
able-light shooting and spectac-
ular night shots. Depending on
the Minolta model, you can get
speeds as fast as 1/2000th of a second and as slow as
16 seconds.

5. What is a “fast” lens, and do |
need one? The more light a lens
lets in, the ‘‘faster’’ it is. Faster
lenses like an f/1.2 or f/1.4 are
more expensive, but nice to have if
you do a lot of shooting in dim light.

6. Why is thelens system
important? Interchange-
able lenses let your cam-
era grow with you. Minolta
offers almost 40, from a
7.5mm ‘‘fisheye’’ to a

7. How fast can | change lenses?
You shouldn’t have to miss shots.

So Minolta developed and patented
i a bayonet mount that lets you
change lenses with less than a
il quarter turn. And unlike other bay-
onet mounts, Minolta's doesn’t
require you to realign f/stops
afterwards.

8. How should the camera feel? Solid. Comfortable.

Not too big, nottoo small. Your @ .q
:-7'7

fingers should fall naturally into [Pt
place on the controls. Advance |{ SRS
the film wind lever. If it feels s
gritty or rough now, how will it Batid

feel after a couple of thousand fs
shots?

9. How should it sound? Press
the shutter button. Noisiness
means either vibration or inade-
quate damping of moving parts.
Or both. The newest Minolta shut-
ters are a joy to hear because you
almost can’t hear them at all.

10. How do | judge craftsmanship? Compare. Every-
thing should be tucked in neatly. Finishes should be
even and unmarred. No machining marks should be
visible, even inside the camera.

11. What is the camera’s reputa-
tion? Be sure to ask friends about
Minolta. Since it's the best-selling
{ , imported camera brand in the U.S,,
3 5 chances are someone you know
— owns one.
And if you'd like literature on
Minolta 35mm SLR’'s, write to ¢
Minolta Corp., 101 Williams Drive,
Ramsey, N.J. 07446. In Canada:
Minolta Camera (Canada), Inc., Ont.

° The more you know
Minolta

about cameras, the more you’ll
wanta Minoita.
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An Early Energy Crisis
and Its Consequences

In the 16th century Britain ran out of wood and resorted to coal.

The adoption of the new fuel set in motion a chain of events that

culminated some two centuries later in the Industrial Revolution

not only in many types of construc-

tion but also in most domestic and
industrial heating. Then in Britain in the
second half of the 16th century coal
came into widespread use as a substitute
for wood as fuel. The earliest coal-burn-
ing economy the world has known was
established first in England and then in
Scotland between about 1550 and 1700.
This transition from woodcutting to
coal mining as the main source of heat
was part of an early British economic
revolution. The first energy crisis, which
has much to do with the crisis we now
face, was a crisis of deforestation. The
adoption of coal changed the economic
history of Britain, then of the rest of
Europe and finally of the world. It led to
the Industrial Revolution, which got un-
der way in Britain in the last two dec-
ades of the 18th century. The substitu-
tion of coal for wood between 1550 and
1700 led to new methods of manufac-
turing, to the expansion of existing in-
dustries and to the exploitation of un-
tapped natural resources.

To make these assertions is not to be-
little the role of other changes during the
Middle Ages and the Renaissance in the
coming of our industrialized world. The
century before Britain’s wood crisis—
the 100 years from about 1450 to 1550—
was characterized by a new spirit of
expansion. Voyages of discovery were
launched, carrying explorers to the ends
of the earth. The art of printing with
movable type spread across Europe,
and the production of paper expanded;
millions of books were printed and put
in circulation. In central Europe, where
the major centers of mining and metal-
lurgy were to be found, the output of
ores, particularly silver-bearing copper
ores, multiplied severalfold. The years
between 1494 and 1529 have been de-
scribed as bringing about a “revolution
in the art of war.” With the help of the
new firearms Spain conquered Mexico
and Peru.

In medieval Europe wood was utilized
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These and other innovations in-
creased, directly or indirectly, the need
for all existing kinds of energy: the heat
provided by wood and the power pro-
vided by wind, animals and running wa-
ter. The need for larger amounts of
wood for construction and for heating,
particularly for the smelting and refin-
ing of ores, called for a substantial in-
crease in the felling of trees.

11 Europe felt these pressures, and yet
the first large area to experience an
acute shortage of wood was Britain.
Why did the fuel revolution that led to
new uses of heat energy begin in that
particular place? Was wood particularly
scarce there? It seems to be true that the
most populous parts of Scotland (the ar-
eas surrounding the Firth of Forth) were
barren of trees; a wit from England is
said to have observed in the reign of
James I that if Judas had repented in the
king’s native land (Scotland), he would
have been hard put to find a tree on
which to hang himself! Such an expla-
nation does not fit England. The wood
crisis there has to be attributed to the
requirements of expanding agriculture,
industry and commerce, all stimulated
by a growing, shifting population.

It appears that Sweden and the Neth-
erlands were the only other European
countries to experience anything com-
parable to the growth and resettlement
of the British population in the period
from 1550 to 1700. The population of
England and Wales, about three million
in the early 1530’s, had nearly doubled
by the 1690’s. The resulting demand for
wood for various purposes was further
increased by changes in the distribution
of the population. In this period the in-
habitants of London multiplied at least
eightfold, from some 60,000 in 1534 to
some 530,000 in 1696.

According to Gregory King'’s estimate
for the latter year, the British capital
had by then become the largest city in
Europe and perhaps the world. King es-
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timates that England’s other “cities
and ... market towns” had a total popu-
lation of about 870,000. This means that
although only one person in 10 was a
“townsman” in the 1530’s, one person in
four was a townsman in the 1690’s.
Larger towns meant heavier demands
on nearby wood supplies. Moreover,
outside the towns there was much mi-
gration of the unemployed across the
country in search of work. Wherever
they found employment, shelter had to
be provided, putting still another strain
on the forests.

During the reigns of Elizabeth 1
(1558-1603) and James I (1603-25) this
pressure on the supply of trees was re-
flected in the soaring cost of firewood
and lumber for construction. The period
from 1550 to 1640 was a time of infla-
tion throughout Europe, but the price of
wood in England rose very much faster
than that of any other commodity in
general use anywhere. Complaints of
deforestation came from all parts of the
kingdom.

Wherever coal seams outcropped in
Europe, coal had been burned in small
quantities since the 12th century. (It had
been more extensively burned in China
earlier than that and also to some degree
in Roman Britain.) In Europe during the
later Middle Ages peasants had occa-
sionally warmed their homes or stoked
their lime kilns and smithies with these
“black stones.” Why then was coal not
widely adopted as a fuel on the Conti-
nent and in Britain before the forests
were seriously depleted?

In societies earlier than the one that
arose in western Europe in medieval
times mining was looked on with disfa-
vor. It was often regarded as robbery,
even as a kind of rape. Unlike the plow,
which made the earth fertile, the pick
and shovel removed what seemed to be
irreplaceable soil and subsoil.

By the early 16th century a different
attitude toward the exploitation of the
more valuable underground resources



found expression in two books. In De
re metallica (1556) Georgius Agricola
(1494-1555) ranked the miner’s calling
higher than “that of the merchant trad-
ing for lucre.” And in Pirotechnia (1540)
Vannoccio Biringuccio (1480-1539) ad-
vocated an all-out assault on these un-
derground riches. He advised “whoever
mines ores. .. to bore into the center of
the mountains...as if by the work of
necromancy or giants. They should not
only crack the mountains asunder but
also turn their very marrow upside down
in order that what is inside may be seen
and the sweetness of the fruit despoiled
as soon as possible.”

The new dignity attached to mining
was reserved for metallic ores. It did
not extend to coal. The medieval crafts-
men who needed fuel wanted their work
to be beautiful, whether it was for their
church or for rich laymen. The unpleas-
ant smoke and fumes of coal therefore
limited the market for it. There was little
incentive before the mid-16th century to
dig deep into the soil in search of this
dirty fuel as long as wood was available,
and there seemed to be an abundance of
that. Biringuccio himself believed the

COAL WAS BRITAIN’S PRINCIPAL FUEL by the end of the 17th
century. Coal heavers, such as the ones shown in this print from 1805,

forests of Europe could fill all conceiv-
able future demands for fuel. In Piro-
technia he wrote: “Miners are more like-
ly to exhaust the supply of ores than
foresters the supply of the wood needed
to smelt them. Very great forests are
found everywhere, which makes one
think that the ages of man would never
consume them...especially since Na-
ture, so very liberal, produces new ones
every day.” Coal is mentioned only once
in his long treatise and then just to dis-
miss it: “Besides trees, black stones, that
occur in many places, have the nature of
true charcoal, [but] the abundance of
trees makes [it] unnecessary ... to think
of that faraway fuel.”

Less than a generation later the En-
glish turned to coal under pressure from
the high price of wood. By the early 17th
century efforts by the government to
stop deforestation were felt to be imper-
ative because the shortage of lumber for
shipbuilding seemed to threaten Brit-
ain’s existence. A royal proclamation
of 1615 laments the former wealth of
“Wood and Timber,” the kind of wood
that is “not only great and large in height
and bulk, but hath also that toughness
and heart, as it is not subject to rive or

g;
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cleave, and thereby of excellent use for
shipping, as if God Almightie, which
had ordained this Nation to be mighty
by Sea and navigation, had in his provi-
dence indued the same with the princi-
pall materiall conducing thereunto.” By
the middle of the 17th century coal had
proved so useful and was already so
widely burned that the British had come
to make necessity a virtue. They recon-
ciled themselves to the disappointing
failure of their explorers to locate
sources of precious metal and of their
miners to find much of it in Britain itself.
In spite of the smoke and fumes of coal
and in spite of a widespread distaste for
it, by the time of the civil war in the
1640’s Londoners were dependent on
the coastwise shipment of coal to keep
warm. In 1651 the anonymous author of
News from Newcastle wrote verses in
praise of the new fuel. “England’s a per-
fect World! Has Indies too! / Correct
your Maps; New-castle is Peru!... /
Let th’ naughty Spaniard triumph, ’til
tis told / Our sooty mineral purifies his
gold.”

Even earlier, as is made clear by Wil-
liam Harrison’s Description of Britain
(1577) and by a petition London brew-

handled coal destined for homes and industries across Britain and
for many foreign countries as well. In background are coal barges.
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ers addressed to Sir Francis Walsing-
ham, Queen Elizabeth’s secretary of
state (1578), coal was acquiring a new
and important place in domestic and in-
dustrial heating. The surviving records
of customs officials at Newcastle-on-
Tyne (and later records of other towns)
reveal a continuous and rapid growth in
the shipments of coal between 1550 and
1700, first from Newcastle-on-Tyne and
then from other ports. These records
suggest that the coastwise shipments in-
creased at least twentyfold between
1550 and 1700. Coastwise imports to
London grew even faster, probably
more than thirtyfold, which is not sur-
prising in view of the multiplication of
the city’s population in that period. Lord
Buckhurst, who became Queen Eliza-
beth’s lord treasurer at the end of the
16th century, required the customs offi-
cials during the 1590’s to determine the
“rate of growth” in coal shipments from
Newcastle, thereby introducing a new
concept into human affairs. The calcula-
tions on which Buckhurst insisted indi-
cated that taxes on coal shipments could
be counted on to provide a continually
increasing source of revenue, and so
taxes on coal shipments were imposed
in 1599 and 1600.

The most impressive rises in the
growth rate of coal production oc-
curred in the second half of the 16th
century and at the beginning of the 17th.
In fact, the growth rate in the volume of
coal mined between 1556 and 1606 may
even exceed the growth rate (computed
from less incomplete statistics) in the
volume mined during the first part of the
19th century, that is, at the height of
Britain’s Industrial Revolution. The ac-
tual quantities involved in the rapid
growth of coal production in the earlier
period may seem insignificant today,
but it is the viewpoint of the Elizabe-
thans and their immediate successors
that needs to be recaptured. To them the
expansion in the output of coal must
have seemed extraordinarily rapid.

Coal was not only a source of ener-
gy but also a spur to technological
development. Most products that could
be manufactured with open wood fires
were damaged by contact with coal
fumes. John R. Harris has commented
that as a result “coal was hardly ever
adopted without significant alteration
of industrial processes.” Indeed, the
technological advances of the Industrial
Revolution were largely the culmination

BEFORE THE ADVENT OF COAL wood was the main source of heat energy in Europe.
Industrial power was provided by wind, animals and running water. It was often necessary to
convert the wood to charcoal by partially burning it in furnaces such as the ones shown here.
The wood was piled in stacks, covered with earth and powdered charcoal dust and then burned.
The covering kept combustion at a minimum so that the end product was charcoal rather than
ashes. For some manufacturing processes charcoal was preferred to wood because it is most-
ly pure carbon and so yields a greater amount of heat per unit volume of fuel. Illustration
is from Diderot’s Encyclopédie, ou Dictionnaire Raisonné des Sciences, des Art et des Metiers.
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of the innovative period associated with
the conversion to coal.

New methods of firing had to be de-
veloped in which the materials to be
heated were protected from direct con-
tact with the burning coals and the gases
evolved in their combustion. Otherwise
the coal would have had to be reduced
to coke and so purged of its noxious
properties. After about 1610 glass be-
gan to be manufactured with mineral
fuel in a variant of the reverberatory
furnace, a system that later played an
important role in the growth of other
major industries. In this type of furnace
an arched roof reflects the heat of the
burning coal onto the material to be
heated, thereby preventing the contami-
nation of the material by substances
originating with the fuel. The potash
and sand to be melted down to form
glass were enclosed in a clay crucible to
further protect them from the fumes.
Like the reverberatory furnace, the cru-
cible was later employed in many other
manufacturing processes.

Over the decades following 1610 new
technology brought coal into many
kinds of manufacturing. The cementa-
tion process for converting wrought iron
into steel with coal was introduced be-
tween 1612 and 1620. By 1618 a method
of baking bricks in coal fires near Lon-
don was described by the Venetian am-
bassador in words showing that Italians
were no longer disposed to ignore this
“faraway fuel” as Biringuccio had rec-
ommended. Before the British civil war
of the 1640’s coke was introduced for
the drying of malt in connection with the
brewing industry, which had expanded
rapidly during most of the 16th century
with the spread of hop gardening from
the Netherlands.

One of the most important applica-
tions of coal following the restora-
tion of the British monarchy in 1660 was
in the adaptation of the reverberatory
furnace for smelting nonferrous metals.
This innovation of the 1680’s made it
possible to smelt the lead, copper and tin
ores of Britain with coal. By the end of
the 17th century only the production of
pig and bar iron remained dependent-en
wood. Although the problem was not
completely solved until the 1780’s, an
important step toward its solution was
taken in 1709, when coke was intro-
duced by Abraham Darby the elder at
his blast furnace in Shropshire. In this
kind of furnace the fuel and the ore are
in contact. The trouble with Darby’s
process was that it yielded a kind of pig
iron that, unlike the pig iron produced
with wood, could not be converted to
wrought iron, the form of iron then
most in demand. In 1784 Henry Cort
invented the puddling process, in which
pig iron (even pig iron from a blast fur-
nace) is remelted and manipulated in a



A request comes in to mathematicians here
at the General Motors Research Laboratories.
“How do we determine if this panel can be
stamped without tearing?” it asks.

Wait a minute. Can’t a half century of manu-
facturing know-how provide the answer? No,
because in making cars lighter, designers are
using new alloys that are often more difficult
to form.
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ious forming operations. And the models work.

It’s an interesting challenge, predicting
panel formability. You start with the theory of
plasticity, attempting to build a general model
on this bedrock.

The model must take into account press
forces, the resulting stresses on the metal, die-
metal friction, the rate and direction of perma-
nent deformation, and the work hardening and
physical limitations of the metal.

Then comes the critical step of dovetailing
all these elements into a comprehensive model
that can predict with accuracy.

So far, we've developed models for several
stamping operations. In use they give results
that agree with laboratory and plant experience.

One, for
example, com-
putes the lon-
gest flange
length possible
on a curved
panel without
splitting. It told
designers they
could use length-
radius combi-
nations previously considered unworkable.

Another computes maximum pocket depth.
It guided the design of a 1977 station wagon
load floor panel (far right), permitting aluminum
to replace steel and save 34 kilograms.

Mathematical modeling: Helping to improve
designs and cut car weight...by the numbers.

forming
sheet metal...
mathematically.

Research Laboratories

Warren, Michigan 48090
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© 1977 SCIENTIFIC AMERICAN, INC




At the Indian hospital in Sells, Arizona,
Papago Indian Peter Ruiz checks the
quality of the TV signal coming in from
a mobile health van miles away. He's
watching the screen of a TEKTRONIX
waveform monitor in the STARPAHC™

communications console. The TEK-
TRONIX automatic video corrector,

just above the waveform monitor, auto-
matically corrects distortions in both
color and black and white signals, free-
ing Peter to concentrate on the other

{CCCO i |

et
e

communication channels.

Small, isolated villages, in an area of
the Sonora Desert roughly the size of
Connecticut, regularly receive mobile
health van visits. Two-way video,

“Getting health care to people in remote areas

is a worldwide problem that telecommunications is
helping to solve - whether the people are astronauts in
space or Papago Indians on the Sonora Desert.”

Norman Belasco, Project Officer, STARPAHC*
NASA's Lyndon B. Johnson Space Center, Houston, Texas

At NASA, Norman Belasco explains
that one of NASA's early telemedicine
projects involved the development of
systems that would support biomedi-
cal research and provide clinical
health care capabilities for long-dur-
ation, manned space flights.

“The STARPAHC* project originated
when NASA was asked by the Presi-
dent's Domestic Council to examine
ten pressing national problems — and
one of them turned out to be the de-
livery of health care to remote areas.”

The resulting program involved the co-
operation of NASA, HEW and its Indian
Health Service, and the Papago In-
dian Tribe. Lockheed Missiles and
Space Company, Inc., was selected
to assemble the system and support
the field operations.

One of the requirements of NASA’s
remote-health-care program was that
commercially available, off-the-shelf
equipment — or as much as possible
— be used in the project. That's how
Tektronix became involved.

The communications industry uses a
wide range of Tektronix electronic
instrumentation. This includes sophis-
ticated television broadcast equip-
ment, which has found many uses be-
yond the commercial television broad-
cast industry. Noncommercial uses
are as varied as NASA Control's ela-
borate system that enabled us to see
man take his first step on the moon
— to the production of video tapes
that record what a physician sees
through a bronchoscope.

*Space Technology Applied to Rural Papago Advanced Health Care
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The TV broadcasting industry around the
world looks to Tektronix for instruments
that help to maintain the quality of tele-
vision transmission from the camera to
the home receiver. The Grass Valley
Group, a wholly owned Tektronix subsidi-
ary located in California, is especially
well known for its production and routing
switchers, which are used in program
editing and for special effects, such as
the split screens, inserts, and montages
often seen in applications such as sports
programming.



voice, and data signals are transmit-
ted from the van to a mountain-top,
microwave relay station that is aligned
with the Sells hospital and a fixed, re-
mote clinic at Santa Rosa. Sells has
telephone tie lines to consultant and
referral centers in Phoenix and Tuc-
son, and to a computerized patient-
record file in Albuquerque.

What the engineer sees. The TV cam-
era transforms images into complex
analog signals. Special test signals,
not visible on a home TV set, are sent
along with the television signal. At
each step in the broadcast chain,
engineers use these test signals to
evaluate picture-signal quality.

For example, in the STARPAHC sys-
tem, color intensity and hue are con-
trolled by the insertion of a relatively
new signal called a VIR (vertical inter-
val reference). The insertion is accom-
plished with a TEKTRONIX signal gen-
erator just after the camera picks up
the image.

Then a TEKTRONIX Automatic Video
Corrector samples the VIR signal and
automatically adjusts both color and
black and white values before the
picture is transmitted to the doctor's
(or home viewer’s) receiver. The en-
gineer can check the color signal on
the TEKTRONIX waveform monitor
periodically to be sure that the picture
being transmitted is the same as the
picture at the source.

Many other Tektronix products are
used throughout the TV industry. Pic-
ture Monitors. Vectorscopes. Demod-
ulators. Analog-to-Digital Converters.
Spectrum Analyzers. Digital Photom-
eters. And oscilloscopes for system

Inside the mobile van Medic Ken Tio-
kasin examines patient Alfred Pablo,
while a doctor at the physician’s con-
sole miles away in Sells conducts a
two-way video and voice consultation.
The physician can remotely control
the TV cameras on the mobile unit and
at the Santa Rosa clinic — zoom in
on a patient’s problem, read x-rays,

examine color specimen slides under
a microscope, receive an ECG read-
out, and send or receive pertinent
health-record data. Now, with com-
munication satellite technology, it will
be possible for physicians to hold
two-way visual consultations with col-
leagues and patients anywhere in the
world.

servicing (including the computer in
the STARPAHC system).

But TV is only part of the picture.

Tektronix serves the total communica-
tions industry. For example, when we
saw that the telephone industry
needed a faster and more precise way
to find cable faults, Tektronix engi-
neers solved the problem with a Cable
Tester. We work to anticipate the
needs of people working with every-
thing from CB radios to communica-
tion satellites.

A half billion dollars in sales.
Tektronix’ diversified products are
used in many industries worldwide.

Progressive managers are using TEK-
TRONIX computer graphics to solve
problems in areas as diverse as inter-
national monetary exchange to the
mapping of subterranean oil and coal
deposits. Almost everywhere comput-
ers are found, TEKTRONIX portable
oscilloscopes and other service instru-
ments help to maintain them. Quantity
buyers and suppliers of integrated cir-
cuits use TEKTRONIX IC Test Systems
to help develop, select, and maintain
quality control of *‘chips’’ for their
products

Foundries save energy and man-hours
with TEKTRONIX digital ultrasonic test-
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ing systems. Almost every R & D lab
uses TEKTRONIX high-performance
oscilloscopes to test, measure, and in-
terpret electrical phenomena. Hos-
pitals improve patient care with TEK-
TRONIX physiological monitors.

And now in microelectronics, TEK-
TRONIX logic analyzers and Micro-
processor Labs give engineers an
edge in designing new products that
promise to revolutionize our business
and personal lives.

These are just a few of the more than
800 Tektronix products that serve the
test, measurement, and information
display needs of thousands of custom-
ers, worldwide.

We’ll gladly send you information
about our products, or a copy of our
annual report. Write to the Marketing
Communications Department,

76-260, Tektronix, Inc., P.O. Box 500,
Beaverton, Oregon 97077.

By phone—call 503-644-0161.

Tektronix

COMMITTED TO EXCELLENCE
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In 1779, when
John Paul Jones received
command of the Bonhomme Richard.
Martell may well have been there.
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coal-fired reverberatory furnace to pro-
duce wrought iron. Until Cort’s inven-
tion the making of iron remained largely
dependent on charcoal. Thus although
iron production in England had in-
creased several times between 1540 and
about 1620, this growth had been arrest-
ed by the shortage of wood for making
charcoal in the 1620’s. Beginning in that
decade, however, an increase in iron im-
ports, notably from Sweden, made pos-
sible a continuous slow growth in the
output of finished iron wares, which
were already produced by processes uti-
lizing mineral fuel.

Samuel Eliot Morison has observed
about innovations in shipbuilding and
navigation that there is always “a gap
between the invention of a device and
persuading owners to supply it or sailors
to use it.” The same can be said about
the spread of inventions connected with
the introduction of coal in Britain after
1550. It took a substantial period of ex-
perimentation to make the new coal-
based methods efficient. For example, in
brickmaking (as also in the baking of
clay tobacco pipes) there was much
waste through breakage when coal-
burning furnaces were introduced. Be-
fore the end of the 17th century, how-
ever, few bricks were lost in the course
of coal firing.

As it became clear that coal could
mean cheaper and more efficient pro-
duction more industries turned to itas a
fuel. Before the end of the 17th century
in Britain’s growing textile industry,
where processes such as steaming and
dyeingcalled for large quantities of fuel,
that fuel was usually coal. Before 1700
the expanding manufactures of salt,
alum, copperas (vitriol, or ferrous sul-
fate), saltpeter, gunpowder, starch and
candles depended on coal. Coal was
then also being employed extensively in
the preparation of preserved foods, vin-
egar and Scotch whisky, and in brew-
ing, soap boiling and sugar refining. A
French visitor studying English technol-
ogy in the Midlands in 1738-39 report-
ed that the new coal-burning Kilns
(made of coal-baked bricks) had pro-
duced such a superior lime fertilizer that
the yield of arable land had tripled. He
considered coal “the soul of English
manufactures.”

he spread of coal into British homes
that began early in Elizabethan
times was continuous throughout the
17th century. This was not the only resi-
dential change brought about by the
conversion of Britain to mineral fuel.
The kingdom was extensively rebuilt
under Queen Elizabeth and her Stuart
| successors. Brick and stone structures
(with mortar made from coal-burned
limestone) were replacing wood ones.

| Windows made of glass (produced in
coal furnaces) were installed in build-

| ings to retain the heat from the new
| coal-burning fireplaces (which had iron




grates and brick chimneys manufac-
tured with coal). In spite of its grime and
stench coal had brought a new comfort
to Britain’s damp, chilly climate. Al-
ready in 1651 the author of News from
Newcastle observed that the sacks of
coal had heightened the joys of intimacy!

Coal had been so successfully incor-
porated into the British technology and
economy that during the last four dec-
ades of the 17th century wood prices
stopped rising. Some years ago I ven-
tured a rough estimate of three million
tons for Britain’s annual coal produc-
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THE WOOD CRISIS of the 16th century coincided with the expression of a changed attitude
toward mining. Until the Middle Ages mining had been widely considered an affront to nature.
In De re metallica, published in 1556, however, Georgius Agricola expressed a new respect for
mining. This careful account of metallurgy and mining gives a good picture of those industries
at about the time when it was first necessary to increase coal production. In this illustration
from De re metallica a tunnel, D, has been cut into a hill and three shafts have been dug from
above. Although the mining was facilitated when a shaft connected with the tunnel, not all the
shafts were meant to do so. In this case the shaft at 4 will be mined only from the surface; the
shaft at B connects with the tunnel, and the tunnel will soon connect with the shaft at C. Mate-
rial was hauled vertically out of a shaft with a windlass, which was usually covered with a shed
to keep rain out of the shaft. Agricola pointed out that it was desirable to construct a separate
building as a dwelling because “sometimes boys and other living things fall into the shafts.”
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tion in the 1690’s. In Harris’ opinion that
figure “may eventually prove conserva-
tive rather than excessive.” It appears
that at least as much as four times more
heating was done at that time with coal
than was done with wood. Never before
had a major country come to depend on
underground resources for the bulk of
its fuel.

Although the exploitation of coal had
largely solved the fuel shortage before
1700, there was still a wood shortage
because other demands for wood had
increased. In 1618 a traveler from Lon-
don described his time as a “rattling,
rowling, rumbling age” and remarked
that “the World runnes on [wood]
Wheeles.” Great quantities of lumber
were required for the construction of the
growing number of ships and horse-
drawn vehicles needed to transport peo-
ple and goods across water and land.
Moreover, although there was some re-
forestation during the 17th century,
more and more forest was being cleared
for farms and pastures. In addition
smaller areas were being cleared for the
growing metallurgical industries and for
the expansion of mining, particularly of
coal mining. Britain’s forests simply
could not keep up with the island’s de-
mand for wood.

The British were forced to supple-
ment their domestic supply with im-
ports, mostly from the American colo-

nies and from the Baltic region. (In his
Wealth of Nations, published in 1776,
Adam Smith remarked that in his native
Edinburgh “there [was] not perhaps a
single stick of Scotch timber.”) The im-
ports of wood were paid for in part by
the mounting exports of coal and proba-
bly in greater part by the mounting ex-
ports of textiles manufactured in vary-
ing degrees with coal fuel. This foreign
trade, and even more the rapidly ex-
panding coastwise trade, had already
resulted in the 17th century in the de-
velopment of a large British merchant
marine. New colliers, or coal ships, were
designed to carry more coal with a
smaller crew, and the coastwise coal
trade was considered the chief training
ground for seamen, a major factor in
Britain’s emergence as a sea power.

Yet in some instances coal made Brit-
ain less dependent on imported
commodities, for example salt. As Rob-
ert Multhauf explains in his forthcom-
ing book Neptune's Gift: A History of
Common Salt, this commodity was an
essential one in Europe during the 16th
and 17th centuries. In Britain, where
food from the sea was coming to occupy
a more important place in an increasing-
ly abundant diet, salt was indispensable
for preserving fish. In southern and
western France salt was obtained by al-
lowing the sun to evaporate seawater in

REVERBERATORY FURNACE made possible the utilization of coal in spite of the fuel’s
reactive smoke and flames. The arched roof of a reverberatory furnace reflects the heat of
combustion onto the material to be heated. When the fuel being burned is coal, the arrange-
ment prevents contamination of the product by the substances in the coal fumes. This view of
a reverberatory annealing furnace is from the section on coinmaking in Diderot’s Encyclo-
pédie. Blanks, such as one shown in furnace, had to be annealed before coins could be struck.
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shallow pans, or ponds, but this method
was impractical in Britain’s climate. In
the early 16th century two-thirds of the
salt consumed in England had to be im-
ported, mostly from France. Britain’s
almost total conversion to coal changed
the situation. At the end of the 17th cen-
tury some 300,000 tons, or nearly 10
percent of the coal mined annually in
Britain, was burned to evaporate water
for the production of salt in England
and Scotland. As a result the country
had become virtually self-sufficient in
terms of salt.

The conversion to a new kind of fuel
might have had less effect on the British
economy if Britain had been poorly, or
even only moderately, endowed with
coal. Before the end of the 17th century,
however, it had become clear that Brit-
ain possessed enormous coal reserves. A
piece of coal-inspired technology pro-
vided new and reassuring information.
The device, called a boring rod, was in-
troduced at the beginning of the 17th
century. Early boring-rod surveys were
inaccurate, but before the 17th century
had ended mining experts were able to
determine the thickness and quality of
coal seams without sinking shafts. Bor-
ing rods had become reliable tools and
had revealed a newfound land of plenty
under the soil and even under the sur-
rounding seas. Much of the island was
seen to be underlain with coal. This
trove of energy resources began to exert
a pull in the direction of a quantity pro-
duction that had not been equaled in
previous history.

t was not until the middle of the 19th
century, after an unprecedented ac-
celeration in the rate of growth of pro-
duction had begun, not until the pub-
lication in 1865 of William Stanley
Jevons’ The Coal Question, that some be-
came aware that the coal deposits were
exhaustible. By this time resources of
petroleum and natural gas were known
outside Britain, although neither were
much exploited until later in the 19th
century. It was not until the 1920’s that a
few people began to realize the supplies
of all fossil fuels had distinct limits.
The shift to fossil fuel in the 17th cen-
tury led on after 1785 to the aggressive
exploitation of the world’s vast stores of
iron ore. Without the coming of the first
coal-burning economy the age of iron
and steel might never have developed.
The conversion to coal that began in
Elizabethan England had further conse-
quences in bringing into being the mod-
ern mechanized age. The utilization of
steam power and of travel by rail were
also vital to the coming of that age. At-
tempts to build steam engines and to in-
troduce railed ways with horse-drawn
wagons in Britain go back at least to the
reign of James I, but it was not until
1712 that Thomas Newcomen installed
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MAP OF DURHAM AND NORTHUMBERLAND COUNTIES in England shows the ap-
proximate locations of collieries in 1635. There were probably more collieries than are shown
on the map. Illustration is adapted from map in author’s The Rise of the British Coal Industry.
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at a colliery in Staffordshire a steam en-
gine that actually worked. It was to no
small extent the needs of coal mining
and coal transport that led to the steam
engine and the railroad. Britain’s damp
climate made the damage of water in
the multiplying coal mines a serious
problem. Power from horses (which ate
costly fodder) and from running water
(which required capital for dams and
overshot wheels) was diminishing the
profits from coal mining throughout the
17th century. The compelling need for
more efficient drainage systems in the
British coal mines in that early age
played an important part in the devel-
opment of the Newcomen engine. Once
these “fire engines” were invented, as
John S. Allen and Alan Smith have
shown, they spread rapidly across Brit-
ain between 1712 and about 1730.

It should be mentioned that coal ap-
pears to have been burned for many in-
dustrial purposes in China in the Sung
era, in the 10th and 11th centuries. The
episode was largely forgotten. It clearly
did not lead, as it did in Europe much
later, to an industrial revolution.

Studies made over the past 50 years,
since I published my own two volumes
on coal, have shown that the period of
Britain's energy crisis—the late 16th and
17th centuries—was also the period of
what has come to be called the scientific
revolution. The revolution in thinking
that brought modern science into being
was an even more important factor than
coal in the establishment of the mecha-
nized age. By the 1620’s and 1630’s Eu-
ropeans were becoming aware of the im-
mense growth in production promised
by the development of the new fuel. It
was in those two decades that Francis
Bacon wrote The New Atlantis (1627)
and René Descartes his Discourse on
Method (1637). Bacon's imaginary is-
land over the seas was provided with a
great institution of scientific research
presiding over human destiny, and he
was confident that a new abundance,
made possible by the growth of scientific
knowledge, would solve intellectual and
moral problems as well as economic
ones. And Descartes in his Discourse was
no less confident. Even more specifically
than Bacon he foresaw greater output,
lighter labor and longer life for human
beings everywhere. Even at that time
there was talk of airships, submarines,
devastating explosives and journeys to
the moon. It was the scientific revolution
in the late 16th and 17th centuries, to-
gether with the economic transforma-
tions brought about by the introduction
of coal, that gave birth to the industrial
world in which we live.

In Britain the period of the onset and
resolution of the energy crisis (1550-
1700) was characterized by increased
returns from labor in all kinds of pro-
duction. The British statesman and his-
torian Lord Clarendon (1609-1674) was
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referring to this prosperity when he
wrote that during the period before the
1640’s the English “enjoyed...the full-
est measure of felicity, that any people
in any age for so long time together have
been blessed with; to the wonder and
envy of all the parts of Christendom.”
Clarendon did not base his assertion on
what would today be considered reliable
statistics, and indeed it is not possible to
provide such statistics. Yet the new in-
formation on English economic growth
contained in recent books of Eric Ker-
ridge’s and of mine supports Claren-
don’s statement. Britain, which lagged
behind the rest of Europe in many eco-
nomic areas during the later Middle
Ages, was probably ahead of the other
European countries in per capita agri-
cultural and industrial output by 1700.

Kerridge has shown that whereas it
has been thought that British agriculture
was transformed in the 18th and early
19th centuries, the transformation actu-
ally took place between the late Middle
Ages and the end of the 17th century. In
this period, he writes, “the improvement
of yields [from farming] must have been
enormous. Corn [that is, grain] and
grass yields rose about fourfold, and the
yields of the fallows [the land not previ-
ously tilled] increased out of recogni-
tion. All told it is difficult to resist the
conclusion that yields rose up to tenfold
and fivefold on the average.”

In the 1920’s and 1930’s most students
of the coming of industrialism (myself
included) accepted the explanations of
Karl Marx, Sir William Ashley, Max
Weber, Henri Hauser and others. The
works of these scholars suggested that
the advent of capitalism and of the “cap-
italist spirit” was the main factor leading
to the overwhelming increase in the out-
put of goods and services in the 19th
century. I now think that an even more
important factor was a growing faith in
quantitative progress, in the multiplica-
tion of output.

Late in the 16th century a new atten-
tion came to be focused on concepts of
quantity. The effects of this new concern
could be seen in the more exact mea-
surements employed in the developing
natural sciences and in the replacement
of the Julian calendar by the far more
accurate Gregorian calendar. It was also
reflected in a series of inventions de-
signed to speed up numerical calcula-
tions, one made by Galileo (1564-
1642), another made by the Dutch
mathematician Simon Stevin (1548-
1620) and two more by the Scottish laird
John Napier (1550-1617), the origina-
tor of logarithms. A sophisticated math-
ematics—the calculus—was developed
first in France after 1620 and more fully
later in the 17th century by Newton and
Leibniz. The idea of rates of growth in-
troduced during the Elizabethan age
brought a fresh precision to economic

studies. The new point of view empha-
sized the probable value of quantitative
goals to humanity. The transformation
of industrial aims constituted a major
advance toward an industrialized world.

In 1697 an Englishman named James

Puckle wrote: “Our artisans [are] uni-
versally allow’d the best upon Earth for
Improvements.” This was certainly true
in manufacturing that called for efficien-
cy and quantity production. Yet a differ-
ent evaluation needs to be made of the
state of the arts and the luxury crafts in
Britain following the conversion to coal.
At the juncture of the 17th and 18th cen-
turies Europe was eager to learn more
efficient production methods from the
British, but the British were equally ea-
ger to learn ways of fashioning beautiful
products and environments from the
Italians, the French and the Dutch. (No-
where in 17th-century Europe was the
quest for beauty and harmony in build-
ings and furnishings as remarkable as it
was in the Netherlands of Rembrandt
and Vermeer.) Harris has shown that in
the 18th century the British, in spite of
their aspirations to high fashion, had
great difficulty copying the methods of
making high-quality glass that were em-
ployed by the French at Saint-Gobain.
In Britain the rise of the coal industry
had weakened the position of crafts-
manship and art as the heart and soul of
production.

Moreover, the rise of coal mining had
cast a shadow over the laborers connect- |
ed with coal. Coal miners and coal carri-
ers, stained by the black mineral, were
often outcasts. They were seen as black
men, and in the 17th century, when real
black men were being shipped as slaves
from Africa to America, coal laborers
were being subjected to a new form of
slavery in Scottish collieries and coal-
burning salt pans.

A coal spread from Britain to the rest
of Europe in the late 18th century
and afterward the concern for beauty in
manufactures and in the human envi- |
ronment weakened. Throughout history
this kind of dedication to beauty has
been important in setting reasonable
limits to economic growth. The advent
of coal seems to have diminished such
dedication. The exploitation of the
earth’s resources has often violated the
bounds of good taste. To make the most
of these resources calls not only for in-
genuity but also for restraint. At present
man’s dependence on fossil fuels is as
problematic as his dependence on wood
was some 400 years ago. The best hope
for the fruitful exploitation of fuel re-
sources may lie in a renewal and an am-
plification of the standards of beauty. If
humanity is to advance, the making of
history must become an art, that is, a
search for beauty.
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THE AMATEUR
SCIENTIST

Wonders of physics that can be

found in a cup of coffee or tea

by Jearl Walker

science have to do with things re-
mote from everyday experience—
such as fundamental particles of matter,
the inner workings of the living cell and
the strange behavior of distant celestial
objects—one tends to overlook the sci-
entific opportunities that are to be found
under one’s nose. This month I have col-
lected several examples based on noth-
ing more complicated than a cup of cof-
fee (or tea). You have undoubtedly en-
countered some of them, but you may
not have given them much attention.
Late one night, escaping for a few
minutes from work on his doctoral dis-
sertation, my friend John Hudak was
idly mixing instant coffee into a mug of
hot water, clinking his metal spoon on
the bottom of the mug as he stirred. The
pitch of the clinking noise fell abrupt-
ly as the powder went into the water,
meaning that the sound waves had be-
come longer and had decreased in fre-
quency. As Hudak stirred for the time
required to mix the powder the frequen-
cy slowly increased to its former value.
He obtained the same results when he
added a spoonful of a powdered cream

In a time when most of the results of

substitute. Indeed, any powder dis-
solved in the hot water caused the same
type of frequency shift.

Before any powder is added a particu-
lar note is heard from the clinking be-
cause the spoon excites resonant stand-
ing waves in the column of water and in
the rim of the mug. The waves are simi-
lar to the resonant waves in an organ
pipe that are responsible for the sounds
you hear from the pipe. The harmonic
frequencies in the coffee cup, however,
are a bit more difficult to calculate than
those in the organ pipe. The frequencies
depend on the thickness, radius, density
and elasticity of the rim, the radius of
the column of liquid and the speed of
sound in the liquid.

I first thought the powder would lie on
top of the water and thus would have an
influence in determining the resonant
frequencies of the mug. It turns out,
however, that any powder lying on the
water only damps the oscillations in
the mug, thereby muffling the clinking
noise. It does not change the resonant
frequencies. Moreover, the powder dis-
solves rather quickly.

When the powder first dissolves, tiny

air bubbles are released from the pow-
der grains. The speed of sound is consid-
erably less in air (about 340 meters per
second) than in water (about 1,450), so
that the bubbles lower the speed of
sound in the liquid. If the volume of the
bubbles is a hundredth the volume of
the liquid, the velocity of sound is re-
duced 30 times. As a result the frequen-
cy of any standing wave is lower when
the bubbles are released. As the bubbles
gradually burst, the speed of sound (and
hence the frequency of the standing
wave produced by the clinking) returns
to normal.

A similar change in frequency can be
observed in a freshly poured glass of
beer. As the air bubbles in the beer (not
the ones on top of it) dissipate, the pitch
of the sound of a spoon tapped against
the side of the glass rises slowly.

One rather simple experiment in a
coffee cup serves as a rough model of
vortex motion on a much larger scale in
the atmosphere (dust devils, tornadoes,
fire storms and hurricanes). Smoothly
stir a cup of hot coffee or hot tea, lift the
spoon out and then carefully pour cold
milk or cream into the center of the cup.
If the stirring and pouring are done care-
fully enough, a vortex develops in the
center of the coffee. It is noticeable for
two reasons. First, the angular speed of
the fluid is greater in the center than it is
just outside the region where the milk
was poured. Second, the vortex may be
so well developed that the surface in the
center dimples. Neither characteristic
appears if the milk is warm or hot. In-
stead the angular speed in the center of
the cup decreases.

The different results with hot and cold
milk stem from the difference in their
densities with respect to the hot water in
the cup. Cold milk is denser than the
water and so will sink when it is added
to the water. The descending stream
captures existing small vortex columns

ow=r
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Stretching of vortex columns when cold milk or cream is poured into hot coffee
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FISHER INVENTED HIGH FIDELITY.
NOW OUR RS1058 IS IMPROVING IT.

Today’s music is more demanding
than ever. Recording engineers
easily capture the raw power as well
as the subtle nuances of rock,
classical and contemporary music.
Playback of those recordings requires
equipment of the highest caliber.

The RS1058 delivers 90 watts
per channel minimum RMS con-
tinuous power output, both
channels driven into 8 ohms, from
20-20,000 Hz with no more than
0.1% total harmonic distortion.

The RS1058 will produce disco-
theque sound pressure levels with
practically any loudspeaker system.
Equally important is its ability to
combine high power output and low
distortion with excellent dynamic
range, transient reproduction, signal-
to-noise ratio and stereo separation.

CAPTURE
THE EXCITEMENT OF MUSIC.

A receiver’s power supply is
responsible for the excitement of
music. It must recreate music’s
dynamic range, as well as the
instantaneous bursts of sonic
energy, called transients, of a live
performance.

Some stereo receivers use a
relatively small, inexpensive power
supply for each channel. The
RS1058 overcomes such limitations
with a single low-impedance power
supply capable of delivering its
total voltage output (180 watts
RMS) instantly to either channel as
required by the music. Such a
power supply results in significantly
more reserve power for reproducing

music’s full dynamic range, and its
transients for greater realism—not
only at loud listening levels, but

at normal listening levels as well.

LOWER DISTORTION FOR
INCREASED REALISM.

The human ear is capable of
discerning extremely fine differences
between recorded and live music.
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For this reason Fisher engineers
painstakingly pursued every
opportunity to reduce distortion
and extraneous interference to its
absolute minimum. Intermodulation
and total harmonic distortion are
kept below 0.1% at full output.

EXTREME TUNER SENSITIVITY.
FM performance of the RS1058
can only be described as impressive.
Usable sensitivity of 1.7 microvolts,
and a signal-to-noise ratio of 75 dB

rival the most expensive receivers
available. The RS1058 tuner utilizes
an FM front end featuring a 4-gang
tuning section AGC-controlled, dual-
gate MOSFET RF stage for highly
selective, noise-and interference-
free reception. Exceptional stereo
separation and clarity, extremely
low distortion and maximum noise
rejection are achieved by a phase-
locked-loop FM multiplex decoder.
The large signal strength meter
is provided for proper antenna
orientation and coarse tuning, the
center-of-channel meter pin-points
station tuning.
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HIGH FIDELITY CONTROL
FLEXIBILITY.

All controls and indicators of the
RS1058 are engineered to maximize
utility and ease of operation.

(]
AM/FM i
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STREMGTH

CENTER || CHanmEL

The RS1058 features two phono
inputs, two tape inputs and three
speaker connections. The tape
monitor control facilitates copying
from one tape deck to another, and
a front panel jack allows instant
connection of an auxiliary tape
deck. Baxandall tone controls
deliver large amounts of bass and
treble boost or cut, without affecting
mid frequencies.

High and low filters with sharp
roll-off characteristics can be
engaged to cut extraneous noise
and the speakers are protected by
a relay circuit.

FORTY YEARS OF INNOVATION.

Fisher started the high fidelity
industry in 1937, and introduced
the first stereo receiver in 1959.
That tradition of technological
leadership continues with the
RS1058 Studio Standard receiver.

When you consider the price,
about $550% the specifications of
the RS1058 become even more
impressive. Fisher components are
available at fine audio stores or the
audio department of better
department stores.

Continuous RMS sine wave power per
channel within stated bandwidth at no
more than stated distortion and with an
8-ohm load 90 watts

Power Bandwidth 20 Hz-20kHz

Total Harmonic Distortion
at rated power

0.1%

Total Intermodulation
Distortion at rated power 0.1%

FM Usable Sensitivity 1.7uV/9.8 dBf
FM Signal-to-Noise Ratio 75 dB

Dimensions (WxDxH)  20%"x14%"x7"
Weight 31.3 Ibs. i

*Mfg, suggested retail price. Actual price is determined
by dealer.

# FISHER

The first name in high fidelity.

©1977 Fisher Corporation,
21314 Lassen Street,
Chatsworth, California 91311
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How the secondary flow in stirred tea carries tea leaves to the center of the cup

from the surrounding fluid, pulls them
in toward the center and (on the aver-
age) stretches them. The angular speed
of the fluid in the columns then increas-
es, causing the fluid in the center of the

| cup to swirl faster than the fluid outside

the area occupied by the milk.

If the milk is quite hot, it may be light-
er than the water in the cup. With no
descending stream (or a much smaller
one) the vortex columns are not drawn
into the center to be stretched, and so the

| angular speed around the center of the

cup does not increase.

The demonstration with cold milk
may be analogous to the amplification
of vortexes in the air. Convective mo-
tion of the air may stretch already exist-
ing vortex tubes just as the descending
milk stream does. Stretching increases
the angular speed of the vortexes. In the
air the necessary convection can be ei-
ther up (if the stream is lighter than the
surrounding air) or down (if the stream
is heavier than the surrounding air). In
either case the convection can intensify
vortexes left by other sources, such as
the swirling (due to overheating of the
air near the ground) that can develop
into dust devils.

If you stir a cup of tea or coffee in
which you can see on the bottom a few
specks, tea leaves or bits of undissolved
sugar, you find that they are forced to
the center of the bottom. The motion
seems a bit paradoxical. One would sup-
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pose material lying on the bottom of the
cup would be pushed outward to the
walls by the centrifugal force created in
the rotation of the fluid around the cen-
tral axis of the cup.

The centrifugal force does attempt to
push material to the walls. Consider a
small parcel of water rotating around
the central axis. The farther the parcel is
from the axis, the greater the centrifugal
force it experiences is. As a result the
pressure in the liquid increases outward
from the axis, in a sense to counter the
centrifugal force. The rotating fluid
should therefore have no radial motion,
only angular motion around the center.

Radial motion does develop, howev-
er, because of the friction between the
bottom layer of fluid and the bottom of
the cup. The reduced rotation in the bot-
tom layer means that the pressure differ-
ence there between fluid near the wall
and fluid near the center is not as much
as it is on the top surface. This reduced
pressure in turn means that the pressure
near the wall is greater in the top layer
than in the boitom layer. As a result
fluid is forced downward along the wall
and then radially inward to the bottom
center of the cup, upward along the cen-
tral axis and radially outward in the top
layer. This fluid motion, known as sec-
ondary flow, can carry tea leaves or oth-
er submerged objects along the bottom
of the cup and deposit them in the center
as the fluid begins its central ascent.



You can follow the secondary flow by
carefully dropping food coloring into
stirred water in a clear cup or beaker.
Although the fluid flow is not as ideal as
is implied in the illustration on the oppo-
site page, the colored water does spiral
around the center of the cup with aradi-
al motion roughly like the one depicted.

The same type of secondary flow is
partly responsible for the meandering of
rivers. Similar meandering can also be
seen in the Gulf Stream and other ocean
currents and in water channels on the
surface of a glacier. Even when a
straight section of a stream is found,
closer inspection usually reveals that the
movement of the water is not really
straight but rather exhibits a weaving
back and forth between the walls of the
stream. Small perturbations introduced
into the course of the stream by the lo-
cal terrain initiate the meandering. The
mystery lies in the regularity of the re-
sulting pattern.

When water rounds a bend, a second-
ary flow similar to the one in the teacup
is created. Because of the retardation of
flow near the bottom the pressure differ-
ence between the inside and the outside
of the bend is different in the top and
bottom layers of the water. The greater
pressure on the outside top layer forces
fluid down the outside wall. Reaching
the bottom, the fluid is forced toward
the inside of the curve, then upward and
finally out again to the outside of the
curve along the top surface. During this
time the horizontal velocity of the water
is greater on the outside of the turn than
it is on the inside. The faster flow tears
away portions of the outside bank, and
the loose material is carried by the sec-
ondary flow to the inside bank. The re-
sult is an enhancement of the stream’s
curve, because the outside bank is eaten
away as the inside bank is built up. Giv-
en an initially young, straight stream,
the secondary flow will enhance any
perturbations in its bed into small mean-
derings, which in turn will be enhanced
into larger meanderings. If the looping
becomes extreme, the stream eats its
way from one loop to another to strand
a loop in between.

Vincent J. Schaefer has described in
American Scientist a surprising geomet-
ric pattern on the surface of his early-
morning coffee. With bright sunlight
shining almost horizontally across a cup
of hot coffee filled to the brim, the sur-
face exhibited dusty-looking polygons
traced out with dark lines. This type of
geometric surface pattern was first dis-
cussed in detail by Henri Bénard in
1901. Examples of the pattern can be
found in other evaporating fluids and in
circulation systems in both the atmo-
sphere and the sea.

The pattern in the coffee cup is caused
by the circulation of the hot water that
rises from the bottom to the top, cools
and then returns to the bottom. Over the
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problem-solving skills, your full purchase price
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areas of rising hot water small drops
condense, supported by the vapor pres-
sure from the surface of the liquid. The
drops are of roughly uniform size, be-
cause larger drops cannot be supported
by the vapor pressure and smaller ones
scuttle away. Over the areas where the
cooled water descends there are no such
suspended drops, and the surface ap-
pears clear. Since the coffee is dark these
areas are also dark. What one sees on the
surface is small patches of drops (over
rising water) that are outlined by rela-
tively narrow dark lines where the fluid
descends.

If the lighter areas are examined with
a microscope, they appear to consist of
layers of closely packed drops. The den-
sity of the drops depends on the vapor
pressure available from the liquid and
on the number of condensation nuclei in
the air. A dirty atmosphere will in prin-
ciple provide more condensation nuclei
for more droplets.

To observe such phenomena you need
not wait for a setting or arising sun. You
can see the Bénard-circulation patterns
more easily by directing the light from a
slide projector or a motion-picture pro-
jector over the surface of a cup of coffee.

LN
Cross section \@/

Material from outer wall deposited

If you would rather not waste coffee,
substitute hot water dyed with a dark
color (black food coloring or a dark
ink). To maintain the heat in the water
you can put the cup (or even better a
Pyrex beaker) on a low-temperature hot
plate. L initially brought the water nearly
to the boiling point to degas it (the bub-
bles are a nuisance) and then allowed
the water to cool. The best Bénard cells
appeared several minutes later.

If the surface became contaminated
with a film, I briefly laid a piece of paper
towel on the liquid to collect and re-
move the film. If you would like to see
the effect of such a contamination, place
a drop of corn oil on the surface. The oil
slowly spreads over the surface and
eliminates the Bénard cells.

Schaefer has also described the effect
of bringing charged objects near the
light areas in the Bénard cells. Running
a hard-rubber comb through your hair
or across a length of wool or plastic
charges the comb by transferring elec-
trons either to the comb or to the other
material. With some types of material
the comb gains electrons and becomes
negative. With other types of material
the comb loses electrons and becomes

y
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wall deposited along heve /7

from outer

Effect of secondary flow in enhancing a river meander
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positive. In either case the charged
comb destroys the light areas, indicat-
ing that the drops already carried a
charge.

When Schaefer held a charged hard-
rubber comb near the surface of the wa-
ter, he sometimes saw drops form near
the teeth of the comb. I saw this phe-
nomenon when I held a wire lead from
an electrostatic generator near the sur-
face of the water, with the other lead
from the generator attached to the metal
cup holding the water. In both cases the
ions created in the air near the tip of the
charged object are condensation nuclei
for the formation of drops. A radioac-
tive source accomplishes the same thing
because it too provides ions in the air
just above the water surface. A lighted
match or any other source of small air-
borne particles will similarly increase
the drop formation.

When the drops are illuminated in
bright white light, they display rapidly
changing colors, delicate and iridescent.
The scattering of light that gives rise to
these colors is called the higher-order
Tyndall scattering, after John Tyndall,
who investigated them starting in 1869.
Tyndall scattering can also be seen in
other natural phenomena. The corona
that is sometimes seen around the sun,
which can show several complete spec-
tra of colors, is the result of Tyndall
scattering from small drops in the thin
clouds lying between the viewer and the
sun. (It is not the corona seen during an
eclipse.) So is the similar corona seen
around the moon. The scattering is like-
wise responsible for the delicate colors
seen in the mother-of-pearl, or nacre-
ous, clouds that are occasionally visible
after sunset in the high latitudes. The
mathematical models of this scattering
are complex because the size of the
drops approximates the wavelengths of
visible light. The drops are a micron or
so in diameter and therefore lie between
the larger drops that can produce rain-
bows (geometric scattering) and the
smaller particles that are responsible for
the blueness of the sky (Rayleigh scat-
tering).

In addition to the constantly changing
patterns on the surface of your coffee
cup or some other vessel you will also
find dark lines that scud across the
dusty-looking areas. Schaefer points out
that these lines are due to small whirl-
winds that develop just above the sur-
face and last for only a fraction of a
second. The layer of air just above the
liquid is unstable because it is much
warmer than the air slightly higher up.
You can create your own vortex by
holding an index card vertically with
one edge near the surface. Any small air
current flowing past the edge sheds a
vortex that then skims across the sur-
face. Even without an edge larger whirl-
winds occasionally develop over the
surface, lasting for 10 seconds or so as
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they whip the evaporating vapor and
small droplets around.

How fast does a cup of coffee or tea
cool? To push back the frontiers of
modern physics (at least a millimeter or
two) I measured the rate at which water
cooled from the temperature to which it
would be heated to make instant coffee.
I wanted to know which of several pro-
cedures would cause the water to cool
fastest. I boiled water in a teakettle and
poured 200 milliliters into a 250-millili-
ter Pyrex beaker, which was then left on
a metal plate. The temperature of the
water was measured with a thermome-
ter (scaled from zero to 100 degrees Cel-
sius) that was left in the beaker with the
mercury reservoir resting on a corner of
the bottom of the beaker. The initial wa-
ter temperature in all the runs was 93
degrees C. I measured temperature un-
til the water was below 45 degrees,
which I believe would correspond to an
unpleasantly cool cup of coffee.

Water with no additives and no stir-
ring cooled smoothly, reaching 45 de-
grees in about 33 minutes. With a tea-
spoon of instant coffee put into the beak-

er before the water was added the water
cooled in almost the same way for the
first 15 minutes but then cooled faster
than it had in the first run. The results
were almost identical when three lumps
of sugar were first placed in the beaker
and when a metal spoon was left in it
(nothing else having been added). One
might guess that the inclusion of instant-
coffee powder would cool the water
faster for two reasons. The powder, be-
ing initially at room temperature, ab-
sorbs heat from the water. It also dark-
ens the solution, thereby increasing the
thermal radiation somewhat. The latter
effect must be negligible, since the addi-
tion of sugar to the water did not darken
the solution but gave similar results.
The spoon can be expected to increase
the cooling rate of the water because
initially it absorbs some of the water’s
heat and thereafter acts as a radiator of
heat to the room.

In another run I added 20 milliliters of
light cream at an initial temperature of
10 degrees C. immediately after the wa-
ter was poured. The water was stirred
only three times to mix the cream with-
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Geometric patterns on the surface of hot coffee
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Effect of bringing a charged rod close to the surface
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out producing a cooling effect by the
stirring. The temperature immediately
dropped about four degrees, but after
five minutes the mixture of cream and
water began to follow the same cooling
curve followed by water alone. After
15 minutes, however, the cream mix-
ture cooled faster.

The addition of alcohol might in-
crease the cooling rate because of the
enhanced evaporation from the top sur-
face. After I had added 20 milliliters of
80-proof vodka that was at room tem-
perature the cooling rate was almost the
same as when I added cream.

Of all the additives the one most effec-
tive in altering the cooling curve of the
water was Reddi wip (a whipping cream
in a pressurized can) that I applied to the
top of the water, much as one would do
in making Irish coffee. The cream was
cool and might have initially lowered
the surface temperature of the water
somewhat, but its main effect was to
trap the heat in the water and eliminate
evaporation. As a result the water took
an additional 14 minutes to reach 45 de-
grees C.

I figured that stirring unmodified wa-
ter during the cooling would significant-
ly increase the cooling rate. Vigorous
stirring with the thermometer for the
first 15 minutes, however, typically re-
duced the water temperature by only a
couple of degrees. Apparently my stir-
ring was not much better than the nor-
mal convection cells in the water at
transporting hot water from the center
to the surface.

In my last test I sprayed the outside of
the beaker black. With a black surface
the walls should radiate heat better,
causing the liquid to cool faster. The
water did cool faster, approximately
following the cooling curve I had ob-
tained by stirring the water.

Two conclusions emerge from these
data. If you want to cool your coffee
quickly but without adding a large
amount of cream and sugar, stirring the
coffee vigorously with a metal spoon in
a black coffee cup is the best procedure.
The cooling seems hardly worth the ef-
fort, however, since it amounts to only a
few degrees. On the other hand, if you
want to keep your coffee as hot as possi-
ble, the best thing to doisto fix yourself
an Irish coffee and relax.

If you would like to do more work on
the problem, you might consider the ef-
fects of adding cream, sugar or a pow-
dered cream substitute five or 10 min-
utes after the water is poured. Is the tem-
perature of the coffee lower if the coffee
is allowed to cool by evaporation and
convection before the cream, powdered
substitute or sugar is added? Y ou might
also like to find out how the temperature
of an Irish coffee depends on the proof
of the whiskey. Investigating this ques-
tion would be a particularly enjoyable
experiment for two.
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