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Siemens

A three billion dollar name in quality products.
Our new data communications exchange moves information
1000 times faster. First big test,’72 Olympics.

Athletes at the next Olympic Games
will undoubtedly be the fastest in history.
And the demand for fast, accurate information
concerning their record-setting events
will be unprecedented.

To satisfy this demand, reports, stories,
statistics, and predictions, as well as other
kinds of messages and data, must be routed,
processed and transmitted around the world.

A major part of this job will be done by a
completely new kind of data exchange that
Siemens is now installing in Munich. We call
it an electronic data switching
system. EDS for short.

The new system is the
only one of its kind now in
operation offering the capacity
to handle data traffic loads
of this size. It handles data
1000 times faster than a
conventional switching system.

The need for the EDS
system is critical because the
increase in data traffic even
during the next few years will be staggering.
For example, projections indicate 50,000
computers will be linked through public
networks to 1,200,000 terminals by 1974.

Like a computer controlled automatic
telephone exchange, the Siemens EDS
system provides interconnections between
various communications channels. But there
are very significant differences.

High speed digital messages from data
processing systems consist of combinations

Microcircuit design permits
high-speed data transfer.

of short pulses. Since these signals are
completely unlike the complex waveforms

of voice transmissions, noise that is common
in telephone connections can often result in
disastrous errors when data is transmitted on
voice channels. In addition, data signals
must often be translated, stored, speeded up
or slowed down to match equipment at the
receiving end. And this is what the new
system provides.

EDS contains a unique asynchronous
time-division multiplex system making
it code and speed
transparent. This is
particularly advantageous
in transmitting binary
signals and handling data
switching functions.

Siemens has designed
comprehensive software
in order to safeguard
the high availability of
the system.

Siemens EDS systems
are designed to meet exacting requirements
of data communications networks like Telex,
TWX, Hotline, and various inquiry systems as
well as international carriers and independents.

For more information, please contact
Peter Stummvoll, Siemens Corporation,
186 Wood Avenue South, Iselin, N.J. 08830.

Siemens. A worldwide company in
telecommunications, instrumentation,
medical equipment, power engineering,
electronic components and data systems.
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Georgia, the unspoiled.

America, there’s till a Offering those who believe in company. And your

part of you left the way you -and practice-private free company’s profits.

were meant to be: Clean. Green.  enterprise, a unique package In the meantime, the Fantus
New. And full of promise. of industrial advantages. Company has put all the

This is Georgia, the unspoiled-  Advantages in land, sea, air, profit potential facts together
with the right balance of water, and quality of life. for you. Just send us the coupon.
industry and environment, and  From time to time, we’ll be And we’ll send you the way

a proper respect for both. showing you what the things are in Georgia.

advantages of Georgia, the
unspoiled, could mean to
you. Your family. Your

Air you can breathe. Water you can drink. Land to raise children on. Aseafittoswimin.
Yet carries tons of cargo from the Yet an abundant supply for Yet plenty of room for industry Yet handles cargo through two
nation’s third busiest airport. industry. growth. deepwater ports.

==~ B

Gleaming beaches and A father and son sharing the People. Trained for you free. Fresh and salt water fishing.
deepwater frontage plant sites. joys of major league sports. Prepared to work hard for an
honest wage.

AAhigAhwf‘ly system serving the Exciting nightlife, unspoiled by Aplace where a great And tall, unspoiled cities.
gxsh;l':)uh?n center of the garish neon signs. symphony plays.
outheast.

Georgia Department of Industry & Trade, Industry Division,
P.O. Box 38097, Dept. SC-1, Atlanta, Georgia 30334

Send free information on: (J Fantus Cost Studies,
[ other industrial data, (] travel attractions.

title

state zip.

A computerized system to select The Fantus Company has prepared for Georgia, locational cost analyses for 31 SIC industries. They
industrial sites. show in detail, the profit potential for a Georgia operation. And they’re free.
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THE ENERGY CYCLE OF THE FEARTIH. by Abraham IL Oort
Energy from the sun is broadly distributed by the atmosphere and the ocean.
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Every
record you buy
is one more
reason to own
a Dual.

It you think of your total
investment in records —which may
be hundreds or even thousands of
dollars —we think you'll agree that
those records should be handled
with the utmost care.

Whichbringsustotheturntable,
the component that handles those
precious records. Spinning them on
a platter and tracking their fragile
grooves with a diamond stylus, the
hardest substance known to man.

For many years, serious music
lovers have entrusted their records
to one make of automatic turntable
— Dual. In fact, most professionals
(who have accessto any equipment)
use a Dual in their own stereo
component systems. And not
always the highest priced model.

So the question for you to
consider isnt which Dual is good
enough, but how much more than
“good” your turntable has to be.

This question can be answered
in our literature, which includes
complete reprints of independent
test reports. Or during a visit to any
of our franchised dealers.

United Audio Products, Inc.,
120 So. Columbus Ave., Mt. Vernon,
New York ]OSSS.M

Dual 1209, $129.50.
Other models from $99.50 to $175.00.

THE COVER

The picture on the cover symbolizes the theme of this issue of SciexTIFIC
AxERICAN: the biosphere, or the thin film of living matter at the surface of
the earth that maintains itself by cycling many of the chemical elements
(notably hydrogen, oxvgen, carbon and nitrogen) and energy from the sun.
The picture is a detail from “The Dream,” painted by Henri Rousseau in
1910. The painting, a gift of Nelson A. Rockefeller to the Museum of Mod-
ern Art in New York, is reproduced in its entirety above. Both reproductions
are presented with the generous permission of the Museum of Modern Art.
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The eyes
have had it

No longer is air pollution just an annoyance o the eyes
Today it is a senous health hazard in every major city
and metropolitan area We must find ways to combal
this menace

TRW is already working on the problem. Our invoive-
ment in air pollution control ranges from the design and
implementation of testing programs on 2uto emissions
to the development of extensive analylical computer
pragrams for the National Air Pollution Control Adminis-
tration of the Department of Health. Education and
Weltare. Through basic laboratory research. we are
attacking the very critical problem of removing sulphur
from stack gases.

TRW's subsidiary, Resources Research. Inc . has long
served as a consultant to local industry in various 2ur
quality regions. And the life sciences research of our
subsidiary, Hazleton Laboratories, includes inhziation
toxicology studies of long-term air pollution effects

TRW's concern with today s social and environmentz
problems does not siop with air pollution Our enginzer-
ing. scientific and socio-economic teams are 2150 bus,
with high speed ground transportation. traffic contral
airport access. urban renewal. and medical
to name just a few fields of activity

For more information about the capabilinies of THW
and its subsidiaries, contact Marketing Services
Systems Group, One Space Park. Redondo Beaon

Califarnia 90278

The SystemsGroup is a major operating unid of TRW Inc . wheres
more than 80,000 people at over 300 locations around The
world are applying advanced technology 10 progucts, sysiems
andservicesforcommercial industrial and government marksets
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SCIENCE. “SCOPE

NASA's Atmosphere Explorer satellite, proposed by Hughes following a study for Goddard
Space Flight Center, will carry a propulsion system that will enable it to climb to an
apogee of 2500 miles in its variable orbit. Every two hours it will dip back into the
upper atmosphere for 10 to 20 minutes, swooping within 90 miles of earth.

The '"'yo-yo' satellite's scientific objectives will be to obtain data on the behavior-
al relationship of the upper and lower atmospheres, solar energy absorption, density

of the atmosphere's charged-particle structure, and the diurnal bulge that appears to
circle the earth as the sun heats the atmosphere.

The longer, sharper noses of modern missiles and high-speed aircraft make mechanical-
ly scanned antenna systems more and more difficult to use. The elongated radomes in-
crease boresight errors; the space between nose tips and antennas cannot be used for
other equipment. An approach to the problem is a conformal-array antenna system that
Hughes is investigating in a research program for the U.S. Navy.

Because it has no moving parts, this electronically scanned system eliminates the
conventional radome. 1Its radiating elements are set flush in the surface of the nose
cone. Rapid-beam scanning over a wide field of view, including the direction of the
missile's axis, is under investigation.

When NASA's Synchronous Meteorological Satellite is launched in 1972 it will carry
an instrument that can map the clouds over North America by night as well as by day.
Called VISSR (for Visible Infrared Spin-Scan Radiometer), it is being built by Santa
Barbara Research Center, a Hughes subsidiary. Earlier spin-scan cameras by SBRC,
which are now taking daily cloud pictures from Applications Technology Satellites

I and III, are limited to the visible spectrum. VISSR will also operate at infrared
wavelengths to take nighttime pictures of "excellent" definition.

Additional radar receiver engineers will be hired by Hughes for work on the U.S. Air
Force's AWACS (Airborne Warning and Control System) program. Requirements: BSEE,
U.S. citizenship, at least three years experience in design of complex receivers and
frequency synthesizers, including exciter circuits and MII, pulse doppler, and ECCM
techniques. Please write: Mr. R. S. Roth, Hughes Aircraft Company, P.0O. Box 3310,
Fullerton, California 92634, Hughes is an equal opportunity employer.

A new generation of display devices -- cockpit readouts, large screen projection, and
even thin, flat TV screens -- may eventually result from Hughes' applied research in
liquid crystals, Liquid crystal devices 4are simple, rugged, low in cost. They re-
flect light instead of emitting it, and thus require very little power (less than one
milliwatt per square inch of display). Pictures can be viewed in bright sunlight
without being washed out, or by ordinary instrument-panel lighting in the dark.
Images can be short- or long-lived, can be stored temporarily or indefinitely, can be
erased immediately and recalled later.

Creating a new world with electronics
s~ m & ® § o a
|
[}
1
]

HUGHES |

HUGHES AIRCRAFT COMPANY

-
(%
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High Noon
in the Arco Circle

It’s no cinch drilling for oil. Not when
the ground is frozen 1500 feet deep;
when lights stay on 24 hours a day
because the winter sun hides below
the horizon; when engines must

run continuously or freeze up. Yes,
drilling for oil 200 miles above the
Arctic Circle, the place we call the
ARCO Circle, is a difficult job. But it's
only part of our job. The men who

© 1970 SCIENTIFIC AMERICAN, INC

run our rigs are not only as rugged as
the Arctic environment, they are com-
mitted to protecting that environment.
We believe both jobs are important.
And work hard on both. Atlantic
Richfield is a company that cares.

AtlanticRichfieldCompany £
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Environmental Innovation: 1952

It may look like a Rube Goldberg.
But it was the beginning of the Vaporsphere and part of a
$125 million environment improvement program that’s
keeping air and water cleaner around Weyerhaeuser mills.

The year was 1952. The contrap-
tion: the first steps taken to eliminate
certain industrial air pollutants from
kraft pulp mills.

Three 3,000-cu.-ft. World War I
barrage balloons were used to hold
a peak gas flow of hydrogen sulfide,
methylmercaptans, methylsulfide,
methyldisulfide, turpentine vapors
and other volatile organics.

The gas was mixed with primary
air in a furnace and burned. Gas
ratios of 200 to 1 gave sufficient
safety margins of combustibility.

The barrage balloons safely sur-
vived the surges of gas into them
and then the slower release of gas
from them.

This was the pilot plant. Eighteen
years ago. At a time when a smok-
ing smokestack meant economic
prosperity, not a choking planet.

It was part of a concentrated pol-
lution abatement program by Weyer-
haeuser that has now grown to an
annual investment of more than $15
million. And since World War Il has
totalled more than $125 million for im-
provement in environmental quality.

Out of the barrage balloon grew
the Weyerhaeuser Vaporsphere — a
real breakthrough in control of kraft
pulp mill air pollutants.

The Vaporsphere design is a steel
sphere with a semispherical plastic
lined cloth diaphragm connected to
the equator of the sphere.

The gas leaves the Vaporsphere
and passes through a flow controller
and flame arrester. Then it is mixed
with the primary air of the lime kiln.
The weight of the diaphragm and the
slight suction of the primary air in-
take are adequate to move the gas
from the Vaporsphere to the lime
kiln. Ratio of air to gas is sufficiently
high to dilute the gas well below the
limits of inflammability.

The Weyerhaeuser Springfield,
Oregon, mill was the first to be equip-
ped with a Vaporsphere. Other
Weyerhaeuser kraft pulp mills now
have the equipment. And, as has
been the practice in the pulp indus-
try for years, the invention was made
available to other pulp manufacturers.

The Vaporsphere and other Weyer-
haeuser applications of technology

© 1970 SCIENTIFIC AMERICAN, INC

like the black liquor oxidation pro-
cess, chlorine gas scrubbers and a
turpentine recovery system have re-
duced odorous gas emissions at
some Weyerhaeuser mills 95%. Now
Weyerhaeuser is at work with Nalco
Chemical, Chicago, on a process of
removing additional kraft mill odor
producing compounds from the air.

Improvement in air quality is just
one of the many concerns at Weyer-
haeuser. Water quality is an equal
concern. At the Plymouth, North
Carolina, pulp mill, a new $2 million
waste-water treatment system with
21 aerators occupying 500 acres is
helping keep the Roanoke River
clean.

For more than 40 years Weyer-
haeuser has been committed to vari-
ous forms of environmental research
and implementation. Specifically:
more than 1,100 of our employees
devote a substantial amount of their
time to environmental protection.

After all, we have 44,000 em-
ployees who would like to make this
a decent place to live and breathe,
too.

For free booklet: “Our Environ-
ment,” write Director of Air and
Water Resources, Box N-5S, Tacoma,
Washington 98401.

Weyerhaeuser



ARIZONN

DEPARTMENT OF ECONOMIC
PLANNING AND
DEVELOPMENT
Dept. A-9,

3003 N. Central Ave.
Phoenix, Arizona 85012
Phone: (602) 271-5371

NAME

POSITION

FIRM

ADDRESS

CITY STATE ZIP

L--—--

Retum this bit

of sunshine to us.

We'l send

alot more|

Arizona has it to spare — the
best of both climates: business
and weather. Business, sup-
ported by a good, skilled labor
pool, a friendly state govern-
ment thatimposes no inventory
taxes, excellent location and
transportation, plenty of room
to grow; and weather that
makes recruiting easy — people
like to work where it's fun to
live! Lowered absenteeism and
increased productivity, too.
Sound good? Clip the coupon.
Let us send you important facts
about industrial Arizona, in con-
fidence, of course. It'Il help put
more sunshine in your com-
pany’s future. (Yours, tool)

you
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LETTERS

Philip E. Converse and Howard Schu-
man [“ ‘Silent Majorities” and the Viet-
nam War,” SCIENTIFIC AMERICAN, June]
note that a Gallup poll in March, 1968,
showed that 40 percent of the popula-
tion were in favor of stopping the bomb-
ing of North Vietnam and 51 percent
were opposed. Shortly thereafter Presi-
dent Johnson announced his decision to

stop the bombing and in April the same
i poll showed that 64 percent approved of
this decision and 26 percent did not.
In their article Drs. Converse and Schu-
man conclude “it is safe to assume that
the shift of some 25 percent in one
month was largely due to the President’s
speech.”

In reality it is safe to assume only that
the shift was due to the President’s de-
cision. Indeed, it indicates that a great
portion of the American people tend to
support any action of their leaders rath-
er than formulate an opinion of their
own.

Consider the Gallup poll in the sum-
mer of 1966, when 70 percent of the
people approved of the current policy
of bombing oil storage dumps in IHai-
phong and Hanoi, compared with the
poll two months later that indicated 51
percent agreed with the proposition that
the U.S. submit the Vietnam problem o
the United Nations and agree to accept
the decision, whatever it might be. Al-
though these two polls appear odd in
juxtaposition, they can also be explained
by a willingness to allow someone else to
make the decisions on Vietnam. Such an
explanation also explains public support
| of President Nixon’s November speech

that indicated we were getting out of
Vietnam, albeit slowly, and the similar
support given the Cambodian operation,
‘ which many view as inconsistent with
the President’s expressed intentions in
November.

The implication of this explanation is
| that there is indeed a “silent majority”
| supporting President Nixon’s policies in

Vietnam, a majority that will accept any
| decision the President makes that he in-
dicates, in his judgment, will eventual-
| ly bring this long war to a conclusion.
The “silent majority” are therefore well
named. The members of this group are
silent because thev have little opinion of
| their own, except dissatisfaction that
| we’ve been there so long. That they are

© 1970 SCIENTIFIC AMERICAN, INC

a majority indicates America still has a
long way to go before the goal of par-
ticipatory democracy is reached. In fail-
ing to emphasize this the authors have
missed the forest in their preoccupation
with the trees.

RoBERT B. MARTIN, Jn.

Law Offices of Keatinge
and Sterling
Los Angeles

Sirs:

The excellent article on “Conversion
to the Metric System” [ScieExTiFIC
AxreRICAN, July] by Lord Ritchie-Calder
covers well the technical side of the
problem but neglects the human side. As
various wags have pointed out, the
changes in our language arising from
going to the metric system will be sub-
stantial. One will soon have to say, “I
wouldn’t touch him with a three-meter
pole”; “A miss is as good as 1.6 kilome-
ters”; “I'll thrash you within 2.54 centi-
meters of your life”; “All wool and .9
meter wide,” and perhaps even “Hec-
tares and hectares, and they’re mine, all
mine.

Yea, verily. Changes are coming.

ALAN PorE

Director of Aerothermodynamics
Sandia Laboratories
Sandia Corporation
Albuquerque, N.M.

Sirs:

In his most interesting article “How
Snakes Move” [SCIENTIFIC AMERICAN,
June] Carl Gans says that a Russell’s
viper could not have killed the victim in
A. Conan Doyle’s “The Adventure of the
Speckled Band” because a Russell’s vi-
per is incapable of climbing a rope. The
only trouble with this charming anec-
dote is that the snake in “The Adventure
of the Speckled Band” is not a Russell’s
viper but a swamp adder. If the swamp
adder happens to be a constrictor,
Holmes is still right.

Susan KUHLMAN
New York, N.Y.
Sirs:
Miss Kuhlman is, of course, entirely

correct that Holmes referred to a
“swamp adder,” yet the description only



“Ne got that power plant
contract, but we’ll need
12 more draftsmen for

siX months”

Good idea! We've got the
technical specialists you’ll need —
draftsmen, designers, engineers
— for projects involving air and
water pollution, sewage disposal,
product and package redesign.
They're available for long and
short-term assignments on an as-
you-need-them basis. Manpower
handles all payroll and record-

keeping — including taxes, social
security, unemployment and
workmen's compensation — and
bills you only for hours worked.
Need help in other

technical classifications?
Manpower can provide worldwide
service from over 600 offices, plus
a centralized EDP system with
18,000 specialists on file.
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“Why not
get them from
Manpower?”

Check your phone book white
pages for the office nearest you,
or write to:

International Headquarters,
820 N. Plankinton Ave.,
Milwaukee, Wisconsin 53203

MANPOWER

TECHNICAL SERVICES DIVISION

(In Canada, Manpower Services Ltd.)



What’
Marley doing
in hot water?

Cooling it.

When you use water to cool anything in a processing plant or a power
plant or an industrial plant, it’s going to get hot.

And when it gets hot you're going to have to do something with it.
You've really got only two alternatives: dump it or cool it and use it again.
We'd like you to think about using it again.

We're the world’s largest maker of water cooling towers. When you use
our cooling towers, you not only get your hot water cooled, but you
reuse it and conserve it for this thirsty world.

And you also keep it from heating up our lakes and rivers and streams.

So you might say we're in hot water to keep you out of it.

Nobody takes the heat off like

05462

The Marley Co., Executive Offices, 222 W. Gregory, Kansas City, Mo. 816/361-2222. Offices, plants and affiliates throughout the world.
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fits the snake known as Russell’s viper
and neither this nor any other poisonous
snake of the region in question is a con-
strictor. Indeed, the late Laurence M.
Klauber wrote an article (“The Truth
about the Speckled Band”) in Journal of
the Baker Street Irregulars (Vol. 3, pages
149-157, 1948) in which he argued in
the best tradition of literary scholarship
that the speckled band was not a snake
but actually a lizard, namely a hybrid
between a snake and a Gila monster.
This observation later led Charles M.
Bogert (Bulletin of the American Mu-
seum of Natural History, Vol. 109, pages
206-209, 1956) to a tongue-in-cheek
description of this mythical monster,
which he named Sampoderma allergor-
haihorhai. Unfortunately the years have
not brought forth any specimen of such
a fascinating creature. Hence my ref-
erence to a Russell’s viper.

CarL GaNs

Department of Biology

Faculty of Natural Sciences
and Mathematics

State University of New York
at Buffalo

Buffalo, N.Y.
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Finally! A virually perfect sine wave!

The sine wave above was generated by Shure’s design computer —it looks
like the sine wave that was generated by the Shure V-15 Type Il Improved
Super Track Cartridge in the Hirsch-Houck testing laboratories . . . “the
first cartridge we have tested to have done so,” according to their published
report. This perfect sine wave was generated during the playing of the
heavy bass bands on the Cook Series 60 test record at 3 gram, and the
30 cm/sec 1,000 Hz band of the Fairchild 101 test record at 1 gram. They
were impressed, and we were pleased. And we’ll be pleased to send

you the full Hirsch-Houck Report on the [«
“trackability champion.” Shure Brothers ‘! SHURE
Inc., 222 Hartrey Ave., Evanston, lil. 60204. ‘
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To a long life. Because we need you for what you are. [J We took you for granted.
Ignored you. Not any more. [ Our technological age nearly destroyed you. But we
took notice. In time. And now, if we're wise, that same technological brilliance
can be put to work for you. To help you live for centuries. [JTo live in his environ-
ment, man must understand his environment. And he must control it. Not as a
master exploiting a slave. But as a brother with
COGAR SAYS: true concern. And today man has the most
remarkable tool for understanding and control-
ling. The computer. (] Like you, the computer is just born. With decade upon
decade of growth ahead. Changing its shape as it grows. Finding new life with
every spring. We think we know what a computer-is. But as with you we can only
begin to imagine the heights it will reach. The size of the shadow it will cast. [
We'll grow together. Because we need each other. Because if you don't live,
neither do we. And because we cannot begin to understand our environment and
to control the way we affect it without the computer. [ To aid our understanding
of the world around us. Plotting the winds and the flow of the tides. The height of
the mountains and the shape of the ocean floor. The long migrations of the birds
and the fish. To help us plan the conservation of resources. The trees we plant
and the trees we cut. The minerals we mine and the ones we save. To produce
the goods we need without waste. And without laying waste to our surroundings
in the process. [J We need all kinds of computers. Like the huge installations
monitoring giant generating stations. And the watch-size computers sitting on top
of auto engines. Durable computers that can run for thousands of hours. Unat-
tended. Without a failure. Fast computers that can analyze a million variables in
the blink of an eye. [ Cogar Corporation is part of this infant computer industry.
We're providing the new technologies that enable it to grow. The appliances that
bring computer power to everyday problems. The strong technological base in
large scale integration on which all of tomorrow’s computers will be built. [
Computers five times faster than today’s best machines. A fraction of their size.
And so reliable that they will operate for years without a single failure. [ But most
important, economical computers. So economical that they will bring the cost of
computing down to the simple prob-

lems. [ Like keeping a seedling alive. =
(1 Cogar Corporation, Herkimer, N. Y. Welcome tO |Ife-
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How to invest the first 6¢
of your pollution control budget

Basic information on the engineering approach to pollution control
problems, and the economic advantages of water reuse. The Calgon
Pollution Control Kit offers practical advice on wastewater treatment
and includes information on water quality monitoring devices that can
improve results and help cut water treatment costs.

The contents of the kit reflect Calgon’s forty years of water management
experience, and contain such articles as *“Water Management and Pollution
Control,” “Water: Its Economic Reuse Via the Closed Cycle,” and
“Three-Way Cooperation Develops Complete Waste Treatment System.”

For your copy of “Water Pollution Control Information Kit,” write
W. H. Weitzel, Vice President, Calgon Corporation, Calgon Center,

Pittsburgh, Pennsylvania 15230.
CALGON

SUBSIDIARY OF MERCK & CO.,INC.
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ternational time clock.” It 5|gmf|es the coming of a new,

chmg era in communication between people. Worldwide
communications via orbiting satellites and earth-bound transmitting
and receiving stations.
We at NEC are taking an active and important part in the exciting
developments now taking place. Of the 67 satellite communications
earth stations built or being built worldwide, our complete systems
or subsystems have been, or will be, incorporated into 26 of them.
These stations are located in 14 countries in Asia, Latin America, the
Middle East, North America and Oceania.
Furthermore, our telephone, carrier transmission, microwave, TV-
radio broadcast equipment and computers are playing their own
important part in the overall communications picture. Our aim of Products for today —
sending and receiving voice, images and data anyplace, anytime, is Innovations for tomorrow
fast becoming a reality.

Does your telephone have an international time clock?

Overseas Offices: New York, Chicago, Los Angeles, Washington, Bangkok, Beirut, Bogota, Djakarta, Diisseldorf, .-\'Ijopaﬂ Flectric Co.Ltd
Karachi, Kuala Lumpur, Manila, Melbourne, Mexico, New Delhi, Rio de Janeiro, Taipei, Teheran, P.0.Box 1.Takanawa,Tokyo.Japan

Main Products: electronic computers, data communlcatlon systems telephone systems, carrier transmussnon radio communication, radio & television
broadcasting, satellite communications equipment, elec _ © 1970 SCIENTIFIC AMERICAN, INC olied electronic equipment, and electronic com ponents.




> can interface with Nature and Technology. I¥’s an

rative interface.

=2 50 WD 100

; 4 YEARS AGO

how well

" Environment|One is helping it succeed with proven

: high technology products and services available now.
L"‘;"j‘ogay...eﬁeeﬁvely'challenging air, water and noise
tion...for a reclaimed tomorrow.

- "ﬁ?&m how we’re helping Man protect hisown
environment, write for our enlightening product/service
. . package, o Manager—Marketing: I

-
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SEPTEMBER, 1920: “One of the
surprises of the year just past has been
the role played by the Japanese in the
American copper market. On every re-
cession in values, buying by such inter-
ests has been an important factor, and
comment as to the object behind it has
been general. In other years Japan has
exported about half of her own copper
output. It is therefore surprising that
she has made a complete reversal of
policy. This may be partly explained
by the statement that Japan’s produc-
tion of copper has decreased and her
consumption increased. But there is
something more than this. Japanese
manufacturers and laborers have now
learned how to produce in the mass,
and the country has undoubtedly start-
ed on an era of great industrial expan-
sion. Whether or not, as not a few
think, this heavy buying of metals and
other materials portends the existence
of a Germany of the Far East, it is cer-
tain it means that Japan with her cheap
labor and great imitative power will be,
or already is, a most important factor in
the world’s international trade.”

“The great international race for the
Gordon Bennett Cup is to be staged in
France on September 27th, and there
is little doubt that the world at large
will be astounded at the bursts of speed
of many of the contending machines.
In the coming contest no machine
which cannot attain a speed well over
200 miles an hour need be entered. It
would be ludicrous to enter such a
‘slow” machine. Again, it seems that any

| machine with less than 250 horse-power

has no place in the coming race; in-
deed, we shall no doubt witness ma-
chines with as high as 600-horse-power
engines participating. It has been ru-
mored that some of the European con-
testants may employ engines of 1,000
horse-power!”

“When Gaston Chevrolet climbed
from his little green racing car after
winning the 500-mile automobile race
at Indianapolis recently, after having



Plastic
Super-Pail

The Marlex’MarketingTeam helped create it.

What's a "'super-pail ?”’

It's a pail that holds prod-
ucts like waxes, dry chemicals,
detergents—without any chemi-
cal reaction. Or a practically in-
destructible open-top container
for foods and food products that
can be repeatedly steam steri-
lized, hot filled or frozen.

That’s what the pail and
container makers wanted . . .
and in quantity. That's what
their Marlex Sales Engineer
helped them get.

He called on the skills
of other Marlex Marketing

Team experts in resin technolo-
gy, manufacturing, quality con-
trol, resin delivery and more . . .
all essential in making this vital
new business grow successfully.
That's the way our Marlex Sales
Engineers work.
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And that's why, if you have
any reason to work with plastics,
you have every reason to work
with Phillips . . . inventors of the
leading process for producing
high density polyethylene. The
only producers of genuine Mar-

lex, the resin that’s worth more.

Get help from the Marlex

Marketing Team. Call:

Robert F. Lynch, Fairfield, N. J. 201
227-6600. « Gerald Tucker, Southfield,
Mich. 313 353-6666.  Ralph Porter,
Villa Park, 1. 312 834-6600. « Harry
House, Memphis, Tenn. 901 682-
8317. ¢ David Day, Los Angeles,
Calif. 213 685-6380.

PHILLIPS

At Phillips 66 it’s performance that counts



Ford's new Pinto.

The little
carefree car.

Pinto is one little car that can
free you from car cares, big
and little. From cares about
high price and big gas bills.
From cares about mainte-
nance and repairs, power and
stability, roominess and quiet.

Sized like the little imports...
on the outside. Pinto is only a
little lonaer than a VW. But it

© 1970 SCIENTIFIC AMERICAN, INC ighter. So it can

slip into the same kind of little
parking spaces.

But a big car where it counts
...on the inside. Pinto has
more knee and head room in
back than some cars three feet
longer. And more room overall
than the leading import.

Quiet, smooth and 25 mpg.
Pinto has a front-mounted,
high-efficiency engine that's
backed by 50 million owner-
driven miles. It delivers 75 hp,




Hello
world.

averages over 25 mpg in
simulated city/suburban use.

Pinto takes a firm stand. Pinto
has a wider stance than any
economy import for better sta-
bility on turns and in high
crosswinds.Andfor better road
feel, Pinto has rack & pinion
steering, like Porsche and Jag-
uar—something you won't find
in any other American car.

Do it yourself and save. Pinto
is designed so you can do most
servicing yourself. The owner's
manual shows you how. And
the free Do-It-Yourself Key
(below) helpsyoudoeverything
tfrom gauge the spark plug gap
to adjust the headlight beam.

Don’t do it yourself and save.
When your Ford dealer han-
dles Pinto's maintenance, you
still save. For example, Pinto
needs an oil change half as of-
ten as the leading imnort and a

chassis lube one-¢ © 1970 SCIENTIFIC AMERICAN, INC lt0~
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PINTO el )

No kidding. No changes.
Pinto's style will last. And its
heavy-duty ball joints, starter
motor, and wheel bearings will
do the same.

Priced like the little economy
imports. Your Ford Dealer will
show you Pinto’'s got a little
care-free price that includes
high-back buckets, 4-speed
synchronized transmission,
Uni-Lock harness, and more.

For information, see your Ford
Dealer or write: Pinto Catalog,
Box 1503, Dearborn, Mich-
igan 48121.
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-




From

the earth...
nickel is wrested
and is smelted and
is refined and is
marketed in many
countries and there

used to make
other metals better
metals that

man may fashion
tools needed to
enhance the world
for all mankind...
and to help him
venture deep into
space and to gaze
back in wonderment
and to reflect.

Falconbridge...the
growing hub of

an international group
of mining and
industrial companies
producing and
marketing nickel and
other important

products ...worldwide.

Representative for nickel, copper and cobalt BRANDEIS, GOLDSCHMIDT & Co. Ltd., 30 Gresham Street, London, E.C. 2
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driven steadily for nearly six hours at
the average speed of 88.16 miles per
hour, his eyes appeared almost lifeless.
His face was haggard and drawn. The
muscles of his legs and forearms were
cramped and knotted. His head drooped
and his steps faltered. He looked like a
man who had just taken a dose of poi-
son. That is exactly what happened!
‘The extreme exhaustion suffered by
Chevrolet from the physical exertion
and severe strain of driving 500 miles
without a stop at the terrific speed he
maintained,” declares Dr. Clyde Leeper
of Akron, Ohio, ‘caused certain chemi-
cal changes to create poisonous decom-
position in the muscles of his body—in
other words, the production and accu-
mulation of waste substances such as
carbon dioxide and lactic acid. In large
quantities these are typical fatigue poi-
sons. Chevrolet after the race had the
“dead” eye which we found so often
among wounded men overseas, among
men who had endured long suffering
from wounds and exhaustion and men
who had become shell-shock victims.” ”

SEPTEMBER, 1870: “The war which
for seven weeks has been waged be-
tween France and Prussia with such ter-

rible destruction of life and property is
virtually ended by one of the most bril-
liant and most successful campaigns,
on the part of the Prussians, in modern
history. The French, though fighting
with indescribable bravery and despera-
tion, have not succeeded in making the
least headway against their stern antago-
nists, and have not won a single victory
worthy of the name. Recent events, cul-
minating in the surrender of MacMa-
hon’s army and the capture of Napoleon,
practically terminate the contest. It is
impossible that the French nation can
much longer hold out against superior
skill and numbers. The facts seem almost
incredible. On the 15th of July the Em-
peror of France—supported by his gov-
ernment—declared war against Prussia.
On the 2nd of August the first gun was
fired by the French at Saarbriicken,
thence followed in d succession the
sanguinary battles of Worth, Haguenau,
Gravelotte, Beaumont and Sedan. On
the 2nd of September the French armies
had either surrendered or were closely
besieged in their fortified places. The
Emperor gave up his sword to his royal
antagonist, King William, and became a
prisoner. The Empire fell, a republic

Diatom Micro-Fossil,
Strangulonema Barbadensis—550%."

Philodinavus Paradozus
in water drop—1,000x

Chrysanthemum Pollen—2 600X.*
*[hatom & Pollen photos courtesy
Kent Cambridge Scientilic, Inc

Shoot the biosphere
oralittlie bitof it.

You canwithaCanon.

You can shoot telephoto pictures or pho-
tomicrographs and everything in between
It's the versalile SLR camera for every sit-
uation, for professional ot personal use
The Canon FT-QL. You'll make no mistake
with the through-the-lens precision spot-
metering exposure system. And you have
added versatility with the exclusive Canon
Booster accessory for measuring extreme
low-light situations, including photo-
micrography. Canon ofters you the linest

¥ BeLL e Howew N 0\

system ol lenses and accessories avail-
able. Everything from macro lens systems
to 1000mm telephoto, plus three auto-
matic zooms and two lluorite lenses

For photographic perfection, profes-
sional or personal, choose the Canon
FT-OL. See your Bell & Howeil/Canon
dealer about the Canon system. Or wrile,
Customer Relations, S-71, Bell & Howell/
Candn, 7100 McCormick Road, Chicago,
INinois 60645

New thinking
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Send for free color sample.
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PC-board drawings. Eight exposure levels.

Recently, some of the guys were toying with
the color option of our FR-80 (a high-speed digital
computer integrated with the world’s most precise
electro-optical imaging that becomes a virtually uni-
versal, graphic COM recorder). To prove a point, they
borrowed a tape from NASA. The tape contained dig-
ital information sent from the 1100-mile-high ATS-C
three-color (red, blue, green), spin-scan multispectral
scanner. What came out, after suitable massaging, was
a 35-mm color slide of the earth. This is the first time
such a picture has been generated, on a production
basis, with a single pass through a machine. And from
start to finish, humans did not need to be involved.

We think this says quite a bit, not only about
Information International’s scientists but also our
FR-80. And if you'd like to see what the digitized, fil-
tered earth looks like in living, giant-screen, microfilm
color (with a cast of billions!), write us for a sample.

CYBER-ECO-LUTION? Well...we can’t
really steer the FR-80’s applications into any ecologi-
cal niche. Because you, and we, keep evolving new
applications. For instance, from the NASA color
re-creation — which, flatly, just wasn’t in our original
plans for the FR-80 — we’re projecting other interest-
ing earth-resources uses: crop-blight indications
months before farmers are aware of them; ocean farm-
ing of fish; tree censuses; and possibly even subsurface
geological surveys. .. each with photographic fidelity.
All this, and much, much more, because the FR-80 has
the highest resolution, flexibility, quality, and accuracy
available.

All those applications are dependent first on
resolution. Ours starts with a plotting raster of 16,384
data points. It’s a resolution better than twice anyone
else’s — even those on the drawing boards.

In turn, it means no other COM recorder can
do all of these tasks nor do them as well: reproduce
complex curves and graphs (individual or multiple),
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mathematical models viewed from a variety of angles,
strip and bar charts, computer-generated flow charts.
Or PC-board drawings, PERT charts, catalog listings,
logic diagrams, schematics, animated drawings for
engineering analysis.

Or are you more interested in business activi-
ties? Such as plotting all 3000-odd stocks on both the
New York and American exchanges —and printing
them six individual stocks to the page. How about one
of NCR’s customers? Using NCR’s ultrafiche system,
the FR-80 reduced a 21,000-page catalog (that needs
revision and publishing monthly) to six 4x6 pages,
with a projected annual savings of 1.2 megabucks!

In short, the FR-80 does what previously
couldn’t be done — and we haven’t even scratched the
surface yet —while saving turnaround time, film,
printed pages, money.

()F, OR: THE FUNCTION OF FLEXIBIL-
ITY. Information International’s FR-80 physically
accepts, without adjustments, the print and plot tapes
from any large computer. As for software, it has a large
library that we’re constantly adding to. Right now, the
machine can print multiple pages per frame, output
any number of columns or lines. And you can select
size, rotation, or accommodate various readers without
reprograming or changeover costs.

There are other advantages. Like an external
monitor screen so you can check what you’re film-
ing (not standard on any other COM recorder). Or
128 different characters in 64 sizes, selected by con-
sole pushbutton. Or eight different exposure levels,
eight different line widths, eight different plot rotations
from 0° to 315°. The color option we mentioned: while
you may not want to reproduce the earth, perhaps
you’d like charts and graphs in color. Or, there’s viewer
adaptability: The FR-80 adapts to any microfilm-

fun. it could

viewer magnification without need for changes.

PSST, BUDDY! WANNA BUY SOME
CLEAN PICTURES? The FR-80 blows back to pro-
duce fuzz-free, sharp, clean lines of the highest quality,
though admittedly that’s a highly subjective character-
istic. Our accuracy offers the highest repeatability with
minimal geometric distortion.

FREE TRIAL OFFER. One of our big prob-
lems, frankly, is getting potential users to believe in
the FR-80. Not that they doubt our claims —it’s just
that this system is so overwhelming, it often doesn’t
register when we talk about it. Of course, we invite you
to write for additional information, but we also make
this offer: come to Information International with your
own tape, and play it on the FR-80...just for fun.
Then we can talk delivery and the free training course.
Seriously.

INFORMATION D00

INTERNATIONAL XXX

12435 West Olympic Boulevard, Los Angeles, California 90064

The hardware, the software, and the vision.
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was speedily proclaimed, and France is
humiliated in the eyes of all nations.”

‘ “William Thomson, the celebrated

| physicist, has lately been performing a
very interesting calculation with a view
to determining approximately the size of
atoms, the calculation being based upon
the phenomenon of capillary attraction
(the work performed in overcoming the
contractile force of soap bubbles), the

| kinetic theory of gases and the laws of
optical dynamics. As a result of these
calculations he concludes that the di-
ameters of gaseous molecules, or atoms
of elementary gases, are .0000000007942
of an inch. He says that if a drop of
water should be magnified to the size of
the earth, and each molecule magnified
in the same proportion, the molecules
would even then be smaller than cricket
balls.”

“The meeting of the American Asso-
ciation for the Advancement of Science
commenced at Troy, N.Y., on the 17th
of August and closed on the 24th. It was
a gratifying success; the proceedings
were harmonious, dignified and vigor-
ous; many of the papers read were valu-
able. Of course there were clap-trap, pri-
vate ax-grinding and speeches for Bun-
combe, yet probably no more than at
former meetings. Because we respect the
Association so highly we desire to see
it improved if possible, and it is for the
same reason we see its defects. In some
respects it is better than it was before
the war: it is more in earnest, and it has
more members. In other respects the
Association has sadly changed. There
are lately more trashy papers. Perhaps it
is impracticable to prevent such papers’
being offered, but there surely must be
some way of keeping them out of the
printed transactions.”

AAF makes
the biosphere better
for plants.

“The question of what women can do
and what they cannot do well is one that
has been much debated of late, and it is
safe to say the facts and arguments laid
before the public in the course of the
discussion have done much to shake the
belief, once so universal, that women are
adapted to doing nothing well but the

Pollution control equipment and  with air filtration, air pollution control domestic duties of the household. There
systems engineered by AAF make and air conditioning, heating and is a great variety of occupations which
the air a lot more breathable —what-  ventilating systems and equipment women have begun to claim as fields for

ever kind of plants have to get along in all types of buildings —for all types
in it. We make air better throughout of processes. American Air Filter ent, refined man who views things as
the biosphere, that life- Company, Inc., 215 Cen- gh " really ar 1d seek gl J
supporting layer encir- tral Avenue, Louisville, they really are would seek to exclude
cling our earth. We do it Kentucky 40208. them. These occupations in no way in-
juriously affect the qualities admired by
the other sex. They may and ought to be

made as remunerative to women as to
BETTER AIR IS OUR BUSINESS men now engaged in them.”

individual effort from which no intelli-

26
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Clouds of smog hover over our cities. Cities once crowned by canopies of stars. Grime on our
windowsills and soot in our eyes no longer surprise us. And we bring tiny babies out of sterile
hospitals into an atmosphere so polluted, plants choke on it in a matter of weeks.

America, the beautiful. Our America. The crisis isn’t in our cities; the crisis is in our hearts. With
a change of heart, we can change the picture. AlA/American Institute of Architects
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Decimals: Autopoint and scientific notation,

 mrrrrrFFFFFESS FE5EEEER

Automatic entry of e and 7.

Ten directly addressable
storage registers

.....

Programming: Up to
128 steps. Conditional
branching and
automatic entry of
programs with card reader.

Model 1655. Size: 13"x 13Y2" x 6Y2".

Announcing an important break-
through for engineers and scientists.
Calculators based on the latest MOS/LSI
technology. In both printing and display models.
Available in over 350 cities coast to coast.
And supported by more than 3,300
sales and service technicians.

28
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Dynamic range: 10797 to 10+%°

115 % S L L AR AR AU

Automatic special functions:
a*, Log,o/Loge, SIN/COS,
SIN"'/COS™, x!,1,

Radians to Degrees,

Single key 3x, 2x2 N,
Rectangular to Polar Conversion,

......

—

Just plug in

Weight: Twelve pounds.

Monroe men who provide

the most complete technical

hardware and software support.

Because calculators are their only business.
And our only business too.

That’s how we got our name.

Monroe. The Calculator Company

A DIVISION OF LITTON INDUSTRIES
550 Central Avenue, Orange, New Jersey 07050
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and put it to work.
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Rolls-Royce
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single RB.211. The test flight ma-rks

L & -

routines engines will face in service.

A RB.211 flies for the first time

TthB.21 1,theadvanc§d-technology the beginning of a thousand hours Rolls-Royce is a firm believer in

fanjet that Rolls-Royce is pr_oducing of flying testbed operation. In its first flying testbeds, having created in

for Lockheed"s new L-1011 jetliner, flight the RB.211 flew at 15,000 feet 1946 the first multi-engine

flew for the first time on Marc_h 6th. at speeds up to 460 mph. nonmilitary jet aircraft as a flying
Itwas mountedona VC-10 jetliner. Flying testbeds give data testbed for the early Nene turbojet.

Two of the V_C-lO’s four Rolls-Royce available by no-other means. They For more on this early flying testbed,

Conway engines were replaced by a duplicate precisely the operating see the item below.

4 World's first jet transport was a
Rolls-Royce testbed. An Avro
Lancaster bomber, converted to a
9-passenger airliner and dubbed
“lancastrian,” became aviation's
first jetliner when Rolls-Royce used
it as a flying testbed. The objective
was to find out if the Rolls-Royce
Nene turbojet was smooth, robust
and safe enough to make passenger
jets possible. The testbed flew with
. .two Nenes and two of its original
Merlin piston engines. When the

.« Merlins were throttled back the
Nenes took over without fuss or
vibration, and, as the cliché would
have it, history was made.
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unlimited.

<4 RB.211: the quiet one

The Federal Aviation Administration
has just set up a new definition of
how quiet jets should be. And
Lockheed’s new L-1011, with three
Rolls-Royce RB.211 engines, falls
well within the acceptable limits.

A just reward. Rolls-Royce has
worked long and hard to civilize the
jet engine. They gave their RB.211
three driveshafts where all other
engines have only one or two. The
extra shaft lets the pilot slow the fan
on landing, to mute its whine. The
% RB.211 also has whatengineerscall
d a high bypassratio. That means air

leaves the engine at relatively low
velocity, thus reducing the typical
jet roar at takeoff.

Smoke is almost as great a
nuisance. Rolls-Royce has made the
RB.211 virtually smokeless. Instead
of the usual eight or ten small
combustion chambers, the RB.211
has one big one. This means fewer
internal surfaces, and less
inadvertent cooling of the exhaust.
The hotter the engine gets, the more
efficiently and cleanly itburns its fuel.
An American jet fuel expert gave
Rolls-Royce top marks in the
anti-smoke league.

Fokker foils Murphy's Law >
Murphy’s Law is simple and dire: if
something can go wrong, eventually it
will. Fokker kept it firmly in mind when
they designed their new F-28 Fellowship,
a 530-mph 65-passenger jetliner being
sold in the U.S. by Fairchild-Hiller.

For instance, to make sure everything
goes back together the right way
after servicing, control rods have
been made of different lengths,
turnbuckles on parallel cables are
staggered instead of adjacent, and
electrical or mechanical connectors
that have to be adjacent are mutually

exclusive, so nothing can be plugged
into the wrong socket.

Fellowship's engines are mounted
high on the fuselage, so they don't inhale
rubbish from the runway. They are
self-starting, so they don’t have to wait
for help. And the entire electrical
system has built-in facilities for testing
itself at the touch of a few buttons
before each flight.

Reasonably enough, the engines
are Rolls-Royce Speys, the engine that
powers more different airplanes than
any other jet.

<« The propellers steer

Great Britain’s newest tug is the
Broodbank, built expressly for the Port
of London. Big, ugly and very efficient,
the Broodbank is powered by twin
. Rolls-Royce diesels, mounted so low in
~the hull that they do yeoman duty as

_ ballast. Four-foot-long belts connect the
engines to a pair of special units that
swivel the propellers left or right so they
become, in effect, powered rudders.
. Thus, for all its 62-foot length and
~ 31-foot beam, the Broodbank can turn
in little more than its own length.
It's powerful, too: it will push a 1,000-ton
barge at 8 knots. Pushing, incidentally,
is often more etficient than

' recl ROLLS
i towing, which is why so
== many tugboats don’t tug.
Rolls-Royce Limited l
" Derby, England
Rolls-Royce Aero Engines, Inc. [ROYCE

551 Fifth Ave., NewYork, N.Y. 10017
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POLLUTION
CONTROL.:

Will its cost

bleed your net :

in 19717

It doesn’t have to.

Air and water pollution economics should start
with your needs. Maybe you want low capital
cost. Or maybe, you want low operating cost.
That’s up to you.

For example: After preliminary study, Leo
Weaver’s water pollution specialists recom-
mended two alternate, economic solutions to
a customer’s problem. One featured low capital
cost. The other, low operating cost. (The customer
picked low capital cost.)

Of course, cost reduction is only part of the
story. Pollution controls can pay for them-
selves, too.

To remove air-polluting acid mist from stack
gases, Monsanto Enviro-Chem’s air
group installed a Brink® mist eliminator system.

pollution

The customer paid for the system, over a period
of six years, with the acid he recovered.

Still another angle is to reduce your air or
water problem at its source, in your manufactur-
ing operation. Jack Leech’s pollution experts can
call in Enviro-Chem'’s manufacturing specialists
(they design and sell engineered plants). The com-
bined team can recommend measures to lower
pollution control costs in your plant.

Leo Weaver Jack Leech
President Vice President
Monsanto Enviro-Chem Environmental Systems
Systems Division

And, for economic integration from start to
finish, our experienced construction group is
ready to pitch into your problem.

Monsanto Enviro-Chem is ready to handle your
air or water pollution problem —from first analysis
to final solution. With your economics in mind,
always.

For full information, use the coupon on
facing page or write on your letterhead for our
new brochure: Leo Weaver, President, Monsanto
Enviro-Chem Systems, Inc., Box 68S, 10 S. River-
side Plaza, Chicago, Ill. 60606.

Monsanto
Environmental problems need realistic solutions EnVL I
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Systems Inc.
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THE AUTHORS

G. EVELYN HUTCHINSON (“The
Biosphere”) is Sterling Professor of Zo-
ology at Yale University, where he has
been a member of the faculty since 1928.
Born in England, he was educated at
the University of Cambridge and taught
for two years at the University of the
Witwatersrand in South Africa before
going to Yale. His principal work has
been in limnology, which he has pur-
sued in many parts of the world, includ-
ing Indian Tibet. In connection with this
activity he has finished two volumes of
a projected three-volume work titled A
Treatise on Limnology. The range of
Hutchinson’s interests is suggested by
the titles of other books he has written,
including The Ecological Theater and
the Evolutionary Play, The Itinerant
Ivory Tower and A Preliminary List of
the Writings of Rebecca West.

ABRAHAM H. OORT (“The Energy
Cycle of the Earth”) is research scientist
with the Environmental Science Services
Administration of the U.S. Department
of Commerce, working at the agency’s
Geophysical Fluid Dynamics Labora-
tory in Princeton, N.J. Born in the Neth-
erlands, he did his undergraduate work
at the University of Leiden. For two and
a half years, beginning in 1961, he was
associated with the Planetary Circula-
tion Project at the Massachusetts Insti-
tute of Technology, meanwhile receiv-
ing his master’s degree in meteorology
from M.L.T. From 1964 to 1966 he was
research scientist at the Royal Nether-
lands Meteorological Institute in De
Bilt, and during this period he received
his Ph.D. from the University of Utrecht.
The emphasis of his laboratory’s work
is on numerical modeling of the circula-
tion in the atmosphere and the oceans.
“This fall,” he writes, “we hope to com-
plete a more or less definitive study of
the ‘normal’ circulation in the Northern
Hemisphere, with statistics for each
month of the year. This compilation will
be the basis for our further studies of the
natural variability of these statistics by
comparing individual years.” Oort is the
son of the well-known astronomer Jan
H. Oort.

GEORGE M. WOODWELL (“The
Energy Cycle of the Biosphere”) is sen-
ior ecologist at the Brookhaven National
Laboratory and holds an adjunct ap-
pointment at Yale University as a lec-
turer. His original field of study was bot-

any; he received an undergraduate de- | |

gree in that subject at Dartmouth Col-
lege in 1950 and master’s and doctor’s
degrees from Duke University in 1956
and 1958 respectively. From 1957 to

1962, when he joined the Brookhaven | \

staff, he taught at the University of
Maine. Woodwell is the author of two
earlier articles in SCIENTIFIC AMERICAN:
“The Ecological Effects of Radiation” in
June, 1963, and “Toxic Substances and
Ecological Cycles” in March, 1967.

H. L. PENMAN (“The Water Cycle”)
is head of the physics department at the
Rothamsted Experimental Station in
Britain. Since receiving his doctorate
from the University of Durham in 1937
he has investigated agricultural and
botanical problems, being particularly
concerned with transpiration and the ir-
rigation of crops. He joined the Rotham-
sted staff in 1955. In 1962 he was elect-
ed a Fellow of the Royal Society and
was awarded the Order of the British
Empire.

PRESTON CLOUD and AHARON
GIBOR (“The Oxygen Cycle”) are re-
spectively professor of biogeology and
professor of biology at the University
of California at Santa Barbara. Cloud
writes that he “escaped the Depression
by serving in the U.S. Navy from 1930
to 1933.” As a result he was 26 before
he obtained his bachelor’s degree at
George Washington University in 1938.
He received his Ph.D. two years later
from Yale University. From 1942 to
1961 he was a geologist with the U.S.
Geological Survey. Before going to San-
ta Barbara he taught at the University
of Minnesota and the University of Cali-
fornia at Los Angeles. He is also involved
in a number of other activities, including
panels on space-science policy and Con-
gressional panels dealing with resource
and population problems. “I might add,”
he writes, “that I like to garden, fish,
write doggerel, play chess, listen to ba-
roque, blues and ethnic music, collect
limericks and exchange ideas with peo-
ple like Aharon Gibor.” Gibor, who was
born in Israel, was graduated from the
University of California at Berkeley in
1950 and received his master’s degree
there in 1952. He obtained his Ph.D.
in biology from Stanford University in
1955. He has worked at the Weizmann
Institute of Science, the Alaska Depart-
ment of Fish and Game and Rockefeller
University. |

BERT BOLIN (“The Carbon Cycle”) |

is professor of meteorology at the Uni-
versity of Stockholm and director of the |
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We'd like you
to know more
about Monsanto

Enviro-Chem.

Our informative new bro-
chureisjustoffthe press. Itfully
explains Enviro-Chem’s total
approach to environmental
control, chemical processes,
engineering and construction.

Send for it today.
Your reading time
will be well-spent.
(Afterall, the plant
you save may be
your own.)
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THREE-D PROGRAM

Guess which one of these classic drawings
was sketched by an upstart machine.

What can a mere machine draw
as well as a human draftsman?
Everything you're looking at.

The CPM/PMS network.

The subdivision map.

The contour map.

The integrated circuit mask.

The 3-D perspective map.

The awesome truth is, every
drawing on this page was produced
automatically by a computer-con-
trolled CalComp plotter.

Using just five of the many
CalComp application software
packages on sale now.

You see, a CalComp plotter
today can handle many routine
tasks a good draftsman can.

Only better. Faster. And more
economically.

34

To free your draftsman for work
that's more important.

In fact, these days you'll find
CalComp plotters and software
helping draftsmen in every field.

Oil exploration. Geological stud-
ies. Oceanographic surveys. And
meteorological analysis.

Highway design, bridge design
andothercivilengineering projects.

Aircraft and spacecraft design
and manufacture.

Building and construction.

Even medical research.

CalComp is the leader in
computer graphics. With sales
service and software support
in 34 cities around the world.

So if you're looking for a (=%

simple answer to your drafting |

© 1970 SCIENTIFIC AMERICAN, INC

problem, call your nearest
CalComp man today.

He'll be happy to draw you a
picture.

iclallIcloiviP

TEACH YOUR COMPUTER TO DRAW.

California Computer Products, Inc.,
2411 West La Palma Ave., Dept. N-9
Anaheim, California 92801




Our amazing machine. It taught these kids to hope.

—

When a boy sees no future in education, how do you keep The boys stuck to a strict code of behavior. There were few
him from dropping out of school ? Out of everything? dropouts. No absenteeism.

One answer came from a course at Louis D. Brandeis, an Since the course began, over 100 have graduated.
academic high school in New York City. And many of the graduates have gone on to good-paying

On paper it was Shell’s Automotive Professional Training jobs in automotive or aircraft repair.
course, with Shell providing sophisticated electronic equipment But the big surprise was this: many of the boys went on
and learning materials. to college.

Actually it was a plan to introduce boys, many from After this initial success, Shell extended the course to 12
underprivileged backgrounds, to a world they have never other schools, and 25 more will soon be added.
known or imagined. A world of scientific instruments, like the One thing we learned from the Brandeis experi-
electronic Autoscan. A world of scientific thinking, where ment: if aboy can be encouraged to learn by shaping
using your head pays off better than using your fists. up a sick engine, he has a pretty good hope of shap-

The results were pretty tremendous.

ing up his future. o
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The new Beaulieu 4008ZM Super-

gives you variahle

speed electronic zoom!

...and what other “plus” features?

The Beaulieu 4008ZM electronic zoom runs the
gamut of focal lengths from 8 mm wide-angle to
64 mm telephoto with variable speeds from 2, 3,
4, and up to 12 seconds... and is only one of
Beaulieu’s *‘plus '’ features. Beaulieu gives you
point-blank range macrocinematography. You can
film a mere 1/25"' (1 millimeter) away from the
subject, frame and focus with the zoom or the
macro control without moving the camera... and
fill the entire screen with a field measuring just
over 3/4" x 1/2'". With the giant screen 100 % lumi-
nous reflex viewfinder you can check the actual
image that will appear on the film, enlarged to
the limits of your visual field. Beaulieu gives you
70 filming speeds (2-70 fps)... you can go from
slow-slow to high speed motion while you are
filming (no need to stop). The new Beaulieu

4008ZM features the ‘‘Reglomatic’’ system micro-
motor which transmits exposure data from the
photocell to the iris diaphragm of the zoom lens.
The diaphragm setting ring adjusts automatically
at the slightest change in light intensity and
unfailingly selects the ideal aperture. Beaulieu
gives you a longer-lasting nickel-cadmium rechar-
geable battery (shoot 8 to 12 Super-8 50 ft. car-
tridges without recharging).

And there is much more .... get all the facts on
the Beaulieu 4008ZM, the Ultimate Super-8! See
a demonstration at your finest camera store or
write Cinema Beaulieu, 14225 Ventura Boulevard,
Sherman Oaks, California 91403. We will send
you a handsome full color 16-page brochure on
the new Beaulieu 4008ZM.

MA < Beaulicu

A new style in "dolly" shots : accelerate or slow down zooming speed while actually zooming.
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Making it into the 1980’s.

Not long ago, Dick Martin told Dan
Rowan on the Laugh-In that man’s
most important goal in the 1970’s was
“to live into the 1980’s”. It is of no lit-
tle significance that, shortly thereafter,
this remark was being quoted to some
3000 Bell System engineers assem-
bled in the Convention Center in
Winston-Salem, N. C.

What is significant is that the prob-
lem to which the remark referred has

become so urgent a part of our na-
tional consciousness that the 3000

engineers could well - if not gracefully-
accept the possibility of our not mak-
ing it into the 1980’s. It was in this con-
textthatthe theme of thisyear’s National

Engineer’'s Week was ‘‘Engineering-
Environmental Design for the 1970’s.”
Sponsored by Western Electric and Bell

Telephone Laboratories, the Winston-
Salem symposium was one of many

such programs organized by the com-
pany to come to grips with problems of

the environment.

Western Electric makes communi-
cations equipment for the Bell System.
Because of the nature of our products
we do not produce much pollution,
and what we do we are making a
strong, and encouragingly successful,
effort to eliminate. We neither wish for
nor deserve particular credit for this.
We wish only to emphasize that it was
the spirit of the times—a sense of ur-
gency relevant to the entire problem
rather than to a specific corporate
problem —that prompted our co-spon-
sorship of the symposium.

The engineers who attended, from
Southern Bell as well as from Western
Electric and Bell Labs, heard three
principal speakers. A.T.&T. Vice-Presi-
dent Walter W. Straley described the
work of the Bell System’s new Depart-
ment of Environmental Affairs, of which
he is head. Dr. George E. Symons, edi-
tor of the magazine Water and Wastes
Engineering and an international con-

© 1970 SCIENTIFIC AMERICAN, INC

sultant on conservation resources,
spoke on the theme “Ten Years from
Today Is Now.” (It was Dr. Symons who
quoted Dick Martin’s remark, and con-
sidering his theme it was an apt quo-
tation indeed.) And Dr. Lee DuBridge,
science adviser to President Nixon
discussed the question ““Who Man-
ages the Environment?”

None of the speakers, of course,
could give complete answers to any
environmental problems. The purpose
of the symposium was not, however,
to present answers. It was, rather, to
heighten the sense of urgency; to en-
courage the participation in the search
for answers; and to underline the mes-
sage implicit in the theme of this year’s
Engineer's Week: that it is the nation’s
engineers who are uniquely favored to
find solutions to the problems which
they, in all honesty, did as much as
anyone to create.

From the reaction of the 3000 en-
gineers assembled, we are confident
that we accomplished this purpose.

@ Western Electric
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Web
specialists

Although the manufacture of non-
woven webs is considered to be
a relatively new field, PELLON has
been creating diversified webs for
specialized end uses for 20 years.
Unique in the field, PELLON webs,
from half a mil to half an inch, are
fabricated of natural and synthetic
fibers, rubber, chemicals, plastics,
adhesives or powders by employ-
ing virtually all known non-woven
manufacturing techniques. .. and
then some.

Some specific applications include
battery separators, surfacing veils
for corrosion resistant FRP, sophis-
ticated polishing cloths for critical
surface preparation, bonded acti-
vated carbon for safety clothing,
pollution control filters, car uphol-
stery backing, even footwear com-
ponents. For all these applications
PELLON has been finding solutions.
What can we do for you? Send us
a challenge. We will develop a
unique solution — just for you.

Pellon'

CORPORATION
INDUSTRIAL DIVISION &\

Webs to meet the exacting require-
ments of today’s industry.

221 Jackson St., Lowell, Mass.01852

617-454-0461 © ® Pellon Corp. 1970
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International Meteorological Institute in
Stockholm. He has held the latter posi-
tion since 1956 except for two vears
(1965-1967) when he was scientific di-
rector of the European Space Research
Organization in Paris. Bolin was gradu-
ated from the University of Uppsala in
1946 and obtained his master’s and doc-
tor’s degrees from the University of
Stockholm in 1950 and 1956 respective-
ly. His areas of research have included
methods of numerical weather predic-
tion, problems related to the circulation
and transfer of carbon dioxide and stud-
ies of the large-scale circulation of the
ocean using tracers. Bolin initiated and
organized the first sounding-rocket ex-
periments in Sweden. He is chairman of
the Swedish Space Research Committee
and of the Joint Organizing Committee
for a Global Atmospheric Research Pro-
gram.

C. C. DELWICHE (“The Nitrogen
Cycle”) is at the University of California
at Davis, where he is chairman of the
Graduate Group in Ecology, professor of
geobiology and biochemist in the experi-
ment station. He did his undergraduate
work at the University of Wisconsin, re-
ceiving his bachelor’s degree in biochem-
istry in 1940. After military service dur-
ing World War II he obtained his Ph.D.
in comparative biochemistry from the
University of California at Berkeley.
Delwiche has recently been designated
as program coordinator for an integrated
research program on the biology and
ecology of nitrogen under the U.S. na-
tional committee for the International
Biological Program.

EDWARD S. DEEVEY, JR. (“Min-
eral Cycles”), is Killam Professor of Bi-
ology at Dalhousie University in Hali-
fax, Nova Scotia, where he went in 1968
after 22 years on the faculty at Yale Uni-
versity. He was graduated from Yale in
1934 and took his Ph.D. there in 1938.
He then taught biology at Rice Institute
for four years and was a research asso-
ciate in biology at the Woods Hole
Oceanographic Institution for three years
before returning to Yale. He was profes-
sor of biology at Yale from 1957 to 1968
and director of the Geochronometric
Laboratory from 1951 to 1962.

LESTER R. BROWN (“Human Food
Production as a Process in the Bio-
sphere”) is a senior fellow with the Over-
seas Development Council. In the pref-
ace to his recent book Seeds of Change
he writes: “Born and reared on a farm
in southern New Jersey, I organized, at
the age of 14, a commercial tomato-
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growing operation with my younger
brother, an operation that was to see me
through college. Six months spent living
in Indian villages in 1956 broadened my
interest in global agriculture by expos-
ing me to a way of life typical of the vast
majority of mankind, the peasant farm-
ers in the poor countries.” With a bach-
elor’s degree in agricultural science from
Rutgers University in 1955 and a mas-
ter’s degree in economics from the Uni-
versity of Maryland in 1959, Brown
joined the U.S. Department of Agricul-
ture in 1959 and remained there for 10
years. In 1962 he obtained the degree
of master of public administration from
Harvard University. From 1964 to 1968
Brown was special adviser to the Secre-
tary of Agriculture on foreign agricul-
tural policy, and for part of that period
he was administrator of the Agricultural
Development Service.

S. FRED SINGER (“Human Energy
Production as a Process in the Bio-
sphere”) is Deputy Assistant Secretary of
the Interior, with responsibility for the
scientific programs of the U.S. Depart-
ment of the Interior. Born in Vienna, he
came to the U.S. in 1940 and was grad-
uated from Ohio State University in
1943, taking his master’s and doctor’s
degrees in physics at Princeton Univer-
sity in 1944 and 1948 respectively. He
has held a number of academic and gov-
ernmental appointments, including 11
years on the faculty of the University of
Maryland, three years as dean of the
School of Environmental Sciences at the
University of Miami and two years as
director of the National Weather Satel-
lite Center of the U.S. Department of
Commerce. He took up his present posi-
tion in 1967. In addition to extensive
work on environmental quality he has
been interested in the origin of the moon
and the early history of the earth, in cos-
mic rays, meteorites, radiation belts,
meteorology and oceanography.

HARRISON BROWN (“Human Ma-
terials Production as a Process in the
Biosphere”) is professor of geochemis-
try and of science and government at
the California Institute of Technology,
where he has been a member of the fac-
ulty since 1951. He is also foreign secre-
tary of the National Academy of Sci-
ences and vice-president of the Inter-
national Council of Scientific Unions.
Brown was graduated from the Univer-
sity of California at Berkeley in 1938
and obtained his Ph.D. from Johns Hop-
kins University in 1941. Before going to
Cal Tech he was associated with the
U.S. atomic energy program.



Emancipate
your time...

New HP Stat-Pac Makes

System 9100

Your Personal Statistician

You have some tough decisions

to make. The data is ready but the
time-share terminal is booked up for
the rest of the day. An educated
guess is too risky. What to do? Put
the decision-making power of
statistical analysis on your desk

or bench. The HP System 9100
Computing Calculator puts answers
to important questions just a touch
away — no need to wait for the
services of a programmer or wait

in line for a time-share terminal.
The new Stat-Pac, latest addition

to the 9100 software, contains 100
applied statistical programs that you
use for decision-making in every
field, from business to scientific

research. Areas covered are
general statistics, distribution
functions, test statistics, curve
fitting, harmonic analysis, sampling
theory, analysis of variance,
operations research, and reliability
and quality control. These programs
are formated and ready for entry
into your 9100. For instantaneous
entry, store often-used programs
on the exclusive magnetic card.
Since many of these programs
include the HP 9125A X-Y Plotter,
you will be free from tedious (and
inefficient) hand plotting of

graphs and charts.

How’s this for a vital statistic?
Users tell us that the System
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9100 is solving 58% of their
problems for $1.11 per computing
hour. Lease, rent, and purchase
options available. For further
information, or to arrange a
“hands-on” demonstration at your
desk, write: Hewlett-Packard, P.O.
Box 301, Loveland, Colorado 80537
In Europe: Hewlett-Packard, 1217
Meyrin-Geneva, Switzerland.

090/32

HEWLETT hw PACKARD

HP CALCULATOR SYSTEM 9100
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Weknow how important the truck-
ing industry is to the way you live.
So we built a truck ourselves.

A one-of-a-kind, experimental
truck. Filled with ideas designed
to help manufacturers make
trucks tougher.

Special waysof using special
steels make this truck lighter, but
a lot stronger. So it can handle

| | bigger loads.

It can go almost anywhere.
If it had to, it could even climb
an 86% hill.

the trucks that serve you?

We designed the steel frame
toflex. When the road gets rough,
the whole thing twists, instead of
lifting off the ground. Orbreaking.

We also developed a new
type of independent rear suspen-
sion. It's amazing how it flattens
out bumps and improves traction.

This is just one of the many
ways we're involved in helping
the trucking industry serve you
better. 4

One more way we're help-
ing deliver the goods.




The 19th century Pennsylvania Dutch employed a number
of bizarre practices to control the forces of nature. Hex
signs on barns for fertility. Powwows to exorcise curses on

To horscwhip thc pcach ‘[I‘cc fields. And to appease the supernatural and guarantee a

good peach harvest, the trees were horsewhipped on Good
Py finc Crop dOCS makc' Friday before breakfast.
Man has always tried to alter the natural environment to
meet his needs. But rather than hex signs and horsewhips,
in recent times we have unleashed the awesome power of

technolnav and industry to do our bidding.
© 1970 SCIENTIFIC AMERICAN, INC




The Dow Chemical Company, Midland, Michigan 48640

As a chemical processor with a history of concern for the Meanwhile, we have the people, the systems and the
environment long before it became a public issue, Dow is  experience to help in this critical task. Now. For ourselves
actively working toward tougher Federal standards on  and for our customers in industry. Let us begin now to work
environmental quality and their firm and uniform enforce- together.
ment on a state and regional basis. Before time runs out for all of us.

But standards limiting pollution are not enough. As we
turn our technology toward eliminating pollution entirely,
we're setting even tougher goals for ourselves. Dow will be
satisfied with nothing less than the complete integration of

environmental considerationsin ourdecision-makina nrarace
© 1970 SCIENTIFIC AMERICAN, INC
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Volume 223

Number 3

The Biosphere

Introducing an issue on how the earth’s thin film of living matter

is sustained by grand-scale cycles of energy and chemical elements.

All of these cycles are presently affected by the activities of man

he idea of the biosphere was in-
I troduced into science rather casu-
ally almost a century ago by the
Austrian geologist Eduard Suess, who
first used the term in a discussion of the
various envelopes of the earth in the
last and most general chapter of a short
book on the genesis of the Alps pub-
lished in 1875. The concept played little
part in scientific thought, however, until
the publication, first in Russian in 1926
and later in French in 1929 (under the
title La Biosphére), of two lectures by
the Russian mineralogist Vladimir Iva-
novitch Vernadsky. It is essentially Ver-
nadsky’s concept of the biosphere, de-
veloped about 50 years after Suess
wrote, that we accept today. Vernadsky
considered that the idea ultimately was
derived from the French naturalist Jean
Baptiste Lamarck, whose geochemis-
try, although archaically expressed, was
often quite penetrating.

The biosphere is defined as that part
of the earth in which life exists, but this
definition immediately raises some prob-
lems and demands some qualifications.
At considerable altitudes above the
earth’s surface the spores of bacteria and

by G. Evelyn Ilutchinson

fungi can be obtained by passing air
through filters. In general, however,
such “aeroplankton” do not appear to be
engaged in active metabolism. Even on
the surface of the earth there are areas
too dry, too cold or too hot to support
metabolizing organisms (except techni-
cally equipped human explorers), but in
such places also spores are commonly
found. Thus as a terrestrial envelope the
biosphere obviously has a somewhat
irregular shape, inasmuch as it is sur-
rounded by an indefinite “parabiospher-
ic” region in which some dormant forms
of life are present. Today, of course, life
can exist in a space capsule or a space
suit far outside the natural biosphere.
Such artificial environments may best be
regarded as small volumes of the bio-
sphere nipped off and projected tempo-
rarily into space.

What is it that is so special about the
biosphere as a terrestrial envelope? The
answer seems to have three parts. First,
it is a region in which liquid water can
exist in substantial quantities. Second, it
receives an ample supply of energy from
an external source, ultimately from the
sun. And third, within it there are inter-

REVOLUTION IN THE BIOSPHERE is symbolized by the fossilized blue-green alga in the
photomicrograph on the opposite page. The cell, which is one of a variety of similar fossils
found in the Gunflint geological formation in southern Ontario by Stanley A. Tyler and
Elso S. Barghoorn of Harvard University, is estimated to be approximately two billion
years old. The Gunflint algae are the oldest known photosynthetic and nitrogen-fixing
organisms. As such they contributed to the original oxygenation of the earth’s atmosphere
and so prepared the way for all higher forms of plant and animal life in the biosphere.
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faces between the liquid, the solid and
the gaseous states of matter. All three of
these apparent conditions for the exis-
tence of a biosphere need more detailed

study and discussion.
}XH actively metabolizing organisms
consist largely of elaborate systems
of organic macromolecules dispersed in
an aqueous medium. The adaptability of
organisms is so great that even in some
deserts or in the peripheral parts of the
antarctic ice sheet there may be living
beings that contain within themselves
the only liquid water in the immediate
neighborhood. Although such xerophyt-
ic (literally “dry plant”) organisms may
be able to conserve internal supplies of
water for a long time, however, they still
need some occasional dew or rain. (The
hottest deserts appear to be formally
outside the Dbiosphere, although they
may be parabiospheric in the sense ex-
plained above.) In the immediate past
this kind of situation had a certain in-
tellectual interest, since it seemed for a
time that organisms might exist on Mars,
in an almost waterless environment, by
retaining water in their tissues. The most
recent studies, however, seem to make
any kind of biosphere on Mars quite
unlikely.

The energy source on which all ter-
restrial life depends is the sun. At pres-
ent the energy of solar radiation can
enter the biological cycle only through
the photosynthetic production of organ-
ic matter by chlorophyll-bearing orga-
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nisms, namely green and purple bac-
teria, blue-green algae, phytoplankton
and the vast population of higher plants.
Such organisms are of course confined
to the part of the biosphere that receives
solar radiation by day. That includes the
atmosphere, the surface of the land, the
top few millimeters of soil and the upper
waters of oceans, lakes and rivers. The
euphotic, or illuminated, zone may be
only a few centimeters deep in a very
turbid river, or well over 100 meters
deep in the clearest parts of the ocean.
The biosphere does not end where the
light gives out; gravity continues the
energy flow downward, since fecal pel-
lets, cast skins and organisms dead and
alive are always falling from the illumi-
nated regions into the depths.

The plant life of the open ocean, on
which most of the animals of the sea de-
pend for food, is planktonic, or drifting,
in a special sense that is often misunder-
stood. Most of the cells composing a
planktonic association are slightlv denser
than seawater, and under absolutely
quiet conditions they would slowly sink
to the bottom. That the upper layers are
not depleted of plant cells and so of the
capacity to generate food and oxygen is
attributable entirely to turbulence. The
plant cells sink at a speed determined by
their size, shape and excess density; as
they sink they divide and the population
in the upper waters is continually replen-
ished from below by turbulent upwelling
water.

The sinking of the phytoplankton cells
is in itself the simplest way by which a
cell can move from a small parcel of
water it has depleted of the available
nutrients into a parcel still containing
these substances. The mechanism can
of course only operate when there is an
adequate chance of a lift back to the
surface for the cell and some of its de-
scendants. The cellular properties that
determine sinking rates, interacting with
turbulence, are doubtless as important
in the purely liquid part of the biosphere
as skeletal and muscular structures, in-
teracting with gravity, are to us as we
walk about on the solid-gaseous interface
we inhabit. Although this point of view
was worked out some 20 years ago,
largely through the efforts of the ocean-
ographer Gordon A. Riley, it still seems
hardly recognized by many biologists.

In addition to the extension of the
biosphere downward, there is a more
limited extension upward. On very high
mountains the limit above which chloro-
phyll-bearing plants cannot live appears
to be about 6,200 meters (in the Hima-
layas); it is partly set by a lack of liquid

water, but a low carbon dioxide pres-
sure, less than half the pressure at sca
level, may also be involved. At still high-
er altitudes a few animals such as spi-
ders may be found. These probably feed
on springtails and perhaps mites that in
turn subsist on pollen grains and other
organic particles, blown up into what the
high-altitude ecologist Lawrence .
Swan calls the aeolian zone.

The rather special circumstances that
have just been recognized as needed
for the life of simple organisms in the
free liquid part of the biosphere empha-
size how much easier it is to live at an
interface, preferably when one side of
the interface is solid, although quite a
lot of microorganisms do well at the
air-water interface in quiet pools and
swamps. It is quite possible, as J. D. Ber-
nal suggested many years ago, that the
surface properties of solid materials in
contact with water were of great im-
portance in the origin and early develop-
ment of life.

Studies of photosynthetic productivity
show that often the plants that can pro-
duce the greatest organic yield under
conditions of natural illumination are
those that make the best of all three
possible states, with their roots in sedi-
ments under water and their leaves in
the air. Sugarcane and the ubiquitous
reed Phragmites communis provide strik-
ing examples. The substances needed by
such plants are (1) water, which is taken
up by the roots but is maintained at a
fairly constant pressure by the liquid
layer over the sediments; (2) carbon di-
oxide, which is most easily taken up from
the gaseous phase where the diffusion
rate at the absorptive surface is maximal;
(3) oxygen (by night), which is also more
easily obtained from the air than from
the water, and (4) a great number of
other elements, which are most likely to
be available in solution in the pore water
of the sediment.

r[‘he present energetics of the biosphere

depend on the photosynthetic reduc-
tion of carbon dioxide to form organic
compounds and molecular oxygen. It is
well known, however, that this proc-
ess is only one of several of the form:
nCO, + 2nHoA + energy — (CH,0), +
nAs + nH,0. In this reaction the hydro-
gen donor HyA may be hydrogen sulfide
(H,S), as in the case of the photosyn-
thetic sulfur bacteria, water (H,0), as
in the case of the blue-green algae and
higher green plants, or various other
organic compounds, as in the case of the
nonsulfur purple bacteria. (The last-
mentioned case presents a paradox: Why
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be photosvnthetic when there is plenty
of metabolizable organic matter in the
immediate neighborhood of the photo-
svnthesizing cell?) The actual patterns
of the possible reactions are extremely
complicated, with several alternative
routes in some parts of the process. For
the purposes of this discussion, however,
the important fact is probably that any
set of coupled reactions so complex
would take a good deal of mutation and
selection to evolve.

The overall geochemical result of pho-
tosynthesis is to produce a more oxidized
part of the biosphere, namely the at-
mosphere and most of the free water in
which oxygen is dissolved, and a more
reduced part, namely the bodies of or-
ganisms and their organic decomposition
products in litter, soils and aquatic sedi-
ments. Some sediments become buried,
producing dispersed organic carbon and
fossil fuels, and there is a similar loss of
oxygen by the oxidation of eroding pri-
mary rock. The quantitative relation of
the fossilization of the organic (or re-
duced) carbon and the inorganic (or oxi-
dized) carbon clearly bears on the his-
tory of the earth but so far involves too
many uncertainties to produce unam-
biguous answers. From the standpoint
of the day-to-day running of the bio-
sphere what is important is the continual
oxidation of the reduced part, living or
dead, by atmospheric oxygen to produce
carbon dioxide (which can be employed
again in photosynthesis) and a certain
amount of energy (which can be used for
phvsical activity, growth and reproduc-
tion). The production of utilizable fos-
sil fuels is essentially an accidental im-
perfection in this overall reversible cycle,
one on which we have come to depend
too confidently.

It is necessary to maintain a balance
in our attitude by stressing the fragility
and inefficiency of the entire process.
If one considers a fairly productive lake,
for example, it is usual to find about 2.5
milligrams of particulate organic mat-
ter under an average square centimeter
of lake surface. Assuming that this or-
ganic matter is all phytoplankton, with
a water content of 90 percent, there are
about 25 cubic millimeters of photo-
synthetic organisms per 100 square milli-
meters of lake surface. If this were all
brought to the surface, it wouid form
a green film a quarter of a millimeter
thick. Both assumptions undoubtedly ex-
aggerate the thickness, which may well
be no more than a tenth of a millimeter,
or the thickness of a sheet of paper.

The total photosynthetic material of
the open ocean can hardly be greater and
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may well be much less. Similarly, when
one looks up from the floor of a broad-
leaved forest, there is obviously some
overlap of leaves, but five leaves, one
above the other, would usually remove
almost all the available energy. More-
over, in this case much of the organic
material is in the form of skeletal cellu-
lose, which provides support and control
of evaporation; as a result there is an
even less economical use of the volume
of the plant than in the case of the phy-
toplankton. The machinery by which
energy enters the living world is clearly
quite tenuous.

Estimates of the efficiency of the pho-
tosynthetic process are quite variable
and depend greatly on the circum-
stances. Under conditions of optimum
cultivation an annual utilization of sev-
eral percent of the incoming visible radi-
ation is easily achieved on land, the limit
probably being set by the carbon dioxide
content of the air, but the overall ef-
ficiency of land surfaces as a whole seems
to lie between .1 and .3 percent. In wa-
ter, under special circumstances aimed
at maximum yield, very high levels of
production, apparently approaching the
theoretical quantum efficiency of the
photosynthetic process, seem possible,
but again in nature as a whole efficien-
cies of the order of a few tenths of a
percent are usual. On land much of the
radiant energy falling on a tall plant is
not wasted but is needed to maintain
the stream of water being transpired
from the leaves.

he movement of material through liv-

ing organisms involves many more
elements than those contained in water
and carbon dioxide. In addition to car-
bon, oxygen and hydrogen, all organisms
use nitrogen, phosphorus, sulfur, sodi-
um, potassium, calcium, magnesium,
iron, manganese, cobalt, copper, zinc
and probably chlorine, and some certain-
ly use for special functions aluminum,
boron, bromine, iodine, selenium, chro-
mium, molybdenum, vanadium, silicon,

VERTICAL EXTENT of the biosphere is
depicted schematically in the illustration
at the left. As a terrestrial envelope the
biosphere has a somewhat irregular shape
inasmuch as it is surrounded by an indefi-
nite “parabiospheric” region in which some
dormant forms of life, such as the spores of
bacteria and fungi, are present. The eupho-
tic, or illuminated, zone of aqueous bodies
may be only a few centimeters deep in a
very turbid river or well over 100 meters
deep in the clearest parts of the ocean.



strontium, barium and possibly nickel.
A few elements that occur fairly regu-
larly in specific compounds or situations,
such as cadmium in the vertebrate kid-
ney or rare earths in the hickory leaf, are
obviously of interest even if they are
not functional. Some of the elements now
known to be significant only in a particu-
lar group of organisms, such as boron in
plants, iodine in many animals, chromi-
um in veretebrates or selenium in some
plants, birds and mammals, may ulti-
mately prove to be universally essential.
A few more functional elements, ger-
manium perhaps being a good candi-
date, may remain to be discovered. Even
the rarer trace elements, when they are
unquestionably functional, are present
in metabolically versatile tissues, such
as those of the liver, in quantities on the
order of a million atoms per cell. Very
little substitution of one element by an-
other is possible, although some bacteria
and algae can use rubidium in place of
potassium with no adverse effects other
than a slowed growth rate. We all know
that certain elements are highly toxic
(lead, arsenic and mercury are obvious
examples), whereas many of the func-
tional elements are poisonous when high
levels of intake are induced by local con-
centrations in the environment. This
means that the detailed geochemistry of
each element, particularly in the process
of crossing the solid-liquid interface, is
of enormous biological importance.
Often the possibility of an element’s
migrating from the solid state to an
ionic form in an aqueous phase (from
which an organism can obtain a supply
of the element) depends on the state of
oxidation at the solid-liquid boundary.
Under reducing conditions iron and
manganese are freely mobile as divalent
(doubly ionized) ions, whereas under
oxidizing conditions iron, except when
it is complexed organically, is essential-
ly insoluble, and manganese usually pre-
cipitates as manganese dioxide. Chromi-
um, selenium and vanadium, all of which
are required in minute quantities by
some organisms, migrate most easily in
an oxidized state as chromate, selenate
and vanadate, and so behave in a way
opposite from iron. The extreme insolu-
bility of the sulfides of iron, copper, zinc
and some other heavy metals may limit
the availability of these elements when
reduction is great enough to allow hy-
drogen sulfide to be formed in the de-
composition of proteins or by other kinds
of bacterial action. Phenomena of this
kind mean that under different chemical
conditions different materials determine
how much living matter can be present.

Expanding this 19th-century agricul-
turist’s idea of limiting factors a little,
it is evident that in a terrestrial desert
hydrogen and oxygen in the form of wa-
ter determine the amount of life. In the
blue waters of the open ocean the best
results indicate that a deficiency of iron
is usually limiting, the element probably
being present only as dispersed ferric
hydroxide, which can be used by phy-
toplankton cells if it becomes attached
to their cell wall. In an intermediate sit-
uation, as in a natural terrestrial soil in a

fairly humid region, or in a lake or
coastal sea, phosphorus is probably the
most usual limiting element.

The significance of phosphorus in con-
trolling the quantity of living organisms
in nature is due not only to its great bi-
ological importance but also to the fact
that among the light elements it is rel-
atively scarce. As an element of odd
atomic number it is almost two orders of
magnitude rarer in the universe than its
neighbors in the periodic table, silicon
and sulfur. Moreover, in iron meteorites

LIFE AT THE FRINGE of the biosphere is represented by this strange-looking creature
photographed recently by an automatic camera lowered to a depth of 15,900 feet from the
US. Naval oceanographic vessel Kane, which at the time was situated in the South Atlantic
some 350 miles off the coast of Africa. The plantlike organism is actually an animal: a polyp
of the family Umbellulidae. The stem on which its food-gathering tentacles are mounted is
approximately three feet long and is leaning toward the camera at an angle of 30 degrees.
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MAJOR CYCLES OF THE BIOSPHERE are indicated in a gen-
eral way in the illustration on these two pages; more detailed ver-

phosphorus is found to be enriched in
the form of the iron-nickel phosphide
schreibersite, so that it is not unlikely
that a good part of the earth’s initial sup-
ply of the element is locked up in the
metallic core of our planet. The amount
of phosphorus available is thus initially
limited by cosmogenic and planetogenic
processes. In the biosphere the element
is freely mobile under reducing but not
too alkaline conditions; since the supply
of reduced iron is nearly always much
in excess of the phosphorus, oxidation
precipitates not only the iron but also
the phosphorus as the very insoluble
ferric phosphate.

In many richly productive localities
where phosphorus is reasonably acces-
sible the quantity of combined nitrogen
evidently builds up by biological fixa-
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tion, so that the ratio of the two ele-
ments in water or soil will tend to be
about the same as it is in living orga-
nisms. In such circumstances both the
phosphorus and the nitrogen are limit-
ing; the addition of either one alone
produces little or no increase in living
matter in a bottle of water or in any oth-
er system isolated from the environment,
whereas the addition of both often leads
to a great increase. Where nitrogen alone
is limiting it may be the result of a
disturbance of the ecological balance
between the nitrogen-fixing organisms
(mainly blue-green algae in water and
bacteria in soil) and the other members
of the biological association. Limitation
by nitrogen is never due to a dearth of
the element as such, since it is the com-
monest gas in the atmosphere, but rather
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sions of specific cycles accompany the succeeding articles in this
issue. In brief, the operation of the biosphere depends on the utili-

depends on the level of activity of the
special biological mechanisms, chemical-
ly related to photosynthesis but retained
only by primitive organisms, for disso-
ciating the two atoms of molecular nitro-
gen (N,) and forming from them the
amino (—NHa) groups of proteins and
other organic compounds.

If the biosphere is to continue in run-

ning order, the biologically important
materials must undergo cyclical changes
so that after utilization they are put back,
at the expense of some solar energy,
into a form in which they can be reused.
The rate at which this happens is quite
variable. The rate of circulation of the
organic matter of terrestrial organisms,
derived from the carbon dioxide of the
atmosphere, is measured in decades. In
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dioxide (CO,) from the atmosphere to form organic compounds

the case of calcium, which is carried
from continental rocks in rivers as cal-
cium bicarbonate (Ca(HCO3),) and pre-
cipitated as calcium carbonate (CaCOj)
in the open ocean largely in the form of
the tiny shells of foraminifera, most of
the replacement must be due to the
movement of the ocean floors toward
coastal mountain-building belts; pre-
sumably the rate of cyclical replacement
would be measured in hundreds of mil-
lions of years. Phosphorus would behave
rather like calcium, nitrogen more like
carbon, although the atmospheric reser-
voir of nitrogen is of course much larger
and the biological fixation of the element
is less widespread and energetically more
expensive.

At present the artificial injection of
some elements in a mobile form into

RS e

eduction of carbon
er. The cycling of

the ocean and atmosphere is occurring
much faster than it did in preindustrial
days; new cycles have come into being
that may distribute very widely and in
toxic quantities elements such as lead
and mercury, as well as fairly stable new
compounds such as insecticides and de-
foliants. It should be obvious that the
possible action of all such substances on
the tenuous and geochemically ineffi-
cient green mantle of the earth demands
intense study if life is to continue in the

biosphere.

I_Iow did the system we have been ex-
amining come into being? There

are now a few facts that seem clear and

a few inferences that are reasonable. We

know that the present supply of atmo-

sphericoxygen is continually replenished
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on the one hand (CH,0), and molecular oxygen (O,) on the oth-

certain other vital elements is also indicated.

by photosynthesis, and that if it were
not, it would slowly be used up in the
process of oxidation of ferrous to fer-
ric iron and sulfides to sulfates in weath-
ering. All the evidence points to the at-
mosphere of the earth’s being secondary.
The extreme rarity of the cosmically
abundant but chemically inert gas neon
compared with water vapor, which has
almost the same molecular weight, shows
(as Harrison Brown pointed out 25
years ago) that only gases that could be
held in combination in the solid earth
were available for the formation of the
secondary atmosphere. The slow pro-
duction of oxygen by the photolysis (lit-
erally “splitting by light”) of water and
by the thermal dissociation of water with
the loss of hydrogen into space is pos-
sible even in the early atmosphere, but
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nearly everyone agrees that this would
merely lead to a little local oxidation of
material at or near the earth’s crust.
Some mixture of water vapor, meth-
ane, carbon monoxide, carbon dioxide,
ammonia and nitrogen presumably ini-
tiated the secondary atmosphere. We
know from laboratory experiments that
when an adequate energy source (such as
ultraviolet light or an electric discharge)
is available, many organic compounds,
including practically all the building
blocks of biological macromolecules, can
be formed in such an atmosphere. We
also know from studies of meteorites
that such syntheses have occurred under
extraterrestrial conditions, but that a
good many substances not of biological
significance were also formed. It is just
possible that ultimately exploration of
the asteroids may produce evidence of
the kind of environment on a disrupted
planet in which these kinds of prebio-
logical organic syntheses took place.
However that may be, we can be rea-
sonably confident that a great deal of
prebiological organic synthesis occurred
on the earth under reducing conditions
at an early stage in our planet’s history.
The most reasonable energy source

would be solar ultraviolet radiation.
Since some of the most important com-
pounds are not only produced but also
destroyed by the wavelengths available
in the absence of an oxygen screen, it is
probable that the processes leading to
production of the first living matter took
place under specific structural condi-
tions. Syntheses may have occurred in
the water vapor and gases above a primi-
tive system of pools or a shallow ocean,
while at the bottom of the latter, some-
what shielded by liquid water, polym-
erization of some of the products on
clay particles or by other processes may
have taken place.

"I he first hint that organisms had been

produced is the presence of bacteria-
like structures in the Figtree geological
formation of South Africa; these fossils
are believed to be a little more than three
billion years old. Carbon-containing
cherts from Swaziland that are older
than that have been examined by Pres-
ton Cloud of the University of Califor-
nia at Santa Barbara, who did not find
any indication of biological objects. The
oldest really dramatic microflora are
those described by Stanley A. Tyler and

Elso S. Barghoorn of Harvard Univer-
sity from the Gunflint formation of On-
tario, which is about two billion years
old [see illustration on page 44]. Sedi-
mentary rocks from that formation seem
to contain genuine filamentous blue-
green algae that were doubtless both
photosynthetic and nitrogen-fixing. Cel-
lular structures that were probably com-
ponents of blue-green algal reefs certain-
ly occurred a little earlier than two
billion years ago. The most reasonable
conclusion that can be drawn from the
work of Barghoorn, Cloud and others,
who are at last giving us a real Precam-
brian paleobiological record, is that
somewhere around three billion years
ago biochemical evolution had proceed-
ed far enough for discrete heterotrophic
organisms to appear.

These organisms (which, as their name
implies, draw their nourishment from ex-
ternally formed organic molecules) could
utilize the downward-diffusing organic
compounds in fermentative metabolism,
but they lived at sufficient depths of
water or sediment to be shielded from
the destructive effect of the solar ultra-
violet radiation. After somewhat less
than another billion years procaryotic
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PHOTOSYNTHESIS, the fundamental process for sustaining life '

on the earth, is accomplished by plants on land, by freshwater
algae and by phytoplankton in the sea. Utilizing the energy con-
tained in sunlight, they convert carbon dioxide and water into
some form of carbohydrate (for example glucose), releasing oxy-
gen as a waste product. This simplified diagram shows the cyclical
process by which a molecule of carbon dioxide is attached to a
five-carbon molecule, ribulose-1,5-diphosphate, previously assem-
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bled from five molecules of carbon dioxide. The photochemical
system packages part of the incoming solar energy by converting
adenosine diphosphate (ADP) to adenosine triphosphate (ATP)
and by converting nicotinamide adenine dinucleotide phosphate
(NADP) to its reduced form (NADPH). Two molecules of
NADPH and three of ATP are required to fix one molecule of
carbon dioxide. Carbon atoms from CO, can be incorporated into a
variety of compounds and removed at various points in the cycle.
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cells—cells without a fully developed
mitotic mechanism for cell division and
without mitochondria—had already start-
ed photosynthesis. The result of these
developments would have ultimately
been the complete transformation of the
biosphere from the old heterotrophic
fermentative regime to the new auto-
trophic (self-nourishing), respiratory and
largely oxidized condition. How fast the
change took place we do not know, but
it was certainly the greatest biological
revolution that has occurred on the
earth. The net result of this revolution
was no doubt the extermination of a
great number of inefficient and primitive
organisms that could not tolerate free
oxygen and their replacement by more
efficient respiring forms.

Cloud and his associates have recent-
lv found evidence of eucaryotic cells—
cells with a fully developed mitotic
mechanism and with mitochondria—
some 1.2 to 1.4 billion years old. It is
reasonable to regard the rise of the mod-
ern eucaryotic cell as a major conse-
quence of the new conditions imposed
by an oxygen-containing atmosphere.
Moreover, Lynn Margulis of Boston Uni-
versity has assembled most convincingly
the scattered but extensive evidence that
this response was of a very special kind,
involving a multiple symbiosis between
a variety of procaryotic cells and so con-
stituting an evolutionary advance quite
unlike any other known to have occurred.

If the first eucaryotes arose 1.2 to
1.4 billion years ago, there would be
about half of this time available for the
evolution of soft-bodied multicellular or-
ganisms, since the first fossil animal skel-
etons were deposited around 600 mil-
lion years ago at the beginning of the
Cambrian period. Although most of the
detailed history consists of a series of
blanks, we do have a time scale that
seems sensible.

\\"l luni taking too seriously any of

the estimates that have been made
of the expectation of the life of the sun
and the so'ar system, it is evident that
the biosphere could remain habitable
for a very long time, many times the
estimated length of the history of the
genus Ilomo, which might be two mil-
lion years old. As inhabitants of the bio-
sphere, we should regard ourselves as
being in our infancy, particularly when
we throw destructive temper tantrums.
Many people, however, are concluding
on the basis of mounting and reason-
ably objective evidence that the length
of life of the biosphere as an inhabitable
region for organisms is to be measured in
decades rather than in hundreds of mil-

SUNLIGHT

PHYTOPLANKTON CELL is slightly denser than seawater and under absolutely quiet
conditions would slowly sink to the bottom. In this way the cell can move from a small
parcel of water (broken circle) from which it has removed all the available nutrients (black
dots) into a parcel still containing these substances. As the cell sinks it divides, and losses
from the population in the surface waters that constitute the euphotic zone are continually
made good by upward turbulence, which returns some of the products of cell division to the
surface layer. The particular phytoplankton shown is a diatom of the genus Coscinodiscus.

lions of years. This is entirely the fault
of our own species. It would seem not
unlikely that we are approaching a crisis
that is comparable to the one that oc-
curred when free oxygen began to ac-
cumulate in the atmosphere.

Admittedly there are differences. The
first photosynthetic organisms that pro-
duced oxygen were probably already im-
mune to the lethal effects of the new
poison gas we now breathe. On the other
hand, our machines may be immune to
carbon monoxide, lead and DDT, but
we are not. Apart from a slight rise in
agricultural productivity caused by an
increase in the amount of carbon dioxide
in the atmosphere, it is difficult to see
how the various contaminants with
which we are polluting the biosphere
could form the basis for a revolutionary
step forward. Nonetheless, it is worth
noting that when the eucaryotic cell
evolved in the middle Precambrian peri-
od, the process very likely involved an
unprecedented new kind of evolutionary
development. Presumably if we want to
continue living in the biosphere we must
also introduce unprecedented processes.
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Vernadsky, the founder of modern
biogeochemistry, was a Russian liberal
who grew up in the 19th century. Ac-
cepting the Russian Revolution, he did
much of his work after 1917, although
his  numerous philosophic references
were far from Marxist. Just before his
death on January 6, 1945, he wrote his
friend and former student Alexander
Petrunkevitch: “I look forward with
great optimism. I think that we undergo
not only a historical, but a planetary
change as well. We live in a transition
to the noosphere.” By noosphere Vernad-
sky meant the envelope of mind that
was to supersede the biosphere, the en-
velope of life. Unfortunately the quarter-
century since those words were written
has shown how mindless most of the
changes wrought by man on the bio-
sphere have been. Nonetheless, Vernad-
sky’s transition in its deepest sense is the
only alternative to man’s cutting his life-
time short by millions of years. The suc-
ceeding articles in this issue of Scientific
American may contain useful hints as to
how this alternative may be brought to
fruition.

53



The Energy Cycle of the Earth

The solar energy absorbed by the earth is eventually reradiated

into space as heat. Meanwhile it is distributed over the surface

of the earth by the circulation of the atmosphere and the oceans

11 life on the earth is of course ulti-
A mately powered by the sun, and
accordingly it is strongly affected
by variations of the incoming solar ra-
diation over the globe. The distribution
of sunlight with latitude determines to a
great extent the location of the major cli-
matic Zones—tropical, temperate and po-
lar—and these zones in turn set broad
geographic limits to the different forms
of terrestrial life.

What is less familiar is the central
function of the atmosphere and the
oceans in redistributing the incoming
solar energy and hence in determining
the “macroclimate” of the earth. The im-
portance of the circulation of the atmo-
sphere and the oceans to the operation
of the biosphere becomes apparent when
one considers that present forms of life
could not endure the harsh climate that
would exist if conditions of radiative
equilibrium were to prevail at all lati-
tudes (that is, if the incoming solar ra-
diation to a zone were exactly balanced
by the outgoing terrestrial radiation from
that zone). This article is devoted not
only to an examination of the character
of the incoming short-wave radiation and
the outgoing long-wave radiation but
also to an attempt to trace the cycle of
the solar energy from the time it enters
the atmosphere as sunlight until it finally
finds its way back into space as heat. At
the end of the article I shall take up the
question of the possible effects of man’s
intervention in these vast energy proc-
esses.

When the sun is over the Equator on

March 21 and September 23 (the
equinoxes), a maximum amount of solar
radiation is received at the Equator [see
illustration on page 58]. On the same
dates the radiation received at the north
and south poles is practically zero. This
symmetrical decrease of radiation with
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latitude toward both poles only occurs,
however, during the transition seasons,
spring and fall. In the summer hemi-
sphere, for example, there is almost no
meridional (north-south) heating gradi-
ent. Even more surprising is the fact that
the 24-hour average sunshine has a maxi-
mum value at the summer pole, not at
the subsolar point in the Tropics! This
of course is owing to the permanent day-
light at the summer pole. From a consid-
eration of these factors alone one would
expect significant differences in the
large-scale circulation between the sum-
mer and the winter hemispheres. In ad-
dition one would expect climatic effects
related to the variation of incoming radi-
ation with local time in each hemisphere
[see illustration on page 59]. Diurnal
changes (that is, changes with a period
of 24 hours) in the wind, temperature
and humidity are only important, how-
ever, close to the ground and at high
levels in the atmosphere. Locally the in-
teraction of land and sea breeze effects
may also play a role, but the overall
atmospheric circulation cannot respond
well to such short-period phenomena.

This is even truer of the oceanic circula-
tion. In addition to the imposed diurnal
and annual periodicities in the incoming
solar radiation, one finds a slight semi-
annual variation of insolation in the
Tropics, where the sun passes overhead
twice during the year.

How is the solar energy transmitted
and transformed once it enters the top
of the atmosphere? Averaged over the
globe about 30 percent of the radiation
is either scattered back by the constit-
uents of the atmosphere or directly re-
flected by clouds or the earth’s surface.
This portion of the solar energy is lost
into space and cannot be used to gen-
erate atmospheric motions. About 50
percent of the incoming radiation finally
reaches the ground or ocean, where it is
absorbed as heat. The properties of the
surface determine the thickness of the
layer over which the available heat is
distributed. In the case of an ocean sur-
face wave motions are quite effective in
distributing the heat through a thick lay-
er, sometimes extending down to a depth
of 100 meters. The diurnal variation in
temperature of the ocean surface itself

MOSAIC OF COLORED SQUARES on the opposite page is actually a “map” showing
the relative infrared reflectance of various land and water surfaces in a region of the Mid-
dle East. The data used to construct the map were obtaired at noon on May 4, 1969, by
means of a high-resolution scanning infrared radiometer on board the unmanned artificial
earth satellite Nimbus 3. The data were digitized, adjusted for differences in sun angle
and displayed in a format in which the color of each square represents a range of relative
reflectance. In assigning different colors to each range an attempt was made to render the
scene in “natural” colors. Thus the lowest ranges of relative reflectance, which correspond
generally to water surfaces, are represented by different shades of blue. Areas of intermedi-
ate reflectance, corresponding roughly to vegetated regions, are green. Highly reflective
desert areas are beige. The large body of water at lower right is the Red Sea. At its northern
end the reflectance is modified by haze, obscuring much of the gulfs of Suez and Aqaba,
which flank the Sinai Peninsula. The blue area at top left is the Mediterranean Sea. The tri-
angular green area adjacent to it is the Nile delta. The string of green squares at bottom
left represents the lake forming in the Nile River valley as a result of the construction of
the Aswan Dam. The map was produced as part of a study conducted by Norman H. Mac-
Leod of the National Aeronautics and Space Administration in an effort to develop a quan-
titative technique for observing the earth in terms of the relative reflectance of its parts.
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HURRICANE GLADYS was photographed by the Apollo 7 astro-
nauts as it approached the west coast of Florida on the morning of
October 17, 1968. The view is toward the southeast with Cuba in
the distant background. The lack of the usual high cloud cover
made it possible to view the spiral lower cloud structure of this

cyclonic storm in considerable detail. Traveling cyclones (of which
hurricanes are a particularly violent form) contribute to the net
poleward transport of heat in the middle latitudes and thus help
to moderate the harsh climate that would exist on the earth if con-
ditions of radiative equilibrium were to prevail at all latitudes.

© 1970 SCIENTIFIC AMERICAN, INC



is thus generally less than 1 degree Cel-
sius. The situation on land depends not
only on the diurnal amplitude of the in-
coming radiation but also on the proper-
ties of the soil (for example its wetness)
and the presence or absence of vegeta-
tion. The energy transfer down into the
ground occurs through the slow process
of molecular heat conduction. Over bare
ground the diurnal temperature range at
the surface can amount to several tens
of degrees Celsius, but the temperature
change is hardly noticeable below a
depth of half a meter.

What happens to the remaining 20
percent of the incoming solar radiation
that is apparently absorbed on its path
through the atmosphere? Here it is nec-
essary to consider the spectrum of the
incoming and outgoing radiation [see
top illustration on page 60]. The emis-
sion spectrum of the sun roughly resem-
bles that of a “black body” radiating at a
temperature of 6,000 degrees Kelvin. (A
black body is defined as one that ab-
sorbs all the radiation falling on it.)
In the visible portion of the spectrum
(wavelengths between .4 and .7 micron),
where the maximum influx of solar en-
ergy takes place, the radiation can pene-
trate almost without loss down to the
earth’s surface except where clouds are
present. High in the atmosphere ordi-
nary oxygen (O.) and ozone (O3) mole-
cules absorb an estimated 1 to 3 percent
of the incoming radiation. This absorp-
tion occurs in the ultraviolet portion of
the spectrum and effectively limits the
penetrating radiation to wavelengths
longer than .3 micron. Although this
eftect is relatively small, it is important
because it is the main source of energy
for the circulation above 30 kilometers
[see “The Circulation of the Upper
Atmosphere,” by Reginald E. Newell;
SciexTiFic AMEeRrICAN, March, 1964].
Moreover, the absorption at these levels
shields the biosphere from the damaging
effects of ultraviolet radiation. At wave-
lengths longer than one micron most of
the atmospheric absorption is due to wa-
ter vapor, dust and water droplets in
clouds. This process operates in the low-
er troposphere and involves most of the
remaining 20 percent of the total incom-
ing radiation.

n spite of certain long—term climatic

changes climatological records do not
show an appreciable net heating or cool-
ing of the earth and its atmosphere.
Therefore the earth must emit an amount
of radiation equal to the radiation ab-
sorbed. A characteristic shift to longer
wavelengths does take place, however,
since the earth radiates at an effective

black-body temperature of about 255 de-
grees K., a very low value compared with
the sun’s black-body temperature of
6,000 degrees. The earth’s emission oc-
curs throughout a broad range of wave-
lengths with a flat maximum at about 12
microns. In this range of the spectrum
the atmosphere is not transparent. Water
vapor, ozone and carbon dioxide absorb
significant amounts of long-wave radia-
tion.

If one now calculates the vertical
transfer of solar and terrestrial radiation
using the observed temperature and hu-
midity structure, one finds that the at-
mosphere is not in local radiative equi-
librium. The net effect due to solar and
terrestrial radiation alone would be an
intense heating of the earth’s surface and
a cooling of the atmosphere at the rate
of up to two degrees C. per day, depend-
ing on the height. In reality the air is
prevented from cooling by the vertical
transfer of heat directly from the earth’s
surface and by the release of heat
through the condensation of water va-

SOLAR RADIATION

REFLECTED
By CLOUDS.
DUST AND
EARTH'S
SURFACE

LIGHT

por. It is at this point that the dynamics
of the atmosphere begin to play an im-
portant role.

The transport of energy upward into
the atmosphere forms the major energy
supply for the atmospheric heat engine.
A large portion of this energy, however,
is “latent” (that is, in the form of water
vapor), and it is used to raise the atmo-
spheric temperature only when conden-
sation takes place. Close to the surface
the energy transport occurs through
evaporation of water, through heat con-
duction and through the transfer of long-
wave radiation. At a certain height
above the surface turbulent eddies mix
the water vapor and heat further up-
ward. The scale of the effective eddies
increases with distance from the surface,
finally growing to convective clouds of
the cumulus tvpe in the free atmosphere.
This upward transfer of energy from the
surface compensates for the radiative
cooling of the atmosphere. A schematic
diagram of the average energy cycle in
the atmosphere reveals the important

TERRESTRIAL RADIATION
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OF ENERGY
ATMOSPHERE [—2| (wWIND)
ABSORBED BY
ATMOSPHERE N
g
uJ
T
v
USED TO
DRIVE
OCEAN
CURRENTS

ATMOSPHERIC HEAT ENGINE is averaged over the entire atmosphere in this diagram.
The thickness of the arrows indicates approximately the strength of the various energy
flows and conversion rates. As the diagram shows, the earth’s surface acts as an indirect
source of energy for the circulation in the atmosphere. Estimates of the efficiency of the
atmospheric heat engine differ widely, depending on the energy inputs and outputs used to
define efficiency. By one definition (the amount of energy used to generate ocean currents
divided by the incoming solar energy) the efficiency of the system is less than 1 percent.
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INCOMING SOLAR RADIATION (dark color) is shown in this three-dimensional chart
at seven different latitudes as a function of month of the year. A large difference in the
meridional (north-south) heating gradient exists between the winter and the summer hemi-
spheres. In winter the gradient is very large, whereas in summer it practically disappears.
The annual cycle in declination of the sun between 23 degrees north latitude (the Tropic of
Cancer) and 23 degrees south latitude (the Tropic of Capricorn) is indicated by the solid
black curve in the latitude plane (background). The radiation is averaged over all hours of
the day. Data are from the Smithsonian Meteorological Tables, compiled by Robert J. List.
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role of the earth’s surface as the source
of latent heat and sensible heat [sce il-
lustration on preceding page].

There is a significant difference in the
character of the heating for the ocean
and for the atmosphere. In the ocean the
heating is applied at the top, which leads
to stable conditions, whereas in the at-
mosphere the heating is applied at the
bottom, giving rise to vigorous convec-
tion. The ocean currents, which are
driven mainly by the winds, redistribute
the absorbed solar heat horizontally and
thereby influence in turn the pattern of
the heat supply to the atmosphere that
finally closes the cycle. The oceans and
the atmosphere are strongly coupled
systems and cannot very well be treated
separately. The final circulation pattern
is determined by the interaction of the
two systems, each system influencing the
other in a complicated cycle of events.

rl‘he effects of radiation and convec-

tion alone tend to maintain the prop-
er energy balance for the earth as a
whole, but the atmospheric and oceanic
circulation must be considered if one
wishes to explain the observed north-
south temperature distribution [see bot-
tom illustration on page 60]. The fact
that the incoming solar radiation drops
off more rapidly toward the winter pole
than the outgoing terrestrial radiation
does means that there is an excess in ra-
diational heating in the summer hemi-
sphere and a deficit near the winter pole.
The storage of heat in the ocean during
summer and the release of a large por-
tion of this heat during winter has a
moderating effect on the climate. WVith-
out an efficient north-south transfer of
heat, however, the earth would still be-
come very hot in the summer hemisphere
and extremely cold at high latitudes in
the winter hemisphere. The heating gra-
dient constitutes the major driving force
for the large-scale atmospheric currents
and ultimately also for the oceanic cur-
rents. Judging from the existing temper-
ature gradient, these circulations must be
quite effective agents for transporting
energy toward the winter pole.

What type of atmospheric and oceanic .
circulation patterns would develop as a
consequence of such an imposed heating
gradient? Let us limit the discussion for
the time being to the winter situation. It
is in this season that the north-south gra-
dient in the solar heating is strongest and
that the differences between the radia-
tive equilibrium temperature and the ob-
served temperature are at a maximum.
What simple mechanism would suffice to
transport heat poleward?

Let us first consider a model atmo-
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DIURNAL INSOLATION as a function of latitude varies widely
according to the date. At the time of the equinoxes (around March
21 and September 23) the poleward decrease in the amount of in-
coming solar radiation with latitude is symmetrical with respect to
the Equator and practically no radiation is received at either the
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SOLAR RADIATION RECEIVED AT TOP OF ATMOSPHERE (WATTS PER SQUARE METER)

North Pole or the South Pole (chart at left). At the solstices
(around June 21 and December 22) the latitudinal differences in
diurnal insolation between the two hemispheres are extreme (chart
at right); the summer pole (bottom) receives sunlight 24 hours
a day, whereas the winter pole (top) receives no sunlight at all.
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DAILY FLUX OF RADIATION (WATTS/METER?/MICRON)
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APPROXIMATE EMISSION SPECTRA of the sun (colored curve) and the earth (black
curve) are represented in this graph under the assumption that they radiate as “black bod-
ies” with temperatures of 6,000 degrees and 250 degrees Kelvin respectively. The solar curve
is corrected for the distance between the sun and the earth, for the fact that only one side
of the earth is illuminated by the sun at any instant and finally for the mean albedo (re-
flectance) of 30 percent for the earth. The areas under the two curves are equal; in other
words, the earth emits as much radiation as it absorbs. The important change in the char-
acter of this radiation from the short-wave to the long-wave part of the spectrum is evident.
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IMPORTANCE OF ATMOSPHERIC DYNAMICS in moderating the earth’s climate is
demonstrated by this graph, which compares the calculated radiative-equilibrium temper-
ature for a “black” earth (colored curve) with the observed vertical mean temperature
(black curve) as a function of latitude during January. At this time no sunshine reaches the
earth north of the Arctic Circle; neglecting any lag effects due to the storage of heat, the
radiative-equilibrium temperature in the polar cap would go down to absolute zero (—273.2
degrees Celsius), while the summer hemisphere would tend to hecome extremely hot.
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sphere that has a uniform temperature
and rotates at the same rate as the earth.
If one starts to heat the air at low levels
on the summer side of the Equator, the
local temperature will rise and the air
column will expand mainly in the verti-
cal direction. This process will create at
the upper levels a relatively high-pres-
sure belt located over the “thermal”
Equator. Next the north-south pressure
gradient will force the equatorial air at
all longitudes to move toward the low-
pressure zone, mainly into the winter
hemisphere, where initially vertical con-
traction occurred as a result of radiation-
al cooling. The air will then slowly start
to sink over a wide region in the winter
hemisphere and will return to the Equa-
tor at low levels. The cycle will be closed
finally through a rise of the air after it
has arrived in the vicinity of the thermal
Equator.

A simple cellular circulation of this
kind, called a mean meridional circula-
tion, would be completely symmetrical
with respect to the earth’s axis of rota-
tion. The existence of one such cell in
each hemisphere with rising warm air
near the Equator and sinking cold air
near the poles was originally postulated
by the English meteorologist George
Hadley in 1735. Such a cell is called a
direct cell since it releases potential en-
ergy and converts it into kinetic en-
ergy. Later investigators, notably the
19th-century American meteorologist
William Ferrel, showed that one actually
needs three cells in each hemisphere to
explain the important climatological fea-
tures at the earth’s surface [see illustra-
tion on opposite page]. This picture has
been confirmed by many observational
and theoretical studies and seems to rep-
resent rather well the annual mean con-
ditions in the atmosphere. Recent and
more detailed observations, however,
have shown that only during the transi-
tion months in fall and spring is such an
idealized circulation symmetrical with
respect to the Equator realized. The
asymmetry in heating during most of the
year appears to favor the development
of only one strong cell in the Tropics: the
one in the winter hemisphere. This cell
circulates on the average about 2 X 108
metric tons of air per second. At the
same time the “summer” Hadley cell has
shrunk to an insignificant size [see illus-
tration on pages 62 and 63].

Let us consider in somewhat greater
detail what energy transformations take
place in the tropical Hadley cell. In its
lower branch subtropical air flows close
to the earth’s surface toward the summer
hemisphere with an average velocity of
one or two meters per second. During



the long journev equatorward heat and
moisture are absorbed from the warm
underlying ocean. This is the region of
the trade winds. Near the Equator the
air starts to rise in a fairly narrow re-
gion called the intertropical convergence
zone, where intense precipitation occurs.
In that zone a powerful conversion from
sensible and latent heat into potential
energy occurs as the air expands and the
water vapor condenses, the net effect be-
ing a cooling of the equatorial atmo-
sphere.

The upper branch of the Hadley cell
now transports the air, which has be-
come relatively cold but which has a
high potential energy, into the winter
hemisphere. In the rather wide down-
ward branch in the subtropics the sub-
siding cold air is strongly heated by
compression, and the potential energy
supplied to the air in the equatorial
convergence zone is converted back into
heat. One would expect that the sinking
air in the subtropics would be dry, since
almost all the moisture was rained out in
the upward branch of the Hadley cell.
That expectation is confirmed by the lo-
cation of the continental deserts and the
small amount of rainfall over the oceans
in this latitude.

rl“he large overturning in each hemi-

- sphere of the kind Hadley envisioned
is not adequate to transport enough en-
ergy poleward to counteract the exter-
nally imposed heating gradient. In such
a situation temperatures near the Equa-
tor would start to rise above the ob-
served values, and near the Pole they
would start to drop. This would continue
until a critical value of the north-south
temperature gradient was reached, at
which point zonal (east-west) asymme-
tries would start to develop (this process
is called baroclinic instability). Theo-
retical models indicate that the maxi-
mum instability would tend to develop
with atmospheric waves a few thousand
kilometers long. In the middle latitudes,
where the strong meridional tempera-
ture gradients are found, these waves can
grow very fast and can take over the task
of transporting energy poleward from
the Hadley cell.

The familiar traveling cyclones and
anticyclones, which can be found on ev-
ery weather map in the middle latitudes,
are a manifestation of this instability
process. They form an extension of the
large waves in the middle and upper
troposphere. These systems mix heat in
an efficient way through horizontal proc-
esses. At the same level one finds warm,
humid air flowing poleward and cold,
dry air flowing equatorward. On the

2\

CELLULAR MODEL of atmospheric circulation was first proposed by the English meteo-
rologist George Hadley in 1735 and was modified by the American meteorologist William
Ferrel in the 19th century. The pattern has a rotational symmetry around the earth’s axis.
The two tropical cells are called Hadley cells; two mid-latitude cells are called Ferrel cells.

average these flows are equivalent to a
net poleward transport of sensible and
latent heat. Waves with lengths of a few
thousand kilometers and with time scales
of a few days to a week appear to be
mainly responsible for the transfers. The
typical “variable” climate of middle lati-
tudes is determined to a great extent by
such large-scale waves. These waves are
more intense and frequent in winter than
they are in summer, since they generally
develop in regions of strong horizontal
temperature contrasts.

In middle and high latitudes the mean
meridional circulation is weak. One can
probably interpret the reverse, mid-lati-
tude Ferrel cell as a circulation that is
being driven, or forced, by the atmo-
spheric waves. The net effect of this “in-
direct” cell is the sinking of relatively
warm air and the rising of cold air! At
high latitudes near the Pole there is some
suggestion of a direct polar cell; in the
Northern Hemisphere this cell is verv
weak. The slow rising motion between
roughly 50 and 60 degrees north latitude
is connected with the upward branches
of the Ferrel and polar cells, and its ef-
fects are evident in the climatological
records. In this belt one finds a second
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maximum in rainfall. The precipitation,
however, occurs at irregular intervals
and is mainly determined by the fre-
quency of the weather systems passing
by.

In summer the mean meridional cir-
culation appears to be disorganized and
weak at all latitudes. Asymmetries con-
nected with the distribution of conti-
nents and oceans dominate the circula-
tion. The land generally acts as a heat
source and the colder water at middle
and high latitudes as a heat sink. One
apparent asymmetry is the Asian mon-
soon, which carries warm and humid air
far north into the Asian continent. At
most other longitudes in the northern
part of the Tropics the air still moves
equatorward. In this season studying the
asymmetries in the circulation is prob-
ably more relevant than studying the
mean meridional circulation, which has
rotational symmetry around the earth’s
axis.

Up to this point I have discussed only
some mean features of the climate as
they have been derived from the obser-
vations of the past 20 to 30 years. Pale-
ontological and even meteorological rec-
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ords show that the climate has changed
slowly but significantly in the past and
probably is changing now. On the other
hand, it appears unlikely that either the
total influx of solar energy or the rotation
rate of the earth have changed drastical-
ly during the period in which life de-
veloped on the earth. Therefore it is
probably safe to assume that the basic
circulation regime has not changed.
However, relatively minor changes in the
strength of the north-south energy ex-
change, through either the mean merid-
ional circulations at low latitudes or the
large-scale horizontal waves at middle
latitudes, can cause deviations from the
present climate. Needless to say, any
such deviations could be very significant
as far as the living organisms are con-
cerned.

The most likely way the climate could
be influenced by either natural or arti-
ficial means seems to be through a trig-
ger mechanism that ultimately changes
the radiation balance. For example, if
the cloud cover or dust content of the
air were changed at high latitudes, the
amount of reflected radiation would in-
crease and consequently less solar radia-
tion would be available to heat the atmo-
sphere and the earth’s surface at these
latitudes. The resulting increase in the
north-south heating gradient would pre-
sumably lead to more violent and more
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ANNUAL CYCLE in the mean meridional circulation of the North-
ern Hemisphere was investigated by the author and Eugene M.
Rasmusson using data from an extensive radiosonde network. They
found that while the Hadley cell on the winter side of the Equator
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frequent disturbances in the middle lati-
tudes. These circulations would in turn
affect the original cloud cover. From that
point on it seems hopeless to predict with
any degree of certainty what the addi-
tional effects on the climate would be.

Changes in the reflectivity or absorp-
tivity of the earth’s surface can also alter
the climate. It has been suggested that if
the snow and ice fields near the North
Pole were to be covered with black car-
bon, the Arctic Ocean might become ice-
free through the increased absorption of
solar radiation in summer. Again the
present radiation balance and the cli-
mate over the earth would be affect-
ed. Still another possibility would be a
change in the relative proportion of the
atmospheric gases. For example, the
measured slow increase in the carbon
dioxide content of the air due to the
burning of fossil fuels would presumably
lead to more absorption of long-wave
terrestrial radiation in the atmosphere
and consequently to extra heating. One
can think of many other ways in which
changes in the earth’s macroclimate
might occur.

One must also consider the possibility
of external influences such as natural
variations in the amount and the spectral
distribution of the incident solar radia-
tion itself associated with variations in
the level of solar activity. For instance,
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during periods of high solar activity the
solar output mainly increases in the ul-
traviolet portion of the spectrum. Since
most of that radiation is absorbed above
30 kilometers, one would expect to find
the largest dynamic response at those
levels. It is still an open question whether
or not such variations in solar emission—
either in the form of increased ultraviolet
radiation or possibly also in the form of
showers of energetic particles—affect the
weather deep down in the atmosphere.
The meteorological evidence for di-
rect climatic variations caused by such
changes in solar output is inconclusive,
but variations of this kind certainly can-
not be ruled out.

As an example one can imagine that
through a change in the radiation bal-
ance the general regime of atmospheric
and oceanic circulation could be brought
to settle in a new quasi-equilibrium state
that would be slightly different from the
state it is in now. According to some re-
cent studies conducted by M. I. Budvko
in the U.S.S.R. and William D. Sellers
in the U.S,, even the present state of the
atmosphere might not be as stable as
one would like to think; these authors
suggest that comparatively small changes
in the present state can lead to a new ice
age. Another consideration is that an ini-
tial disturbance of the circulation might,
if maintained for a long enough time, ex-
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grows in strength and even expands across the Equator, the summer
Hadley cell tends to weaken and finally almost disappears. Thus in
contrast to the Hadley-Ferrel model there appears to be little sym-
metry in the tropical circulation with respect to the Equator, except




cite a long-term climatic fluctuation. The
period of this fluctuation would prob-
ably be related to the natural turnover
time of the oceans (of the order of a cen-
tury or more) because of their capacity
to store large amounts of heat.

Some reassurance that our present cli-
mate is not too unstable may be gained
from the fact that during the past few
centuries the climate has not fluctuated
widely. An important complicating fac-
tor is the highly interactive nature of the
different processes that operate in the
ocean and the atmosphere. This makes it
practically impossible to deduce through
simple reasoning or even by using a sim-
ple model what would happen if one
could bring about a slight, but more or
less permanent, change in the radiation
budget.

A high-priority task in the examina-
tion of these problems is to establish
from observations how the present gen-
eral circulation in both the ocean and the
atmosphere is maintained. Here impor-
tant contributions have been made in
the past 20 years by three groups, one
led by Victor P. Starr of the Massachu-
setts Institute of Technology, the second
by Jacob Bjerknes of the University of
California at Los Angeles and the third
by Erik H. Palmén of the University of

eral circulation are taking place, and to
try to establish possible cause-and-effect
relations. The limited records and the
tremendous job of reducing the observa-
tions to meaningful parameters, how-
ever, severely restrict this direct ap-
proach.

[ith the arrival of large electronic
computers a powerful new method

for studying the climate has been devel-
oped. The thermal structure and the dy-
namics of the atmosphere are simulated
through numerical integration in time of
the equations that govern the behavior
of the atmosphere. The basic equations
are the equations of radiative energy
transfer, the equations of motion and the
thermodynamic equation. Starting from
certain initial conditions (for example
a uniform-temperature atmosphere at
rest), the integration is carried out in
time steps of the order of 10 minutes,
and new values for the meteorological
parameters (wind components, tempera-
ture, pressure and humidity) are calcu-
lated at each point in a three-dimension-
al grid covering the global atmosphere.
The most realistic numerical experi-
ments to date have been conducted at
the Geophysical Fluid Dynamics Labo-
ratory of the Environmental Science

Kirk Bryan, Jr. In their experiments the
number of grid points in space is of the
order of 50,000 (about 10 vertical levels
and a horizontal grid distance of about
300 kilometers). After the atmosphere
has settled down and recovered from the
unrealistic initial conditions, the relevant
general circulation statistics are calcu-
lated in the same way they would be
for the real atmosphere. With the pres-
ent grid the large-scale weather sys-
tems seem to be rather well resolved.
On the other hand, the smaller-scale
phenomena such as cumulus convection
cannot be simulated explicitly. They
have to be incorporated in a different
way. In spite of these uncertainties and
others (such as the lack of knowledge
of how to properly incorporate the ex-
change processes near the earth’s sur-
face), the results so far are encouraging.
Although the ability to forecast the exact
location and intensity of the important
weather systems degrades rather quickly
in the course of a week, the predicted
statistics of the average behavior taken
over a much longer period appear to re-
produce the observed statistics rather
well. The numerical experiments seem
to be the most promising road to a better
understanding of the present climate. In
addition they provide a powerful tool

Helsinki. The next tasks are to determine ~ Services ~Administration by Joseph  for evaluating the effects on the climate

whether or not slow changes in the gen-  Smagorinsky, Syukuro Manabe and of natural or man-made disturbances.
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possibly in the spring and fall. Outside the Tropics they found only
a weak, indirect circulation in middle latitudes and a very weak,
direct circulation near the Pole. In both middle and high latitudes
asymmetric “weather” systems dominate the circulation and the
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mean meridional circulation is almost negligible. Contour units
indicate the total mass transport of air (times 107 tons per sec-
ond) integrated both horizontally along the latitude circle and
vertically from the earth’s surface up to the height of the contour.
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The Energy Cycle of the Biosphere

Life is maintained by the finite amount of solar energy that is

fived by green plants. An increasing fraction of that energy is

being diverted to the direct support of one living species: man

he energy that sustains all living
I systems is solar energy, fixed in
photosynthesis and held briefly in
the biosphere before it is reradiated into
space as heat. It is solar energy that
moves the rabbit, the deer, the whale,
the boy on the bicycle outside my win-
dow, my pencil as I write these words.
The total amount of solar energy fixed on
the earth sets one limit on the total
amount of life; the patterns of flow of
this energy through the earth’s ecosys-
tems set additional limits on the kinds of
life on the earth. Expanding human ac-
tivities are requiring a lnrger fraction of
the total and are paradoxically making
large segments of it less useful in support
of man.

Solar energy has been fixed in one
form or another on the earth throughout
much of the earth’s 4.5-billion-year his-
tory. The modern biosphere probably
had its beginning about two billion years
ago with the evolution of marine orga-
nisms that not only could fix solar ener-
gy in organic compounds but also did it
by splitting the water molecule and re-
leasing free oxygen.

The beginning was slow. Molecular
oxygen released by marine plant cells
accumulated for hundreds of millions of
years, gradually building an atmosphere
that screened out the most destructive of
the sun’s rays and opened the land to
exploitation by living systems [see “The
Oxygen Cycle,” by Preston Cloud and
Aharon Gibor, page 110]. The coloniza-
tion of the land began perhaps 400 mil-
lion years ago. New species evolved that
derived more energy from a more effi-
cient respiration in air, accelerating the
trend.

Evolution fitted the new species to-
gether in ways that not only conserved
energy and the mineral nutrients utilized
in life processes but also conserved the
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nutrients by recycling them, releasing
more oxygen and making possible the
fixation of more energy and the support
of still more life. Gradually each land-
scape developed a flora and fauna par-
ticularly adapted to that place. These
new arrays of plants and animals used
solar energy, mineral nutrients, water
and the resources of other living things
to stabilize the environment, building
the biosphere we know today.

"I he actual amount of solar energy di-

verted into living systems is small in
relation to the earth’s total energy budg-
et [see “The Energy Cycle of the Earth,”
by Abraham H. Oort, page 54]. Only
about a tenth of 1 percent of the energy
received from the sun by the earth is
fixed in photosynthesis. This fraction,
small as it is, may be represented locally
by the manufacture of several thousand
grams of dry organic matter per square
meter per year. Worldwide it is equiva-
lent to the annual production of between
150 and 200 billion tons of dry organic
matter and includes both food for man
and the energy that runs the life-support
systems of the biosphere, namely the
earth’s major ecosystems: the forests,
grasslands, oceans, marshes, estuaries,
lakes, rivers, tundras and deserts.

The complexity of ecosystems is so
great as to preclude any simple, single-
tactor analysis that is both accurate and
satisfying. Because of the central role of
energy in life, however, an examination
of the fixation of energy and its flow
through ecosystems yields understand-
ing of the ecosystems themselves. It also
reveals starkly some of the obscure but
vital details of the crisis of environment.

More than half of the energy fixed in
photosynthesis is used immediately in
the plint’s own respiration. Some of it is
stored. In land plants it may be trans-
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ferred from tissues where it is fixed, such
as leaves, to other tissues where it is used
immediately or stored. At any point it
may enter consumer food chains.

There are two kinds of chain: the
grazing, or browsing, food chains and
the food chains of decay. Energy may be
stored for considerable periods in both
kinds of chain, building animal popula-
tions in the one case and accumulations
of undecomposed dead organic matter
and populations of decay organisms in
the other. The fraction of the total en-
ergy fixed that flows into each of these
chains is of considerable importance to
the biosphere and to man. The world-
wide increase in human numbers not
only is shifting the distribution of ener-
gy within ecosystems but also requires
that a growing fraction of the total en-
ergy fixed be diverted to the direct sup-
port of man. The implications of such
diversions are still far from clear.

Before examining the fixation and flow
of energy in ecosystems it is important
to consider the broad pattern of their de-
velopment throughout evolution. If one
were to ascribe a single objective to evo-
lution, it would be the perpetuation of
life. The entire strategy of evolution is
focused on that single end. In realizing
it evolution divides the resources of any

GREEN PLANTS are the “primary pro-
ducers” of the biosphere, converting solar
energy into organic compounds that main-
tain the plants and other living things.
Forests, which cover about a tenth of the
earth’s surface, fix almost half of the bio-
sphere’s total energy. The photograph on
the opposite page, which was made in the
Mazumbai forest in Tanzania, illustrates the
rich diversity typical of a relatively ma-
ture ecosystem, with many species arranged
in a structure that apportions the avail-
able solar energy as effectively as possible.
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STRUCTURE OF FORESTS changes with disturbance according the intact forest (top left) to radiation first destroys pine trees and

to well-defined patterns. The photographs show the loss of struc- then other trees, leaving tree sprouts, shrubs and ground cover
ture in an oak-pine forest at the Brookhaven National Laboratory (top right). Longer exposure kills shrubs (bottom left) and final-
as a result of continued exposure to gamma radiation. Exposure of ly the sedge, grasses and herbs of the ground cover (bottom right).

© 1970 SCIENTIFIC AMERICAN, INC



location, including its input of energy,
among an ever increasing number of dif-
ferent kinds of users, which we recog-
nize as plant and animal species.

The arrangement of these species in
today’s ecosystems is a comparatively
recent event, and the ecosystems con-
tinue to be developed by migration and
continuing evolution. Changes accrue
slowly through a conjoint evolution that
is not only biological but also chemical
and physical. The entire process appears
to be open-ended, continuous, self-aug-
menting and endlessly versatile. It builds
on itself, not merely preserving life but
increasing the capacity of a site to sup-
port life. In so doing it stabilizes the site
and the biota. Mineral nutrients are
no longer leached rapidly into water-
courses; they are conserved and recircu-
lated, offering opportunities for more
evolution. Interactions among ecosys-
tems are exploited and stabilized, by liv-
ing systems adapted to the purpose. The
return of the salmon and other fishes
from years at sea to the upper reaches
of rivers is one example; impoverished
upland streams are thus fertilized with
nutrients harvested in the ocean, open-
ing further possibilities for life.

The time scale for most of these de-
velopments, particularly in the later
stages when many of the species have
large bodies and long life cycles, is very
long. Such systems are for all practical
purposes stable. These are the living sys-
tems that have shaped the biosphere.
They are self-regulating and remarkably
resilient. Now human activities have be-
come so pervasive as to affect these sys-
tems all over the world. What kinds of
change can we expect? The answers de-
pend on an understanding of the pat-
terns of evolution and on a knowledge of
the structure and function of ecosys-
tems. And the fixation and flow of energy
is at the core.

J\[uoh of our current understanding of

ecosystems has been based on a
paper published in Ecology in 1942 by
Raymond L. Lindeman, a young col-
league of G. Evelyn Hutchinson’s at
Yale University. (It was Lindeman’s
sixth and last paper; his death at the age
of 26 deprived ecology of one of its most
outstanding intellects.) Lindeman drew
on work by earlier scholars, particularly
Arthur G. Tansley and Charles S. Elton
of England and Frederick E. Clements
and Victor E. Shelford of the U.S., to
examine what he called the “trophic-dy-
namic aspect” of ecology. He called at-
tention to the fixation of energy by nat-
ural ecosystems and to the quantitative
relations that must exist in nature be-
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NET FLOW OF ENERGY (colored arrows) and nutrients (black arrows) through a natural
community is diagrammed in simplified form. In a mature community all the energy fixed
by the primary producers, the plants, is dissipated as heat in the respiration of the plants, the
consumers (herbivores and successive echelons of carnivores) and decay organisms. Almost
all nutrients are eventually recycled, however, to renew plant and animal populations.

tween the different users of this energy
as it is divided progressively among the
various populations of an ecosystem.
Lindeman’s suggestions were provoca-
tive. They stimulated a series of field
and laboratory studies, all of which
strengthened his synthesis. One of the
most useful generalizations of his ap-
proach, sometimes called “the 10 percent
law,” simply states that in nature some
fraction of the energy entering any pop-
ulation is available for transfer to the
populations that feed on it without se-
rious disruption of either. The actual
amount of energy transferred probably
varies widely. It seems fair to assume
that in the grazing chain perhaps 10 to
20 percent of the energy fixed by the
plant community can be transferred to
herbivores, 10 to 20 percent of the en-
ergy entering the herbivore community
can be transferred to the first level of
carnivores and so on. In this way what is
called a mature community may sup-
port three or four levels of animal popu-
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lations, each related to its food supply
quantitatively on the basis of energy
fixation.

No less important than the grazing
food chains are the food chains of decay.
On land these chains start with dead or-
ganic matter: leaves, bits of bark and
branches. In water they originate in the
remains of algae, fecal matter and other
organic debris. The organic debris may
be totally consumed by the bacteria,
fungi and small animals of decay, releas-
ing carbon dioxide, water and heat. It
may enter far more complex food webs,
potentially involving larger animals such
as mullet, carp, crabs and ultimately
higher carnivores, so that although it is
convenient to think of the grazing and
decay routes as being distinct, they usu-
ally overlap.

The decay food chain does not always
function efficiently. Under certain cir-
cumstances it exhausts all the available
oxygen. Decay is then incomplete; its
products include methane, alcohols,
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amines, hydrogen sulfide and partially
decomposed organic matter. Its connec-
tions to the grazing food chain are re-
duced or broken, with profound effects
on living systems. Such shifts are oc-
curring more frequently in an increasing-
ly man-dominated world.

How much energy is fixed by the ma-

jor ecosystems of the biosphere? The
question is more demanding than it may
appear because measuring energy fixa-
tion in such diverse vegetations as for-
ests, fields and the oceans is most diffi-
cult. Rates of energy fixation vary from
day to day—even from minute to min-
ute—and from place to place. They are

aftected by many factors, including light
and the concentration of carbon dioxide,
water and nutrients.

In spite of the difficulties in obtaining
unequivocal answers several attempts
have been made to appraise the total
amounts of energy fixed by the earth’s
ecosystems. Most recently Robert H.

AGRICULTURAL
LAND

ENERGY FIXED by the earth’s primary producers is equivalent
to about 164 billion metric tons of dry organic matter a year, ac-
cording to Robert H. Whittaker and Gene E. Likens of Cornell
University. About 5 percent of the energy is fixed by agricultural
ecosystems and is utilized directly by man, one species among mil-
lions. Man also draws annually on fossil fuel reserves for about
the same amount of energy. In this anthropocentric view of the
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biosphere the area of the concentric rings is proportional to the
major ecosystems’ share of the surface area of the earth (indicated
in millions of square kilometers). The width of the arrows is pro-
portional to the amount of energy fixed in each ecosystem and
contributed by fossil fuels (indicated in billions of metric tons of
dry matter per year). The intensity of the color in each ring sug-
gests the productivity (production per unit area) of each ecosystem.
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Whittaker and Gene E. Likens of Cor-
nell University have estimated that in
all the earth’s ecosystems, both terres-
trial and marine, 164 billion metric tons
of dry organic matter is produced annu-
ally, about a third of it in the oceans and
two-thirds of it on land. This “net pro-
duction” represents the excess of organic
production over what is l'equired to
maintain the plants that fixed the energy;
it is the energy potentially available for
consumers.

Virtually all the net production of the
earth is consumed annually in the respi-
ration of organisms other than green
plants, releasing carbon dioxide, water
and the heat that is reradiated into
space. The consumers are animals, in-
cluding man, and the organisms of de-
cay. The energy that is not consumed is
either stored in the tissues of living orga-
nisms or in humus and organic sedi-
ments.

The relations between the producers
and the consumers are clarified by two
simple formulas. Consider the growth
of a single green plant, an “aulotroph”
that is capable of fixing its own solar en-
ergy. Some of the energy it fixes is stored
in organic matter that accumulates as
new tissue. The amount of the new
tissue, measured as dry weight, is the
net production. This does not, however,
represent all the energy fixed. Some en-
ergy is required just to support the living
tissues of the plant. This is energy used
in respiration.

The total energy fixed, then, is parti-
tioned immediately within the plant ac-
cording to the equation GP — Rs, = NP.
The total amount of energy fixed is gross
production (GP); Rs, is the energy used
in the respiration of the autotrophic
plant, and the amount of energy left
over is net production (NP). The growth
of a plant is measurable as net produc-
tion, which can be expressed in any of
several different ways, including energy
stored and dry weight.

The same relations hold for an entire
plant community and for the biosphere
as a whole. If we consider not only the
plants but also the consumers of plants
and the entire food web, including the
organisms of decay, we must add a new
unit of respiration without adding any
further producers. That is what happens
as an ecosystem matures: consumer pop-
ulations increase substantially, adding
to the respiration of the plants the respi-
ration (Rsy;) of the heterotrophs, the or-
ganisms that obtain their energy from
the photosynthesizing plants. For an
ecosystem (the total biota of any unit of
the earth’s surface) NEP equals GP —
(Rsy + Rsy;). NEP is the net ecosystem
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ENERGY IS UTILIZED by producers and consumers as shown here. In the case of a single
green plant (a) some of the total energy fixed, or gross production, is expended in the
plant’s own respiration (Rs,) and the rest goes into net production (NP), or new tissue.
In a successional plant-and-animal community (b) some of the net production is stored
as growth, contributing to net ecosystem production (NEP); the rest is used by consumers,
which expend most of it in respiration (Rsj;) and store some as growth, adding to net eco-
system production. In a mature community (c) all the energy fixed is used in respiration.

production, the net increase in energy
stored within the system. Rs, + Rsy; is
the total respiration of the ecosystem.

M his last equation establishes the im-
+ portant distinction between a “suc-
cessional,” or developmental, ecosystem
and a “climax,” or mature, one. In the
successional system the total respiration
is less than the gross production, leav-
ing energy (NEP) that is built into struc-
ture and adds to the resources of the site.
(A forest of large trees obviously has
more space in it, more organic matter
and probably a wider variety of micro-
habitats than a forest of small trees.) In
a climax system, on the other hand, all
the energy fixed is used in the combined
respiration of the plants and the hetero-
trophs. NEP goes to zero: there is no en-
ergy left over and no net annual storage.
Climax ecosystems probably represent a
most efficient way of using the resources
of a site to sustain life with minimum
impact on other ecosystems. It is of
course such ecosystems that have domi-
nated the biosphere throughout recent
millenniums.

These general relations are clarified if
one asks, with regard to a specific eco-
system, how much energy is fixed and
how it is used, and how efficient the eco-
system is in harvesting solar energy and
supporting life. The answers are found
by solving the simple production equa-
tions, but in order to solve them one
must measure the metabolism of an en-
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tire unit of landscape. Such studies are
being attempted in many types of eco-
system under the aegis of the Interna-
tional Biological Program, a major re-
search effort designed to examine the
productivity of the biosphere. The ex-
ample I shall give is drawn from research
in an oak-pine forest at the Brookhaven
National Laboratory.

The research has spanned most of a
decade and has involved many contribu-
tors. A most important contribution was
made by Whittaker, who collaborated
with me in completing a detailed de-
scription of the structure of the forest,
including the total amount of organic
matter, the weight and area of leaves,
the weight of roots and the amount of
net production. The techniques devel-
oped in that work are now being used in
many similar studies. Such data are nec-
essary to relate other measurements, in-
cluding measurements of the gas ex-
change between leaves and the atmo-
sphere, to the entire forest and so pro-
vide an additional measurement of net
production and respiration.

A major problem was measuring the
forest’s total respiration. We used two
techniques. First, Winston R. Dykeman
and I took advantage of the frequent in-
versions of temperature that occur in
central Long Island and used the rate of
accumulation of carbon dioxide during
these inversions as a direct measurement
of total respiration. The inversions are
nocturnal; this eliminates the effect of
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photosynthesis, which of course pro-
ceeds only in daylight.

During an inversion the temperature
of the air near the ground is (contrary to
the usual daytime situation) lower than
that of the air at higher elevations. Since
the cooler air is denser, the air column
remains vertically stable for as much as
several hours; the carbon dioxide re-
leased by respiration accumulates, and
its buildup at a given height is an index
of the rate of respiration at that height.
The calculation of the buildup during
more than 40 inversions in the course of
a year provided one measure of total
respiration [see top illustration on page
72]. A second measurement came from
a detailed study of the rates of respira-
tion of various segments of the forest (in-
cluding the branches and stems of trees)
and the soil.

The estimates available from these
studies and others are converging on the
following solution of the production
equations, all in terms of grams of dry
organic matter per square meter per
year: The gross production is 2,650
grams; the net production, 1,200 grams;
the net ecosystem production, or net
storage, 550 grams, and the total respira-
tion, or energy loss, 2,100 grams, of
which Rs, is 1,450 and Rsy is 650 [see
illustration on these two pages]. The for-
est is obviously immature in the sense
that it is still storing energy (NEP) in an
increased plant population. The ratio of
total respiration to gross production
(2,100/2,650) suggests that the forest is
at about 80 percent of climax and con-
firms other studies that show that the
forest is “late successional.”

The net production of the Brookhaven

forest of 1,200 grams per square me-
ter per year is in the low middle range
for forests and is typical of the produc-
tivity of small-statured forests. The effi-
ciency of this forest in using the annual
input of solar energy effective in photo-
synthesis is about .9 percent. Large-stat-
ured forests (moist forests of the Tem-
perate Zone, where nutrients are abun-
dant, and certain tropical rain forests)
have a net productivity ranging up to
several thousand grams per square me-
ter per year. They may have an efficien-
cy approaching 3 percent of the usable
energy available throughout the year at
the surface of the ground, but usually
not much more.

Sugarcane productivity in the Tropics
has been reported as exceeding 9,000
grams per square meter per year. The
new strains of rice that are contributing
to the “green revolution” have a maxi-
mum yield under intensive triple-crop-
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ping regimes that may approach 2,000
grams of rice per square meter per year.
Over large areas the yield is much lower,
seldom exceeding 350 to 400 grams of
milled rice per square meter per year.
These yields are to be compared with
corn yields in the U.S., which approach
500 grams. (The rice and corn yields are
expressed as grain, not as total net pro-
duction as we have been discussing it.
Net production including the chaff,
stems, leaves and roots is between three
and five times the harvest of grain. Thus
the net production of the most produc-
tive agriculture is 6,000 to 10,000 grams,
probably the highest net production in
the world. Most agriculture, however,
has net production of 1,000 to 3,000
grams, the same range as most forests.)
The high productivities of agriculture
are somewhat misleading in that they are
bought with a contribution of energy
from fossil fuels: energy that is applied
to cultivate and harvest the crop, to
manufacture and transport pesticides
and fertilizers and to provide and con-
trol irrigation. The cost accounting is
incomplete; these systems “leak” pesti-

INPUT ‘ TOTAL FIXED
v \
2,650
\ \
\ \
\\
\
BIOMASS 10,000 \
LITTER 1,600
HUMUS 4,700

cides, fertilizers and often soil itself, in-
juring other ecosystems. It is clear, how-
ever, that the high yields of agriculture
are dependent on a subsidy of energy
that was fixed as fossil fuels in previous
ages and is available now (and for some
decades to come) to support large hu-
man populations. Without this subsidy
or some other source of power, yields
would drop. They may suffer in any case
as it becomes increasingly necessary to
reduce the interactions between agricul-
ture and other ecosystems. One sign is
the progressive restriction in the use of
insecticides because of hazards far from
where they are applied. Similar restraint
may soon be necessary in the use of
herbicides and fertilizers.

The oceans appear unproductive com-
pared with terrestrial ecosystems. In sep-
arate detailed analyses of the fish pro-
duction of the world’s oceans William E.
Ricker of the Fisheries Research Board
of Canada and John H. Ryther of the
Woods Hole Oceanographic Institution
recently emphasized that the oceans are
far from an unlimited resource. The net
production of the open ocean is about

NET

ENERGY RELATIONSHIPS were worked out for an oak-pine forest at the Brookhaven
National Laboratory. Of the annual gross production of 2,650 grams of dry matter per
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50 grams of fixed carbon per square
meter per year. Areas of very high pro-
ductivity, including coastal areas and
areas of upwelling where nutrients are
abundant, do not average more than 300
grams of carbon. The mean productivity
of the oceans, according to this analysis,
would be about 55 grams of carbon,
equivalent to between 120 and 150
grams of dry organic matter.

Inasmuch as the highest productivity

of enriched areas of the ocean barely
approaches that of diminutive forests
such as Brookhaven'’s, the oceans do not
appear to represent a vast potential re-
source. On the contrary, Ryther sug-
gests on the basis of an elaborate analy-
sis of the complex trophic relations of
the oceans that “it seems unlikely that
the potential sustained yield of fish to
man is appreciably greater than 100
million [metric] tons [wet weight]. The
total world fish landings for 1967 were
just over 60 million tons, and this figure
has been increasing at an average rate
of about 8 percent per year for the past
25 years.... At the present rate, the in-

dustry can expand for no more than a
decade.” Ricker comes to a similar con-
clusion. Neither he nor Ryther appraised
the effects on the productivity of the
oceans of the accumulation of toxic sub-
stances such as pesticides, of industrial
and municipal wastes, of oil production
on the continental shelves, of the cur-
rent attempts at mining the sea bottom
and of other exploitation of the seas that
is inconsistent with continued harvesting
of fish.

The available evidence suggests that,
in spite of the much larger area of the
oceans, by far the greater amount of en-
ergy is fixed on land. The oceans, even if
their productivity can be preserved, do
not represent a vast unexploited source
of energy for support of larger human
populations. They are currently being
exploited at close to the maximum sus-
tainable rate, and their continued use as
a dump for wastes of all kinds makes it
questionable whether that rate will be
sustained.

A brief consideration of the utiliza-
tion of the energy fixed in the Brook-
haven forest will help to clarify this

point. The energy fixed by this late-suc-
cessional forest is first divided between
net production and immediate use in
plant respiration, with about 55 percent
being used immediately. (The ratio of 55
percent going directly into respiration
appears consistent for the Temperate
Zone forests examined so far; the ratio
appears to rise in the Tropics and to
decline in higher latitudes.) The net
production is divided among herbivores,
decay and storage. In the Brookhaven
forest herbivore populations have been
reduced by the exclusion of deer, leaving
as the principal herbivores insects and
limited populations of small mammals.
Our estimates indicate that only a
few percent of the net production is con-
sumed directly by herbivores (a low
rate in comparison with other ecosys-
tems). Practically all this quantity is con-
sumed immediately in animal respira-
tion, so that the animal population
shows virtually no annual increase, or
contribution to the net ecosystem pro-
duction. The principal contribution to
the net ecosystem production is the
growth of the plant populations, which
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square meter, some 2,100 grams are lost in respiration, leaving 550
stored as new plant growth, litter and humus. The animal popula-
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tion is not increasing appreciably. This is a “late successional” for-
est in which 80 percent of the production is expended in respiration.
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RATE OF RESPIRATION of the forest was determined by measuring the rate at which
carbon dioxide, a product of respiration, accumulated during nights when the air was still
because of a temperature inversion. The curves give the carbon dioxide concentration at
four elevations in the course of one such night. (Note that the temperature, recorded at
3:00 A.M., was lower near the ground than at greater heights.) The hourly increase in carbon
dioxide concentration, which was calculated from these curves, yielded rate of respiration.
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RESPIRATION of the forest, plotted against temperature, is seen to proceed at a higher
rate in summer (colored curve) than in winter (black curve). Annual respiration was calcu-
lated in grams of carbon dioxide, then converted to yield the total respiration, 2,100 grams.
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accounts for more than 40 percent of the
net production. The remainder of the
net production enters the food chains of
decay, which are obviously well devel-
oped. Clearly the elimination of deer,
combined with poorly developed herbi-
vore and carnivore populations, has re-
sulted in a diversion of energy from the
grazing chain into the food chains of
decay.

This is precisely what happens in
aquatic systems as they are enriched
with nutrients washed from the land; the
shift to decay is also caused by the
accumulation of any toxic substance,
whether it affects plants or animals. Any
reduction in populations of grazers shifts
the flow of energy toward decay. Any
effect on the plants shifts plant popula-
tions away from sensitive species toward
resistant species that may not be food
for the indigenous herbivores, thereby
eliminating the normal food chains and
also shifting the flow of energy into
decay.

r[‘hese observations simply show that

the structure and function of major
ecosystems are sensitive to many influ-
ences. Clearly the amount of living tissue
that can be supported in any ecosystem
depends on the amount of net produc-
tion. Net production, however, is cou-
pled to both photosynthesis and respira-
tion, both of which can be affected by
many factors. Photosynthesis is sensitive
to light intensity and duration, to the
availability of water and mineral nutri-
ents and to temperature. It is also sensi-
tive to the concentration of carbon di-
oxide; on a worldwide basis the amount
of carbon dioxide in the atmosphere may
exert a major control over rates of net
production. Greenhouse men have recog-
nized the sensitivity of photosynthesis to
carbon dioxide concentration for many
years and sometimes increase the con-
centration artificially to stimulate plant
growth. Has the emission of carbon di-
oxide from the combustion of fossil fuels
in the past 150 years caused a world-
wide increase in net production, and if
so, how much of an increase?

With equipment specially designed
at Brookhaven, Robert Wright and 1
supplied air with enhanced levels of car-
bon dioxide to trees and determined the
effect on net photosynthesis by measur-
ing the uptake of the gas by leaves. The
net amount of carbon dioxide that was
fixed increased linearly with the increase
in the carbon dioxide concentration in
the air. Such small increases in carbon
dioxide concentration have virtually no
effect on rates of respiration. The data
suggest that the increase of about 10



percent (30 parts per million) in the car-
bon dioxide concentration of the atmo-
sphere since the middle of the 19th cen-
tury caused by the industrial revolution
may have increased net production by
as much as 5 to 10 percent. This in-
crease, if applicable worldwide and con-
sidered alone, would increase the total
energy (and carbon) stored in natural
ecosystems by an equivalent amount,
and would result in an equivalent im-
provement in the yields of agriculture.
The increase in net production also tends
to stabilize the carbon dioxide content of
the atmosphere by storing more carbon
in living organic matter, particularly in
forests, and in the nonliving organic
matter of sediments and humus. Such
changes have almost certainly occurred
on a worldwide basis as an inadvertent
result of human activities in the past 100
years or so.

Such simple single-factor analyses of
environmental problems, however, are
almost always misleading. As the carbon
dioxide concentration in the atmosphere
has been increasing, many other factors
have changed. There was a period of ris-
ing temperature, possibly due to the
increased carbon dioxide concentration.
More recently, however, there has heen
a decline in world temperatures that con-
tinues. This can be expected to reduce
net production worldwide by reducing
the periods favorable for plant growth.
Added to the effects of changing tem-
perature—and indeed overriding it—is
the accumulation of toxic wastes from
human activities. The overall eflect is to
reduce the structure of ecosystems. This
in turn shortens food chains and favors
(1) populations of small hardy plants,
(2) small-bodied herbivores that repro-
duce rapidly and (3) the food chains of
decay. The loss of structure also implies
aloss of “regulation”; the simplified com-
munities are subject to rapid changes in
the density of these smaller, more rapid-
ly reproducing organisms that have been
released from their normal controls.

Local increases in water temperature
also give rise to predictable eflects.
There is talk, for example, of warming
the waters of the New York region with
waste heat from reactors to produce a
rich “tropical” biota, but such manipu-
lation would produce a degraded local
biota supplemented by a few hardy spe-
cies of more southerly ecosystems. Such
circumstances again favor productivity
not by complex, highly integrated arrays
of specialized organisms but by simple
arrays of generalized ones. Energy then
is funneled not into intricate food webs
capped by tuna, mackerel, petrels, dol-
phins and other highly specialized carni-
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INTACT NATURAL ECOSYSTEM is exemplified by a mature oak-hickory forest that sup-
ports several stages of consumers in the grazing food chain, with from 10 to 20 percent of
the energy in each trophic level being passed along to the next level. The symbols represent
different herbivore and carnivore species. Complexity of structure regulates population
sizes, maintaining the same pattern of energy distribution in the system from year to year.
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DEGRADED ECOSYSTEM has a truncated grazing chain. The annual production of the
sparse grasses, herbs and shrubs fluctuates (shaded area). So do populations of herbivores
and carnivores, which are characterized by large numbers of individuals but few different
species. Under extreme conditions most of the net production may be consumed, leading to
the starvation of herbivores and accentuating the characteristic fluctuation in populations.
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AGRICULTURAL ECOSYSTEM is a special case, yielding a larger than normal harvest of
net production for herbivores, including man and animals that provide meat for man. Sta-
bility is maintained through inputs of energy in cultivation, pesticides and fertilizer.
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NATURAL ECOSYSTEMS i
TEMPERATE TERRESTRIAL ZONE
OAK-PINE FOREST (NEW YORK) 1,195

BEECH FOREST (DENMARK) 1,350

SPRUCE FOREST (GERMANY) 1,450
SCOTCH PINE (ENGLAND) JL 600
GRASSLAND (NEW ZEALAND) 3,200
TROPICAL TERRESTRIAL ZONE ‘ I
FOREST (WEST INDIES) 6,000
OIL-PALM PLANTATION (CONGO) 3,700

FOREST (IVORY COAST) 1,340

FRESHWATER ‘ ||
FRESHWATER POND (DENMARK) 950-1,500
SEWAGE PONDS (CALIFORNIA) 5,600 |
CATTAIL SWAMP (MINNESOTA)

MARINE

ALGAE (DENMARK) 260-430

SEAWEED (NOVA SCOTIA) 2,000-2,600 [
ALGAE ON CORAL REEF 4,900

(MARSHALL ISLANDYS) ‘ ‘

|
|
OPEN OCEAN (AVERAGE) 100 _
COASTAL ZONE (AVERAGE) 200 [

UPWELLING AREAS (AVERAGE) 600 ‘

AGRICULTURAL ECOSYSTEMS

TEMPERATE ZONE ‘ i
CORN (MINNESQOTA) 1I,390
CORN (iISRAEL) 3,600

CORN (U.S. AVERAGE) I ! [ 2.5(;0-4,00|o

I
RICE (JAPAN AVERAGE) 1,000-1,20¢

TROPICAL ZONE ‘ |

SUGARCANE (HAWAII) 7,200-7,800
| I | 1 1 | |
SUGARCANE (JAVA) 9,400
[ | ‘
RICE (CEYLON AVERAGE) 340-550 1 | :

|
RICE (WEST PAKISTAN AVERAGE) 560-700
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NET PRODUCTION

(GRAMS PER SQUARE METER PER YEAR)

NET PRODUCTION LEVELS of a number of natural and agricultural ecosystems are com-
pared. (The total net production of U.S. corn and of rice is calculated from grain yields.)
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vores but into simple food webs domi-
nated by hardy scavengers such as gulls
and crabs and into the food webs of de-
cay. As the annual contribution to decay
increases, these webs in water become
overloaded; the oxygen dissolved in the
water is used up and metabolism shifts
from the aerobic form where oxygen is
freely available to the much less efficient
anaerobic respiration; organic matter ac-
cumulates, releasing methane, hydrogen
sulfide and other noxious gases that only
reinforce the tendency.

rl”he broad pattern of these changes is

clear enough. On the one hand, an
increasing fraction of the total energy
fixed is being diverted to the direct sup-
port of man, replacing the earth’s major
ecosystems with cities and land devoted
to agriculture—the simplified ecosystems
of civilization that require continuing
contributions of energy under human
control for their regulation. On the other
hand, the leakage of toxic substances
from the man-dominated provinces of
the earth is reducing the structure and
self-regulation of the remaining natural
ecosystems. The trend is progressive.
The simplification of the earth’s biota
is breaking down the insulation of large
units of the earth’s surface, increasing
the interactions between terrestrial and
aquatic systems, between upland and
lowland, between river and estuary. The
long-term trend of evolution toward
building complex, integral, stable eco-
systems is being reversed. Although the
changes are rapid, accelerating and im-
portant, they do not mean that the earth
will face an oxygen crisis; photosynthesis
will continue for a long time yet, perhaps
at an accelerated rate in certain places,
stimulated by increased carbon dioxide
concentrations in air and the availability
of nutrients in water. A smaller fraction
of the earth’s fixed energy is easily avail-
able to man, however. The energy flows
increasingly through smaller organisms
such as the hardy shrubs and herbs of
the irradiated forest at Brookhaven, the
scrub oaks that are replacing the smog-
killed pines of the Los Angeles basin, the
noxious algae of eutrophic lakes and es-
tuaries, into short food chains, humus
and anaerobic sediments.

These are major man-caused changes
in the biosphere. Many aspects of them
are irreversible; their implications are
poorly known. Together they constitute
a major series of interlocking objectives
for science and society in the next dec-
ade focused on the question: “How
much of the energy that runs the bio-
sphere can be diverted to the support of
a single species: man?”



We want to be useful
.and even interesting

Homogenized fish marinated
in HNO; to keep mercury in
solution as Hg++.

Occasional fish come in with
the Lake Ontario water we
use to make film . . .

Neutralized marinade is passed through
pad of CdS-impregnated asbestos, which
quantitatively precipitates Hg++.

To prevent loss of mercury as
vapor, all operations are at room
temperature until oven is raised
around tube containing pad,
which then releases Hg vapor for
atomic absorption photometry at
2537A.

For evaluation by laboratories more directly involved than we in measuring mercury levels in biological material, working de-
tails on our method are available on request from Dept. 55W, Eastman Kodak Company, Rochester, N.Y. 14650.

A hypersensitivity to mercury

Mercury can act as a ruinously erratic photographic hyper-
sensitizer. Long ago this induced in us a state of corporate
hypersensitivity to that element. It extends even to the cos-
metics our ladies wear. Wherever on earth we make film, we
must keep track of Hg at the parts-per-billion level. The
Kodak Research Laboratories in Coburg, Australia contrib-
uted in Analytical Chemistry for June, 1967 (p 790) a way
of doing so with portable equipment containing a mercury
resonance lamp such as in 1912 amused R. W. Wood, a man
who spent a long, fabulous life proving that physics is fun.
This device permits us to offer (merely for interest, not as a
definitive survey) the following comparisons:

Hg (including methyl-
mercury) in parts per billion

Intertidal-zone water, Gouldsboro Bay, Maine,

June, 1970 0.06
Soft tissue of clams (Mya arenaria), Gouldsboro Bay,

June, 1970 8.
Total tissue of silver bass (Roccus chrysops) from

Kodak intake, May, 1970 2.
Total tissue of bullhead (Ameiurus neblosus) from

Kodak intake, May, 1970 12.
Total tissue of alewife (Alosa pseudoheringus) from

Kodak intake, June, 1970 215,

Total tissue of searun alewife (also Alosa
pseudoheringus) from Mount Desert Island, Maine,

June, 1970 (2) 10.
Total tissue of sculpin (Myoxocephalus scorpius),
Maine coast, June, 1970 (2) <2.

Total tissue of flounders (Pseudopleuronectes
americanus and Limanda ferruginea), Maine coast,

Municipal water supply, Rochester, N. Y., May, 1970 0.01

Kodak offshore intake on Lake Ontario, May, 1970 0.03 o0 2 10.

W.orld occ_an averag? (1) . . 0.03 (1) As quoted in The Oceans, Sverdrup, Johnson, and Fleming

Niagara River (feeding Lake Ontario from Lake Erie), (2) Collection kindly provided by Dept. of Sea and Shore Fisheries, State
May, 1970 0.06 of Maine

Sticking together the other end in one day enough rakes to handle even a

How about hot blueberry muffins
for breakfast? Or a warm wedge
of blueberry pie right now?

September is lowbush blue- " Y/
berry time. Last year nearly 20 %
million pounds were harvested ////
with rakes like this: LX'

If you like blueberries, pay respect at this pinnacle of the
solderer’s art.

It was definitely not put together with EAstmaN High Per-
formance Adhesive, which comes like this ¥
and differs from solder in emit-
ting no lead fumes in the shop.
Further differences, however,
pose difficulties for an organiza-
tion with lots of orders for blue-
berry rakes and few mechanical = ’
engineers available to develop. "
the kind of production equipment where EASTMAN High Per-
formance Adhesives really perform. Fed our product along
with sheet metal and 8”-round tines, it would pour out at

40-million-pound blueberry year.

Both the manufacturer of blueberry rakes and we must
safeguard our respective reputations, of course. Sure, you get
a bond in 3 to 4 seconds that’s immune to moisture, lubri-
cants, ketones, esters, ethers, alcohols, and perchloroethylene,
but what governs the strength?

Answer: (1) inherent viscosity, a measure of polymer molecu-
lar weight; (2) glass transition temperature, at which the
noncrystalline portion of the polymer is transformed from a
tough, rubbery material to a brittle, glasslike one; (3) degree
of crystallinity; (4) melting point.

Our job is to control chemically the interrelationship of
these four factors. That makes bond strength closely pre-
dictable for given conditions of service and fabrication. When
our job is done hand-in-glove with the design of the appli-
cator equipment, the result is more efficient assembly of
metal parts—even dissimilar metals—than the older traditions
hold decent.

If you want efficiency that badly, describe your interest in high-
performance adhesives to Eastman Chemical Products, Inc.,
Kingsport, Tenn. 37662 (Subsidiary of Eastman Kodak Company).
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Venture:

Cook exhausts
to clear the air.

The problem: reduce auto exhaust
pollution dramatically.

The solution: a non-catalytic con-
trol device and supporting system
that together lower car exhaust
emissions below Federal standards
proposed for 1975, and even bring
them close to the 1980 goals. This
with no changesrequired in present
gasoline formulations or additives.

The heart of the Du Pont system
is its exhaust manifold thermal re-
actor. Combining it with exhaust
gas recirculation and carburetor
and spark advance modifications
has achieved the best control of
hydrocarbon, carbon monoxide and
nitrogen oxide emissions of any
system known to date.

Mounted in place of the conven-
tional exhaust manifold, the reactor
consists of an outer shell in which
is mounted a tubular core and a

shield to insulate the hot core from
the cooler outer shell. Exhaust
gases, mixed with injected air, are
held in the high-temperature zone
of the inner core until they are
almost completely oxidized.
Exhaust gas recirculation, the
second part of the system, uses
inert exhaust gases to dilute the
fuel-air mixture as it passes through
the engine carburetor, lowering the
peak temperature of burning gases
in engine cylinders and thus re-
ducing nitrogen oxide emissions.
The idea of finishing the com-
bustion process in the exhaust
manifold, and then recirculating
some of the exhaust gases, is not
a new one. But what is new is the
effectiveness of Du Pont's system.
In tests by the California Air
Resources Board, hydrocarbon
emission levels were 0.22 gram
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per mile, compared with the 1975
Federal goal of 0.5 gram per mile.
Carbon monoxide emissions were
7.4 grams per mile, compared with
11.0 for the 1975 Federal goal. And
nitrogen oxide emissions were 0.41
gram per mile, compared with the
Federal 1975 goal of 0.9 gram.

The Du Pont thermal reactor can
be built to last the lifetime of a car.
The cost is not prohibitive. And the
technology to produce the system
is being made available free to all
auto manufacturers.

Innovation—applying the known
to discover the unknown, inventing
new materials and putting them to
work, using research and engineer-
ing to create the ideas and products
of the future—this is the venture
Du Pont people are engaged in.

Du Pont Company, Wilmington,
Delaware 19898.

Ventures for better living.
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“Hot-est” Alloys

M Worldwide reputation
plus worldwide responsibility!
TMI quality saves you
money on assembly
fabrication, TMI quality is
protected for you with
EVERY specification test
you ask for. TMI quality
knows no alloy limitation
from 25,102,188,321,446,
600,718 —you name it . . .
from the ultimate in heat
resistance to the most
important of the new
corrosion resistant alloys.
Our size range: .050" to
1.500” O.D.—seamless

or welded.
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The Side Effects of Man

ollution, broadly defined as the un-
Pwanted side effects of human ac-
tivity, is effecting global changes
in the environment and causing a dete-
rioration of the biosphere. The precise
nature of these processes is obscure,
however, and the amount of damage in-
flicted and the rate of increase in man’s
demands on the environment are still
uncertain because of a lack of sufficient
information. These are the overall con-
clusions of a group of scientists and oth-
er professional people who conducted a
Study of Critical Environmental Prob-
lems during July. The study, sponsored
by the Massachusetts Institute of Tech-
nology and directed by Carroll L. Wil-
son of M.L.T., was designed to focus at-
tention on some of the issues that will
be considered by the United Nations
| Conference on the Human Environment
in 1972. It concentrated on broad prob-
| lems of worldwide significance: on the
| indirect effects of pollution through
| changes in climate, ocean ecology and
large terrestrial ecosystems rather than
| the direct local and regional effects of
pollution. Its participants came from
such disciplines as meteorology, atmo-
spheric chemistry, oceanography, biolo-
gy, ecology, geology, physics, engineer-
ing, economics, social sciences and the
| law. Their findings and recommenda-
tions were summarized in a preliminary
report at the end of the study session
- and will be published later this year.
The major problems considered were
the climatic effects of increasing loads of
carbon dioxide and particles in the atmo-
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SUIENCE AND

sphere (specifically emissions from su-
personic aircraft) and the ecological
effects of persistent pesticides, heavy
metals, oil in the oceans and accumula-
tions of nutrients in waterways. The
group did not consider the management
of radioactive wastes but called for an
independent study of the subject.

A projected 18 percent increase by
the year 2000 in atmospheric carbon di-
oxide from the burning of fossil fuels
could raise the earth’s average surface
temperature half a degree Celsius, the
study concluded; a doubling of the car-
bon dioxide might raise the temperature
two degrees, leading to long-term warm-
ing of the planet. The direct climatic
change in this century will probably be
small, the group reported, but the long-
term consequences may be profound.
Careful estimates of fuel combustion,
monitoring of atmospheric carbon diox-
ide and studies of its movement through
the total biomass, the atmosphere and
the oceans are required, and better com-
puter models of worldwide almospheric
patterns should be developed. The level
of fine particles in the atmosphere is in-
creasing as man’s activities release sul-
fates, nitrates and hydrocarbons, the
group noted. The particles both reflect
and absorb radiation, and not enough is
known about their optical properties for
one to say whether they tend to warm or
cool the earth’s surface. Again the group
called for more research and monitoring.

Fine particles, carbon dioxide and
water vapor will be introduced into the
stratosphere by supersonic transports,
according to the report. The carbon di-
oxide should not affect the climate, but
a possible doubling of the fine-particle
load and a 10 percent global stratospher-
ic increase in water vapor could make a
significant difference, raising the tem-
perature of the stratosphere and increas-
ing cloudiness. Expressing “genuine con-
cern,” the participants urged that “un-
certainties about SST contamination and
its effects be resolved before large-scale
operation of SST’s begins.”

Pesticides have broad ecological ef-
fects, according to the report, because
the reduction of one pest population
may be accompanied by damage to a
predator population that in turn allows
the proliferation of new pests. Toxic,
persistent pesticides such as DDT create
special problems. The participants rec-
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ommended “drastic reduction in the use
of DDT as soon as possible.” Taking ac- |
count of the heavy dependence on DDT
in many developing countries, they
urged that subsidies be made available
to enable such countries to switch to
more expensive nonpersistent pesticides
and biological controls. Like DDT, mer- ‘
|

cury and many other heavy metals are
concentrated by marine and land or-
ganisms and are highly toxic. The use of
mercury in pesticides should be drasti-
cally curtailed and industrial wastes
should be better controlled.

A million and a half tons of oil are
spread on the ocean every year and per- ‘
haps two or three times as much may be
leaked away on land. The group recom-
mended extensive research on the effects |
of oil in the ocean, restrictions on sources
of oil spills and studies of the possibility |
of recycling oil used for lubrication.

Eutrophication of waters—enrichment
through overfertilization with nitrogen
and phosphorus—is having a broad eco-
logical effect, the group found. The pol-
lutants come largely from municipal
wastes and from runoff from agricultural
land. Detergents, which in the U.S. pro-
vide about 75 percent of the phosphorus
in waste water, should be reformulated
to eliminate the phosphorus, and nutri- |
ents should be reclaimed and recycled
from sewage plants and feedlots.

Until recently, the report concluded,
men have been absorbed with the “first-
order effects of science and technology:
the goods and services produced.” The
side effects were taken in stride. Now a
shift in values is discernible: control of
the side effects is getting a higher pri-
ority. Society will have to “make a more
thorough and imaginative use of its re-
sources of science and technology, its
organizational skills and its financial re-
sources” to achieve a balance between
production and side effects. This will re-
quire new institutions for assessing the
effects of new technologies and materi-
als, monitoring the distribution of pollu-
tants, identifying options and educating
the public on those options.

Ambassadors to the Biosphere
A variety of proposals to create at least
one agency, in or out of the Govern-

ment, that would be able to deal with
environmental problems on a broad
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Cities
are for
people

and we
plan to

keep
them
that way.
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business of making things happen.
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basis is under consideration in the Ad-
ministration and Congress. President
Nixon took a step in that direction when
he sent Congress a reorganization plan
that would create an Environmental Pro-
tection Agency, which would take over
the work that several Federal agencies
are doing now in such areas as air and
water pollution, the disposal of solid
wastes, the control of pesticides and the
establishment of standards of radiation.
The Senate Public Works Committee
plans to begin hearings this month on a
bill to create the National Environmen-
tal Laboratories as an autonomous agen-
cy with close ties to the Federal Gov-
ernment; the status of the laboratories
would resemble that of the Smithsonian
Institution. During the hearings the
committee intends to consider a number
of other proposals, including one by the
Ecological Society of America for an in-
dependent, nongovernmental National
Institute of Ecology.

The proposal of the Ecological So-
ciety is based on the society’s belief that
much basic ecological information is not
finding its way into the decision-making
process, that multidisciplinary research
is needed to clarify processes of renew-
ability of resources, that the potential of
ecology as a means of predicting en-
vironmental change has not been real-
: ized and that existing organizational ar-
| rangements for achieving these objec-

tives are deficient. The society envisions
an institution that would have close ties
with governments, universities and in-
dustries and would have laboratory func-
tions, conduct policy research, store data
and mount an information program.

In Washington the expectation is that
the Environmental Protection Agency
will come into being, inasmuch as it in-
volves mainly a new administrative ar-
rangement for existing agencies. The
fate of the other proposals is uncertain
because opinion has not yet crystallized.
The crucial question of footing the bill
for large-scale efforts lo reduce pollution
remains unresolved. The precise role of
the Federal Government in environmen-
tal activities is still a matter of debate
involving state and local governments
and industry as well as the Federal Gov-
ernment. A number of competing juris-
dictions, involving both administrative
agencies and Congressional committees,
must be reconciled.

Martian Orbiters

[
‘ Next year two Mariner spacecraft will
be launched toward Mars carrying
enough fuel (1,050 pounds each) for
them to be slowed down on arrival and
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captured by the planet as satellites. From
carefully selected orbits the Mariners
will carry out a complex reconnaissance
of the planet, including television pho-
tography, infrared radiometry, ultravio-
let spectroscopy and mapping of the
planet’s gravity field. The new Mariners
will be close copies of Mariner 6 and
Mariner 7, which took some 200 photo-
graphs of Mars last year.

The Martian orbit for Mission A, to
be launched in May, will vary from a
low point of about 1,800 kilometers to a
high point of 17,000 kilometers, provid-
ing one trip around Mars every 12 hours.
The orbit for Mission B, to be launched
in November, may approach as close as
1,000 kilometers but will have a maxi-
mum altitude of 41,500 kilometers,
which will entail an orbital period of
32.8 hours, or 1% times the rotation rate
of the planet. An approach closer than
1,000 kilometers has been ruled out to
make sure that an accidental descent
does not contaminate the Martian sur-
face. The closest approach of the 1969
Mariners was 3,500 kilometers. The
1971 Mariners are each designed to op-
erate for 90 days in orbit and to stay
aloft for at least 20 years. By that time
the surface of the planet will presumably
have been examined in detail by future
spacecraft.

The 1971 Mariners will carry cameras
similar to those used in the 1969 mis-
sions: a wide-angle camera of 50-milli-
meter focal length and a narrow-angle,
or telescopic, camera of 500-millimeter
focal length. The two orbits have been
selected to provide medium-resolution
pictures of 70 percent of the planet’s
surface and high-resolution pictures of 5
percent of the surface within the narrow-
angle views. It is expected that in three
months of daily coverage significant
changes will be observed in the planet’s
surface and in the atmosphere, includ-
ing the appearance of clouds and dust
storms.

There is particular interest in record-
ing the “wave of darkening,” the surface
darkening that occurs near the receding
polar caps with the coming of spring in
each hemisphere. According to a hy-
pothesis that dates back to the 19th cen-
tury, the areas darken when Martian
organisms of some kind begin growing
in response to the rise in temperature
and humidity. To test this hypothesis
any changes seen in the television im-
ages will be correlated with data pro-
vided by infrared radiometry and spec-
troscopy. There are, of course, possible
nonbiological explanations for the wave
of darkening. According to one idea, the
changing wind patterns of spring simply
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| redistribute dust and alter the reflectiv-
ity of the surface. Analyses of the various
instrument readings should also settle
once and for all whether the Martian po-
lar caps are water ice or, as most inter-
ested workers now believe, frozen car-
bon dioxide.

‘omen’s Liberation

In the 11 years between 1955 and 1966
the fraction of American men over 18
who smoked cigarettes declined from
56.9 percent to 50.7 percent. Simul-
taneously the fraction of women smokers
increased from 28.4 to 32.9 percent. Be-
cause of the growth of population in the
11-year period, there were actually 1.3
million more men smokers in 1966 than
in 1955. The number of women smokers
increased by 5.5 million. These statistics
are presented in Changes in Cigarette
Smoking Habits between 1955 and
1966, published by the Department of
Health, Education, and Welfare.

The report shows not only that more
women are smoking than ever before
but also that they are smoking at an
earlier age. In the 1955 survey only 2.1
percent had started smoking by age 15;
in the 1966 survey the percentage had
quadrupled. Perhaps most surprising is
that there has been a marked rise in
smoking among women of every age;
the older the age group, the greater the
| percentage increase. Whereas the in-

crease in smoking among women of 18
to 24 was 4 percent, the increase among
those 35 to 44 was 16 percent, and
among those 55 and over it was 72 per-
cent. Among men there was a decline
ranging from 5 to 9 percent for every
age group but one: among men 55 to 64
there was a slight (.9 percent) increase.

Upstart RNA

Biochemical investigations at the Uni-

versity of Wisconsin and the Massa-
chusetts Institute of Technology support
a radical genetic hypothesis: viruses
whose genetic material is RNA can pro-
duce an enzyme capable of constructing
DNA on an RNA template, and there-
after the DNA bearing the viral genetic
message can be replicated along with
the host cell's own DNA. In this way a
cell could be forced to carry the seed of
its own destruction. It had been a cen-
tral postulate of molecular biology that
DNA, the bearer of the genetic message
in all cells, is the only material capable
of serving as a template for the produc-
tion of new DNA. Those viruses whose
genetic message is coded in RNA can
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organize the replication of their own
RNA (the postulate assumed) but have
no capacity for translating viral RNA
into DNA.

Six years ago Howard M. Temin of
the University of Wisconsin presented
his doubts about the postulate. If it were
true, how could RNA viruses infect
healthy cells and then seemingly disap-
pear, leaving no trace of themselves or
their RNA? He proposed that the viral
RNA must be translated into DNA rep-
resenting a tiny addition to the cell’s
own DNA. Temin’s hypothesis won few
adherents, and supporting evidence
proved elusive.

The evidence is now supplied by two
papers in Nature. One is by Temin and
Satoshi Mizutani; the other is by David
Baltimore of M.L.T. Both laboratories
report that cells infected by Rous sar-
coma virus (which produces tumors in
chickens) contain an enzyme capable of
translating RNA into DNA. Temin and
Mizutani also report that the new DNA
appears to be a true translation of the
viral RNA. Baltimore finds the same kind
of enzyme in cells infected by a virus
that causes leukemia in mice. In subse-
quent studies Sol Spiegelman of the Uni-
versity of Illinois has confirmed the dis-
covery by Temin, Mizutani and Balti-
more, and he reports that he and his
co-workers have found the new enzyme
in six more RNA viruses.

Mercury and Mud

Tiny amounts of mercury in the hu-

man body can produce kidney dam-
age, muscular tremors, irritability and
depression. Larger amounts can be fatal.
Until recently, however, the managers
of chemical companies and other indus-
trial enterprises that were losing as much
as 50 pounds of mercury a day from
their plants had no major cause for con-
cern. It was assumed that any of the
heavy metal lost during manufacturing
cycles would ultimately sink to the bot-
tom of a stream or lake and would lie
harmlessly and inertly in the mud. As
any chemist knows, the safest place to
keep mercury is under water, where it
cannot evaporate into the air and enter
the body.

In the past few months manufacturers
and the public have learned once again
that the web of nature is fine-spun and
that distorting it can have unexpected
effects. It appears that mercury and
mercuric chloride escaping from facto-
ries producing chlorine, paper, mercury
lamps, batteries, electrical appliances
and other products do not lie inertly in
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w.lm kind of
a marriage
counselor for
the ocean.”

VicTayloris a corrosion specialist for International Nickel at its
testing lab in North Carolina.

“...That old ocean doesn’t like us sometimes. She rusts boats, eats
away metals, destroys coatings . ..what we’re trying to do is
come up with alloys she can live with.”

Inco’s Francis L. LaQue Corrosion Laboratory, at Harbor Island,
N.C,, is testing materials needed for ocean engineering, desalination
plants, water and sewage treatment facilities, bridges, boats, even
houses. Testing not just nickel alloys, but 40,000 specimens of
materials from many industries. Alloys, fabrics, coatings.

“...Remember how car bumpers used to corrode? Now it’s a different
story. And we’re applying this knowledge to many industries. Making
pollution control equipment, for instance, stand up longer than
anyone thought possible.”

Undreamed of advances are what Inco men are working for. Men
who develop alloys, test them, search the world for more nickel.
Nickel, the metal that makes other metals stronger, tougher, more
corrosion resistant. Nickel, its contribution is quality.

INTERNATIONAL NICKEL

The International Nickel Company, Inc., New York, N.Y.
The International Nickel Company of Canada, Limited, Toronto, Ontario
International Nickel Limited, London, England

corrosive seaside atmosphere.
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the mud. The mercury has been entering
the food chain. According to findings by
Arne Jernelov of the University of Stock-
holm and John M. Wood of the Univer-
sity of Illinois, anaerobic bacteria dwell-
ing in mud take up the inorganic mer-
cury and convert it into organic dimethyl
mercury, which they release. Dimethyl
mercury is volatile, that is, it diffuses
from the mud into the water. Wood bhe-
lieves the anaerobes methylate mercury
in order to avoid poisoning. “They clean
their environment,” he says, “at the ex-
pense of ours.” Since dimethyl mercury
passes easily through membranes, active
fishes such as the pike pick up large
amounts through their gills. Dimethyl
mercury also rises through the food
chain from microorganisms to smaller
fishes to larger fishes. Once dimethyl
mercury has been ingested by a fish,
Wood believes, it is converted to mono-
methyl mercury, the form of organic
mercury found when fish are examined
for contamination.

As a result of this sequence of events,
and perhaps others as well, lakes and
streams have been widely polluted with
mercury. Since the first reports of con-
tamination in March, mercury has been
detected in the waters of at least 17
states. A number of shipments of fish
have been found to be contaminated
with mercury, and their interstate trans-
portation has been prohibited by the
Food and Drug Administration. The De-
partment of Justice has brought suit
against several companies, and some
concerns have already reduced the loss
of mercury from their plants. No cases
of mercury poisoning from polluted wa-
ters have yet been reported among hu-
man beings. The only victims so far,
postmortem examinations have shown,
have been fish-eating bald eagles.

Unsolution

In 1900 the German mathematician

David Hilbert compiled a list of 23
outstanding problems for the considera-
tion of the mathematicians of the 20th
century. So far roughly half of these
problems have been satisfactorily mas-
tered, in many cases by proving that they
are not capable of being solved. Now
a young graduate student in mathe-
matics at the University of Leningrad,
Yu. V. Matijasevid, is reported to have
completed the last link in a chain that
“unsolves” another of Hilbert’s famous
problems: the 10th.

The theorem to be proved in Hilbert’s
10th problem states that no algorithm,

| or set of mathematical operations, can
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ever be developed that would determine
whether or not polynomial equations of a
certain form have a solution that can be
expressed in whole numbers. The form
of the equations is f(xq, %o, ..., x,) =0,
where f is a polynomial (an expression
with two or more terms) that has whole-
number coefficients. A set of such equa-
tions, f1(xy, X, .+, ) = folxy, %o,y o0, X)
... =0, has a solution if and only if
the single equation fy(x;, xs, ..., x,)° +
folxy, %, .., %)+ ...=0 has one.
MatijaseviC’s solution, in which the Fibo-
nacci number sequence plays a key role,
proves conclusively that no such algo-
rithm is possible. His proof was pub-
lished in a recent number of Doklady
Academii Nauk S.S.S.R. (Proccedings
of the Academy of Sciences of the
U.S.S.R.).

Rumbling Moon

Some of the puzzling signals dis-

patched by the seismometer left on
the moon last November by the astro-
nauts of Apollo 12 have now been sorted
out and show a clear-cut pattern. The
most distinctive tremors of the more
than 160 recorded occur once a month
two or three days before the moon is
closest to the earth. Within three days
after perigee there is another burst of
tremors. Since the seismometer was
placed on the moon seven series of these
highly regular tremors have been record-
ed, each series nearly identical with the
one before. “This implies,” said Gary
Latham of Columbia University, a mem-
ber of the lunar seismology group, “that
they have a common source, a common
location and a common mechanism.”

The apparent mechanism is that the
pull of the earth’s gravity causes the side
of the moon to bulge toward the earth,
producing a tidal strain that sets off a
series of tremors. It has been calculated
that the bulge amounts to 20 or 30 inch-
es. A second series of quakes is triggered
when the moon starts receding from the
earth and the bulge subsides. The earth-
moon distance varies from 221,463 miles
to 252,710 miles in the 29% days it takes
the moon to make one revolution of the
earth.

Pacific Junction
A four-week Pacific cruise this spring
by the Navy research vessel DeStei-
guer has produced further evidence that
the earth’s crust consists of discrete
drifting plates. The expedition, conduct-
ed jointly by the Navy and Princeton
University, sounded and magnetically
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A thundercloud, captured on
film during a NASA Apollo mission,
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presents a striking example of
how existing space technology
offers new ways for coping with
problems here on Earth.

Camera-equipped satellites,
tracking weather around the
world, can give advance warning
of storms, rain, hail and frost.

It has been estimated that accurate
5-day weather forecasts could
save over six billion dollars
annually in the U.S. alone when
applied to agriculture, forestry,
transportation, retail marketing
and other business and resource
management.

Think about the possipiﬁties.
The Boeing Companvﬁ.‘
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Bugs ate this lake clean.

In every lake or river or stream are tiny
little microorganisms that eat pollution.

That's all they do. Eat and get fat and
sink to the bottom. Where they won’t
bug you.

But sometimes the water gets too pol-
luted. And the little bugs start starving
for air. And stop reproducing and eating.

That's the problem Union Carbide’s
Linde Division took on.

We've just come up with a system
that gives these little bugs a straight shot
of pure oxygen. It makes them eat and
eat and eat. And reproduce more rapidly.
So even more little bugs start eating.

Already we’ve used this oxygen aera-
tion idea to save a sick river in LLouisiana.
And we think it can revolutionize waste
water treatment.

Hungry bugs isn’t the only idea we’ve
had to clean up water pollution. We've
had a lot of good people working on de-
tergents that chemically break down and
don’t spoil the water. And new instru-
ments to constantly watch the water that
goes into rivers and the like.

Back to bugs...

You should see the way they stuff
themselves once you whet their appetites.

UNION
THE DISCOVERY COMPANY
CARBIDE
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Unite your people.

Put every computer user in your make more decisions that best integrated and analyzed better through
business on-line to one bank serve overall corporate interests . . . GE United Systems.

of companywide information. And rather than just the interests of a small ) )

structure that data bank so that it best  part of your business. And your United ~ Unite your people, your business and
serves your corporate goals and Systems will enable you and all levels of your computers now by calling your
objectives. You can do it now, by your management to measure nearest GE Information Systems Sales
co-ordinating all your company’s data and control their individual operations ~ Representative. Or write to Section

290-77, General Electric Co., 1 River

processing operations through continuously.
Road, Schenectady, N.Y. 12305.

General Electric United Systems. . .

. ) Consolidate sales forecasts. Centralize
The m?nagement information systems of qperating results for faster management
the 70’s. review. Unify records of individual

Operating managers will draw from plans, budgets and expenditures. These G ENERAL @ ELE CT R | c

companywide data files in a form all can and many other categories of vital
understand. They will automatically management information can be

General Electric Computers:
The United Systems of the 70’s
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mapped a triangular zone of sea floor; its
300-mile base lies roughly perpendicular
to the Equator in the vicinity of the Ga-
lapagos Islands and its apex is some 600
miles to the west. The apex marks the
junction of three crustal plates. The
Cocos plate, north of the Galadpagos, is
in motion toward Central America to the
northeast. The Nazca plate, adjoining
the Cocos plate along an east-west line,
is in motion toward South America to
the southeast. The Pacific plate adjoins
the other two along a generally north-
south line and is moving to the north-
west. The magnetic record frozen into
the rock that has welled up to fill the
gaps between the plates shows that they
have drifted several hundred miles apart
in the past 10 million vears. The triple
junction at the apex of the triangle is
marked by a 30-mile-long valley three
miles below the surface, bordered by
steep walls that reach a height of one
and a half miles above the valley floor.
The voyage provides an example of
theory successfully predicting fact. A
few years ago D. P. McKenzie of the

University of Cambridge and W. Jason I

Morgan of Princeton independently con-
cluded that, if three oceanic plates
should drift apart, a wedge-shaped area
would appear on the sea floor with its
apex at the triple juncture. The McKen-
zie-Morgan hypothesis was published
jointly in 1968; it led one of Morgan’s
Princeton colleagues, Kenneth S. Def-
feyes, to calculate the size and shape of
the triple-juncture wedge to be expected
in the Galapagos area. Deffeyes then led
the DeSteiguer expedition and collected
the data that proved the correctness of
the McKenzie-Morgan hypothesis.

Messenger No. 5

Until recently there were four known

types of plant hormone: substances
that in tiny quantities mediate such
physiological processes as rate of growth,
cell division and leaf fall. The four are
the auxins (suspected since Darwin’s day
and finally isolated in 1928), the gib-
berellins (first isolated by a Japanese in-
vestigator in 1926 but unknown outside
Japan until after World War II), the cy-
tokinins (discovered in 1954) and the
abscisins (discovered in the early 1960s).
There is now a fifth type of hormone:
the brassins. Isolated recently by investi-
gators at the Department of Agriculture
research establishment in Beltsville,
Md., the brassins are long-chain glycer-
ides that stimulate the division, elonga-
tion and lateral enlargement of plant

cells. They take their name from the .

The state of the art

of living.

Everybody knows the environ-

ment's in bad shape.

Nobody knows just how bad.
Which is what we're beginning
to find out, here at MITRE. We're
evaluating sensing devices and
information networks for poliu-
tion surveillance. Cataloging the
mass of data on air polliution
conditions. Devising ways of

controlling pollution and

reclaiming the land, air and
water fouled by years of neglect.

shlems are interrelated.
Peossible solutions are complex.

At MITRE, we're making a start.
Maybe you'd like to be involved.

Send us your resume.
THE

MI'T'RE

CORPFPORATION

Robert P, Knolts

1820 Dalley Madison Blvd.

MclLean, Va 22101
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M MDGEE

A lot more sports car than sporty cars costing a lot more.

MIDCET

The MG Midget gives you more sports
car than a lot of sporty cars around.
Track-tested features like rack-and-
pinion steering, racing suspension,
radial-ply tires, and 4-speed gearbox.
Plus the great Midget look. Lower and
longer, with a new matte black re-
cessed grille. Price? $2279" includ-
ing radial-ply tires. So pay a

little less and get a real sports ﬁ_@
car—the MG Midget. S

~'N

)
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Collins C-System
...the kind of system
you’ve been saying
computer companies
should offer.

il Iiﬁ‘?—'__

A

Processing, communications, control. All in-
tegrated in a single, total, simple, easily under-
stood system. Reliability? One of its greatest
strengths. Ask customers who depend on
Collins processors for 24-hour-a-day, 7-day-
a-week, 365-day-a-year operation. Applica-
tions? Name it. Process business data, solve
scientific problems, collect data, control an
entire factory, switch messages. Do it all or
any part of it—at one site or at widely sepa-
rated locations. Expandability? No need to

purchase more capability than current or ex-
pected operations require. As needs change,
simply add standard configuration units—
don’t startover with anew system. A common
file for the entire network gives you un-
equalled efficiency. Also: the C-System can
work with your existing computer equipment.
Contact Collins Radio
Company, Dept. 300,
Dallas, Texas 75207.
Phone: (214) 235-9511.

ANOTHER REASON TO THINK COLLINS WHEN YOU THINK COMPUTER SYSTEMS
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These curves were plotted
from data obtained with a

ZETA-METER

— Zeta Potential in millivolts Specific Conductance in micromhos/cm -
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flow 4 Zeta-Meter can help
voul plot colloid Stability

These curves show the basic pattern of colloid stability, and how
coagulation and dispersion are controlled by the type and concentra-
tion of cations and anions in a system. The colloid employed here was
Minusil #5, a one-micron silica that adsorbs well and has uniform
particle size. A Riddick Type I UVA electrophoresis cell was used to
accurately obtain electrophoretic mobility, from which Zeta Potential
was computed. Zeta-Meter techniques enable working with systems
whose concentrations rangefrom 10 ppmto60per cent — or even higher.

= 60! e ———— . S N SR NE— -

The curve shown above is one of a series of four (milligrams
vs millimols/I and dilute vs concentrated suspended solids)
which appear in a book entitled “Control of Colloid Stability
Through Zeta Potential,” by Thomas M. Riddick. The book
contains 372 pages and approximately 220 curves. Send for
brochure containing full information regarding the Zeta—
Meter and book.

ZETA-METER, INC.

1720 First Ave.,
New York, N.Y. 10028

Tel. (212) 348-4100, Cable: Zeta-Meter
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genus Brassica, a group of plants that
includes the oilseed producer rape,
whose abundant pollen is the source of
the new hormones.

Although the other types of hormone
are present in all plants, there is no easy
way to extract them in useful quantities.
Rape pollen, which could easily be
grown in quantity, yields .1 gram of
brassin per pound, suggesting the possi-
bility of a natural supply of the sub-
stance.

Cat’s Whiskers

Can one be sure that the lion sighted

on the veld this morning is, or is not,
the same lion as the lion encountered
yesterday? Two zoologists in Kenya be-
lieve one can. Assuming that all its pos-
sible permutations are biologically prob-
able, their system might allow the posi-
tive identification of some five trillion
individual lions, a number that substan-
tially exceeds the lion population of the
world. The system depends on the fact
that lions possess four or five rows of
whisker holes, running parallel to one
another on both sides of the muzzle in
the area between the nostril and the
upper lip. The top row can consist of as
many as five holes; the row below, five
to nine holes. Each hole in the top row
is either directly above one of the lower
ones or is offset, so that top-row holes
may fall in any of 17 positions with re-
spect to the holes below.

Writing in the Journal of Zoology,
C. J. Pennycuick and J. Rudnai of Uni-
versity College in Nairobi report that
keeping records of whisker patterns has
allowed them to positively identify 25
of the 50 lions that comprise the lion
population of Nairobi National Park.
They photographed both sides of the
head of each lion they encountered over
an 18-month period and then charted
the whisker pattern in terms of the 56
possible positions the lion’s 14 to 28
whisker holes happened to occupy.
When a lion observed at a subsequent
meeting proved to have a whisker pat-
tern recorded earlier, the investigators
confirmed the identification by means of
independent data, such as scars and ear
irregularities. In the course of the study
the apparent whisker pattern failed only
once to substantiate an identification
based on independent data. In that case
reexamination of the earlier photographs
showed that a whisker hole recorded at
the second encounter was indeed pres-
ent at the first but had not been recorded
then because it was almost undetectably
small when the lion was younger.



Westinghouse builds
world’s first plant to convert
acid mine pollution

into pure water.

Cheers!
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Westinghouse will purify 5 million gallons of
acid mine drainage wastes now flowing daily into
the Susquehanna River.

Commissioned by the Commonwealth of Penn-
sylvania, the new facility will use a unique flash-
evaporation process.

What are your water problems? Westinghouse
can do just about anything with dirty or salty
water. We'll make it fit to drink or swim in—or
ideal for making beer, pharmaceuticals, even
lemonade.

Write Westinghouse Electric Corporation,
Heat Transfer Div., Box 9175, Lester, Pa. 19113,

You can be sure...
if it's Westinghouse




American Airlines presents

There's one place left in the world where you can a sunset, but in Samoa you'll see the most fantastic
still get away from the world. The South Pacific. sunset you ever saw.

To walk barefoot on a Fijian beach and (A giant yellow ball sliding behind flowerpot

pick up seashells. islands in a sky that's like a mammoth Cinemascope
Or grow a beard. production number.)
Eat baby taro leaves cooked in coconut sauce. Then, when you're ready to come back
Or stick with steak. to the world again, come to New Zealand. And see it all.
Maybe you wouldn't travel 8000 miles just to see Swiss alps. Norwegian fjords. English countrysides.
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outh Pacific.

And tropical rain forests. All in New Zealand. Now we can take you to all these places:
In Australia you'll see things you won't believe. Fiji, American Samoa, New Zealand, and Australia.
Civilized things like the most spectacular opera Butfirst, it'sa good ideatoseeyour Travel Agent.

house in the world. In Sydney. One of the most beauti- He's probably escaped to the South Pacific himself,

ful cities in the world. so he can be a lot of help. With hotel accommodations.
And uncivilized things like a platypus. A wombat. What to see. And even setting up American Express

And a real live kangaroo. (With a pouch to warm your credit payments to pay for it all. Or call us.

hand in.) American Airlines.

It's good to know you're on American Airlines.
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THE WATER CYCLE

Water 1s the medium of life processes and the source of their

hy(l rogen. It flows through living matter main]y in the stream

of transpiration: from the roots of a plant through its leaves

y far the most abundant single sub-
B stance in the biosphere is the fa-
miliar but unusual inorganic com-
pound called water. The earth’s oceans,
ice caps, glaciers, lakes, rivers, soils and
atmosphere contain 1.5 billion cubic kil-
ometers of water m one form or another.
In nearly all its physical properties water
is either unique or at the extreme end of
the range of a property. Its extraordinary
physical properties, in turn, endow it
with a unique chemistry. From these
physical and chemical characteristics
flows the biological importance of water.
It is the purpose of this article to de-
scribe some of water’s principal qualities
and their significance in the biosphere.
Water remains a liquid within the
temperature range most suited to life
processes, yet in due season there are
occasions when liquid water exists in
equilibrium with its solid and gaseous
form, for example as ice on the top of a
lake with water vapor in the air above it.
Freezing starts at the surface of the wa-
ter and proceeds downward; this follows
from one of water’s many peculiar attri-
butes. Like everything else, ice included,
liquid water contracts when it is cooled,
but the shrinkage ceases before solidifi-
cation, at about four degrees Celsius.
From that temperature down to the
freezing point the water expands, and
because of its decreased density the cool-
er water floats on top of the warmer. Ice
has a density of .92 with respect to the

by H. L. Penman

maximum density of water and hence an
unconstrained block of ice will float in
water with about an eleventh of its vol-
ume projecting above the surface. The
biological significance of freezing from
the surface downward, rather than from
the bottom upward, is too well known to
need repetition here.

Among its other thermal properties
water has the greatest specific heat
known among liquids (the ability to store
heat energy for a given increase in tem-
perature). The same is true of water’s
latent heat of vaporization: at 20 degrees
C. (68 degrees Fahrenheit), 585 calories
are required to evaporate one gram of
water. Finally, with the exception of
mercury, water has the greatest thermal
conductivity of all liquids. Some conse-
quences of water’s large latent heat of
evaporation, which is a major energizer
of the atmosphere, will be considered
below. Its great specific heat means that,
for a given rate of energy input, the tem-
perature of a given mass of water will
rise more slowly than the temperature
of any other material. Conversely, as en-
ergy is released its temperature will drop
more slowly. This slow warming and
cooling, together with other important
factors, affects yearly, daily and even
hourly changes in the temperature of
oceans and lakes, which are quite differ-
ent from the corresponding changes in
the temperature of land. Among other
things, this can lead to differences in the

WATER AT WORK for millenniums in the form of rainfall and stream runoff has produced
the dissected land surface seen in the side-looking radar image on the opposite page. The
annual work of terrain modeling by rainfall and runoff has been estimated to equal the work

of one horse-drawn scraper busy day and night on every 10 acres of land surface. This area,
in the vicinity of Sandy Hook, Ky., is drained by tributaries of the Ohio River. Each inch
equals 2.3 miles on the ground. The radar mosaic, made by the Autometric division of the
Raytheon Company, is reproduced by the courtesy of the Army Topographic Command.
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thermal regimes of soils that are of ma-
jor importance in ecology. The type of
soil, interacting with water, determines
the earliness or lateness of plant growth
at a given site; the interaction may also
aflect the local risk of frost.

In basic structure the water molecule

has a small dipole moment and is fee-
bly ionized. Water will dissolve almost
anything to some extent (fortunately the
extent is extremely small for many sub-
stances). The dissolved material tends to
remain in solution because of another of
water’s exceptional attributes. The val-
ues given by the inverse-square law for
the force that attracts separated positive
and negative ions are determined by
multiplying the square of the distance
separating the ions by a constant that
varies according to the nature of the sep-
arating medium. Known as the dielectric
constant, this constant is greater for wa-
ter than for any other substance. To get
the same attractive force in water as in
air, for example, the water separation
has to be cut down to a ninth of the
separation in air.

Because of its extreme dielectric con-
stant liquid water in the biosphere is not
chemically pure (unlike water vapor,
which is always pure, or ice, which can
be and often is pure). Instead liquid wa-
ter is an ionic solution and one that al-
ways contains some hydrogen ions be-
cause the water itself can supply them.
The concentration of hydrogen ions, ex-
pressed as a degree of dilution, gives the
physical chemist a numerical index that
describes the state of various water sam-
ples. The number is the logarithm (to the
base 10) of the degree of dilution; the
chemist labels it pH. For his tests he is
armed with a pH meter, calibrated from
zero to 14. Fourteen orders of magnitude
is an enormous range for any terrestrial
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property, yet the water content of the
soil may give a reading anywhere from
pH 3 (very acid) to pH 10 (very alka-
line), which is equivalent to a range of
from one to 10 million. These are ex-
tremes, however, and most terrestrial
plant growth—including much of the
world’s agriculture—proceeds in soil with
a water content that ranges only a few
units on each side of pH 6. The range
for marine organisms is even more re-
strictive: coastal waters are about pH 9
and the general oceanic average is just
over pH 8. Below pH 7.5 many marine
animals die; eggs are particularly vul-
nerable. Below pH 7 the carbonate in
seawater would remain in solution, ren-
dering production of any kind of skele-
ton impossible.

Another method of describing the
state of a given water sample is inde-
pendent of hydrogen-ion content. Ma-
terial in solution, whether it is ionized or
not, disturbs the liquid structure of the
water; in thermodynamic terms the pres-
ence of solutes decreases the free ener-
gy of the water. Many soil and plant
workers find it convenient to use the
symbol pF for such changes in free en-
ergy, with the steps between units also
representing one order of magnitude. As
with the pH range, the range of pF
values is very great.

The quantity being measured in pF

units is basically a potential, with the
same dimensions as pressure. If all the
water problems in soils, plants and ani-

OCEANS

mals were problems of solutions, it
would be sufficient to describe the con-
sequent variations in free energy as vari-
ations in osmotic potential, expressed in
any of the conventional units of pressure.
The free energy of water, however, can
be decreased in other ways, notably in
capillary systems. The energy to lift the
water into a capillary tube (or in nature
into the porous and cellular systems of
soils and plants) comes out of the free
energy of the water. Today this is known
as “matric” potential, a term that has re-
placed the earlier “capillary” potential.
In soils and plants the matric potential
may be more than the osmotic potential.
A comparison of numbers will give an
idea of the pF scale and its ranges. The
pressure is expressed as the height in
centimeters of an equivalent column of
water; thus one bar equals one atmo-
sphere, which equals a 1,000-centimeter
water column. This is equivalent to pF 3.

In a waterlogged soil, beginning to
drain, the matric potential may be be-
tween pF 0 and pF 1; in a fully drained
soil the potential may be near pF 1.7. In
a soil that is as dry as plant uptake and
the transpiration of water from leaves
can make it, the matric potential will be
about pF 4.2, which is close to 16 atmo-
spheres of suction. The osmotic potential
of seawater is near pF 4.5, which makes
seawater too “dry” for plant roots; the
salt content of plant cells might be any-
where in a range from less than pF 4 up
to pF 4.5.

Here once again water is extreme. As-

WATER VAPOR

ICE
Lt

WORLD WATER SUPPLY consists mainly of the salt water contained in the oceans (left).
The world’s fresh water comprises only about 3 percent of the total supply; three-quarters of
it is locked up in the world’s polar ice caps and glaciers and most of the rest is found as
ground water or in lakes. The very small amount of water in the atmosphere at any one
time (top right) is nonetheless of vital importance as a major energizer of weather systems.
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sociated with the matric potential in a
capillary system there is a curved liquid-
air interface; the value of the potential
is found by doubling the known value of
the liquid’s surface tension and dividing
the product by the radius of curvature.
Water has the greatest surface tension of
any liquid known, so that at any given
matric potential the radius of curvature
of a water meniscus will be greater than
it could be for another liquid. The great-
er the radius of curvature, the greater
the total water content. In a soil this
means that more liquid can be retained
as water just because it is water. In gen-
eral, but not always, this is an advantage
for plant growth.

The effects of a decrease in the free
energy of water contained in porous soils
or in the tissues of plants include a low-
ering of the fluid’s freezing point and
vapor pressure. If the source of the de-
crease is a matric potential, there is also
negative pressure, or suction, that tends
to pull all kinds of retaining walls to-
gether. The effect of freezing in soils and
rocks is worth a brief aside. As the tem-
perature falls the water in the larger soil
pores freezes first and the free-energy
gradient is such that water will be with-
drawn from the smaller pores. As a result
ice lenses form in the coarser pore spaces
and the finer pore spaces are exposed to
greater shrinkage forces. Because water
expands on freezing, the ice lenses have
a disruptive effect as they make room
for themselves. In rock this is the begin-
ning of one method of soil formation.
There tends to be a preferred size for
the rock fragments produced by ice dis-
ruption. This size is near the optimum
for transport by wind and is the domi-
nant size in many of the loess soils that
have accumulated in areas near glaciers.
In soil the ice disruption is the source of
“frost tilth,” which is sought by farmers
when they leave land roughly plowed in
the fall and hope for a sufficiently frosty

winter.

here are still some uncertainties with

respect to the world’s water balance,
but agreement was reached on probable
values or ranges during an international
symposium on the subject held in Britain
this summer as one of the activities of
the International Hydrological Decade.
The figures that follow are taken from
the proceedings of the symposium.

The world’s water exists as liquid
(salt and fresh), as solid (fresh) and as
vapor (fresh). There is some uncertainty
in the value of the total volume, but it
is near 1,500 million cubic kilometers (in
U.S. usage 1.5 billion). Estimates of the
components are most easily expressed as



A COMPANY LIKE HERCULES
HAS TWO JOBS IN THE FIGHT
AGAINST POLLUTION

We're basically a chemical company.

Like every other chemical company, we feel we must face up toa
tough challenge. It goes without saying that we must assume a primary
responsibility for developing the systems, processes, and exotic chemicals that will
help others wage war against pollution in every form. But we also realize that we
must keep our own house in order.

We're working on both jobs. For our part, we are constantly and
vigilantly creating and installing the controls —both human and mechanical —
that will eliminate any source of fumes or waste materials entering the air and
rivers in and around our plant communities.

We haven't won all of our own battles yet, but we're gaining on them.

On the broader front in the fight on pollution, we're expanding on the
positive work we have been doing for years. Our industrial and municipal waste
treatment services have been enlarged to include consulting, design and
engineering capabilities. Our Environmental Services Division and subsidiary,
Black, Crow & Eidsness Inc., are providing real help to many communities and
industries in this area.

Our most recent project is most interesting. It tackles a monstrous
problem long buried under tons of conversation about water/air pollution—the
problem of solid waste.

The State of Delaware has chosen us to design and demonstrate the
feasibility of an advanced solid waste disposal plant—a $10,000,000 facility
that initially will process 500 tons of domestic and industrial refuse per day; and
then re-cycle most of this into a needed humus compound, useful ferrous and
non-ferrous metals, and various oils and tars for fuel purposes.

We recognize these answers are only partial steps in the total answers
to environmental problems. No one has the final answer. But what we are doing
does represent a purposeful commitment. We at Hercules will not be satisfied until
we find all the answers to our own problems, and clinch major answers in
cleaning up the fotal environment. Hercules Incorporated, Wilmington, Del. 19899.

T
HERCULES

We never stop looking for answers.

G70-4
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average depths per unit area of the en-
tire surface of the earth, which has a
total area of 510 million square kilome-
ters. Oceans and seas—liquid salt wa-
ter—make up about 97 percent of all
water, with an equivalent depth of be-
tween 2,700 and 2,800 meters; the
greater part is in the Southern Hemi-
sphere. Of the remaining 3 percent,
three-quarters is locked up as solid in
the polar ice caps and in glaciers. Here
measurement is quite difficult, and a
spread in estimates is inevitable. The
equivalent depth of ice and snow may
be near 120 meters, but at the recent
symposium a value of 50 meters was not
challenged. The other large component
of fresh liquid water is subject to sim-
ilar uncertainty: the estimates for un-
derground water may be near 45 meters,
but again a value near 15 meters was not
challenged. Estimates for surface water,

HYDROGEN ATOMS
LOST TO SPACE

mainly in the great lakes of the world,
ranged from .4 meter to one meter.
There is general agreement on the aver-
age water-vapor content of the atmo-
sphere, at an equivalent in liquid of .03
meter. Although this is a very small frac-
tion of the total, size is no measure of
importance. Without water in the atmo-
sphere there would be no weather; Leo-
nardo da Vinci’s dictum, “Water is the
driver of nature,” is justified on meteoro-
logical grounds alone. A little detail at
this point will be helpful as an introduc-
tion to another aspect of the world cir-
culation of water.

he amount of water vapor is not the
same everywhere, either geographi-
cally or seasonally. It is greatest at and
near the Equator. If the air there were
squeezed dry, it would yield about 44
millimeters of rainfall. In middle lati-
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WATER TABLE (15)

WATER CYCLE in the biosphere requires that worldwide evapora-
tion and precipitation be equal; hydrogen losses to space are pre-
sumably replaced by juvenile water. Ocean evaporation, however,
is greater than return precipitation; the reverse is true of the land.
Excess land precipitation may end up in ice caps and glaciers that
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tudes, say from 40 to 50 degrees, the
summer yield would be near 20 millime-
ters and the winter yield near 10 milli-
meters, with large variations that depend
on geography and weather patterns. In
the polar regions the yield ranges from
two millimeters in winter to as much as
eight in summer.

Water vapor enters the atmosphere
by evaporation (this term includes tran-
spiration by vegetation), and the main
oceanic sources are fairly identifiable. It
leaves the atmosphere as rain or snow,
and because the precipitation may take
place close to the source or thousands of
miles away, the residence time may vary
from a few hours to a few weeks. A gen-
eral average is nine or 10 days.

The general balance of evaporation
and precipitation needs three sets of fig-
ures, one set for the entire earth, one for
the oceans and one for the land surface.

PRECIPITATION

EVAPORATION

contain 75 percent of all fresh water, may replenish supplies taken
from the water table by transpiring plants or may enter lakes and
rivers, eventually returning to the sea as runoff. Numbers show
minimum estimates of the amount of water present in each reserve,
expressed as a depth in meters per unit area of the earth’s surface.



Here, within a few percent, there is al-
most complete agreement on values. For
the entire earth, average evaporation
and precipitation are equal—as they
must be—at very nearly 100 centime-
ters per year. For the oceans, expressed
as equivalent depths over the area of the
oceans, the average annual precipitation
is between 107 and 114 centimeters, the
average annual evaporation is between
116 and 124 centimeters and balance is
restored by river flow, with an annual
value close to 10 centimeters in all esti-
mates. For the land surface the average
annual precipitation is near 71 centi-
meters, the average annual evaporation
is near 47 centimeters and the average
annual river discharge is near 24 centi-
meters. (The ocean figure of 10 centime-
ters Corresponds to the 24-centimeter
land figure.)

Because half of the land surface—ice
caps, deserts, mountains, tundra—con-
tributes little or nothing to evaporation,
a better evaporation average would take
into consideration only the land compo-
nent of the biosphere where the avail-
ability of water is combined with the
opportunity for evaporation. Here the
average evaporation may total 100 cen-
timeters per year. The evaporation in
high latitudes would of course be far less
than the evaporation nearer the Equator.

Available measurements support this
conclusion. In Finland, at 65 degrees
north latitude, the average evaporation
is 20 centimeters per year; in southeast-
ern England, at 50 degrees north, it is
50; in North Carolina, at 35 degrees
north, it ranges from 80 to 120. On the
Equator in the Congo basin the average
is 120 centimeters per year; at the same
latitude in Kenya it is 150. In the papy-
rus swamps of the Nile in the southern
Sudan, 10 degrees north of the Equator,
the average is 240 centimeters per year,
but this is a special case. Here the river
carries its water into the desert environ-
ment of the Sudd; evaporation rates are
high not only because of the clear skies
and intense sunshine overhead but also
because the surrounding desert is a
source of hot dry air that augments evap-
oration. This kind of advective augmen-
tation operates in many places other than
the Sudan, particularly in semiarid re-
gions where irrigation is practiced, and
not quite enough is known about it.

Once in the air, water vapor may cir-
culate locally or become part of the gen-
eral circulation of the atmosphere. The
general circulation is one of the three
important ways of moving water across
the earth. Some indication of the world- ‘
wide volumes involved is given by the
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fact that the total annual precipitation
over the U.S. comes to some 6,000 cubic
kilometers, whereas the liquid equiva-
lent of the water vapor that passes over
the US. in a year owing to the general
circulation of the atmosphere is 10 times
that amount.

f the two remaining important ways

of moving water across the earth,
the major ocean currents comprise one
and the discharge of rivers comprises the
other. Both have substantial effects on
the biosphere. The ocean currents carry
energy surpluses or deficits over great
distances; one well-known instance ac-
counts for the extreme contrast between
the climates on the west and east sides
of the Atlantic in the areas between 50
and 55 degrees north latitude. Without
the Gulf Stream northwestern Europe
would be a much less pleasant place in
which to live and work; indeed, if the
cold Labrador Current had replaced the
Gulf Stream, the history of civilization
would have been very difterent.

AVERAGE ANNUAL = =
PRECIPITATION (CENTIMETERS)
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PRECIPITATION reaches the land areas of the world principally
in the form of rainfall, which is heaviest at and near the Equator

The rivers of the world not only are
long-distance movers of water but also
serve as conduits for dissolved and sus-
pended material. Because of its chemical
and physical properties, water is a very
efficient erosive agent; erosion, transport
and deposition have to be recognized as
geological processes associated with wa-
ter in the biosphere. They are the proc-
esses that have produced lands and soils,
now densely populated and intensively
cropped, where annual floods and silt
deposition are regarded as the mainstay
of life. Elsewhere, notably in the Ameri-
cas, silt is an embarrassment in the deltas
where it settles, and its production is
equally unwelcome in river headwaters.

Two further points about river water
deserve mention. First, the salt content
of river water differs markedly in com-
position from that of the oceans. This
suggests that the oceanic brine is not
merely the accumulation of salts from
aeons of land-surface leaching. Second,
information about river discharge rates
is scanty and not always reliable. As an

———
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example, it is only recently that a good
estimate of the flow of the Amazon has
been obtained. It proved to be twice the
best previous estimate and indicates that
almost a fifth of the world’s river dis-
charge comes from this one stream.

It is not possible to do more than
guess at the average amount of water
the world’s plant and animal populations
contain. Considered as the equivalent of
rainfall, it may amount to about one
millimeter over the entire surface of the
earth. This is less by one order of mag-
nitude than the amount of water vapor
in the atmosphere, and its distribution is
even more varied in space and time. For
a fully grown good crop of corn in North
America or of sugar beet in northwestern
Europe the amount might come to the
equivalent of five millimeters of rainfall,
and its summer residence time would be
two to three days. This is a measure of
the rate of water supply needed to main-
tain optimum conditions for growth.
Here, at the point of water uptake by
the roots of plants, begins the problem

and along some western coasts at higher latitudes (darker colors).
Variations in precipitation are the result of atmospheric circula-



with respect to water in the biosphere
that makes all other water problems
seem trifling,

With unimportant exceptions, the ba-
sis of all life on the earth is photosyn-
thesis by green plants, a process that
involves physics (in the fixation of solar
energy) and chemistry (in the union of
carbon dioxide and water to form carbo-
hydrates and more complex biochemical
compounds). Water comes into the story
in two ways: in transit (as part of the
transpiration stream) and in residence
(as its hydrogen is chemically bound into
the plant structure). The amount that is
bound, however, may be less than a fifth
of the amount in transit. To give scale to
the argument that follows, here are some
values based on a real crop in a real cli-
mate. In producing 20 fresh-weight tons
of crop, 2,000 tons of water will pass into
the plants at their roots. At harvest per-
haps 15 tons of the water supply will be
in transit, leaving the crop with a dry
weight of five tons. To produce the five
tons of dry matter three tons of water

\
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=

will have been fixed and transformed.
The energy fixed in the dry matter will
be 1 percent or less of the total solar en-
ergy received by the crop; nearly 40 per-
cent of the energy will have been used to
evaporate the transpired water. Here is
a clear interaction of the kind envisioned
in the article that introduces this issue of
Scientific American, where G. Evelyn
Hutchinson describes the biosphere as “a
region in which liquid water can exist
[and that] receives an ample supply of
energy from an external source.”

The average value of 40 percent for
the net solar radiation income retained
by a green crop cover varies, of course,
with season and climate. The first loss is
to reflectivity: of the solar radiation
reaching the crop about 30 percent is re-
flected. There is also an income of long-
wave radiation from the sky, but this is
outweighed by the outgo of long-wave
radiation from the earth to the atmo-
sphere. When the deficit is met by de-
ducting it from the remaining balance of
short-wave solar income, the net re-
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tion patterns and also reflect the amount of precipitable water vapor present. This is great-
est at the Equator, least at the poles and more in summer than in winter (graph at right).
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tained income is decreased to 40 percent
of the initial input. As already noted,
when the water is available, very nearly
all this energy is used in evaporating
water.

Here once again water stands at the
extreme of a range of physical properties.
The volume of water evaporated per unit
of energy input is less than it would be
for any other liquid. The relevant physi-
cal constant, the latent heat of vaporiza-
tion, is somewhat less than 600 calories
per gram at ordinary temperatures, but
the rounded figure is adequate for the
present purpose. If we let Ry represent
the total radiant income in calories per
square centimeter over a period of time,
then the net radiation is about .4R; and
the evaporation equivalent is near R;/-
1,500 grams per square centimeter (or
centimeters of water depth as the equiv-
alent of rainfall). Consider some real
midsummer values to show what this
means. In a humid temperate climate
the value of R; is close to 450 calories
per square centimeter per day. This
works out to an evaporation equivalent
of three millimeters per day, which is a
good estimate for June in southeastern
England. For many of the farming areas
of the U.S. the R; value is close to 650
calories per square centimeter, bringing
the evaporation rate up to about 4.5
millimeters per day. The maximum rates
known, which are found in irrigated
areas, range from 4.5 to 7.5 millimeters
per day. It is possible that the higher
rates are influenced by advection from
surrounding nonirrigated areas, as is the
case in the papyrus swamps of the Nile.

The most important fact to be consid-
ered in connection with this wide range
of evaporation rates is that there are only
very small variations among the evapora-
tion rates of different kinds of plants.
Thus the governing factor in variation is
almost exclusively a climatic one. This
fact and much other evidence suggest
that the supposed water “need” of a crop
is dictated not by the plants but by the
weather. In this connection the concept
of “potential transpiration,” which came
into use simultaneously and indepen-
dently in at least two parts of the world,
is of great value both in research and in
the practical aspects of soil water man-
agement. It is worthwhile seeing how
potential transpiration is linked with ele-
mentary plant physiology and with some
of the physics of soil water already con-

sidered.

A growing plant takes in water at the
roots and, in the absence of imme-

diate replenishment, the process dries
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the soil so that more and more energy is
required for further extraction. The en-
ergy requirement is very small, however,
compared with the amount of energy
needed to evaporate the same quantity
of water from the plant’s leaves. There
can be no serious error in assuming, as
Frank J. Veihmeyer of the University of
California at Davis does, that all soil
water is equally available for transpira-
tion up to the stage marked by the onset
of wilting. The purpose of well-managed
irrigation, of course, is to make sure that
plants never get to the wilting stage. For
maximum growth irrigation may have to
consist of frequent small applications of
water rather than occasional large ones.
Given an adequate supply of water,
the chain of consequences is simple.
| There are maximum values for each of
several factors: water content in the
plant, hydrostatic pressure in the plant
and leaf turgidity. When neither the in-
tensity of the light nor the concentration
of carbon dioxide constitutes a limiting
factor, maximum leaf turgidity permits
maximum opening of the stomatal aper-

tures in the leaf surface, thus affording
the best possible opportunity for move-
ment of carbon dioxide into the leaf. The
state of the stomatal opening that allows
easy inflow of carbon dioxide, however,
also allows equally easy outflow of wa-
ter vapor. By far the greater part of the
water need of plants is actually a “leak-
age” process that has to be kept going to
ensure continued growth. Given a suffi-
ciently wet soil around the plants’ roots,
the rate of leakage is dictated not by
plant physiology but by the physical fac-
tors of temperature, humidity and ven-
tilation. The sole constraint is imposed
by the law of energy conservation. In its
last stages the transpiration stream un-
dergoes a change of state from liquid to
vapor, and the rate of change depends
on the rate at which energy can reach
the system to supply the necessary latent
heat of vaporization.

So much for the physics of the process.
When the supply of water in the soil ap-
proaches exhaustion, plant physiology
rather than physics begins to predomi-
nate. Plant type, root structure, phase of

SOLAR ENERGY

WATER FIXED

(3 TONS)

FRESH WEIGHT

"

TONS)

i | WATER IN TRANSIT
(15 TONS)

ROLE OF WATER in photosynthesis is quantitatively minor compared with its role in
transpiration, as this crop-water graph indicates. To produce 20 fresh-weight tons of crop
in a season, some 2,000 tons of water will be drawn from the soil. At the harvest, water in
transit will account for some 15 tons of the crop’s fresh weight. Drying reduces the crop’s
weight to five tons. Of these, three tons, or .15 percent of the water used in the season, com-
prise hydrogen atoms from water molecules, photosynthetically bound to carbon atoms.
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plant development, soil type, soil depth—
these become the important factors.
What is available for utilization has
more significance than the weather has,
particularly in semiarid zones.

Because agriculture is most active in
the more humid zones of the biosphere,
it is useful to estimate how much reserve
soil water is available on the average in f
these zones. Factors already described |
prevent any exact answer to this ques-
tion. Nonetheless, a cautious estimate,
advanced with considerable reservation,
would be about 10 centimeters of rain-
fall equivalent. Three examples will suf-
fice to show the need for caution. There
are large agricultural areas of North
Carolina and neighboring states where
an inert subsoil is covered by no more
than 20 centimeters of useful topsoil
Here the entire water reserve available
to the agricultural cvcle cannot exceed
a rainfall equivalent of five centimeters.
This is one extreme; the deep volcanic
soils of East Africa are at the other. In
those soils the roots of many plants go
down as much as six meters below the
surface. The available water in a profile
that deep is equivalent to nearly 50 cen-
timeters of rain, and the plant can ex-
tract water throughout a long dry season
at something very close to the potential
transpiration rate. An example from
France falls somewhere in between.
There the drying of the soil was ob-
served while a crop of sugar beet tran-
spired at the full potential rate through-
out a dry summer. At the driest stage
the crop had withdrawn from the soil
available water equivalent to 27 centi-
meters of rainfall.

Soil water and ground water are close-
ly related, but whereas soil water is
always biologically important, the im-
portance of ground water may range
from being trivial to being all that mat-
ters. The soil is a kind of buffer between
rainfall and ground water. In general any
deficit in soil moisture that has built up
in a dry period must be completely re-
stored by rain before there is any wa-
ter surplus available to move down to |
ground water. This is an important con-
sideration for the water engineer, who
may be drawing a water supply from a
stream (permanent streams are sustained
by ground water) or may be tapping an
aquifer directly by means of a well. In
the first instance the engineer will pre-
sumably have to work within legal con- |
straints on how much river water he can
divert. In the second, if he is to choose |
a safe aquifer pumping rate, the engi- |
neer must (or should!) have some aware-

ness of the current soil-moisture deficit J
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and of the likely rates of rainfall in the
months ahead. The river engineer can
use the same information for another
purpose: the soil-moisture deficit will
enable him to estimate the risk of flood-
ing in the event of a heavy storm.

In some countries the control of
ground water is a major outlet for en-
gineering skill, and its exploitation is the
basis of farming technique. One need
only think on the one hand of the Neth-
erlands and on the other of such semi-
arid regions as Iran, where deep tunnels
tap the buried aquifers and carry ground
water to valley bottoms. In many semi-
arid regions the vegetation along tran-
sient streams maintains its luxuriance
because the ground-water level there is
close to the surface and within reach of
plant roots. The plants’ effective reach
depends both on the soil and on the kind
of plant, but in general it is seldom more
than a few meters. The movement of any
water table deeper than that is unaftect-
ed by the plant growth or the evapora-
tion processes taking place above it, and
its ground water contributes nothing to
the biological activity at the surface.

hat has been said about water so far

has involved terms that are gener-
ally accepted, and the concepts them-
selves are supported by good reasoning,
good evidence or both. The remarks that
follow, although also based on reasoning
and evidence, are more speculative and
personal. If the biosphere is taken to be
the place where water and energy inter-
act, can the interaction be expressed
quantitatively in terms of biological pro-
ductivity? The answer has to be no.
There are too many variables. All the
same, by rearranging some of the water
quantities and energy quantities that are
known, a suggestive relation can be ob-
tained.

Start with the fact that, for a good
crop, 1 percent or less of the incoming
solar radiation is fixed as dry matter (here
and in what follows the 1 percent refers
to the total botanical yield, irrespective
of economic value). We shall give this
percentage the symbol ¢ and express it
numerically as 100 per 10,000. This de-
gree of efficiency is achieved only by an
experiment station or by an extremely
competent commercial farmer. Based on
the statistics of world cereal production,
including straw as well as grain, the av-
erage achievement in highly mechanized
industrial farming shows an efficiency of
only about 35 per 10,000. This decreases
to roughly 17 per 10,000 in North Amer-
ica, and in tropical Africa and Asia sub-
sistence farming rarely shows an effi-
ciency better than 8, even when the pos-
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sibility of two crops per year is allowed
for. There is obviously room for im-
provement everywhere and the question
in the present context is: Where does
water come in, and how?

Some evidence is now being accumu-

lated suggesting that, when there are
no limitations on water supply, the total
crop growth is proportional to the total
of potential transpiration over the period
of growth. The factor of proportionality
depends on many things: plant variety,
management, kinds and quantities of fer-
tilizer, pest and disease controls and the
like. Hence the negative answer to the
earlier question. Still, something can be
done with ratios. There is reason to be-
lieve potential transpiration is a fairly
constant fraction of the solar radiation
income. Combining this fact with the
relation between potential transpiration
and total crop growth, it is possible to
derive a connection between growth
rate and utilization of water, assuming
that unlimited water is available (by in-
ference, there would be a similar re-
sponse to timely irrigation). In what may
seem too precise a form, the answer is
that the increase in yield () equals .39e.
Here e represents efficiency and ¢ can be
read, according to preference, as metric
tons per hectare per centimeter of water
applied or as tons per acre per inch of
water. Considering the fivefold (or per-
haps tenfold) world variation in effi-
ciency, some uncertainty in the multiply-
ing factor is unimportant; others may
prefer, or find, a different value. Taking
the illustration already given, suppose
the area involved is one acre and the
efficiency is exactly or almost 100 per
10,000. The predicted increase in yield
in response to water, applied when it is
needed, is .39 ton of dry matter per acre
per inch of water. In terms of fresh
weight the gain is about 1.5 tons per
acre per inch. This is the kind of re-
sponse obtained in experiments with
irrigated potatoes in Britain.

There are some countries where the
value of ¢ is small because of lack of wa-
ter, but there are many, including sev-
eral of the rice-growing nations, where
the small value of ¢ is more truly a mea-
sure of the inefficiency of the farming
system itself. To get the most out of wa-
ter, whether it comes from irrigation or
from rainfall, the standard of perform-
ance elsewhere in the system must be
improved: better varieties, better soil
management, better crop husbandry,
better plant hygiene and better pest con-
trol. Then water may be the driver of na-
ture in agriculture as well as in the atmo-
sphere.
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Texaco products worked aboard
Sir Hubert Wilkins' submarine Nau-
tilus—the first to dive under the Archic
IcCe cap.

Sir Hubent, recalling his historic
journey in 1931, commented: “The
heart of any submarine is ils engine;
the Iife blood is its fuel and lubri--
cants.’

He wanted fo hove an adequate '
'supphvaiv‘”, \
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THE OXYGEN CYCLE

The oxygen in the atmosphere was originally put there by plants.

Hence the early plants made possible the evolution of the higher

plants and animals that require free oxygen for their metabolism

he history of our planet, as record-
| ed in its rocks and fossils, is re-
flected in the composition and the
biochemical peculiarities of its present
biosphere. With a little imagination one
can reconstruct from that evidence the
appearance and subsequent evolution
of gaseous oxygen in the earth’s air and
water, and the changing pathways
of oxygen in the metabolism of living
things.

Differentiated multicellular life (con-
sisting of tissues and organs) evolved
only after free oxygen appeared in the
atmosphere. The cells of animals that
are truly multicellular in this sense, the
Metazoa, obtain their energy by break-
ing down fuel (produced originally by
photosynthesis) in the presence of oxy-
gen in the process called respiration. The
evolution of advanced forms of animal
life would probably not have been pos-
sible without the high levels of energy
release that are characteristic of oxida-
tive metabolism. At the same time free
oxygen is potentially destructive to all
forms of carbon-based life (and we know
no other kind of life). Most organisms
have therefore had to “learn” to conduct
their oxidations anaerobically, primarily
by removing hydrogen from foodstuff
rather than by adding oxygen. Indeed,
the anaerobic process called fermenta-
tion is still the fundamental way of life,
underlying other forms of metabolism.

Oxygen in the free state thus plays a
role in the evolution and present func-
tioning of the biosphere that is both per-
vasive and ambivalent. The origin of life

by Preston Cloud and Aharon Gibor

and its subsequent evolution was contin-
gent on the development of systems that
shielded it from, or provided chemical
defenses against, ordinary molecular ox-
ygen (O.), ozone (O3) and atomic oxy-
gen (0). Yet the energy requirements of
higher life forms can be met only by
oxidative metabolism. The oxidation of
the simple sugar glucose, for example,
yields 686 kilocalories per mole; the fer-
mentation of glucose yields only 50 kilo-
calories per mole.

Free oxygen not only supports life; it
arises from life. The oxygen now in the
atmosphere is probably mainly, if not
wholly, of biological origin. Some of it is
converted to ozone, causing certain high-
energy wavelengths to be filtered out of
the radiation that reaches the surface of
the earth. Oxygen also combines with a
wide range of other elements in the
earth’s crust. The result of these and oth-
er processes is an intimate evolutionary
interaction among the biosphere, the at-
mosphere, the hydrosphere and the lith-
osphere.

Consider where the oxvgen comes
from to support the high rates of energy
release observed in multicellular orga-
nisms and what happens to it and to the
carbon dioxide that is respired [sce illus-
tration on page 114]. The oxygen, of
course, comes from the air, of which it
constitutes roughly 21 percent. Ultimate-
ly, however, it originates with the de-
composition of water molecules by light
energy in photosynthesis. The 1.5 billion
cubic kilometers of water on the earth
are split by photosynthesis and reconsti-

RED BEDS rich in the oxidized (ferric) form of iron mark the advent of oxygen in the
atmosphere. The earliest continental red beds are less than two billion years old; the red
sandstones and shales of the Nankoweap Formation in the Grand Canyon (opposite page)

are about 1.3 billion years old. The appearance of oxygen in the atmosphere, the result of
photosynthesis, led in time to the evolution of cells that could survive its toxic effects and
eventually to cells that could capitalize on the high energy levels of oxidative metabolism.
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tuted by respiration once every two mil-
lion years or so. Photosynthetically gen-
erated oxygen temporarily enters the at-
mospheric bank, whence it is itself re-
cycled once every 2,000 years or so (at
current rates). The carbon dioxide that is
respired joins the small amount (.03 per-
cent) already in the atmosphere, which is
in balance with the carbon dioxide in the
oceans and other parts of the hydro-
sphere. Through other interactions it
may be removed from circulation as a
part of the carbonate ion (CO,~) in cal-
cium carbonate precipitated from solu-
tion. Carbon dioxide thus sequestered
may eventually be returned to the atmo-
sphere when limestone, formed by the
consolidation of calcium carbonate sedi-
ments, emerges from under the sea and
is dissolved by some future rainfall.

Thus do sea, air, rock and life interact
and exchange components. Before tak-
ing up these interactions in somewhat
greater detail let us examine the func-
tion oxygen serves within individual or-
ganisms.

Oxygen plays a fundamental role as a

building block of practically all vital
molecules, accounting for about a fourth
of the atoms in living matter. Practically
all organic matter in the present bio-
sphere originates in the process of photo-
synthesis, whereby plants utilize light en-
ergy to react carbon dioxide with water
and synthesize organic substances. Since
carbohydrates (such as sugar), with the
general formula (CH,0),, are the com-
mon fuels that are stored by plants, the
essential reaction of photosynthesis can
be written as CO, + H,O + light ener-
gy — CH,O + O,. It is not immediately
obvious from this formulation which of
the reactants serves as the source of oxy-
gen atoms in the carbohydrates and
which is the source of free molecular
oxygen. In 1941 Samuel Ruben and Mar-



EUCARYOTIC CELLS, which contain a nucleus and divide by
mitosis, were, like oxygen, a necessary precondition for the evolu-
tion of higher life forms. The oldest eucaryotes known were
found in the Beck Spring Dolomite of eastern California by Cloud
and his colleagues. The photomicrograph above shows eucaryotic
cells with an average diameter of 14 microns, probably green algae.
The regular occurrence and position of the dark spots suggest they
may be remnants of nuclei or other organelles. Other cell forms,
which do not appear in the picture, show branching and large fila-
ment diameters that also indicate the eucaryotic level of evolution.

Re

PROCARYOTIC CELLS, which lack a nucleus and divide by sim-
ple fission, were a more primitive form of life than the eucaryotes
and persist today in the bacteria and blue-green algae. Procaryotes
were found in the Beck Spring Dolomite in association with the
primitive eucaryotes such as those in the photograph at the top of
the page. A mat of threadlike procaryotic blue-green algae, each
thread of which is about 3.5 microns in diameter, is seen in the
photomicrograph below. It was made, like the one at top of page,
by Gerald R. Licari. Cells of this kind, among others, presuma-
bly produced photosynthetic oxygen before eucaryotes appeared.
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tin D. Kamen of the University of Cali-
fornia at Berkeley used the heavy oxy-
gen isotope oxygen 18 as a tracer to
demonstrate that the molecular oxygen
is derived from the splitting of the water
molecule. This observation also suggest-
ed that carbon dioxide is the source of
the oxygen atoms of the synthesized or-
ganic molecules.

The primary products of photosynthe-
sis undergo a vast number of chemical
transformations in plant cells and sub-
sequently in the cells of the animals that
feed on plants. During these processes
changes of course take place in the
atomic composition and energy content
of the organic molecules. Such transfor-
mations can result in carbon compounds
that are either more “reduced” or more
“oxidized” than carbohydrates. The oxi-
dation-reduction reactions between these
compounds are the essence of biological
energy supply and demand. A more re-
duced compound has more hydrogen
atoms and fewer oxygen atoms per car-
bon atom; a more oxidized compound
has fewer hydrogen atoms and more oxy-
gen atoms per carbon atom. The com-
bustion of a reduced compound liberates
more energy than the combustion of a
more oxidized one. An example of a mol-
ecule more reduced than a carbohydrate
is the familiar alcohol ethanol (C,HO);
a more oxidized molecule is pyruvic acid
(C3H,04).

Differences in the relative abundance
of hydrogen and oxygen atoms in or-
ganic molecules result primarily from
one of the following reactions: (1) the
removal (dehydrogenation) or addition
(hydrogenation) of hydrogen atoms, (2)
the addition of water (hydration), fol-
lowed by dehydrogenation; (3) the di-
rect addition of oxygen (oxygenation).
The second and third of these processes
introduce into organic matter additional
oxygen atoms either from water or from
molecular oxygen. On decomposition the
oxygen atoms of organic molecules are
released as carbon dioxide and water.
The biological oxidation of molecules
such as carbohydrates can be written as
the reverse of photosynthesis: CH,O +
O, = CO;, + H50 + energy. The oxy-
gen atom of the organic molecule ap-
pears in the carbon dioxide and the mo-
lecular oxygen acts as the acceptor for
the hydrogen atoms.

The three major nonliving sources of
oxygen atoms are therefore carbon diox-
ide, water and molecular oxygen, and
since these molecules exchange oxygen
atoms, they can be considered as a com-
mon pool. Common mineral oxides such
as nitrate ions and sulfate ions are also
oxygen -sources for living organisms,

which reduce them to ammonia (NH,)
and hydrogen sulfide (H,S). They are
subsequently reoxidized, and so as the
oxides circulate through the biosphere
their oxygen atoms are exchanged with
water.

The dynamic role of molecular oxygen

is as an electron sink, or hydrogen
acceptor, in biological oxidations. The
biological oxidation of organic molecules
proceeds primarily by dehydrogenation:
enzymes remove hydrogen atoms from
the substrate molecule and transfer them
to specialized molecules that function as
hydrogen carriers [see top illustration on
pages 116 and 117]. If these carriers
become saturated with hydrogen, no
further oxidation can take place until
some other acceptor becomes available.
In the anaerobic process of fermentation
organic molecules serve as the hydrogen
acceptor. Fermentation therefore results
in the oxidation of some organic com-
pounds and the simultaneous reduction
of others, as in the fermentation of glu-
cose by yeast: part of the sugar molecule
is oxidized to carbon dioxide and other
parts are reduced to ethanol.

In aerobic respiration oxygen serves
as the hydrogen acceptor and water is
produced. The transfer of hydrogen
atoms (which is to say of electrons and
protons) to oxygen is channeled through
an array of catalysts and cofactors.
Prominent among the cofactors are the
iron-containing pigmented molecules
called cytochromes, of which there are
several kinds that differ in their affinity
for electrons. This affinity is expressed as
the oxidation-reduction, or “redox,” po-
tential of the molecule; the more positive
the potential, the greater the affinity of
the oxidized molecule for electrons. For
example, the redox potential of cyto-
chrome b is .12 volt, the potential of
cytochrome ¢ is .22 volt and the poten-
tial of cytochrome a is .29 volt. The
redox potential for the reduction of oxy-
gen to water is .8 volt. The passage of
electrons from one cytochrome to an-
other down a potential gradient, from
cytochrome b to cytochrome ¢ to the
cytochrome a complex and on to oxygen,
results in the alternate reduction and
oxidation of these cofactors. Energy
liberated in such oxidation-reduction re-
actions is coupled to the synthesis of
high-energy phosphate compounds such
as adenosine triphosphate (ATP). The
special copper-containing enzyme cyto-
chrome oxidase mediates the ultimate
transfer of electrons from the cyto-
chrome a complex to oxygen. This ac-
tivation and binding of oxygen is seen
as the fundamental step, and possibly
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the original primitive step, in the evolu-
tion of oxidative metabolism.

In cells of higher organisms the oxi-
dative system of enzymes and electron
carriers is located in the special organ-
elles called mitochondria. These organ-
elles can be regarded as efficient low-
temperature furnaces where organic
molecules are burned with oxygen. Most
of the released energy is converted into
the high-energy bonds of ATP.

l\xlolecular oxygen reacts spontaneous-

ly with organic compounds and
other reduced substances. This reactivity
explains the toxic effects of oxygen above
tolerable concentrations. Louis Pasteur
discovered that very sensitive organisms
such as obligate anaerobes cannot toler-
ate oxygen concentrations above about
1 percent of the present atmospheric
level. Recently the cells of higher or-
ganisms have been found to contain
organelles called peroxisomes, whose
major function is thought to be the pro-
tection of cells from oxygen. The peroxi-
somes contain enzymes that catalyze the
direct reduction of oxygen molecules
through the oxidation of metabolites such
as amino acids and other organic acids.
Hydrogen peroxide (H»O,) is one of the
products of such oxidation. Another of
the peroxisome enzymes, catalase, uti-
lizes the hydrogen peroxide as a hydro-
gen acceptor in the oxidation of sub-
strates such as ethanol or lactic acid. The
rate of reduction of oxygen by the
peroxisomes increases proportionately
with an increase in oxygen concentra-
tion, so that an excessive amount of oxy-
gen in the cell increases the rate of its
reduction by peroxisomes.

Christian de Duve of Rockefeller Uni-
versity has suggested that the peroxi-
somes represent a primitive enzyme sys-
tem that evolved to cope with oxygen
when it first appeared in the atmosphere.
The peroxisome enzymes enabled the
first oxidatively metabolizing cells to use
oxygen as a hydrogen acceptor and so
reoxidize the reduced products of fer-
mentation. In some respects this process
is similar to the oxidative reactions of
the mitochondria. Both make further
dehydrogenation possible by liberating
oxidized hydrogen carriers. The basic
difference between the mitochondrial
oxidation reactions and those of peroxi-
somes is that in peroxisomes the steps of
oxidation are not coupled to the syn-
thesis of ATP. The energy released in
the peroxisomes is thus lost to the cell;
the function of the organelle is primarily
to protect against the destructive effects
of free molecular oxygen.

Oxygen dissolved in water can diffuse

13
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BIOSPHERE EXCHANGES water vapor, oxygen and carbon dioxide with the atmosphere
and hydrosphere in a continuing cycle, shown here in simplified form. All the earth’s water
is split by plant cells and reconstituted by animal and plant cells about every two million
years. Oxygen generated in the process enters the atmosphere and is recycled in about
2,000 years. Carbon dioxide respired by animal and plant cells enters the atmosphere and is
fixed again by plant cells after an average atmospheric residence time of about 300 years.

across both the inner and the outer mem-
branes of the cell, and the supply of oxy-
gen by diffusion is adequate for single
cells and for organisms consisting of
small colonies of cells. Differentiated
multicellular organisms, however, re-
quire more efficient modes of supplying
oxygen to tissues and organs. Since all
higher organisms depend primarily on
mitochondrial aerobic oxidation to gen-
erate the energy that maintains their ac-
tive mode of life, they have evolved elab-
orate systems to ensure their tissues an
adequate supply of oxygen, the gas that
once was lethal (and still is, in excess).
Two basic devices serve this purpose:
special chemical carriers that increase
the oxygen capacity of body fluids, and
anatomical structures that provide rela-
tively large surfaces for the rapid ex-
change of gases. The typical properties
of an oxygen carrier are exemplified by
those of hemoglobin and of myoglobin,
or muscle hemoglobin. Hemoglobin in
blood readily absorbs oxygen to near-
saturation at oxygen pressures such as
those found in the lung. When the blood
is exposed to lower oxygen pressures as
it moves from the lungs to other tissues,
the hemoglobin discharges most of its
bound oxygen. Myoglobin, which acts as

14

a reservoir to meet the sharp demand for
oxygen in muscle contraction, gives up
its oxygen more rapidly. Such reversible
bonding of oxygen in response to changes
in oxygen pressure is an essential proper-
ty of biochemical oxygen carriers.

Lungs and gills are examples of ana-
tomical structures in which large wet
areas of thin membranous tissue come in
contact with oxygen. Body fluids are
pumped over one side of these mem-
branes and air, or water containing oxy-
gen, over the other side. This ensures a
rapid gas exchange between large vol-
umes of body fluid and the environment.

Ilow did the relations between orga-

nisms and gaseous oxygen happen
to evolve in such a curiously compli-
cated manner? The atmosphere under
which life arose on the earth was almost
certainly devoid of free oxygen. The low
concentration of noble gases such as
neon and krypton in the terrestrial at-
mosphere compared with their cosmic
abundance, together with other geo-
chemical evidence, indicates that the ter-
restrial atmosphere had a secondary
origin in volcanic outgassing from the
earth’s interior. Oxygen is not known
among the gases so released, nor is it
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found as inclusions in igneous rocks. The
chemistry of rocks older than about two
billion years is also inconsistent with the
presence of more than trivial quantities
of free atmospheric oxygen before that
time. Moreover, it would not have been
possible for the essential chemical pre-
cursors of life—or life itself—to have orig-
inated and persisted in the presence of
free oxygen before the evolution of suit-
able oxygen-mediating enzymes.

On such grounds we conclude that the
first living organism must have depend-
ed on fermentation for its livelihood. Or-
ganic substances that originated in non-
vital reactions served as substrates for
these primordial fermentations. The first
organism, therefore, was not only an an-
aerobe; it was also a heterotroph, depen-
dent on a preexisting organic food sup-
ply and incapable of manufacturing its
own food by photosynthesis or other
autotrophic processes.

The emergence of an autotroph was
an essential step in the onward march
of biological evolution. This evolutionary
step left its mark in the rocks as well as
on all living forms. Some fated eobiont,
as we may call these early life forms
whose properties we can as yet only
imagine, evolved and became an auto-
troph, an organism capable of manufac-
turing its own food. Biogeological evi-
dence suggests that this critical event
may have occurred more than three bil-
lion years ago.

If, as seems inescapable, the first auto-
trophic eobiont was also anaerobic, it
would have encountered difficulty when
it first learned to split water and release
free oxygen. John M. Olson of the Brook-
haven National Laboratory recently sug-
gested biochemical arguments to sup-
port the idea that primitive photosyn-
thesis may have obtained electrons from
substances other than water. He argues
that large-scale splitting of water and re-
lease of oxygen may have been delayed
until the evolution of appropriate en-
zymes to detoxify this reactive substance.

We nevertheless find a long record of
oxidized marine sediments of a peculiar
type that precedes the first evidence of
atmospheric oxygen in rocks about 1.8
billion years old; we do not find them
in signiﬁcant amounts in more recent
strata. These oxidized marine sediments,
known as banded iron formations, are
alternately iron-rich and iron-poor
chemical sediments that were laid down
in open bodies of water. Much of the
iron in them is ferric (the oxidized form,
Fet**) rather than ferrous (the re-
duced form, Fe* *), implying that there
was a source of oxygen in the column
of water above them. Considering the
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made by William W. Rubey, indicates that the elements are present
in about the proportion, 12/32, that would account for their deriva-
tion through photosynthesis from carbon dioxide (one atom of car-
bon, molecular weight 12, to two of oxygen, molecular weight 16).
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OXIDATION involves a decrease in the number of hydrogen at.
oms in a molecule or an increase in the number of oxygen atoms.

problems that would face a water-split-
ting photosynthesizer before the evolu-
tion of advanced oxygen-mediating en-
zymes such as oxidases and catalases,
one can visualize how the biological oxy-
gen cycle may have interacted with ions
in solution in bodies of water during that
time. The first oxygen-releasing photo-
autotrophs may have used ferrous com-
pounds in solution as oxygen acceptors—
oxygen for them being merely a toxic
waste product. This would have precipi-
tated iron in the ferric form (4FeO + O,
— 2Fe,03) or in the ferro-ferric form
(Fe304). A recurrent imbalance of sup-
ply and demand might then account for
the cyclic nature and differing types of
the banded iron formations.

Once advanced oxygen-mediating en-
zymes arose, oxygen generated by in-
creasing populations of photoautotrophs

D-GLUCURONIC ACID

= CH,0 + O,? Except to the extent
that carbon or its compounds are some-
how sequestered, carbohydrates pro-
duced by photosynthesis will be reoxi-
dized back to carbon dioxide and water,
and no significant quantity of free oxy-
gen will accumulate. The carbon that is
sequestered in the earth as graphite in
the oldest rocks and as coal, oil, gas and
other carbonaceous compounds in the
younger ones, and in the living and dead
bodies of plants and animals, is the

SUCCINIC ACID

FUMARIC ACID

It may be accomplished in several ways. In oxygenation (a) oxy-
gen is added directly. In dehydrogenation (b) hydrogen is re-

equivalent of the oxygen in oxidized sed-
iments and in the earth’s atmosphere! In
attempting to strike a carbon-oxygen
balance we must find enough carbon to
account not only for the oxygen in the
present atmosphere but also for the “fos-
sil” oxygen that went into the conversion
of ferrous oxides to ferric oxides, sulfides
to sulfates, carbon monoxide to carbon
dioxide and so on.

Interestingly, rough estimates made
some years ago by William W. Rubey,

i A

containing these enzymes would build

up in the oceans and begin to escape into GLUCOSE GLUCOSE- FRUCTOSE- FRUCTOSE-
the atmosphere. There the ultraviolet 6 PHOSPHATE 6 PHOSPHATE 1,6-DIPHOSPHATE
component of the sun’s radiation would

dissociate some of the molecular oxygen @ CARBON O OXYGEN o HYDROGEN ® PHOSPHATE

into highly reactive atomic oxygen and
also give rise to equally reactive ozone.
Atmospheric oxygen and its reactive de-
rivatives (even in small quantities) would
lead to the oxidation of iron in sediments
produced by the weathering of rocks, to
the greatly reduced solubility of iron in
surface waters (now oxygenated), to the
termination of the banded iron forma-
tions as an important sedimentary type
and to the extensive formation of conti-
nental red beds rich in ferric iron [see
illustration on page 110]. The record of
the rocks supports this succession of
events: red beds are essentially restrict-
ed to rocks younger than about 1.8 bil-
lion years, whereas banded iron forma-
tion is fcund only in older rocks.

So far we have assumed that oxygen ac-

cumulated in the atmosphere as a
consequence of photosynthesis by green
plants. How could this happen if the en-
tire process of photosynthesis and respi-
ration is cyclic, representable by the re-
versible equation CO, + H,O + energy

116

ADP

OXIDATIVE METABOLISM provides the energy that powers all higher forms of life. It
proceeds in two phases: glycolysis (top), an anaerobic phase that does not require oxygen,
and aerobic respiration (bottom), which requires oxygen. In glycolysis (or fermentation,
the anaerobic process by which organisms such as yeast derive their energy) a molecule of
the six-carbon sugar glucose is broken down into two molecules of the three-carbon com-
pound pyruvic acid with a net gain of two molecules of adenosine triphosphate, the cellular
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moved. In hydration-dehydrogenation (¢) water is added and hydrogen is removed. Oxy-
genation does not occur in respiration, in which oxygen serves only as a hydrogen acceptor.

now of the University of California at
Los Angeles, do imply an approximate
balance between the chemical combin-
ing equivalents of carbon and oxygen in
sediments, the atmosphere, the hydro-
sphere and the biosphere [see bottom il-
lustration on page 115]. The relatively
small excess of carbon in Rubey’s esti-
mates could be accounted for by the oxy-
gen used in converting carbon monoxide
to carbon dioxide. Or it might be due to
an underestimate of the quantities of sul-

DIHYDROXYACETONE

fate ion or ferric oxide in sediments.
(Rubey’s estimates could not include
large iron formations recently discovered
in western Australia and elsewhere.) The
carbon dioxide in carbonate rocks does
not need to be accounted for, but the
oxygen involved in converting it to car-
bonate ion does. The recycling of sedi-
ments through metamorphism, moun-
tain-building and the movement of
ocean-floor plates under the continents
is a variable of unknown dimensions, but

it probably does not affect the approxi-
mate balance observed in view of the
fact that the overwhelmingly large pools
to be balanced are all in the lithosphere
and that carbon and oxygen losses would
be roughly equivalent. The small
amounts of oxygen dissolved in water
are not included in this balance.
Nonetheless, water does enter the pic-
ture. Another possible source of oxygen
in our atmosphere is photolysis, the ul-
traviolet dissociation of water vapor in
the outer atmosphere followed by the
escape of the hydrogen from the earth’s
gravitational field. This has usually been
regarded as a trivial source, however.
Although R. T. Brinkmann of the Cali-
fornia Institute of Technology has re-
cently argued that nonbiological photol-
ysis may be a major source of atmo-
spheric oxygen, the carbon-oxygen bal-
ance sheet does not support that belief,
which also runs into other difficulties.
When free oxygen began to accumu-
late in the atmosphere some 1.8 billion
years ago, life was still restricted to sites
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energy carrier. The pyruvic acid is converted into lactic acid in
animal cells deprived of oxygen and into some other compound,
such as ethanol, in fermentation. In aerobic cells in the presence
of oxygen, however, pyruvic acid is completely oxidized to produce
carbon dioxide and water. In the process hydrogen ions are re-
moved. The electrons of these hydrogens (and of two removed in

glycolysis) are passed along by two electron carriers, nicotinamide
adenine dinucleotide (NAD) and flavin adenine dinucleotide
(FAD), to a chain of respiratory enzymes, ubiquinone and the cyto-
chromes, which are alternately reduced and oxidized. Energy re-
leased in the reactions is coupled to synthesis of ATP, 38 molecules
of which are produced for every molecule of glucose consumed.
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shielded from destructive ultraviolet ra-
diation by sufficient depths of water or
by screens of sediment. In time enough
oxygen built up in the atmosphere for
ozone, a strong absorber in the ultravio-
let, to form a shield against incoming
ultraviolet radiation. The late Lloyd V.
Berkner and Lauriston C. Marshall of
the Graduate Research Center of the
Southwest in Dallas calculated that only
1 percent of the present atmospheric
level of oxygen would give rise to a
sufficient level of ozone to screen out the
most deleterious wavelengths of the ul-
traviolet radiation. This also happens to
be the level of oxygen at which Pas-
teur found that certain microorganisms
switch over from a fermentative type of
metabolism to an oxidative one. Berkner
and Marshall therefore jumped to the
conclusion (reasonably enough on the
evidence they considered) that this was
the stage at which oxidative metabolism
arose. They related this stage to the first
appearance of metazoan life somewhat
more than 600 million years ago.

r‘Fhe geological record has long made

it plain, however, that free molecu-
lar oxygen existed in the atmosphere well
before that relatively late date in geo-

logic time. Moreover, recent evidence is
consistent with the origin of oxidative
metabolism at least twice as long ago.
Eucaryotic cells—cells with organized
nuclei and other organelles—have been
identified in rocks in eastern California
that are believed to be about 1.3 billion
years old [see top illustration on page
112]. Since all living eucaryotes depend
on oxidative metabolism, it seems likely
that these ancestral forms did too. The
oxygen level may nonetheless have still
been quite low at this stage. Simple dif-
fusion would suffice to move enough
oxygen across cell boundaries and within
the cell, even at very low concentrations,
to supply the early oxidative metabo-
lizers. A higher order of organization
and of atmospheric oxygen was required,
however, for advanced oxidative metab-
olism. Perhaps that is why, although
the eucaryotic cell existed at least 1.2
billion years ago, we have no unequiv-
ocal fossils of metazoan organisms from
rocks older than perhaps 640 million
years.

In other words, perhaps Berkner and
Marshall were mistaken only in trying
to make the appearance of the Metazoa
coincide with the onset of oxidative me-
tabolism. Once the level of atmospheric

oxygen was high enough to generate an
effective ozone screen, photosynthetic
organisms would have been able to
spread throughout the surface waters of
the sea, greatly accelerating the rate of
oxygen production. The plausible epi-
sodes in geological history to correlate
with this development are the secondary
oxidation of the banded iron formations
and the appearance of sedimentary cal-
cium sulfate (gypsum and anhydrite) on
a large scale. These events occurred just
as or just before the Metazoa first ap-
peared in early Paleozoic time. The at-
tainment of a suitable level of atmo-
spheric oxygen may thus be correlated
with the emergence of metazoan root
stocks from premetazoan ancestors be-
ginning about 640 million years ago. The
fact that oxygen could accumulate no
faster than carbon (or hydrogen) was re-
moved argues against the likelihood of a
rapid early buildup of oxygen.

That subsequent biospheric and at-
mospheric evolution were closely inter-
linked can now be taken for granted.
What is not known are the details. Did
oxygen levels in the atmosphere increase
steadily throughout geologic time, mark-
ing regular stages of biological evolution
such as the emergence of land plants, of

BANDED IRON FORMATION provides the first geological evi-
dence of free oxygen in the hydrosphere. The layers in this pol-
ished cross section result from an alternation of iron-rich and iron-
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poor depositions. This sample from the Soudan Iron Formation in
Minnesota is more than 2.7 billion years old. The layers, originally
horizontal, were deformed while soft and later metamorphosed.



Packaging alternatives in a
consumption oriented economy.

A report from TheCﬂ _

In the good old days, a bottle
of Coca-Cola came back for refill-
.. » ing40or 50 times. Small

% 4 kids used to comb the

. countrysides and back-
\  alleyslooking for 2¢ de-
posit empties. The ®
Coca-Cola Company and the soft drink
, & industry were both built on the pack-

14 aging of returnable beverage bottles.
This container was obviously one of the
mostefficient recycling mechanisms ever
developed.

But many pressures have
broughtabout changesin the returnable

bottle system. Many consumers don’t
want to be involved in handling, in-
ventoring, and transporting returnable
bottles. Actually, returnable bottle
trippage has decreased over the
became the . years because more consumers are
for CocaCola. DOt returning them, thus increasing
the costs associated with being in a returnable sys-
tem. The development of efficient systems for
handling one-way bottles and cans has narrowed
the price differential between convenience packages
and returnables, which makes the returnables less
of a consumer value than it used to be. More impor-
tantly, the consumer is more affluent today and
willing to spend a little extra for convenience in any
form i.e. foods, packaging, etc., etc.

As a result, today about 50% of our indus-
try’s products are sold in returnable bottles and 50%
in convenience containers, either cans or one-way
bottles. Thisisconsiderablydifferent withCoca-Cola.
Our ratio is approximately 70% returnables & 30%
in convenience containers. —

However, one-way pene- § ===, —
tration varies substantially from
market to market. The availability
of more convenience packaging
also makes it more “convenient”
for the consumer to enjoy Coke
and throw the container away.
Sometimes in the proper place.
Sometimes not.

As a result, the soft drink
industry has come under a sub-
stantial amount of pressure be-
cause our trade-mark containers

Introduced in
1916, this
became the

4
:

In 1959, Coca-Cola was made

available in cans.

i.1-Cola Company.

are among the more visible components
of a very visible stream of litter. Results
fromarecent litter study conducted by the
Highway Research Board, indicates that
soft drink containers account for less
than 6% of total litter. For many months
The Coca-ColaCompany has been in-
volved in a mix of activities with the
objectives of mitigating solid waste and litter
problems:

1. We have gone back through all of the
packaging materials’ recycling mechanisms to eval-
uate the flow where we can participate and have
defined the circumstances that have to exist to facil-
itate participation. This analysis is now an input into
our marketing and business plan.

S
AR

The no-deposit

| no-return bottle for
Coca-Cola, first
appeared in 1961.

2. We are always promoting the returnable
bottle because it remains one of the best recycling
mechanisms. There are also attractive economies
associated with this container—both for the con-
sumer and bottler. A completely new advertising
campaign is now available to our bottlers for the
purpose of promoting its economical and ecological
values.

3. At the present time, we are test-market-
ing a plastic bottle for carbonated beverages. The
particular plastic involved can be incinerated with-
outgenerating any corrosion because of combustion.
We are also exploring business systems for reclaim-
ing material values existing in used containers.

4. We are making a complete system study
of all packaging strategies from extraction to de-
posing or recycling to determine the impacts on
land, water, and air, energy resources, and environ-
ment, etc.

In addition to these actions, many bottling
plants are presently recycling paper board, glass
cullet, and other operational bi-products and some
cities have installed steel can recovery systems after
incineration.

The Coca-Cola Company is aware of the
need to develop more efficient packaging systems
that will help solve some of the problems of solid
waste and litter. As you see we're
working very hard at it.

Tie CetiGil Company

— |
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insects, of the various vertebrate groups
and of flowering plants, as Berkner and
Marshall suggested? Or were there wide
swings in the oxygen level? Did oxygen
decrease during great volcanic episodes,
as a result of the oxidation of newly emit-
ted carbon monoxide to carbon dioxide,

or during times of sedimentary sulfate
precipitation? Did oxygen increase when
carbon was being sequestered during
times of coal and petroleum formation?
May there have been fluctuations in both
directions as a result of plant and animal
evolution, of phytoplankton eruptions

and extinctions and of the extent and
type of terrestrial plant cover? Such
processes and events are now being seri-
ously studied, but the answers are as yet
far from clear.

What one can say with confidence is
that success in understanding the oxy-
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CHRONOLOGY that interrelates the evolutions of atmosphere
and biosphere is gradually being established from evidence in the
geological record and in fossils. According to calculations by Lloyd
V. Berkner and Lauriston C. Marshall, when oxygen in the atmo-
sphere reached 1 percent of the present atmospheric level, it pro-
vided enough ozone to filter out the most damaging high-energy
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ultraviolet radiation so that phytoplankton could survive every-
where in the upper, sunlit layers of the seas. The result may have
been a geometric increase in the amount of photosynthesis in the
oceans that, if accompanied by equivalent sequestration of carbon,
might have resulted in arapid buildup of atmospheric oxygen, lead-
ing in time to the evolution of differentiated multicelled animals.



The
Good
war

It's the fight against our
common enemy, pollution.

Today no power com-
pany can produce electric-
ity without also producing
some pollution.

TodayatCon Edisonwe
are pledged to bringing it
to the irreducible minimum.
Thatwillbealong, hardand
costly fight.

But it's as important to
us all as a cool drink of
water or a breath of fresh
air.
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CLIMATE, MAN,
AND HISTORY

By ROBERT CLAIBORNE. A con-
tributor to Scientific American tells
what climate has done to man, and
man to climate. “Understandable . . .
exciting and stimulating.”—PROFESSOR

RHODES W. FAIRBRIDGE, Columbia Uni- |

versity. Illustrated. $8.95

OUR PRECARIOUS
HABITAT

By MELVIN A. BENARDE. This
integrated approach to understanding
man’s effect on his environment is
“thoroughly scientific . . . Should be
read by every decision-maker before
public funds are recklessly scattered.”
—Boston Globe. Illustrated.

THE HUDSON RIVER
A Natural and
Unnatural History

By ROBERT BOYLE. “A magnificent
book about the ‘Great River of the
Mountains,” the Hudson.” — CARL
CARMER, N. Y. Times Book Review.
“Extraordinary and thoroughly absorb-
ing.”— BROOKS ATKINSON

Illustrated. $6.95

SEARCHERS AT THE GULF

By FRANKLIN RUSSELL. “A com-
panion volume to the author’s excellent
Watchers at the Pond. . . . The subject,
as before, is biological struggle. The
result is genuine drama.”—New Yorker.
$5.95

At all bookstores

8% w. w. NORTON & COMPANY, INC.
55 Fifth Ave., N.Y. 10003

$6.95
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terms will depend on how good we are
at weaving together the related strands
of biospheric, atmospheric, hydrospheric
and lithospheric evolution throughout
geologic time. Whatever we may con-

| jecture about any one of these processes

must be consistent with what is known
about the others. Whereas any one line
of evidence may be weak in itself, a num-
ber of lines of evidence, taken together
and found to be consistent, reinforce one
another exponentially. This synergistic
effect enhances our confidence in the
proposed time scale linking the evolution
of oxygen in the atmosphere and the
management of the gaseous oxygen
budget within the biosphere [see illus-
tration on page 120].

he most recent factor affecting the

oxygen cycle of the biosphere and
the oxygen budget of the earth is man
himself. In addition to inhaling oxygen
and exhaling carbon dioxide as a well-
behaved animal does, man decreases
the oxygen level and increases the car-
bon dioxide level by burning fossil fuels
and paving formerly green land. He is
also engaged in a vast but unplanned

ciperment to sec wildt €IIeCts Ol SPIS
and an array of pesticides will have on
the world’s phytoplankton. The increase
in the albedo, or reflectivity, of the earth
as a result of covering its waters with a
molecule-thick film of oil could also af-
fect plant growth by lowering the tem-
perature and in other unforeseen ways.
Reductions in the length of growing sea-
sons and in green areas would limit ter-
restrial plant growth in the middle lati-
tudes. (This might normally be counter-
balanced by increased rainfall in the
lower latitudes, but a film of oil would
also reduce evaporation and therefore
rainfall.) Counteracting such effects,
man moves the earth’s fresh water
around to increase plant growth and
photosynthesis in arid and semiarid re-
gions. Some of this activity, however,
involves the mining of ground water,
thereby favoring processes that cause
water to be returned to the sea at a
faster rate than evaporation brings it to
the land.

He who is willing to say what the final
effects of such processes will be is wiser
or braver than we are. Perhaps the ef-
fects will be self-limiting and self-cor-
recting, although experience should

THREE ORGANELLES that are involved in oxygen metabolism in the living cell are en-
larged 40,000 diameters in an electron micrograph of a tobacco leaf cell made by Sue
Ellen Frederick in the laboratory of Eldon H. Newcomb at the University of Wisconsin. A
peroxisome (center) is surrounded by three mitochondria and three chloroplasts. Oxygen is
produced in the grana (layered objects) in the chloroplasts and is utilized in aerobic res-
| piration in the mitochondria. Peroxisomes contain enzymes involved in oxygen metabolism.
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warn us not to gamble on that. Oxygen
in the atmosphere might be reduced sev-
eral percent below the present level
without adverse effects. A modest in-
crease in the carbon dioxide level might
enhance plant growth and lead to a cor-

responding increase in the amount of |

oxygen. Will a further increase in carbon
dioxide also have (or renew) a “green-
house effect,” leading to an increase in
temperature (and thus to a rising sea lev-
el)? Or will such effects be counterbal-
anced or swamped by the cooling effects
of particulate matter in the air or by in-
creased albedo due to oil films? It is any-
one’s guess. (Perhaps we should be more
alarmed about a possible decrease of at-
mospheric carbon dioxide, on which all
forms of life ultimately depend, but the
sea contains such vast amounts that it
can presumably keep carbon dioxide in
the atmosphere balanced at about the
present level for a long time to come.)
The net effect of the buming of fossil
fuels may in the long run be nothing
more than a slight increase (or decrease?)
in the amount of limestone deposited.
In any event the recoverable fossil fuels
whose combustion releases carbon di-

oxide are headed for depletion in a few |

more centuries, and then man will have
other problems to contend with.

What we want to stress is the indivisi-
bility and complexitv of the environ-
ment. For example, the earth’s atmo-
sphere is so thoroughly mixed and so
rapidly recycled through the biosphere
that the next breath you inhale will con-
tain atoms exhaled by Jesus at Geth-
semane and by Adolf Hitler at Munich.
It will also contain atoms of radioactive
strontium 90 and iodine 131 from atomic
explosions and gases from the chimneys
and exhaust pipes of the world. Present
environmental problems stand as a grim
monument to the cumulatively adverse
cffects of actions that in themselves were
reasonable enough but that were taken
without sufficient thought to their con-
sequences. If we want to ensure that
the biosphere continues to exist over the
long term and to have an oxygen cycle,
each new action must be matched with
an effort to foresee its consequences
throughout the ecosystem and to deter-
mine how they can be managed favor-
ably or avoided. Understanding also is
needed, and we are woefully short on
that commodity. This means that we
must continue to probe all aspects of the
indivisible global ecosystem and its past,
present and potential interactions. That
is called basic research, and basic re-
search at this critical point in history is
gravely endangered by new crosscur-
rents of anti-intellectualism.
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all interested in the development of man and his past.

Dr Glyn Daniel of the Faculty of Archaeology and
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LEARN
ASTRONOMY
AT HOME!

complete home-studv
courses are now available for
Amateur Astronomers—

* VISUAL ASTRONOMY

for Beginners in 10 lessons

* TELESCOPIC ASTRON-
OMY for Advanced Stu-

dents in 18 lessons

Two

This exciting twenty-eight les-
son program is designed to in-
troduce and teach by personal-
ized methods the concepts and
techniques of astronomy to the
modern sky watcher.

Send today for our
Free school brochure.

Coast Navigation School
SCHOOL OF ASTRONOMY

Dept. 4146, 418 E. Canon
Perdido, Santa Barbara,
California 93101
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UNUSUAL TOOL?

A superb collection of unusual tools,
instruments, gadgets and materials for the
creative craftsman or technician. Research,
optics and photo labs who build or customize
things can now find unique tools not available
anywhere else.

If you don't know where to buy it,
chances are ifs a stock item at National
Camera.

Send now for your FREE, illustrated

NC Flasher catalog to Dept. JSA
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AL UANDUIN UTULL

The main cycle 1s from carbon dioxide to living matter and back

to carbon dioxide. Some of the carbon, however, 1s removed by a

slow epicycle that stores huge mventories in sedimentary rocks

he biosphere contains a complex
I mixture of carbon compounds in a
continuous state of creation, trans-
formation and decomposition. This dy-
namic state is maintained through the
ability of phytoplankton in the sea and
plants on land to capture the energy of
sunlight and utilize it to transform car-
bon dioxide (and water) into organic
molecules of precise architecture and
rich diversity. Chemists and molecular
biologists have unraveled many of the
intricate processes needed to create the
microworld of the living cell. Equally
fundamental and no less interesting is
the effort to grasp the overall balance
and flow of material in the worldwide
community of plants and animals that
has developed in the few billion years
since life began. This is ecology in the
broadest sense of the word: the complex
interplay between, on the one hand,
communities of plants and animals and,
on the other, both kinds of community
and their nonliving environment.

We now know that the biosphere has
not developed in a static inorganic en-
vironment. Rather the living world has
profoundly altered the primitive lifeless
earth, gradually changing the composi-
tion of the atmosphere, the sea and the
top layers of the solid crust, both on land
and under the ocean. Thus a study of
the carbon cycle in the biosphere is fun-
damentally a study of the overall global
interactions of living organisms and their

by Bert Bolin

physical and chemical environment. To
bring order into this world of complex
interactions biologists must combine
their knowledge with the information
available to students of geology, ocean-
ography and meteorology.

The engine for the organic processes
that reconstructed the primitive earth is
photosynthesis. Regardless of whether it
takes place on land or in the sea, it
can be summarized by a single reac-
tion: CO, + 2H,A + light > CH,0 +
H,0 + 2A + energy. The formaldehyde
molecule CH,O symbolizes the simplest
organic compound; the term “energy”
indicates that the reaction stores energy
in chemical form. HyA is commonly
water (H,0), in which case 2A symbol-
izes the release of free oxygen (O,).
There are, however, bacteria that can
use compounds in which A stands for
sulfur, for some organic radical or for
nothing at all.

Organisms that are able to use carbon
dioxide as their sole source of carbon are
known as autotrophs. Those that use
light energy for reducing carbon dioxide
are called phototrophic, and those that
use the energy stored in inorganic chem-
ical bonds (for example the bonds of ni-
trates and sulfates) are called chemolith-
otrophic. Most organisms, however, re-
quire preformed organic molecules for
growth; hence they are known as het-
erotrophs. The nonsulfur bacteria are
an unusual group that is both photosyn-

CARBON LOCKED IN COAL and oil exceeds by a factor of about 50 the amount of carbon
in all living organisms. The estimated world reserves of coal alone are on the order of 7,500
billion tons. The photograph on the opposite page shows a sequence of lignite coal seams
being strip-mined in Stanton, N.D., by the Western Division of the Consolidation Coal
Company. The seam, about two feet thick, is of low quality and is discarded. The second
seam from the top, about three feet thick, is marketable, as is the third seam, 10 feet farther
down. This seam is really two seams separated by about 10 inches of gray clay. The upper
is some 3% feet thick; the lower is about two feet thick. Twenty-four feet below the bot-
tom of this seam is still another seam (not shown) eight feet thick, which is also mined.
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thetic and heterotrophic. Chemohetero-
trophic organisms, for example animals,
obtain their energy from organic com-
pounds without need for light. An orga-
nism may be either aerobic or anaerobic
regardless of its source of carbon or en-
ergy. Thus some anaerobic chemoheter-
otrophs can survive in the deep ocean
and deep lakes in the total absence of
light or free oxygen.

There is more to plant life than the
creation of organic compounds by
photosynthesis. Plant growth involves a
series of chemical processes and trans-
formations that require energy. This en-
ergy is obtained by reactions that use
the oxygen in the surrounding water and
air to unlock the energy that has been
stored by photosynthesis. The process,
which releases carbon dioxide, is termed
respiration. It is a continuous process and
is therefore dominant at night, when
photosynthesis is shut down.

If one measures the carbon dioxide
at various levels above the ground in
a forest, one can observe pronounced
changes in concentration over a 24-hour
period [see top illustration on page 127].
The average concentration of carbon di-
oxide in the atmosphere is about 320
parts per million. When the sun rises,
photosynthesis begins and leads to a
rapid decrease in the carbon dioxide
concentration as leaves (and the needles
of conifers) convert carbon dioxide into
organic compounds. Toward noon, as the
temperature increases and the humidity
decreases, the rate of respiration rises
and the net consumption of carbon di-
oxide slowly declines. Minimum values
of carbon dioxide 10 to 15 parts per mil-
lion below the daily average are reached
around noon at treetop level. At sunset
photosynthesis ceases while respiration
continues, with the result that the car-
bon dioxide concentration close to the
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ground aday cicccd UV pdrts per Initi-
lion. This high value reflects partly the
release of carbon dioxide from the de-
composition of organic matter in the soil
and partly the tendency of air to stag-
nate near the ground at night, when
there is no solar heating to produce con-
vection currents.

The net productivity, or net rate of
fixation, of carbon dioxide varies greatly
from one type of vegetation to another.
Rapidly growing tropical rain forests an-
nually fix between one kilogram and two
kilograms of carbon (in the form of car-
bon dioxide) per square meter of land
surface, which is roughly equal to the
amount of carbon dioxide in a column
of air extending from the same area of
the earth’s surface to the top of the atmo-
sphere. The arctic tundra and the nearly
barren regions of the desert may fix as

UL 45 1 I)Cl‘ce]l[ Ul Uuldt a1fioulit, 111C
forests and cultivated fields of the mid-
dle latitudes assimilate between .2 and .4
kilogram per square meter. For the earth
as a whole the areas of high productivity
are small. A fair estimate is that the land
areas of the earth fix into organic com-
pounds 20 to 30 billion net metric tons
of carbon per year. There is considerable
uncertainty in this figure; published es-
timates range from 10 to 100 billion tons.

The amount of carbon in the form of
carbon dioxide consumed annually by
phytoplankton in the oceans is perhaps
40 Dbillion tons, or roughly the same as
the gross assimilation of carbon dioxide
by land vegetation. Both the carbon di-
oxide consumed and the oxygen released
are largely in the form of gas dissolved
near the ocean surface. Therefore most
of the carbon cycle in the sea is self-con-

1

ANIMAL
RESPIRATION

tdllled. tic 1Teledscdd Oxy gell 15 COlsUiced
by sea animals, and their ultimate de-
composition releases carbon dioxide
back into solution. As we shall see, how-
ever, there is a dynamic exchange of car-
bon dioxide (and oxygen) between the
atmosphere and the sea, brought about
by the action of the wind and waves. At
any given moment the amount of carbon
dioxide dissolved in the surface layers of
the sea is in close equilibrium with the
concentration of carbon dioxide in the
atmosphere as a whole.

The carbon fixed by photosynthesis on
land is sooner or later returned to the at-
mosphere by the decomposition of dead
organic matter. Leaves and litter fall to
the ground and are oxidized by a series
of complicated processes in the soil. We
can get an approximate idea of the rate
at which organic matter in the soil is

¥

CARBON CYCLE begins with the fixation of atmospheric carbon
dioxide by the process of photosynthesis, conducted by plants and
certain microorganisms. In this process carbon dioxide and water
react to form carbohydrates, with the simultaneous release of free
oxygen, which enters the atmosphere. Some of the carbohydrate is
directly consumed to supply the plant with energy; the carbon
dioxide so generated is released either through the plant’s leaves
or through its roots. Part of the carbon fixed by plants is consumed

126

by animals, which also respire and release carbon dioxide. Plants
and animals die and are ultimately decomposed by microorganisms
in the soil; the carbon in their tissues is oxidized to carbon diox-
ide and returns to the atmosphere. The widths of the pathways are
roughly proportional to the quantities involved. A similar carbon
cycle takes place within the sea. There is still no general agree-
ment as to which of the two cycles is larger. The author’s estimates
of the quantities involved appear in the flow chart on page 130.
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bemg transtormed by measuring its con-
tent of the radioactive isotope carbon 14.
At the time carbon is fixed by photosyn-
thesis its ratio of carbon 14 to the non-
radioactive isotope carbon 12 is the same
as the ratio in the atmosphere (except
for a constant fractionation factor), but
thereafter the carbon 14 decays and be-
comes less abundant with respect to the
carbon 12. Measurements of this ratio
yield rates for the oxidation of organic
matter in the soil ranging from decades
in tropical soils to several hundred years
in boreal forests.

In addition to the daily variations of
carbon dioxide in the air there is a
marked annual variation, at least in the
Northern Hemisphere. As spring comes
to northern regions the consumption of
carbon dioxide by plants greatly exceeds
the return from the soil. The increased
withdrawal of carbon dioxide can be
measured all the way up to the lower
stratosphere. A marked decrease in the
atmospheric content of carbon dioxide
occurs during the spring. From April to
September the atmosphere north of 30
degrees north latitude loses nearly 3 per-
cent of its carbon dioxide content, which
is equivalent to about four billion tons
of carbon [see bottom illustration at
right]. Since the decay processes in the
soil go on simultaneously, the net with-
drawal of four billion tons implies an an-
nual gross fixation of carbon in these
latitudes of at least five or six billion
tons. This amounts to about a fourth of
the annual terrestrial productivity re-
ferred to above (20 to 30 billion tons),
which was based on a survey of carbon
fixation. In this global survey the esti-
mated contribution from the Northern
Hemisphere, where plant growth shows
a marked seasonal variation, constituted
about 25 percent of the total tonnage.
Thus two independent estimates of
worldwide carbon fixation on land show
a quite satisfactory agreement.

The forests of the world not only are
the main carbon dioxide consumers on
land; they also represent the main reser-
voir of biologically fixed carbon (except
for fossil fuels, which have been largely
removed from the carbon cycle save for
the amount reintroduced by man’s burn-
ing of it). The forests contain between
400 and 500 billion tons of carbon, or
roughly two-thirds of the amount pres-
ent as carbon dioxide in the atmosphere
(700 billion tons). The figure for forests
can be estimated only approximately.
The average age of a tree can be as-
sumed to be about 30 years, which im-
plies that about 15 billion tons of carbon
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VERTICAL DISTRIBUTION OF CARBON DIOXIDE in the air around a forest varies
with time of day. At night, when photosynthesis is shut off, respiration from the soil can raise
the carbon dioxide at ground level to as much as 400 parts per million (ppm). By noon,
owing to photosynthetic uptake, the concentration at treetop level can drop to 305 ppm.
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ture from a mean value of about 320 ppm varies with altitude as shown by these two curves.
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transformed into wood, which seem/s
reasonable in comparison with a total
annual assimilation of 20 to 30 billion
tons.

The pattern of carbon circulation in
the sea is quite different from the pat-
tern on land. The productivity of the
soil is mostly limited by the availability
of fresh water and phosphorus, and only
to a degree by the availability of other
nutrients in the soil. In the oceans the
overriding limitation is the availability
of inorganic substances. The phyto-
plankton require not only plentiful sup-
plies of phosphorus and nitrogen but
also trace amounts of various metals, no-
tably iron.

The competition for food in the sea is
so keen that organisms have gradually
developed the ability to absorb essen-
tial minerals even when these nutrients
are available only in very low concen-
tration. As a result high concentrations
of nutrients are rarely found in surface
waters, where solar radiation makes it
possible for photosynthetic organisms to
exist. If an ocean area is uncommonly
productive, one can be sure that nutri-
ents are supplied from deeper layers. (In
limited areas they are supplied by the
wastes of human activities.) The most
productive waters in the world are there-
fore near the Antarctic continent, where
the deep waters of the surrounding
oceans well up and mix with the surface
layers. There are similar upwellings
along the coast of Chile, in the vicinity
of Japan and in the Gulf Stream. In such
regions fish are abundant and the maxi-
mum annual fixation of carbon ap-
proaches .3 kilogram per square meter.
In the “desert” areas of the oceans, such
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the fixation rate may be less than a tenth
of that value. In the Tropics warm sur-
face layers are usually effective in block-
ing the vertical water exchange needed
to carry nutrients up from below.

Phytoplankton, the primary fixers of
carbon dioxide in the sea, are eaten by
the zooplankton and other tiny animals.
These organisms in turn provide food
for the larger animals. The major part of
the oceanic biomass, however, consists
of microorganisms. Since the lifetime of
such organisms is measured in weeks, or
at most in months, their total mass can
never accumulate appreciably. When
microorganisms die, they quickly disin-
tegrate as they sink to deeper layers.
Soon most of what was once living tissue
has become dissolved organic matter.

A small fraction of the organic par-
ticulate matter escapes oxidation and
settles into the ocean depths. There it
profoundly influences the abundance of
chemical substances because (except in
special regions) the deep layers exchange
water with the surface layers very slow-
ly. The enrichment of the deep layers
goes hand in hand with a depletion of
oxygen. There also appears to be an in-
crease in carbon dioxide (in the form of
carbonate and bicarbonate ions) in the
ocean depths. The overall distribution of
carbon dioxide, oxygen and various mi-
nor constituents in the sea reflects a bal-
ance between the marine life and its
chemical milieu in the surface layers and
the slow transport of substances by the
general circulation of the ocean. The net
effect is to prevent the ocean from be-
coming saturated with oxygen and to en-
rich the deeper strata with carbonate
and bicarbonate ions.

1964 1965

YEAR

1966 1967 1968 1969

LONG-TERM VARIATIONS in the carbon dioxide content of the atmosphere have been
followed at the Mauna Loa Observatory in Hawaii by the Scripps Institution of Oceanogra-
phy. The sawtooth curve indicates the month-to-month change in concentration since Janu-
ary, 1959. The oscillations reflect seasonal variations in the rate of photosynthesis, as de-
picted in the bottom illustration on the preceding page. The smooth curve shows the trend.
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the oceans today could well be quite
different if the mechanisms for the ex-
change of water between the surface
layers and the deep ones were either
more intense or less so. The present state
is determined primarily by the sinking of
cold water in the polar regions, particu-
larly the Antarctic. In these regions the
water is also slightly saltier, and there-
fore still denser, because some of it has
been frozen out in floating ice. If the cli-
mate of the earth were different, the dis-
tribution of carbon dioxide, oxygen and
minerals might also be quite different. If
the difference were large enough, oxy-
gen might completely vanish from the
ocean depths, leaving them to be popu-
lated only by chemibarotrophic bacteria.
(This is now the case in the depths of the
Black Sea.)

The time required to establish a new
equilibrium in the ocean is determined
by the slowest link in the chain of proc-
esses that has been described. This link is
the oceanic circulation; it seems to take
at least 1,000 years for the water in the
deepest basins to be completely re-
placed. One can imagine other condi-
tions of circulation in which the oceans
would interact differently with sedi-
ments and rocks, producing a balance of
substances that one can only guess at.

So far we have been concerned only

with the basic biological and ecologi-
cal processes that provide the mecha-
nisms for circulating carbon through
living organisms. Plants on land, with
lifetimes measured in years, and phyto-
plankton in the sea, with lifetimes mea-
sured in weeks, are merely the innermost
wheels in a biogeochemical machine that
embraces the entire earth and that re-
tains important characteristics over much
longer time periods. In order to under-
stand such interactions we shall need
some rough estimates of the size of the
various carbon reservoirs involved and
the nature of their contents [see illus-
tration on page 130]. In the context of
the present argument the large uncer-
tainties in such estimates are of little sig-
nificance.

Only a few tenths of a percent of the
immense mass of carbon at or near the
surface of the earth (on the order of 20 X
1075 tons) is in rapid circulation in the
biosphere, which includes the atmo-
sphere, the hydrosphere, the upper por-
tions of the earth’s crust and the biomass
itself. The overwhelming bulk of near-
surface carbon consists of inorganic
deposits (chiefly carbonates) and organic
fossil deposits (chiefly oil shale, coal and
petroleum) that required hundreds of
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OIL SHALE is one of the principal sedimentary forms in which The formation is estimated to contain the equivalent of more than
carbon has been deposited over geologic time. This photograph, a trillion barrels of oil in seams containing more than 10 barrels
taken at Anvil Points, Colo., shows a section of the Green River of oil per ton of rock. Of this some 80 billion barrels is con-
Formation, which extends through Colorado, Utah and Wyoming. sidered recoverable. The shale seams are up to 130 feet thick.

WHITE CLIFFS OF DOVER consist of almost pure calcium car- than 70 million years ago. The worldwide deposits of limestone,

bonate, representing the skeletons of phytoplankton that settled oil shale and other carbon-containing sediments are by far the larg-
to the bottom of the sea over a period of millions of years more est repository of carbon: an estimated 20 quadrillion (1015) tons.
129
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CARBON CIRCULATION IN BIOSPHERE involves two quite
distinct cycles, one on land and one in the sea, that are dynamically
connected at the interface between the ocean and the atmosphere.
The carhon cycle in the sea is essentially self-contained in that
phytoplankton assimilate the carbon dioxide dissolved in seawater
and release oxygen back into solution. Zooplankton and fish con-
sume the carbon fixed by the phytoplankton, using the dissolved
oxygen for respiration. Eventually the decomposition of organic
matter replaces the carbon dioxide assimilated by the phytoplank-
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ton. All quantities are in billions of metric tons. It will be seen
that the combustion of fossil fuels at the rate of about five billion
tons per year is sufficient to increase the carbon dioxide in the
atmosphere by about .7 percent, equivalent to adding some two
parts per million to the existing 320 ppm. Since the observed an-
nual increase is only about .7 ppm, it appears that two-thirds of the
carbon dioxide released from fossil fuels is quickly removed from
the atmosphere, going either into the oceans or adding to the total
mass of terrestrial plants. The estimated tonnages are the author’s.
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magnitude. ‘Over time intervals as brief
as those of which we have been speak-
ing—up to 1,000 vears for the deep-
ocean circulation—the accretion of such
deposits is negligible. We may therefore
consider the life processes on land and
in the sea as the inner wheels that spin
at comparatively high velocity in the
carbon-circulating machine. They are
coupled by a very low gear to more ma-
jestic processes that account for the
overall circulation of carbon in its various
geologic and oceanic forms.

We now know that the two great sys-
tems, the atmosphere and the ocean, are
closely coupled to each other through
the transfer of carbon dioxide across the
surface of the oceans. The rate of ex-
change has recently been estimated by
measuring the rate at which the radio-
active isotope carbon 14 produced by the
testing of nuclear weapons has disap-
peared from the atmosphere. The neu-
trons released in such tests form carbon
14 by reacting with the nitrogen 14 of
the atmosphere. In this reaction a nitro-
gen atom (;N'1) captures a neutron and
subsequently releases a proton, yielding
«C™. (The subscript before the letter
represents the number of protons in the
nucleus; the superscript after the letter
indicates the sum of protons and neu-
trons.)

The last major atmospheric tests were
conducted in 1963. Sampling at various
altitudes and latitudes shows that the
constituents of the atmosphere became
rather well mixed over a period of a few
years. The decline of carbon 14, how-
ever, was found to be rapid; it can be
explained only by assuming an exchange
of atmospheric carbon dioxide, enriched
in carbon 14, with the reservoir of much
less radioactive carbon dioxide in the
sea. The measurements indicate that the
characteristic time for the residence of
carbon dioxide in the atmosphere before
the gas is dissolved in the sea is between
five and 10 years. In other words, every
year something like 100 billion tons of
atmospheric carbon dioxide dissolves in
the sea and is replaced by a nearly
equivalent amount of oceanic carbon di-
oxide.

Since around 1850 man has inadver-

tently been conducting a global geo-
chemical experiment by burning large
amounts of fossil fuel and thereby re-
turning to the atmosphere carbon that
was fixed by photosynthesis millions of
years ago. Currently between five and
six billion tons of fossil carbon per year
are being released into the atmosphere.
This would be enough to increase the

2.3 parts per million per year if the car-
bon dioxide were uniformly distributed
and not removed. Within the past cen-
tury the carbon dioxide content of the
atmosphere has risen from some 290
parts per million to 320, with more than
a fifth of the rise occurring in just the
past decade [sce illustration on page
128]. The total increase accounts for
only slightly more than a third of the
carbon dioxide (some 200 billion tons in
all) released from fossil fuels. Although
most of the remaining two-thirds has
presumably gone into the oceans, a sig-
nificant fraction may well have increased
the total amount of vegetation on land.
Laboratory studies show that plants
grow faster when the surrounding air is
enriched in carbon dioxide. Thus it is
possible that man is fertilizing fields and
forests by burning coal, oil and natural
gas. The biomass on land may have in-
creased by as much as 15 billion tons in
the past century. There is, however, lit-
tle concrete evidence for such an in-
crease.

Man has of course been changing his
environment in other ways. Over the
past century large areas covered with
forest have been cleared and turned to
agriculture. In such areas the charac-
ter of soil respiration has undoubtedly
changed, producing effects that might
have been detectable in the atmospheric
content of carbon dioxide if it had not
been for the simultaneous increase in
the burning of fossil fuels. In any case
the dynamic equilibrium among the ma-
jor carbon dioxide reservoirs in the bio-
mass, the atmosphere, the hydrosphere
and the soil has been disturbed, and it
can be said that they are in a period
of transition. Since even the most rapid
processes of adjustment among the res-
ervoirs take decades, new equilibriums
are far from being established. Gradual-
lv the deep oceans become involved;
their turnover time of about 1,000 years
and their rate of exchange with bottom
sediments control the ultimate partition-
ing of carbon.

Meanwhile human activities continue
to change explosively. The acceleration
in the consumption of fossil fuels implies
that the amount of carbon dioxide in the
atmosphere will keep climbing from its
present value of 320 parts per million to
between 375 and 400 parts per million
by the vear 2000, in spite of anticipated
large removals of carbon dioxide by land
vegetation and the ocean reservoir [sec
illustrations on next page]. A fundamen-
tal question is: What will happen over
the next 100 or 1,000 years? Clearly the

exponential changes cannot continue.
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which we are viewing the carbon cycle
by several orders of magnitude, to hun-
dreds of thousands or millions of years,
we can anticipate large-scale exchanges
between organic carbon on land and car-
bonates of biological origin in the sea.
We do know that there have been mas-
sive exchanges in the remote past. Any
discussion of these past events and their
implications for the future, however,
must necessarily be qualitative and un-
certain.

Although the plants on land have
probably played an important role in the
deposition of organic compounds in the
soil, the oceans have undoubtedly acted
as the main regulator. The amount of
carbon dioxide in the atmosphere is es-
sentially determined by the partial pres-
sure of carbon dioxide dissolved in the

GIANT FERN of the genus Pecopteris,
which fixed atmospheric carbon dioxide 300
million years ago, left the imprint of this
frond in a thin layer of shale just above a
coal seam in Illinois. The specimen is in the
collection of the Smithsonian Institution.
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INCREASE IN ATMOSPHERIC CARBON DIOXIDE since 1860 is shown by the lower
curve, with a projection to the year 2000. The upper curve shows the cumulative input of
carbon dioxide. The difference between the two curves represents the amount of carbon
dioxide removed by the ocean or by additions to the total biomass of vegetation on land.
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POSSIBLE CONSUMPTION PATTERN OF FOSSIL FUELS was projected by Harrison
Brown in the mid-1950’s. Here the fuel consumed is updated to 1960. If a third of the carbon

dioxide produced by burning it all were to remain in the atmosphere, the carbon dioxide
level would rise from 320 ppm today to about 1,500 ppm over the next several centuries.
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the leaching of calcium carbonates from
land areas tends to increase the amount
of carbon dioxide in the sea, but at the
same time a converse mechanism—the
precipitation and deposition of oceanic
carbonates—tends to reduce the amount
of carbon dioxide in solution. Thus the
two mechanisms tend to cancel each
other.

Over still longer periods of time—mil-
lions or tens of millions of years—the
concentrations of carbonate and bicar-
bonate ions in the sea are probably buf-
fered still further by reactions involving
potassium, silicon and aluminum, which
are slowly weathered from rocks and
carried into the sea. The net effect is to
stabilize the carbon dioxide content of
the oceans and hence the carbon dioxide
content of the atmosphere. Therefore it
appears that the carbon dioxide environ-
ment, on which the biosphere funda-
mentally depends, may have been fairly
constant right up to the time, barely a
moment ago geologically speaking, when
man’s consumption of fossil fuels began
to change the carbon dioxide content of
the atmosphere.

The illustration on page 130 repre-
sents an attempt to synthesize into a
single picture the circulation of carbon
in nature, particularly in the biosphere.
In addition to the values for inventories
and transfers already mentioned, the
flow chart contains other quantities for
which the evidence is still meager. They
have been included not only to balance
the books but also to suggest where fur-
ther investigation might be profitable.
This may be the principal value of such
an exercise. Such a flow chart also pro-
vides a semiquantitative model that en-
ables one to begin to discuss how the
global carbon system reacts to distur-
bances. A good model should of course
include inventories and pathways for all
the elements that play a significant role
in biological processes.

The greatest disturbances of which we

are aware are those now being intro-
duced by man himself. Since his tamper-
ing with the biological and geochemical
balances may ultimately prove injurious
—even fatal—to himself, he must under-
stand them much better than he does to-
day. The story of the circulation of car-
bon in nature teaches us that we cannot
control the global balances. Therefore
we had better leave them close to the
natural state that existed until the begin-
ning of the Industrial Revolution. Out of
a simple realization of this necessity may
come a new industrial revolution.
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Polaroid has a new way
to ease the class struggle.

It's the new Polaroid ED-10
Land Instrument Camera. It puts
instant photomicroscopy into any
lab, at a price that puts it in a
class by itself.

It fits any microscope, can be

attached in moments, and is easy
to operate.

You don’t even have to know
photography to use it.

It's molded of rugged high-
impact material. To withstand
rough classroom handling.

It gives you 3%” x 4%4” full-
color pictures in a minute, black-

For under $70.

and-white in just seconds.

And you get the same picture
quality as with the most expensive
instrument cameras (because
they all use the microscope’s own
optical system).

It puts a valuable and exciting
teaching aid within reach of even
a modest school budget. And the
teacher saves classroom time,
gains and holds attention better
and makes demonstrations and
comparisons easier.

The student gets what he sees
without laborious sketching. He

sees tangible, memory-reinforc-
ing results. And his involvement
advances the learning process.
(He'll be developing more than a
picture: he’ll be developing an
interest.)

For more information, write to:
Polaroid Corporation, Industrial
Marketing, Dept. 57-169, Cam-
bridge, Mass. 02139. Or check
with your scientific supply house
or microscope dealer.

For under $70, it might pay you
to look into what’s new in the
classroom. Polaroid®

The Polaroid Land Instrument Camera for schools.
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Nitrogen 1s 79 percent of the atmosphere, but it cannot be used

directly by the large majority of living things. It must first

be “fixed” by 5pecialized organisms or by industrial processes

lthough men and other land animals
A live in an ocean of air that is 79
percent nitrogen, their supply of
food is limited more by the availability
of fixed nitrogen than by that of any oth-
er plant nutrient. By “fixed” is meant ni-
trogen incorporated in a chemical com-
pound that can be utilized by plants and
animals. As it exists in the atmosphere
nitrogen is an inert gas except to the
comparatively few organisms that have
the ability to convert the element to a
combined form. A smaller but still sig-
nificant amount of atmospheric nitrogen
is fixed by ionizing phenomena such as
cosmic radiation, meteor trails and light-
ning, which momentarily provide the
high energy needed for nitrogen to react
with oxygen or the hydrogen of water.
Nitrogen is also fixed by marine orga-
nisms, but the largest single natural
source of fixed nitrogen is probably
terrestrial microorganisms and associa-
tions between such microorganisms and
plants.

Of all man’s recent interventions in
the cycles of nature the industrial fixa-
tion of nitrogen far exceeds all the others
in magnitude. Since 1950 the amount of
nitrogen annually fixed for the produc-
tion of fertilizer has increased approxi-
mately fivefold, until it now equals the
amount that was fixed by all terrestrial
ecosystems before the advent of modern
agriculture. In 1968 the world’s annual
output of industrially fixed nitrogen
amounted to about 30 million tons of ni-

by C. C. Delwiche

trogen; by the year 2000 the industrial
fixation of nitrogen may well exceed 100
million tons.

Before the large-scale manufacture of
synthetic fertilizers and the wide cultiva-
tion of the nitrogen-fixing legumes one
could say with some confidence that the
amount of nitrogen removed from the
atmosphere by natural fixation processes
was closely balanced by the amount re-
turned to the atmosphere by organisms
that convert 01'ganic nitrates to gaseous
nitrogen. Now one cannot be sure that
the denitrifying processes are keeping
pace with the fixation processes. Nor can
one predict all the consequences if nitro-
gen fixation were to exceed denitrifica-
tion over an extended period. We do
know that excessive runoff of nitrogen
compounds in streams and rivers can re-
sult in “blooms” of algae and intensified
biological activity that deplete the avail-
able oxygen and destroy fish and other
oxygen-dependent organisms. The rapid
eutrophication of Lake Erie is perhaps
the most familiar example.

To appreciate the intricate web of ni-
trogen flow in the biosphere let us trace
the course of nitrogen atoms from the
atmosphere into the cells of microorga-
nisms, and then into the soil as fixed ni-
trogen, where it is available to higher
plants and ultimately to animals. Plants
and animals die and return the fixed ni-
trogen to the soil, at which point the ni-
trogen may simply be recycled through

a new generation of plants and animals

BLUE-GREEN ALGAE, magnified 4,200 diameters on the opposite page, are among the
few free-living organisms capable of combining nitrogen with hydrogen. Until this primary
fixation process is accomplished, the nitrogen in the air (or dissolved in water) cannot be
assimilated by the overwhelming majority of plants or by any animal. A few bacteria are
also free-living nitrogen fixers. The remaining nitrogen-fixing microorganisms live symbi-
otically with higher plants. This micrograph, which shows blue-green algae of the genus
Nostoc, was made by Herman S. Forest of the State University of New York at Geneseo.
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or it may be broken down into elemen-
tal nitrogen and returned to the atmo-
sphere [sce illustration on next two
pages].

Because much of the terminology used
to describe steps in the nitrogen cy-
cle evolved in previous centuries it has

"an archaic quality. Antoine Laurent La-

voisier, who clarified the composition of
air, gave nitrogen the name azote, mean-
ing without life. The term is still found
in the family name of an important ni-
trogen-fixing bacterium: the Azotobac-
teraceae. One might think that fixation
would merely be termed nitrification, to
indicate the addition of nitrogen to some
other substance, but nitrification is re-
served for a specialized series of reac-
tions in which a few species of micro-
organisms oxidize the ammonium ion
(NH, ") to nitrite (NO,™) or nitrite to
nitrate (NO;~). When nitrites or ni-
trates are reduced to gaseous compounds
such as molecular nitrogen (N.) or ni-
trous oxide (N,O), the process is termed
denitrification. “Ammonification” de-
scribes the process by which the nitrogen
of organic compounds (chiefly amino
acids) is converted to ammonium ion.
The process operates when microorga-
nisms decompose the remains of dead
plants and animals. Finally, a word
should be said about the terms oxida-
tion and reduction, which have come to
mean more than just the addition of oxy-
gen or its removal. Oxidation is any
process that removes electrons from a
substance. Reduction is the reverse
process: the addition of electrons. Since
electrons can neither be created nor de-
stroyed in a chemical reaction, the oxida-
tion of one substance always implies the
reduction of another.

One may wonder how it is that some
organisms find it profitable to oxidize
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nisms—even organisms in the same cn-

vironment—owe their survival to their
ability to reduce nitrogen compounds.
Apart from photosynthetic organisms,
which obtain their energy from radia-
tion, all living forms depend for their
energy on chemical transformations.

B S

NITROGEN CYCLE, like the water, oxygen and carbon cycles, in-
volves all regions of the biosphere. Although the supply of nitro-
gen in the atmosphere is virtually inexhaustible, it must be com-
bined with hydrogen or oxygen before it can be assimilated by
higher plants, which in turn are consumed by animals. Man has
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the oxidation of one compound and the
reduction of another, although in some
cases the compound being oxidized and
the compound being reduced are differ-
ent molecules of the same substance, and
in other cases the reactants are frag-
ments of a single molecular species. Ni-

INDUSTRIAL
FIXATION
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duced inorganic compounds of nitrogen
can be oxidized by atmospheric oxygen
with a yield of useful energy. Under an-
aerobic conditions the oxidized com-
pounds of nitrogen can act as oxidiz-
ing agents for the burning of organic
compounds (and a few inorganic com-

NITROGEN

PROTEIN

intervened in the historical nitrogen cycle by the large-scale culti-
vation of nitrogen-ixing legumes and by the industrial fixation of
nitrogen. The amount of nitrogen fixed annually by these two ex-
pedients now exceeds by perhaps 10 percent the amount of nitro-
gen fixed by terrestrial ecosystems before the advent of agriculture.
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NITRATE REDUCTION
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Nitrogen is able to play its compli-
cated role in life processes because it has
an unusual number of oxidation levels,
or valences [see illustration on page
141]. An oxidation level indicates the
number of electrons that an atom in a

bt~ 2atal A A

DENITRIFICATION

NITROUS
OXIDE

TO GROUND WATER

A cycle similar to the one illustrated also
operates in the ocean, but its characteristics
and transfer rates are less well understood.
A ¢lobal nitrogen flow chart, using the au-
thor’s estimates, appears on the next page.
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“donated.” In plants and animals most
nitrogen exists either in the form of the
ammonium ion or of amino (—NH,)
compounds. In either case it is highly
reduced; it has acquired three electrons
by its association with three other atoms
and thus is said to have a valence of
minus 3. At the other extreme, when ni-
trogen is in the highly oxidized form of
the nitrate ion (the principal form it
takes in the soil), it shares five of its elec-
trons with oxygen atoms and so has a
valence of plus 5. To convert nitrogen
as it is found in the ammonium ion or
amino acids to nitrogen as it exists in soil
nitrates involves a total valence change
of eight, or the removal of eight elec-
trons. Conversely, to convert nitrate ni-
trogen into amino nitrogen requires the
addition of eight electrons.

By and large the soil reactions that re-
duce nitrogen, or add electrons to it, re-
lease considerably more energy than the
reactions that oxidize nitrogen, or re-
move electrons from it. The illustration
on page 142 lists some of the principal
reactions involved in the nitrogen cycle,
together with the energy released (or re-
quired) by each. As a generalization one
can say that for almost every reaction in
nature where the conversion of one com-
pound to another yields an energy of at
least 15 kilocalories per mole (the equiv-
alent in grams of a compound’s molecu-
lar weight), some organism or group of
organisms has arisen that can exploit this
energy to survive.

The fixation of nitrogen requires an
investment of energy. Before nitrogen
can be fixed it must be “activated,”
which means that molecular nitrogen
must be split into two atoms of free ni-
trogen. This step requires at least 160
kilocalories for each mole of nitrogen
(equivalent to 28 grams). The actual fixa-
tion step, in which two atoms of nitro-
gen combine with three molecules of
hydrogen to form two molecules of am-
monia (NHj), releases about 13 kilocalo-
ries. Thus the two steps together require
a net input of at least 147 kilocalories.
Whether nitrogen-fixing organisms actu-
ally invest this much energy, however, is
not known. Reactions catalyzed by en-
zymes involve the penetration of activa-
tion barriers and not a simple change in
energy between a set of initial reactants
and their end products.

Once ammonia or the ammonium ion
has appeared in the soil, it can be ab-
sorbed by the roots of plants and the ni-
trogen can be incorporated into amino
acids and then into proteins. If the plant
is subsequently eaten by an animal, the
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protein. In either case the protein ulti-
mately returns to the soil, where it is de-
composed (usually with bacterial help)
into its component amino acids. Assum-
ing that conditions are aerobic, meaning
that an adequate supply of oxygen is
present, the soil will contain many mi-
croorganisms capable of oxidizing amino
acids to carbon dioxide, water and am-
monia. If the amino acid happens to be
glycine, the reaction will yield 176 kilo-
calories per mole.

A few microorganisms represented by
the genus Nitrosomonas employ nitrifica-
tion of the ammonium ion as their sole
source of energy. In the presence of oxy-
gen, ammonia is converted to nitrite ion
(NO, ™) plus water, with an energy yield
of about 65 kilocalories per mole, which
is quite adequate for a comfortable exis-
tence. Nitrosomonas belongs to the
group of microorganisms termed auto-
trophs, which get along without an or-
ganic source of energy. Photoautotrophs
obtain their energy from light; chemoau-
totrophs (such as Nitrosomonas) obtain
energy from inorganic compounds.

There is another specialized group of
microorganisms, represented by Nitro-
bacter, that are capable of extracting ad-
ditional energy from the nitrite gener-
ated by Nitrosomonas. The result is the
oxidation of a nitrite ion to a nitrate ion
with the release of about 17 kilocalories
per mole, which is just enough to sup-
port the existence of Nitrobacter.

In the soil there are numerous kinds
of denitrifying bacteria (for example
Pseudomonas  denitrificans) that, if
obliged to exist in the absence of oxygen,
are able to use the nitrate or nitrite ion
as electron acceptors for the oxidation
of organic compounds. In these reactions
the energy yield is nearly as large as it
would be if pure oxygen were the oxidiz-
ing agent. When glucose reacts with oxy-
gen, the energy yield is 686 kilocalories
per mole of glucose. In microorganisms
living under anaerobic conditions the re-
action of glucose with nitrate ion yields
about 545 kilocalories per mole of glu-
cose if the nitrogen is reduced to nitrous
oxide, and 570 kilocalories if the nitro-
gen is reduced all the way to its elemen-
tal gaseous state.

The comparative value of ammonium
and nitrate ions as a source of nitrogen
for plants has been the subject of a num-
ber of investigations. One might think
that the question would be readily re-
solved in favor of the ammonium ion: its
valence is minus 3, the same as the va-
lence of nitrogen in amino acids, where-
as the valence of the nitrate ion is plus 5.
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DISTRIBUTION OF NITROGEN in the biosphere and annual
transfer rates can be estimated only within broad limits. The two
quantities known with high confidence are the amount of nitrogen
in the atmosphere and the rate of industrial fixation. The apparent
precision in the other figures shown here reflects chiefly an effort
to preserve indicated or probable ratios among different inven-
tories. Thus the figures for atmospheric fixation and biological fixa-
tion in the oceans could well be off by a factor of 10. The figures
for inventories are given in billions of metric tons; the figures for
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transfer rates (color) are given in millions of metric tons. Because
of the extensive use of industrially fixed nitrogen the amount of
niirogen available to land plants may significantly exceed the ni-
trogen returned to the atmosphere by denitrifying bacteria in the
soil. A portion of this excess fixed nitrogen is ultimately washed
into the sea but it is not included in the figure shown for river
runoff. Similarly, the value for oceanic denitrification is no more
than a rough estimate that is based on the assumption that the
nitrogen cycle was in overall balance before man’s intervention.
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to reduce nitrogen from a valence of
plus 5 to one of minus 3. The fact is,
however, that there are complicating
factors; the preferred form of nitrogen
depends on other variables. Because
the ammonium ion has a positive charge
it tends to be trapped on clay particles
near the point where it is formed (or
where it is introduced artificially) until
it has been oxidized. The nitrate ion, be-
ing negatively charged, moves freely
through the soil and thus is more readily
carried- downward into the root zone.
Although the demand for fertilizer in
solid form (such as ammonium nitrate
and urea) remains high, anhydrous am-
monia and liquid ammoniacal fertilizers
are now widely applied. The quantity of
nitrogen per unit weight of ammonia is
much greater than it is per unit of ni-
trate; moreover, liquids are easier to
handle than solids.

Until the end of the 19th century little

was known about the soil organisms
that fix nitrogen. In fact, at that time
there was some concern among scientists
that the denitrifying bacteria, which had
just been discovered, would eventually
deplete the reserve of fixed nitrogen in
the soil and cripple farm productivity.
In an address before the Royal Society
of London, Sir William Crookes painted
a bleak picture for world food produc-
tion unless artificial means of fixing ni-
trogen were soon developed. This was
a period when Chilean nitrate reserves
were the main source of fixed nitrogen
for both fertilizer and explosives. As it
turned out, the demand for explosives
provided the chief incentive for the in-
vention of the catalytic fixation process
by Fritz Haber and Karl Bosch of
Germany in 1914. In this process at-
mospheric nitrogen and hydrogen are
passed over a catalyst (usually nickel) at
a temperature of about 500 degrees Cel-
sius and a pressure of several hundred
atmospheres. In a French version of the
process, developed by Georges Claude,
nitrogen was obtained by the fractional
liquefaction of air. In current versions
of the Haber process the source of hy-
drogen is often the methane in natural
gas [see illustration on page 143].

As the biological fixation of nitrogen
and the entire nitrogen cycle became
better understood, the role of the denitri-
fying bacteria fell into place. Without
such bacteria to return nitrogen to the
atmosphere most of the atmospheric
nitrogen would now be in the oceans
or locked up in sediments. Actually, of
course, there is not enough oxygen in the

VALENCE, COMPOUND FORMULA
=5 NITRATE ION
|
+3 NITRITE ION
+1 NITROXYL [HNO]

0 NITROGEN GAS

-1 HYDROXYLAMINE

-3 AMMONIA

VALENCE ELECTRONS

NITROGEN’S VARIETY OF OXIDATION LEVELS, or valence states, explains its ability
to combine with hydrogen, oxygen and other atoms to form a great variety of biological
compounds. Six of its valence states are listed with schematic diagrams (right) showing the
disposition of electrons in the atom’s outer (valence) shell. The ions are shown combined
with potassium (K). In the oxidized (4 ) states nitrogen’s outer electrons complete the
outer shells of other atoms. In the reduced (—) states the two electrons needed to com-
plete the outer shell of nitrogen are supplied by other atoms. Actually the outer electrons
of two bound atoms spend some time in the shells of both atoms, contributing to the electro-
static attraction between them. Electrons of nitrogen (N) are in color; those of other
atoms are black dots or open circles. The nitroxyl radical, HNO, is placed in brackets be-
cause it is not stable. It can exist in its dimeric form, hyponitrous acid (HONNOH).

atmosphere today to convert all the free
nitrogen into nitrates. One can imagine,
however, that if a one-way process were
to develop in the absence of denitrifying
bacteria, the addition of nitrates to the
ocean would make seawater slightly
more acidic and start the release of car-
bon dioxide from carbonate rocks. Even-
tually the carbon dioxide would be taken
up by plants, and if the carbon were
then deposited as coal or other hydro-
carbons, the remaining oxygen would be
available in the atmosphere to be com-

© 1970 SCIENTIFIC AMERICAN, INC

bined with nitrogen. Because of the large
number of variables involved it is diffi-
cult to predict how the world would look
without the denitrification reaction, but
it would certainly not be the world we
know.

The full story of the biological fixation

of nitrogen has not yet been written.
One would like to know how the activat-
ing enzyme (nitrogenase) used by nitro-
gen-fixing bacteria can accomplish at or-
dinary temperatures and pressures what
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LaRES hundreds 0oL degrees and thousands
of pounds of pressure in a synthetic-am-
monia reactor. The total amount of ni-
trogenase in the world is probably no
more than a few kilograms.

he nitrogen—ﬁxing microorganisms

are divided into two broad classes:
those that are “free-living” and those
that live in symbiotic association with
higher plants. This distinction, however,
is not as sharp as it was once thought to
be, because the interaction of plants and
microorganisms has varying degrees of
intimacy. The symbionts depend directly

REACTION

DENITRIFICATION
1 GeHi206 — 6KNO3; —= 6C0O2
GLUCOSE POTASSIUM

3H, O + 6KOH + 3N,0O
POTASSIUM  NITROUS

Il Uic I)llll][s 101 U1l ellergy SUI)I)I)’ il
probably for special nutrients as well.
The free-living nitrogen fixers are indi-
rectly dependent on plants for their en-
ergy or, as in the case of the blue-green
algae and photosynthetic bacteria, ob-
tain energy directly from sunlight.
Although the nitrogen-fixation reac-
tion is associated with only a few dozen
species of higher plants, these species
are widely distributed in the plant king-
dom. Among the more primitive plants
whose symbionts can fix nitrogen are the
cycads and the ginkgos, which can be
traced back to the Carboniferous period

ENERGY YIELD
(KILOCALORIES)

w
IS
o

NITRATE HYDROXIDE OXIDE

X + - 4 i n 570 (PER MOLE

2 5CeH1206 + 24KNO3 30C0O; + 18H20 4+ 24KOH - 12N, OF GLUCOSE)
NITROGEN
) . 132 (PER MOLE
3 5S + 6KNOs 2CaC0; 3K, SOy 2CaS0Oy 2CO, 3N, OF SULFUR)
SULFUR POTASSIUM CALCIUM
SULFATE SULFATE
RESPIRATION
4 CeHi1206 + 60 —> 6C0O, + 6H, O 686
CARBON WATER
DIOXIDE
AMMONIFICATION
5 CHyNH,COOH + 140> > 2C0; + H,O + NHj3 176
GLYCINE OXYGEN AMMONIA
NITRIFICATION
6 NH3 ~ 140, — HNO; ~ H,0 66
NITROUS [
ACID

7 KNO; ~ 40, —> KNO3 17.5
POTASSIUM
NITRITE
NITROGEN FIXATION
8 N » 2N "ACTIVATION" OF NITROGEN -160
9 | 12.8

ENERGY YIELDS OF REACTIONS important in the nitrogen cycle show the various
means by which organisms can obtain energy and thereby keep the cycle going. The most
profitable are the denitrification reactions, which add electrons to nitrate nitrogen, whose
valence is plus 5, and shift it either to plus 1 (as in N,0) or zero (as in N,). In the process
glucose (or sulfur) is oxidized. Reactions No. 1 and No. 2 release nearly as much energy
as conventional respiration (No. 4), in which the agent for oxidizing glucose is oxygen
itself. The ammonification reaction (No. 5) is one of many that release ammonium for
nitrification. The least energy of all, but still enough to provide the sole energetic support
for certain bacteria, is released by the nitrification reactions (No. 6 and No. 7), which oxi-
dize nitrogen. Only nitrogen fixation, which is accomplished in two steps, calls for an input
of energy. The true energy cost of nitrogen fixation to an organism is unknown, however.
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ol 50me SUU million years ago |scc vot-
tom illustration on page 145]. It is prob-
able that the primitive atmosphere of the
earth contained ammonia, in which case
the necessity for nitrogen fixation did not
arise for hundreds of millions of years.

Various kinds of bacteria, particularly
the Azotobacteraceae, are evidently the
chief suppliers of fixed nitrogen in grass-
lands and other ecosystems where plants
with nitrogen-fixing symbionts are ab-
sent. Good quantitative information on
the rate of nitrogen fixation in such eco-
systems is hard to obtain. Most investiga-
tions indicate a nitrogen-fixation rate of
only two or three kilograms per hectare
per year, with a maximum of perhaps
five or six kilograms. Blue-green algae
seem to be an important source of fixed
nitrogen under conditions that favor
their development [sec¢ illustration on
page 136]. They may be a significant
source in rice paddies and other environ-
ments favoring their growth. In natural
ecosystems with mixed vegetation the
symbiotic associations involving such
plant genera as Alnus (the alders) and
Ceanothus (the buckthorns) are impor-
tant suppliers of fixed nitrogen.

For the earth as a whole, however,
the greatest natural source of fixed nitro-
gen is probably the legumes. They are
certainly the most important from an
agronomic standpoint and have there-
fore been the most closely studied. The
input of nitrogen from the microbial
symbionts of alfalfa and other legumi-
nous crops can easily amount to 350 kilo-
grams per hectare, or roughly 100 times
the annual rate of fixation attainable by
nonsymbiotic organisms in a natural eco-
system.

l{ecommendations for increasing the

world’s food supply usually empha-
size increasing the cultivation of legumes
not only to enrich the soil in nitrogen but
also because legumes (for example peas
and beans) are themselves a food crop
containing a good nutritional balance of
amino acids. There are, however, sev-
eral obstacles to carrying out such rec-
ommendations. The first is custom and
taste. Many societies with no tradition of
growing and eating legumes are reluc-
tant to adopt them as a basic food.

For the farmer legumes can create a
more immediate problem: the increased
yields made possible by the extra nitro-
gen lead to the increased consumption of
other essential elements, notably potassi-
um and phosphorus. As a consequence
farmers often say that legumes are “hard
on the soil.” What this really means is
that the large yield of such crops places
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INDUSTRIAL AMMONIA PROCESS is based on the high-pres-
sure catalytic fixation method invented in 1914 by Fritz Haber and
Karl Bosch, which supplied Germany with nitrates for explosives
in World War 1. This flow diagram is based on the process devel-
oped by the M. W. Kellogg Company. As in most modern plants,
the hydrogen for the basic reaction is obtained from methane, the
chief constituent of natural gas, but any hydrocarbon source will
do. In Step 1 methane and steam react to produce a gas rich in
hydrogen. In Step 2 atmospheric nitrogen is introduced; the oxy-
gen accompanying it is converted to carbon monoxide by partial

{CO + 3H,—>CH, + H‘Oj_\y N, + 3H,~>2NH, |

H,0
combustion with methane. The carbon monoxide reacts with stcam
in Step 3. The carbon dioxide is removed in Step 4 and can be
used elsewhere to convert some of the ammonia to urea, which has
the formula CO(NH,),. The last traces of carbon monoxide are
converted to methane in Step 5. In Step 6 nitrogen and hydrogen
combine at elevated temperature and pressure, in the presence of a
catalyst, to form ammonia. A portion of the ammonia product can
readily be converted to nitric acid by reacting it with oxygen. Ni-
tric acid and ammonia can then be combined to produce ammo-
nium nitrate, which, like urea, is another widely used fertilizer.

a high demand on all minerals, and un-
less the minerals are supplied the full
benefit of the crop is not realized.

Symbiotic nitrogen fixers have a great-
er need for some micronutrients (for ex-
ample molybdenum) than most plants
do. It is now known that molybdenum is
directly incorporated in the nitrogen-
fixing enzyme nitrogenase. In Australia
there were large areas where legumes
refused to grow at all until it was dis-
covered that the land could be made
fertile by the addition of as little as two
ounces of molybdenum per acre. Cobalt
turns out to be another essential micro-
nutrient for the fixation of nitrogen. The
addition of only 10 parts per trillion of
cobalt in a culture solution can make the
difference between plants that are stunt-
ed and obviously in need of nitrogen and
plants that are healthy and growing vig-
orously.

Although legumes and their symbionts
are energetic fixers of nitrogen, there are
indications that the yield of a legume

crop can be increased still further by di-
rect application of fertilizer instead of
depending on the plant to supply all its
own needs for fixed nitrogen. Additional
experiments are needed to determine
just how much the yield can be increased
and how this increase compares with the
industrial fixation of nitrogen in terms of
energy investment. Industrial processes
call for some 6,000 kilocalories per kilo-
gram of nitrogen fixed, which is very lit-
tle more than the theoretical minimum.
The few controlled studies with which I
am familiar suggest that the increase in
crop yield achieved by the addition of a
kilogram of nitrogen amounts to about
the same number of calories. This com-
parison suggests that one can exchange
the calories put into industrial fixation of
nitrogen for the calories contained in
food. In actuality this trade-off applies
to the entire agricultural enterprise. The
energy required for preparing, tilling
and harvesting a field and for processing
and distributing the product is ouly
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slightly less than the energy contained in
the harvested crop.

Having examined the principal reac-
tions that propel the nitrogen cycle, we
are now in a position to view the process
as a whole and to interpret some of its
broad implications. As other authors in
this issue of Scientific American have ex-
plained, one must be cautious in trying
to present a worldwide inventory of a
particular element in the biosphere and
in indicating annual flows from one part
of a cycle to another. The balance sheet
for nitrogen [see top illustration on page
145] is particularly crude because we do
not have enough information to assign
accurate estimates to the amounts of ni-
trogen that are fixed and subsequently
returned to the atmosphere by biological
processes.

Another source of uncertainty involves
the amount of nitrogen fixed by ionizing
phenomena in the atmosphere. Although
one can measure the amount of fixed ni-
trogen in rainfall, one is forced to guess

143



CROSS SECTION OF SOYBEAN ROOT NODULE, enlarged 22, After the bacteria have divided, within a few days, each membrane

000 diameters, shows portions of three cells that have been infected will contain four to six “bacteroids.” This electron micrograph was
by the nitrogen-fixing bacterium Rhizobium japonicum. More than made by D. J. Goodchild and F. J. Bergersen of the Commonwealth
two dozen bacteria are visible, each surrounded by a membrane. Scientific and Industrial Research Organization in Australia.
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how much represents nitrogen that has
entered the atmosphere from the land or
the sea, either as ammonia or as oxides
of nitrogen. Because the ocean is slightly
alkaline it could release ammonia at a
low rate, but that rate is almost impos-
sible to estimate. Land areas are a more
likely source of nitrogen oxides, and
some reasonable estimates of the rate of
loss are possible. One can say that the
total amount of fixed nitrogen delivered
to the earth by rainfall is of the order of
25 million metric tons per year. My own
estimate is that 70 percent of this total is
previously fixed nitrogen cycling through
the biosphere, and that only 30 percent
is freshly fixed by lightning and other at-
mospheric phenomena.

Another factor that is difficult to esti-
mate is the small but steady loss of nitro-
gen from the biosphere to sedimentary
rocks. Conversely, there is a continuous
delivery of new nitrogen to the system
by the weathering of igneous rocks in
the crust of the earth. The average ni-
trogen content of igneous rocks, how-
ever, is considerably lower than that of
sedimentary rocks, and since the quanti-
ties of the two kinds of rock are roughly
equal, one would expect a net loss of
nitrogen from the biosphere through ge-
ologic time. Conceivably this loss is just
about balanced by the delivery of “ju-
venile” nitrogen to the atmosphere by
volcanic action. The amount of fixed ni-
trogen reintroduced in this way prob-
ably does not exceed two or three mil-
lion tons per year.

\ hereas late-19th-century scientists
worried that denitrifying bacteria
were exhausting the nitrogen in the soil,
we must be concerned today that deni-
trification may not be keeping pace with
nitrogen fixation, considering the large
amounts of fixed nitrogen that are being
introduced in the biosphere by industrial
fixation and the cultivation of legumes.
It has become urgent to learn much more
about exactly where and under what cir-
cumstances denitrification takes place.
We know first of all that denitrifica-
tion does not normally proceed to any
great extent under aerobic conditions.
Whenever free oxygen is available, it
is energetically advantageous for an or-
ganism to use it to oxidize organic com-
pounds rather than to use the oxygen
bound in nitrate salts. One can conclude
that there must be large areas in the bio-
sphere where conditions are sufficiently
anaerobic to strongly favor the denitri-
fication reaction. Such conditions exist
wherever the input of organic materials

MARINE 10

INDUSTRIAL |
FIXATION L

ATMOSPHERIC |

FIXATION | |16

JUVENILE | |
ADDITION | *

TOTAL GAINS

DENITRIFICATION

30

92

TO SEDIMENTS | 2

TOTAL LOSS L

—

80

NITROGEN TRANSFER, GAINS AND LCSS[S (10° METRIC TONS)

BALANCE SHEET FOR NITROGEN CYCLE, based on the author’s estimates, indicates
that nitrogen is now being introduced into the biosphere in fixed form at the rate of some
92 million metric tons per year (colored bars), whereas the total amount being denitrified

and returned to the atmosphere is only about 83 million tons per year. The difference of

some nine million tons may represent the rate at which fixed nitrogen is building up in the
biosphere: in the soil, in ground-water reservoirs, in rivers and lakes and in the ocean.

ASSOCIATIONS OF TREES AND BACTERIA are important fixers of nitrogen in natural
ecosystems. The ginkgo tree (left), a gymnosperm, has shown little outward change in mil-
lions of years. The alder (right), an angiosperm, is common in many parts of the world.
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caceels e 1Nput ooy gel 10 thell degs-
radation. Typical areas where the deni-
trification process operates close to the
surface are the arctic tundra, swamps
and similar places where oxygen input
is limited. In many other areas where the
input of organic material is sizable, how-
ever, denitrification is likely to be pro-
ceeding at some point below the surface,
probably close to the level of the water
table.

There are even greater uncertainties
regarding the nitrogen cycle in the
ocean. It is known that some marine or-
ganisms do fix nitrogen, but quantitative
information is scanty. A minimum rate of
denitrification can be deduced by esti-
mating the amount of nitrate carried into
the ocean by rivers. A reasonable esti-
mate is 10 million metric tons per year
in the form of nitrates and perhaps twice
that amount in the form of organic ma-
terial, a total of about 30 million tons.
Since the transfer of nitrogen into sedi-
ments is slight, one can conclude that,
at least before man’s intervention in the
nitrogen cycle, the ocean was probably
capable of denitrifying that amount of
fixed nitrogen.

The many blanks in our knowledge of
the nitrogen cycle are disturbing when
one considers that the amount of nitro-
gen fixed industrially has been doubling
about every six years. If we add to this
extra nitrogen the amounts fixed by
the cultivation of legumes, it already
exceeds (by perhaps 10 percent) the
amount of nitrogen fixed in nature. Un-
less fertilizers and nitrogenous wastes
are carefully managed, rivers and lakes
can become loaded with the nitrogen
carried in runoff waters. In such water-
ways and in neighboring ground-wa-
ter systems the nitrogen concentration
could, and in some cases already does,
exceed the levels acceptable for human
consumption. Under some circumstances
bacterial denitrification can be exploited
to control the buildup of fixed nitrogen,
but much work has to be done to develop
successful management techniques.

The problem of nitrogen disposal is
aggravated by the nitrogen contained in

| the organic wastes of a steadily increas-

ing human and domestic-animal popula-
tion. Ideally this waste nitrogen should
be recycled back to the soil, but efficient
and acceptable means for doing so re-
main to be developed. At present it is
economically sounder for the farmer to
keep adding industrial fertilizers to his
crops. The ingenuity that has been used
to feed a growing world population will
have to be matched quickly by an effort
to keep the nitrogen cycle in reasonable
balance.



How the two photosystems came to light

We have to go back to square one, to find the period in
which Philips first showed an interest in light. 79 years
later, we find them still hard at it. Having thoroughly ex-
plored many aspects, they have now turned to the bio-
logical effects of light.

Photosynthesis is the process by which green plants
use light energy to convert water and carbon dioxide
into carbohydrate and oxygen. The light energy is ab-
sorbed by chlorophyll and other photosynthetic pigments
generating a reducing agent, NADPH2, and an energy-rich
compound ATP. Both components are needed for the
light independent reduction of CO2 to carbohydrate.

Photosynthesis actually occurs in the chloroplasts
of the plant cell. These organelles contain a lamellar sys-
tem, embedded in a matrix. The light reactions take
place in the lamellae and the CO2 reduction occurs in
the matrix region of the chloroplast.

It is widely accepted that two light reactions, arran-
ged in series, provide the energy for the uphill flow of
electrons from water to NADP (see diagram). Light re-
action Il produces a strong oxidant, Y™, which oxidizes
H20 to O2, and a weak reductant Q" . The chemical nature
of Y and Q is not precisely known. Light reaction | yields
a weak oxidant, oxidized plastocyanin, and a strong re-
ductant, reduced FRS (ferredoxin reducing substance).
FRS transfers its electron to ferredoxin and NADP is
reduced to NADPH?: in the presence of the enzyme ferre-
doxin-NADP reductase. In the downhill flow of electrons
from the b-type cytochromes to cytochrome f, sufficient
energy is made available to convert a molecule of ADP
into ATP. There is evidence of a cyclic flow of electrons
around photosystem I, also resulting in ATP formation.

Asthe chloroplast itself is still a complicated system,
Dr.J.S.C.Wessels and his group at Philips Research
Laboratories, Eindhoven, the Netherlands, studied whet -
her subchloroplast particles were able to perform the
photosyntheticlight reactions. By fragmenting chloroplasts
with low concentrations of the non-ionic detergent di-
gitonin, they obtained vesicles, ranging in size from
50-200nm, surrounded by stalked knobs about 9nm in
diameter (see electron-micrograph, made by Mrs. A.
Dorsman using a Philips electron microscope). These
vesicles, which are formed by the constriction of the
chloroplast lamellae, are still able to produce NADPH:

and ATP in the light. The knobs proved to be essential
for the ATP synthesizing activity. Higher concentrations
of digitonin were found to disrupt the vesicles and
release small chlorophyll-containing particles. Two types
of particle have been isolated by means of density
gradient centrifugation. Both types were still photoactive
and Dr. Wessels was able to show that they correspond
to the two photosystems.

As a matter of factthe photosystem | particles reduce
NADP in the light if they are provided with ferredoxin,
ferredoxin-NADP reductase, plastocyanin and the elec-
tron donor couple ascorbate-dichlorophenolindophenol
(DCIP). The photosystem Il particles are able to carry out
a photoreduction of DCIP in the presence of hydroxyl-
amine or diphenylcarbazide as the electron donor.

Further studies of the chemical and physical proper-
ties of the separate photosystems should provide more
information on the mechanism of the two light reactions
of photosynthesis and might ultimately lead to planned
intervention in plant metabolism.
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In the Research Laboratories of the Philips group of
companies, scientists work together in many
fields of science. Among these are: Acoustics,

PHILIPS

Cryogenics, Information Processing, Mechanics,
Nuclear Physics, Perception, Solid State, Tele-

communications and Television.

PHILIPS
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MINERAL GYULEDS

Although the biosphere 1s mainly composed of hydrogen, carbon,

nitrogen and oxygen, other elements are essential constituents

of liVing matter. Notable among them are phosphorus and sulfur

he periodic table lists more than
I 100 chemical elements. Yet ecolo-
gists have defined the biosphere as
the locus of interaction of only four of
them: hydrogen, carbon, nitrogen and
oxygen. In the periodic table these four
are numbered 1, 6, 7 and 8. This defini-
tion, although it deals handsomely with
much of the chemistry of life, turns out
to be a little too restrictive. But when
we enlarge it to include phosphorus and
sulfur, as we do here, we have gone no
farther up the table than element No. 16.
From this it should be apparent that no
element lighter than sulfur can be ig-
nored, either by ecologists or by anyone
else. The fact is that most human prob-
lems—all environmental ones, anyway—
arise from the exceptional reactivity of
six of the 16 lightest elements.

Because our definition of the Dbio-
sphere is based more on reactivity than
on atomic number, it is a minimum defi-
nition. It is not intended to exclude
heavier elements that react with the pri-
mary six. As a matter of empirical fact it
is known that no element lighter than
iron and cobalt, elements No. 26 and
No. 27, is unimportant to the biosphere.
Beyond copper, No. 29, there are a few
conspicuously reactive elements such as
the heavy halogens bromine and iodine.
Most of the heavies are metals, such as
gold, mercury and lead (Nos. 79, 80 and

SULFUR-FIXING BACTERIUM shown in
the electron micrograph on the opposite
page is one of five species that make sulfur
available to the biosphere. This bacterium,
Desulfovibrio salexigens, metabolizes the
sulfates in seawater and releases the sulfur
as hydrogen sulfide. This sulfur enters the
atmosphere and is used by other forms of
life. The micrograph enlarges the bacterium
31,000 diameters. It was made by Judith
A. Murphy of the University of Illinois.

by Edward S. Deevey, Jr.

82), however, and their main effect on
the lightweight biosphere is to depress
it. Toward the end of the periodic table
are some famously overweight metals
whose tendency to lighten themselves
has disastrous effects on any light sub-
stances that get in the way.

In order to understand how it is that
many elements interact with the essen-
tial six, one must briefly reflect on the
biosphere as a whole. Because the bio-
sphere is so reactive, its influence on the
hydrosphere, the lithosphere and the at-
mosphere is inversely proportional to its
mass. This mass is very small. An aver-
age square centimeter of the earth’s sur-
face supports a tiny amount of bio-
sphere: 580 milligrams, less than the
weight of two aspirin tablets. A roughly
equivalent mass is found in the same
area of hydrosphere a single centimeter
deep, or in a paper-thin slice of litho-
sphere. Still, from a worm’s-eye view
the biosphere has real substance, partic-
ularly on land, where it amounts to 200
oven-dry tons on an average hectare.

A glance at a partial list of the ele-
ments that compose the biosphere shows
why hydrogen, oxygen, carbon and ni-
trogen dominate conceptions of bio-
sphere chemistry. Together these ele-
ments constitute all but a tiny fraction of
the average terrestrial vegetation, which
in turn constitutes more than 99 percent
of the world’s standing crop. The quan-
tities are shown in the chart on the next
page, based on a splendid compilation by
L. E. Rodin and N. 1. Basilevich. What I
have done is to weight their chemical
analyses in proportion to the kinds of
land area they represent. The weighting
factors, for desert, forest, tundra and so
on, are the same ones I used to calculate
the earth’s production of carbon in an
earlier article [“The Human Population,”
by Edward S. Deevey, Jr.; SCIENTIFIC
AMERICAN, September, 1960]. Inciden-
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tally, on the basis of this new calculation
terrestrial carbon production comes out
at 65 X 10° tons of carbon per year,
about 15 percent more than the figure I
computed before.

\ hat chemical compounds do these

elements form? The standard way
to determine the chemical composition
of an organic substance is to burn it and
collect the products. The list of compo-
nents that results from this destructive
procedure expresses some obvious facts,
such as the familiar one that the bio-
sphere is mainly carbon dioxide and wa-
ter. Nitrogen, a major constituent of pro-
tein, seems surprisingly scarce (about
five parts per 1,000 by weight) until we
remember that the biosphere is chiefly
wood, that is, not protein but the carbo-
hydrate cellulose.

The destructive procedure would also
leave a smudge, about 12 parts per
1,000 of the total, loosely called ash. Its
dominant elements calcium, potassium,
silicon and magnesium have important
biochemical functions. One atom of
magnesium, for instance, lies at the cen-
ter of every molecule of chlorophyll, and
silicon, the stuff of sand, is obviously
useful for building hard structures. Iron
and manganese also play central roles in
the biosphere, a fact that could not be
guessed from their position in our chart.
In biochemistry as in geochemistry the
importance of these elements is in gov-
erning oxidation-reduction reactions, but
the masses involved are small. As for the
major cations—ions of such elements
as calcium, potassium, magnesium and
sodium—new insights have just begun
to flood in with their discovery in rain-
water.

There are many other metallic ele-
ments that appear in trace amounts. Not
all of them are listed in the chart be-
cause some could be accidental con-
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COMPOSITION OF THE BIOSPHERE is dominated by oxygen, carbon and hydrogen,
as is indicated by the bars in this logarithmic chart. The units are kilograms per hectare of
land surface. Key to the symbols for the chemical elements is at the bottom of the page.

taminants. There remain two, sulfur and
phosphorus, each amounting to more
than 10 percent of the nitrogen, that do
not look like contaminants. To ignore
these elements as “traces” or even to
think of them as “ash” or “inorganic”
elements is to misconstrue the chemical
architecture of the biosphere.

A listing of elements and compounds
does not reveal that architecture. There
is a big difference between a finished
house and a pile of building materials.
Nevertheless, a list is a useful point of
departure. If it is made with care, it can
protect ecologists from the kind of mis-
take that architects sometimes make,
such as forgetting the plumbing.

When a list contains as much infor-
mation as a shopping list—when it shows
amounts as well as kinds of materials—
some conclusions can be drawn from the
relative proportions. (As a former bu-
reaucrat I have learned that a “laundry
list” contains even more ambiguous in-
formation than a “shopping list”; good
bureaucrats keep both.) If a housewife’s
shopping list showed a pound of coffee,
four pork chops and 100 pounds of
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sugar, for example, we would know that
madame is either hoarding or running a
private business. If she also wants a ton
of flour, she is evidently baking, not dis-
tilling. The inclusion of two dozen light
bulbs would suggest that she works
mainly at night, but the listing of 10
dozen light bulbs would point to a faulty
generator.

As it happens, this kind of semiquanti-
tative ratiocination was applied to ash,
and to biogeochemistry, by the mas-
ter of nonobvious deduction, Sherlock
Holmes. Unfortunately no copy of his
analytical results (the monograph on
cigar ash, cited in Chapter 4 of “A Study
in Scarlet”) has yet come to light. If the

Al ALUMINUM Cl CHLORINE

Ar ARGON Fe IRON

B BORON H HYDROGEN
C CARBON K POTASSIUM
Ca CALCIUM Mg MAGNESIUM

et 4 Wil o D i

a substitute, we can cast a Holmesian
eye over the list. Our thinking will be
more productive if we compare the com-
position of the biosphere with the com-
position of the lithosphere, the hydro-
sphere and the atmosphere. For this
comparison all four of the “spheres” in
the chart are converted from parts by
weight to atoms per 100 atoms. (The
masses of the four spheres being very
different, these percentages will give no
idea of the earth’s mean or total compo-
sition.)

A first glance the four spheres do not
seem to belong in the same uni-
verse. Not surprisingly, the lithosphere
turns out to be a slightly metallic alu-
minum silicate. (“Here is no water but
only rock/Rock and no water and the
sandy road,” as T. S. Eliot put it in “The
Waste Land.”) The biosphere, in sharp
contrast, is both wet and carbonaceous.
A single class of compounds, formalde-
hyde (CH,O) and its polymers, includ-
ing cellulose, could make up more than
98 percent of the total (by weight). Still,
even when it is dried in an oven at 110
degrees Celsius, life is mainly hydrogen
and oxygen, in close approximation to
the proportions known as water. In oth-
er words, the biosphere is notably car-
boxylated: it is both more hydrated and
chemically more reduced (hydrogenat-
ed) than is the lithosphere from which,
in some sense, it came. Among the 10
most abundant elements of the litho-
sphere there is no obvious source for
life’s carbon. Hydrogen is also fairly far
down the list for rock (and would be
farther down if I had not copied some
old figures from Frank W. Clarke’s The
Data of Geochemistry, which over-
weight the acidic rocks of continents).
Even the elementary Dr. Watson
might conclude that life’s hydrogen
comes from some inorganic hydrate—
water, for instance—and indeed the hy-
drosphere provides an ample and ready
supply. This will not work for carbon,
though, and in trying to account for car-
boxylation we can make a deduction
that is truly elementary in the Holmes-
ian, or nonobvious, sense. We begin

Mn MANGANESE P PHOSPHORUS
N NITROGEN S SULFUR

Na SODIUM Si SILICON

Ne NEON Ti TITANIUM

O OXYGEN

RELATIVE AMOUNTS OF ELEMENTS in the biosphere, the lithosphere, the hydrosphere
and the atmosphere are presented in the charts on the opposite page. Here, however,
amounts are given not as kilograms per hectare but as atoms per 100 atoms. Here again
scale is logarithmic to show less abundant elements, which otherwise could not be compared.
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'd.g'd.lll Uy IlUllIlg tial 1U1IC 15 mauuy aquc-
ous, and also that it concentrates carbon
in proportions far greater than those in
any accessible source. Is it possible that
these facts are related? If they are, what
do we know about water that throws any
light on this relation and on the be-
havior of carbon? (At this point a lesser
detective might reach for the carbonated
water and pause for a reply.)

Instead of guessing, Holmes would
proceed with his review of the evidence.
Water, of course, is continuously recy-
cled near the earth’s surface, by runoff,
evaporation and condensation. That is,
it flows in rivers from the lithosphere to
the hydrosphere, and it returns to re-
wash the land by way of the atmosphere.
Any water-soluble elements are certain
to track this cycle at least partway, from
land to sea, although they may find the
sea to be a sink, as boron does. If they

alc W gct uuL, Lucy Call 1CalCll uicC laliu
as part of an uplifted sea bottom, but
that is a chancy mechanism. Recycling
is both faster and surer if the element
is volatile as well as soluble, so that one
of its compounds can move landward
through the atmosphere as water does.

In the biosphere there are at least three

elements besides those of water—car-
bon, nitrogen and sulfur—that fall in this
doubly mobile class. Among their air-
borne compounds are carbon dioxide
(CO,), methane (CHy), free nitrogen
(N,), ammonia (NHj;), hydrogen sulfide
(H,S) and sulfur dioxide (SOs). It is in-
teresting that when carbon, nitrogen
and sulfur are recycled, their valence
changes. It may not be an accident that
all three are more reduced in the bio-
sphere than they are in the external
world. Be that as it may, they all seem

10 Deloll g 1o tlC DIOsSplictc, WILCI 15 Otl=
erwise mainly water. Hence all three
must be recycled together, along with
the water (said Holmes with an air of
quiet triumph), if the earth is to sustain
its most unusual hydrate. (“And what is
that?” I asked. “Why, carbohydrate, of
course,” said Holmes.)

I call this deduction nonobvious, be-
cause in an obvious variant it has be-
come so familiar as to inhibit thought.
The outlines of the carbon cycle, in or-
ganisms at any rate, have been evident
since Joseph Priestley’s day. The critical
step, “obviously,” is the photosynthetic
reduction of carbon dioxide. That reac-
tion is a hydrogenation, yielding formal-
dehyde. Its source of hydrogen is the
dehydrogenation of water, with the lib-
eration of oxygen. The chemical energy
thus captured, by a process unique to
green plants, becomes available, inside

ATMOSPHERE

LITHOSPHERE

BIOSPHERE

. HYDROSPHERE

-

CARBOXYLATION CYCLE supplies the biosphere with carbon,
oxygen, hydrogen, nitrogen and sulfur by carrying them from the
lithosphere, the hydrosphere and the atmosphere. Curved arrows
at upper right and left represent any or all of these five elements
that travel from the atmosphere to the lithosphere or to the hydro-
sphere by precipitation, or back to the atmosphere by evaporation.
Curved arrows at bottom indicate direct routes between the litho-
sphere and the hydrosphere such as runoff, mountain-building and
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the hydration of minerals. Biosphere (color) captures these ele-
ments by providing alternative routes. Top pair of straight arrows
show exchange between the biosphere and the atmosphere, carbon,
for example, being exchanged by photosynthesis and respiration.
Pair of straight arrows at right show exchange between the bio-
sphere and the hydrosphere, that of sulfur being mediated by bac-
teria. Pair of arrows at left indicate soil-biosphere exchanges in-
cluding nitrogen fixation and denitrification by microorganisms.
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it not?P). After its utilization, which in-
cludes consumption by animals, the re-
oxidized carbon dioxide can rejoin any
geochemical cycles it likes.

All other vital reactions? Well, not
quite all. The chemical reduction of ni-
trogen is one hydrogenation essential to
green plants that they cannot perform
for themselves. As one result, even ele-
mentary textbooks admit, the carbon
and nitrogen cycles are necessarily in-
terdependent. Without microorganisms
that take nitrogen from the air and hy-
drogenate it (they can use carbon di-
oxide as a carbon source), all the nitro-
gen in the biosphere would soon appear
in the atmosphere in stable, oxidized
form. (The textbooks concede this point
somewhat grudgingly, because much of
the biological nitrogen cycle operates
below the oxidation state of free nitro-

trate and nitrite to amino acids and am-
monia.)

If, as it turns out, sulfur too is recy-
cled by way of the hydrologic cycle but
independently of green plants, it be-
comes necessary to look beyond carbon
and water for the clue to carboxylation.
In other words, some biologists are not
unlike architects who forget about the
plumbing, In their preoccupation with
carbon dioxide reduction as the starting
point for cell biochemistry they tend to
forget two other hydrogenations, those
of sulfur and nitrogen, that are just as
important.

A check is needed here, to be sure that

these two elements are really intrin-
sic to the biosphere. In the case of sul-
fur the figures show it to be very scarce,
and if it is a contaminant, the whole

hocivever, is no contamlinant; no protein
can be made without it. In fact, sulfur
is the “stiffening” in protein. A protein
cannot perform its function unless it is
folded and shaped in a particular way.
This three-dimensional structure is main-
tained by bonds between sulfur atoms
that link one segment of a protein mole-
cule to another. Without these sulfur
bonds a protein would coil randomly,
like a carelessly dropped rope.

The reason for the apparent scarcity
of sulfur is the low protein content of
woody tissue; any animal body contains
much more. Cod-meal protein, for ex-
ample, with 2.26 percent of the sulfu-
rous amino acid methionine, has the em-
pirical formula Hj;5Cs450174NgsS. Al-
though other proteins differ in the pro-
portions, the substance of the biosphere
must always contain these five elements.

ATMOSPHERE

LITHOSPHERE

BIOSPHERE

. HYDROSPHERE

SOLUBLE-ELEMENT CYCLE is followed by minerals such as
phosphorus that dissolve in water but are not volatile, that is, they
are not carried into the air by evaporation (curved arrow at right).
The curved arrow at bottom shows that phosphorus is washed
from the lithosphere into the hydrosphere by runoff from rainfall
(curved arrow at top left). The broken curved arrow at bottom
indicates that phosphorus in the hydrosphere does not normally
return to the lithosphere and that therefore the ocean would be-

come a phosphorus sink. The upper straight arrows at right and
left, however, show that the organisms of the biosphere impede this
development by absorbing some phosphorus. The straight arrows
pointing from the biosphere to the lithosphere and to the hydro-
sphere indicate the decay of organic matter. On land the soluble-
element cycle is continued when decay returns phosphorus to the
lithosphere. Without an atmospheric link from ocean to land,
however, the cycle is actually a one-way flow with interruptions.
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It has been known for manv vears
that sulfur is recycled from the sea back
to the land by wav of the atmosphere.
Calculations confirming this fact by
Erik Eriksson of the International Me-
teorological Institution show that the
world’s rocks contain too little sulfur, by
a factor of about three, to account for
the sulfate delivered annually by the
world’s rivers. About three-quarters of
the total budget (in 1940) is therefore
inferred to have come from the atmo-
sphere. Of this amount about a third, or
a quarter of the total, can have come
from industrial sources—better known
these days as “sulfur dioxide pollution.”
The other two-thirds, or half the total
budget as of 1940, must take some more
natural route from the hydrosphere.

When Eriksson wrote, in 1939, the
question was still open, whether the
cycled sulfur reaches the land as an

ATMOSPHERE

LITHOSPHERE

aerosol from sea sprav or as hvdrogen
sulfide (I.S). If the principal volatile
compound is a sulfide, it must be made
by sulfate-reducing bacteria, Dbecause
no other “room temperature” source of
sulfide is known. M. LeRoy Jensen and
Noboyuki Nakai, then working at Yale
University, settled this question in favor
of the bacteria, by showing that atmo-
spheric sulfur, although it falls in rain
as sulfate, contains less of the heavy iso-
tope sulfur 34 than seawater sulfate
does. What the natural isotopic label
shows is that the sulfate in rain entered
the atmosphere not as sea sprav but as
sulfide, there to be oxidized to sulfur
dioxide. After dissolution in rainwater,
sulfate (and sulfuric acid) are formed.
The principle of the Jensen-Nakai
demonstration is worth noticing, because
it applies to the cycling of carbon as well
as of sulfur, and barring some technical

difficulties it could also apply to nitro-
gen. The route followed through oxida-
tion-reduction reactions by ordinary sul-
fur (sulfur 32) is analogous to the route
followed by ordinary carbon (carbon 12)
in photosynthesis. These lighter, more
mobile isotopes appear preferentiallv in
reduced compounds such as hydrogen
sulfide, methane and formaldehyde. At
equilibrium in a closed system the oxida-
tion products (carbon dioxide or sulfate)
have correspondingly more of the heav-
ier isotopes carbon 13 and sulfur 34
without change in the total mass. If,
however, a reduced and isotopically
light product escapes, as hydrogen sul-
fide does from the hydrosphere, equi-
librium is not attained, and if the gas-
eous product is trapped and reoxidized
in a separate system, the oxide (sulfur
dioxide in this case) remains light.
Exactly where within the hydrosphere

BIOSPHERE

" HYDROSPHERE

EUTROPHICATION OF THE BIOSPHERE is the intensive cy-
cling of phosphorus, nitrogen and sulfur. Colored curved arrow at
bottom represents beginning of the process: the human use of
phosphorus as fertilizer, which returns phosphorus to the litho-
sphere, thereby reversing the phosphorus cycle. Colored straight
arrows at left and right indicate that phosphorus added to the
lithosphere (and to phosphorus already present) is then taken up
by phytoplankton and other organisms as well as by crops. Other
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straight arrows at right and left show that phosphorus and other
elements return to the lithosphere and hydrosphere by decay.
Once phosphorus is plentiful, scarcity of nitrogen and sulfur may
limit eutrophication. Arrows at top represent carbon dioxide, ni-
trate and sulfate from industrial activity rising into atmosphere and
falling in rain. They may promote eutrophication of dry land since
vegetation may reabsorb them from air and soil. Curved arrows in-
dicate routes followed by elements that are bothsoluble and volatile.
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clear. The known ones are obligate
anaerobes, and their habitat is mud.
Swamps, marshes and the floor of eu-
trophic lakes must all be important, and
they may be quantitatively more impor-
tant than the blue mud of estuaries and
continental shelves. The sulfur metabo-
lism of such large systems is not easy to
study, even with isotopic tools. Minze
Stuiver, now at the University of Wash-
ington, injected radioactively labeled
sulfate ions into one eutrophic lake,
Linsley Pond in Connecticut. Sulfate re-
duction proved to be intense, as had
been expected. This lake, however, has
quite a bit of ferrous iron in its deep-
er waters, and more in the mud itself.
In the presence of the ferrous iron all
the labeled sulfide was firmly held in
the mud as ferrous sulfide, and no hydro-
gen sulfide escaped. At least for the dura-
tion of the radioactive label, with its half-
life of 89 days, this mass of mud was
not a source of atmospheric sulfur but
a sink.

It follows from all of this that the cy-
cling of sulfur in nature is no less
relevant to carboxylation than the cy-
cling of carbon and nitrogen. Without
downgrading photosynthesis, we can
say that carbon fixation is only one of at
least three critical steps in the global
synthesis of protein. All three are hydro-
genations, achieved with the aid of en-
zymes, which are themselves proteins,
and therefore occur only in the bio-
sphere. Of the three reductions, how-
ever, only the reduction of carbon calls
for green plants and sunlight. The other
two, the reduction of nitrogen and of
sulfur, are accomplished anaerobically,
by microbes. Thus the locus of the nitro-
gen and sulfur reductions is, broadly
speaking, oxygen-deficient soil and mud.
Both loci are separated spatially from
that airy, sunlit world where green
plants (addicted, like human societies,
to the external disposal of wastes) are
thoughtlessly liberating oxygen.

With three critical steps for five ele-
ments, moving through four “spheres”
of abstract space, one feels the need for
a picture—a “systems model’—just to
keep track of the relations. The two-di-
mensional analogue on page 152 is sim-
ple but adequate. Although it fails to
specify fluxes, or any chemical quanti-
ties, it provides a mental framework for
the movement of five elements: hydro-
gen, oxygen, carbon, nitrogen and sul-
fur, either alone or in combinations such
as water, nitrate, the dioxides of carbon
and sulfur, and carbohydrate. The syn-
thetic output is the biosphere, with the

(KILOGRAMS (KILOGRAMS (KILOGRAMS

PER HECTARE) PER HECTARE) PER HECTARE)
CALCIUM (Ca**) 238 3.0 > +02
MAGNESIUM (Mg™* *) 10— > 18 > +07
SODIUM (Na*) 21 42 121
POTASSIUM (K*) 18— 11— Sy
CHLORIDE (Ci-) 08 e | — 11,3
SULFATE (SO&~ ") 30.0 — 204 > —06
AMMONIUM (NHe*) 21 > 03 S 18
NITRATE (NOs~) R Sy Wa— % R
SILICON DIOXIDE (Si02) 1.9 > 209 +19.0

ALUMINUM (A1+++) . 1.4 n

BICARBONATE (HCO,") 0 0.7 S 407

TOTAL 514 e—— 7.7 e -+20.3

EUTROPHICATION OF DRY LAND is indicated by the imbalance between the quantity
of certain ions falling from the atmosphere on the forest at Watershed No. 6 at Hubbard
Brook in New Hampshire and the output of these ions in the brook itself. Input (smaller
arrows at left) of some elements such as calcium, magnesium and sodium is smaller than
the output (larger arrows at right). The input of potassium, ammonium, sulfate and nitrate,
however, is larger (larger arrows at left) than output of these substances (smaller arrows).
The excess of input indicates that the forest is utilizing these four substances as it grows.

a
DRY MATTER 199,725
ASH
NITROGEN 1,001
10 102 10% 10% 108 108
BIOMASS (KILOGRAMS PER HECTARE)
DRY MATTER
ASH Esain swiait ] 410
|
79
162
NITROGEN K
10 102 10° 104 105 108

BIOMASS (KILOGRAMS PER HECTARE PER YEAR)

OTHER EVIDENCE FOR EUTROPHICATION is provided by studies of the earth’s stand-
ing crop on dry land. In a biomass, or weighable dry matter that includes ash and nitrogen,
totals about 200,000 kilograms per hectare. In b the first set of bars shows that the dry matter
increases in an average year by 13,381 kilograms per hectare (color). About 11,000 kilo-
grams is lost in the form of litter fall (gray) such as fallen leaves and branches, giving a
“mean increment” of 2,148 kilograms per hectare (open bar). The second set of bars shows
that ash increases by 489 kilograms per hectare (color) but is reduced by litter fall (gray)
to 79 kilograms (open bar). The third set of bars shows that nitrogen increases by 162 kilo-
grams (color), a gain that is reduced by litter fall (gray) to 38 kilograms per hectare.
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empirical composition ot protein. 1he
central or regulatory position of the bio-
sphere in this model follows from the
fact that for all five elements it is both
a source and a temporary sink. For any
element that might be tempted to cycle
around the edges of the model, the bio-
sphere provides several high-energy al-

ternatives. 1he most interesting ot these
are the reductions of carbon, nitrogen
and sulfur, each concentrated at a dif-
ferent interface, two being out of im-
mediate contact with air. Water, al-
though it is able in principle to cycle
independently, is the source of the hy-
drogen that energizes the biosphere,

ADENINE RIBOSE PHOSPHATES
A A A
r ' o N\
N = C — NH,
(.
HC C — N OH OH OH
CH
I / H OH OH H H | | |
N—-C—-N—-C—-C—-—C—C—-C—-0—F—0 o) =0
H H | H Il I I
o o) o) OH

UNIVERSAL FUEL of living matter is ade

nosine triphosphate (ATP). High-energy phos-

phate bonds of ATP (~) each store 12,000 calories and release 7,500 calories when broken.

ACID PHOSPHATE

PRODUCTION OF ATP, shown in generalized form, consists of two stages. The first stage
begins as aldehyde reacts with an inorganic phosphate to produce hydrogen and acid phos-

phate. In second stage (bottom) acid phosp

0 i o
I
R-C—H | + | HO=P—0 | ————> | 24 | + | R=C-0-P-0
© HYDROGEN 2
ALDEHYDE INORGANIC ACID PHOSPHATE
PHOSPHATE
PR I
R-C-0—P-0 | + ADP ——————> | R—C—OH | +
o)

ACID

hate (shading) reacts with ADP (adenosine di-

phosphate) to make an organic acid and ATP (color). R stands for radicals, or side groups.

——> ADP +

GLUCOSE-I-PHOSPHATE

and cannot long avoid the biospheric
loop as long as the biosphere functions.

It is easy to be bemused by so fas-
cinating a model. Its function, however,
is to clarify thought. If further thought
disrupts the model, nothing is lost but
a few lines on paper. More or less in-
stantly, by reference to the table of bio-
spheric composition, we can see that the
model is incomplete. Phosphorus has
been leftout, along with calcium, potas-
sium, silicon and magnesium, four ele-
ments that are commoner in the bio-
sphere than sulfur is. Will any or all of
these cycle tamely through the model,
or will they disrupt it beyond repair?

For phosphorus, but not yet for the
others, the answer is clear: With one sig-
nificant modification, the model can ac-
commodate phosphorus. First, let us be
sure, as we made sure for sulfur, that
phosphorus is necessary to the bio-
sphere. It is not a constituent of protein,
but no protein can be made without it.
The “high-energy phosphate bond,” re-
versibly moving between adenosine di-
phosphate (ADP) and adenosine triphos-
phate (ATP), is the universal fuel for all
biochemical work within the cell. The
photosynthetic fixation of carbon would
be a fruitless tour de force if it were not
followed by the phosphorylation of the
sugar produced. Thus although neither
ADP nor ATP contains much phosphor-
us, one phosphorus atom per molecule
of adenosine is absolutely essential. No
life (including microbial life) is possible
without it.

Our provisional model of the bio-

sphere has been constructed on two
explicit assumptions: (1) the biosphere
necessarily contains the five elements of
protein and (2) all five are both soluble
and volatile. If we now add phosphorus
as a sixth necessary element, we can
safely assume its solubility in water, and
the crucial question concerns its vola-
tility. Except as sea spray in coastal

CH,OH
CH,OH_O H H Q 4y HOCH, 0 H ﬁ
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H HO OH H H HO I
HO CH,OH HO o) CH,OH o)
HO H H OH HO H
GLUCOSE-I-PHOSPHATE FRUCTOSE SUCROSE INORGANIC PHOSPHATE

calories. The reaction produces ADP and glucose-1-phosphate. In
a second stage of the reaction (bottom) glucose-1-phosphate com-
bines with fructose, yielding sucrose and inorganic phosphate.

SYNTHESIS OF SUCROSE is an example of a reaction for which
ATP (color) supplies energy. The reaction begins at upper left as
the ATP molecule combines with glucose molecule, releasing 7,500
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BASIC FUNCTION OF SULFUR in living matter appears to be to
provide a linkage between the polypeptide chains in a protein
molecule. These linkages help the protein maintain its three-di-
mensional shape so that it can perform its function. In this segment
of a bovine insulin molecule disulfide bonds (color) are formed
between sulfur atoms, which are present in the amino acid cystine.
Cystine is a subunit of both polypeptide chains. Because the mol-
ecule is displayed in two dimensions it is flattened. Therefore the
bond between the top and bottom cystine groups on the upper

chain appears broken. In the normal three-dimensional state, how-
ever, this chain is twisted and folded because of the disulfide
bond in a way indicated by the colored line that joins the two sul-
fur atoms. (The other bond is one of two that links the chains.)
The shape of the insulin molecule maintained by these bonds en-
ables it to control the metabolism of sugar. The other amino acids
in this molecular segment, whose side chains are indicated by the
letter R, are glutamic acid (GLU), alanine (ALA), serine (SER),
valine (VAL), histidine (HIS), leucine (LEU) and glycine (GLY).

zones, or as dust in the vicinity of ex-
posed phosphate rock, phosphorus is un-
known in the atmosphere; none of its
ordinary compounds has any appreciable
vapor pressure. It therefore tracks the
hydrologic cycle only partway, from the
lithosphere to the hydrosphere, and in a
world uncomplicated by a biosphere the
ocean would be its only sink. In terms
of my model this amounts to uncoupling
the atmospheric reservoir (except for
water), omitting the half-arrow showing
the return of phosphorus from the hy-
drosphere to the lithosphere and leaving
the biosphere’s phosphorus as a feed-
back loop, diverting some of the one-
way flow from rock to ocean. Geomet-
rically at least, the model is general
enough to accommodate these changes,
some version of which will be needed if
any permanent sinks are discovered in
the system.

For any soluble but nonvolatile ele-
ment a closed natural cycle is possible
only through the biosphere. The model
hints at the reason why many elements—
vanadium, cobalt, nickel and molyb-
denum among them—are best known in
aquatic organisms and cycle mainly
within the hydrosphere. Now, however,
the model, nonquantitative though it is,
suggests something else. If the biosphere
demands such an element as phosphorus
(and the cases of iron and manganese
should be similar), two alternative in-
ferences are permissible, depending on

the magnitudes of reservoirs and fluxes.
If the lithosphere contains an ample sup-
ply of phosphorus, or if the flux to the
hydrospheric sink is large, the biosphere
can take off what it needs and waste the
rest. It is commonly believed such ele-
ments as sodium and calcium are thus
wasted by terrestrial vegetation, al-
though ecologists are beginning to doubt
it. On the other hand, if the quantity is
scanty or the flux small, the element will
be in critically short supply. And if short
supply is chronic, the output of the en-
tire system could be expected to be ad-
justed to the rate of exploitation of one
critical element, much as the perform-
ance of a bureaucracy is closely geared
to the supply of paper clips.

In undisturbed nature the chronic short-

age of phosphorus is notorious; that
is what most people mean by “soil infer-
tility.” In the lithosphere phosphorus is
scarcer than carbon, and in the hydro-
sphere, because phosphorus falls in the
parts-per-billion range, it fails to show
up at all in the chart of constituents on
page 151. Apart from its natural scarcity,
phosphorus is freely soluble only in acid
solution or under reducing conditions.
On the surface of an alkaline and oxi-
dized earth it tends to be immobilized as
calcium phosphate or ferric phosphate. In
lake waters, where the output of carbo-
hydrate is thriftily attuned to phosphorus

concentrations of the order of 50 micro-
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grams per liter, doubling the phosphorus
input commonly doubles the standing
crop of plankton and pondweeds.

Under these conditions the situation
in a lake changes drastically. If phos-
phorus is plentiful, nitrate may become
the critically short nutrient for a crop
that needs about 15 atoms of nitrogen
for one of phosphorus. Blue-green algae
may then take over the plankton because
by reducing atmospheric nitrogen they
escape the dependence that other algae
have on nitrate. Meanwhile, judging
from much recent experience, the phos-
phorus input will probably have doubled
again—but the subject under discussion
is no longer undisturbed nature. What
started as “cottage eutrophication,” by
seepage from a few septic tanks, has
been escalated into a noisome mess by
“treated” sewage and polyphosphate de-
tergents. To conserve biogeochemical
parity the atmosphere has begun to de-
liver into lakes nitrate and sulfate from
the combustion of fossil fuels.

It would be wrong to read too much
into a systems model. “Conserving bio-
geochemical parity” is just a figure of
speech, technically hyperbole, and ironi-
cal at that. After all, the pollution of the
air by nitrate and sulfate is quite inde-
pendent—technologically, spatially and
politically—of the pollution of water by
phosphorus. If the accelerated phos-
phorus cycle in lakes takes advantage of
these added inputs, we dare not say that
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nitrate and sulfate have been drawn into
the biosphere from the atmosphere, as
US. power was drawn to a Canadian
circuit breaker in the Northeast black-
out of 1965. What the model tells us is
that matters can look that way from the
standpoint of the biosphere. If the lake
segment of the phosphorus cycle is ac-
celerated to the point where nitrogen
and sulfur are as critical as phosphorus
used to be, and if there is a new source
of nitrate and sulfate in the atmosphere,
the atmosphere is adequately coupled to
all other subsystems to ensure the suc-
cess of the newly accelerated loop. The
loop, known as eutrophication, is thus
amplified from a lacustrine nuisance to a
systems problem, and around such lakes
as Lake Erie it threatens to become a
cancer in the global ecosystem.

The trouble started, of course, when
the world’s one-way phosphorus cycle
was first reversed and then accelerated
by human activity. Since bird guano was
discovered on desert islands, later to be
supplemented in fertilizers by phosphate
rock, marine phosphate has been re-
stored to the lithosphere in ever increas-
ing amounts. As a device for growing
people in ever increasing numbers the
practice cannot be faulted, but if people

are to continue to flourish in the bio-
sphere, they will have to pay more at-
tention to scarce resources. Phosphorus
is much too valuable to be thoughtlessly
shared with blue-green algae.

The term eutrophication, which means

enrichment, usually inadvertent, is
not ordinarily applied to forests and des-
erts. I dare to extend it to the terrestrial
biosphere because two new lines of evi-
dence have suddenly appeared to sug-
gest that the known pollution of air by
nitrate and sulfate also encourages the
bloom on dry land. The first line of evi-
dence comes from Hubbard Brook,
N.H., where F. Herbert Bormann of the
Yale School of Forestry and Gene E.
Likens of Cornell University have had
six forested watersheds under close
study since 1963. What interests us here
is the difference, per hectare of ecosys-
tem, between the input of ions in rain-
fall (plus dry fallout, if any) and the out-
put as measured at a dam at the foot of
each drainage basin.

Among the common ions entering and
leaving Watershed No. 6 at Hubbard
Brook, chloride and three positive ions—
calcium, magnesium and sodium—show
an excess of output over input, pre-

GUANO-COVERED ISLAND off the coast of Peru is a source of phosphate and nitrate
for fertilizer. Guano has been deposited during many millenniums by generations of birds.
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sumably derived from the local rocks
and soil. These four ions conform, if only
barely, to the idea that the biosphere
wastes excess salts on their way to the
sea. In contrast, potassium and ammo-
nium (NH,) and the two major negative
ions, sulfate and nitrate, are avidly held
by this segment of the biosphere, as is
indicated by the fact that their input ex-
ceeds their output. In the case of potas-
sium all but 700 grams per hectare is
captured. Collectively the “nonvolatile”
minerals, including silica, that fall from
the clear New Hampshire sky amounted
to some 13 kilograms per hectare in a
typical year. With sulfate, nitrate and
ammonium added, the total reached
51.4 kilograms per hectare.

The second line of evidence indicates
that the biosphere as a whole is becom-
ing larger. Ecologists expect to find
growth in secondary forests, but climax
vegetation should be in a steady state,
with annual gains balancing losses. Ac-
cording to figures I have recompiled
from Rodin and Basilevich, the mean
world vegetation is not yet at climax.
After the known quantity of dead leaves,
branches and other litter is subtracted
from the net production of new tissue,
the difference is always positive, at an
average 2,148 kilograms of new biomass
per hectare of land per year. With ash
making up 1.2 percent of this biomass,
about 26 kilograms of ash is annually
withdrawn from an average hectare to
sustain the increment of carbohydrate.
The input of airborne elements at Hub-
bard Brook could provide this ash twice
over, with no contribution from the local
lithosphere.

This comparison is impressionistic,
and it may be misleading. Apart from
industrial sulfate, which (as sulfuric
acid) is perhaps as likely to corrode the
biosphere as to nourish it, the world’s
vegetation may be in no danger of in-
stant eutrophication. (If the biosphere is
really becoming larger, the input of in-
dustrial carbon dioxide may constitute
another major nutrient.) The modes of
recycling discovered at Hubbard Brook
are nonetheless astonishing. Added to
what we know or can safely infer about
other volatile elements, such studies un-
derscore the necessity of a global view
of biochemistry. What can be said with
assurance is that there is a unique and
nearly ubiquitous compound, with the
empirical formula Hags001480C1180N16-
P, ¢S, called living matter. Its synthe-
sis, on an oxidized and uncarboxylated
earth, is the most intricate feat of chemi-
cal engineering ever performed—and the
most delicate operation that people have
ever tampered with.
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Human Food Production
as a Process in the Biosphere

Human population growth is mainly the result of increases in food

production. This relation raises the question: How many people can

the biosphere support without impairment of its overall operation?

hroughout most of man’s existence
I his numbers have been limited by
the supply of food. For the first
twomillion years or so he lived as a pred-
ator, a herbivore and a scavenger. Under
such circumstances the biosphere could
not support a human population of more
than 10 million, a population smaller
than that of London or Afghanistan to-
day. Then, with his domestication of
plants and animals some 10,000 years
ago, man began to shape the biosphere
to his own ends.

As primitive techniques of crop pro-
duction and animal husbandry became
more efficient the earth’s food-producing
capacity expanded, permitting increases
in man’s numbers. Population growth in
turn exerted pressure on food supply,
compelling man to further alter the bio-
sphere in order to meet his food needs.
Population growth and advances in food
production have thus tended to be mu-
tually reinforcing.

It took two million years for the hu-
man population to reach the one-billion
mark, but the fourth billion now being
added will require only 15 years: from
1960 to 1975. The enormous increase in
the demand for food that is generated
by this expansion in man’s numbers, to-
gether with rising incomes, is beginning

by Lester R. Brown

to have disturbing consequences. New
signs of stress on the biosphere are re-
ported almost daily. The continuing ex-
pansion of land under the plow and the
evolution of a chemically oriented mod-
ern agriculture are producing ominous
alterations in the biosphere not just on a
local scale but, for the first time in his-
tory, on a global scale as well. The nat-
ural cycles of energy and the chemical
elements are clearly being affected by
man’s efforts to expand his food supply.

Given the steadily advancing demand
for food, further intervention in the bio-
sphere for the expansion of the food
supply is inevitable. Such intervention,
however, can no longer be undertaken
by an individual or a nation without con-
sideration of the impact on the biosphere
as a whole. The decision by a govern-
ment to dam a river, by a farmer to use
DDT on his crops or by a married cou-
ple to have another child, thereby in-
creasing the demand for food, has reper-
cussions for all mankind.

The revolutionary change in man’srole

from hunter and gatherer to tiller and
herdsman took place in circumstances
that are not well known, but some of the
earliest evidence of agriculture is found
in the hills and grassy plains of the Fer-

EXPERIMENTAL FARM in Brazil, one of thousands around the world where improve-
ments in agricultural technology are pioneered, is seen as an image on an infrared-sensitive
film in the aerial photograph on the opposite page. The reflectance of vegetation at near-
infrared wavelengths of .7 to .9 micron registers on the film in false shades of red that are
proportional to the intensity of the energy. The most reflective, and reddest, areas (bot-
tom) are land still uncleared of forest cover. Most of the tilled fields, although irregular in
shape, are contour-plowed. Regular patterns (left and bottom right) are citrus-orchard
rows. The photograph was taken by a National Aeronautics and Space Administration
mission in cooperation with the Brazilian government in a joint study of the assessment of
agricultural resources by remote sensing. The farm is some 80 miles northwest of Sao Paulo.
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tile Crescent in western Asia. The cul-
tivation of food plants and the domesti-
cation of animals were aided there by
the presence of wild wheat, barley,
sheep, goats, pigs, cattle and horses.
From the beginnings of agriculture man
naturally favored above all other species
those plants and animals that had been
most useful to him in the wild. As a re-
sult of this favoritism he has altered the
composition of the earth’s plant and ani-
mal populations. Today his crops, re-
placing the original cover of grass or for-
est, occupy some three billion acres. This
amounts to about 10 percent of the
earth’s total land surface and a consider-
ably larger fraction of the land capable
of supporting vegetation, that is, the
area excluding deserts, polar regions and
higher elevations. Two-thirds of the cul-
tivated cropland is planted to cereals.
The area planted to wheat alone is 600
million acres—nearly a million square
miles, or an area equivalent to the U.S.
east of the Mississippi. As for the influ-
ence of animal husbandry on the earth’s
animal populations, Hereford and Black
Angus cattle roam the Great Plains, once
the home of an estimated 30 to 40 mil-
lion buffalo; in Australia the kangaroo
has given way to European cattle; in
Asia the domesticated water buffalo has
multiplied in the major river valleys.
Clearly the food-producing enterprise
has altered not only the relative abun-
dance of plant and animal species but
also their global distribution. The link-
age of the Old and the New World in
the 15th century set in motion an ex-
change of crops among various parts of
the world that continues today. This ex-
change greatly increased the earth’s ca-
pacity to sustain human populations,
partly because some of the crops trans-
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ported elsewhere turned out to he better
suited there than to their area of origin.
Perhaps the classic example is the intro-
duction of the potato from South Amer-
ica into northern Europe, where it great-
lv augmented the food supply, permit-
ting marked increases in population.
This was most clearly apparent in Ire-
land, where the population increased
rapidly for several decades on the
strength of the food supply represented
by the potato. Only when the potato-
blight organism (Phytophthora infes-
tans) devastated the potato crop was
population growth checked in Ireland.

The soybean, now the leading source
of vegetable oil and principal farm ex-
port of the U.S., was introduced from
China several decades ago. Grain sor-
ghum, the second-ranking feed grain in
the U.S. (after corn), came from Africa
as a food store in the early slave ships.
In the U.S.S.R. today the principal
source of vegetable oil is the sunflower,
a plant that originated on the southern
Great Plains of the U.S. Corn, unknown
in the Old World before Columbus, is
now grown on every continent. On the
other hand, North America is indebted
to the Old World for all its livestock
and poultry species with the exception
of the turkey.

"I‘o man’s accomplishments in exploit-

- ing the plants and animals that nat-
ural evolution has provided, and in im-
proving them through selective breed-
ing over the millenniums, he has added
in this century the creation of remark-
ably productive new breeds, thanks to
the discoveries of genetics. Genetics has
made possible the development of ce-
reals and other plant species that are
more tolerant to cold, more resistant to
drought, less susceptible to disease,
more responsive to fertilizer, higher in
yield and richer in protein. The story of
hybrid corn is only one of many spectac-
ular examples. The breeding of short-
season corn varieties has extended the
northern limit of this crop some 500
miles.

Plant breeders recently achieved a his-
toric breakthrough in the development
of new high-yielding varieties of wheat
and rice for tropical and subtropical re-
gions. These wheats and rices, bred by
Rockefeller Foundation and Ford Foun-
dation scientists in Mexico and the Phil-
ippines, are distinguished by several
characteristics. Most important, they are
short-statured and stiff-strawed, and are
highly responsive to chemical fertilizer.
They also mature earlier. The first of the
high-yielding rices, IR-8, matures in 120
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IMPACT OF THE AGRICULTURAL REVOLUTION on the human population is outlined
in these two diagrams. The diagram at left shows the state of affairs before the invention of
agriculture: the plants and animals supported by photosynthesis on the total land area
could support a human population of only about 10 million. The diagram at right shows

days as against 150 to 180 days for other
varieties.

Another significant advance incorpo-
rated into the new strains is the reduced
sensitivity of their seed to photoperiod
(length of day). This is partly the result
of their cosmopolitan ancestry: they were
developed from seed collections all over
the world. The biological clocks of tra-
ditional varieties of cereals were keyed
to specific seasonal cycles, and these ce-
reals could be planted only at a certain
time of the year, in the case of rice say
at the onset of the monsoon season. The
new wheats, which are quite flexible in
terms of both seasonal and latitudinal
variations in length of day, are now
being grown in developing countries as
far north as Turkey and as far south as
Paraguay.

The combination of earlier maturity
and reduced sensitivity to day length
creates new opportunities for multiple
cropping in tropical and subtropical re-
gions where water supplies are adequate,
enabling farmers to harvest two, three
and occasionally even four crops per
year. Workers at the International Rice
Research Institute in the Philippines
regularly harvest three crops of rice per
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year. Each acre they plant yields six
tons annually, roughly three times the
average yield of corn, the highest-yield-
ing cereal in the U.S. Thousands of farm-
ers in northern India are now alternat-
ing a crop of early-maturing winter
wheat with a summer crop of rice, great-
ly increasing the productivity of their
land. These new opportunities for farm-
ing land more intensively lessen the pres-
sure for bringing marginal land under
cultivation, thus helping to conserve
precious topsoil. At the same time they
increase the use of agricultural chemi-
cals, creating environmental stresses
more akin to those in the advanced
countries.

The new dwarf wheats and rices are
far more efficient than the traditional
varieties in their use of land, water, fer-
tilizer and labor. The new opportunities
for multiple cropping permit conversion
of far more of the available solar energy
into food. The new strains are not the
solution to the food problem, but they
are removing the threat of massive fam-
ine in the short run. They are buying
time for the stabilization of population,
which is ultimately the only solution to
the food crisis. This “green revolution”



SOLAR
ENERGY

\ /
~ —
/Q\ WATER
/ N\

CARBON
DIOXIDE

LAND AREA

AGRICULTURAL
LAND

I

FERTILIZER

X

/
.{.._F—'/

the state of affairs after the invention of agriculture. The 10 per-
cent of the land now under the plow, watered and fertilized by
man, is the primary support for a human population of 3.5 billion.
Some of the agricultural produce is consumed directly by man;

may affect the well-being of more peo-
ple in a shorter period of time than any
technological advance in history.

The progress of man’s expansion of
food production is reflected in the way
crop yields have traditionally been cal-
culated. Today the output of cereals is
expressed in yield per acre, but in early
civilizations it was calculated as a ratio
of the grain produced to that required
for seed. On this basis the current ratio
is perhaps highest in the U.S. corn belt,
where farmers realize a four-hundred-
fold return on the hybrid corn seed they
plant. The ratio for rice is also quite
high, but the ratio for wheat, the third
of the principal cereals, is much lower,
possibly 30 to one on a global basis.

The results of man’s efforts to increase
the productivity of domestic animals are
equally impressive. When the ancestors
of our present chickens were domesti-
cated, they laid a clutch of about 15
eggs once a year. Hens in the U.S. today
average 220 eggs per year, and the fig-
ure is rising steadily as a result of con-
tinuing advances in breeding and feed-
ing. When cattle were originally domes-
ticated, they probably did not produce
more than 600 pounds of milk per year,

barely enough for a calf. (It is roughly
the average amount produced by cows
in India today.) The 13 million dairy
cows in the U.S. today average 9,000
pounds of milk yearly, outproducing
their ancestors 15 to one.

Most such advances in the produc-
tivity of plant and animal species are
recent. Throughout most of history
man’s efforts to meet his food needs have
been directed primarily toward bring-
ing more land under cultivation, spread-
ing agriculture from valley to valley and
continent to continent. He has also, how-
ever, invented techniques to raise the
productivity of land already under cul-
tivation, particularly in this century,
when the decreasing availability of new
lands for expansion has compelled him
to turn to a more intensive agriculture.
These techniques involve altering the
biosphere’s cycles of energy, water, ni-
trogen and minerals.

l\[()dern agriculture depends heavily

on four technologies: mechaniza-
tion, irrigation, fertilization and the
chemical control of weeds and insects.
Each of these technologies has made an
important contribution to the earth’s in-
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some is consumed indirectly by first being fed to domestic animals.
Some of the food for domestic animals, however, comes from land
not under the plow (curved arrow at bottom left). Man also obtains
some food from sources other than agriculture, such as fishing.

creased capacity for sustaining human
populations, and each has perturbed the
cycles of the biosphere.

At least as early as 3000 B.c. the farm-
ers of the Middle East learned to harness
draft animals to help them till the soil.
Harnessing animals much stronger than
himself enabled man to greatly augment
his own limited muscle power. It also
enabled him to convert roughage (indi-
gestible by humans) into a usable form
of energy and thus to free some of his
energy for pursuits other than the quest
for food. The invention of the internal-
combustion engine and the tractor 5,000
years later provided a much greater
breakthrough. It now became possible
to substitute petroleum (the product of
the photosynthesis of aeons ago) for oats,
corn and hay grown as feed for draft ani-
mals. The replacement of horses by the
tractor not only provided the farmer
with several times as much power but
also released 70 million acres in the U.S.
that had been devoted to raising feed
for horses.

In the highly mechanized agriculture
of today the expenditure of fossil fuel
energy per acre is often substantially
greater than the energy yield embodied
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in the food produced. This deficit in the
output is of no immediate consequence,
because the system is drawing on energy
in the bank. When fossil fuels become
scarcer, man will have to turn to some
other source of motive energy for agri-
culture: perhaps nuclear energy or some
means, other than photosynthesis, of
harnessing solar energy. For the present
and for the purposes of agriculture the
energy budget of the biosphere is still
favorable: the supply of solar energy—
both the energy stored in fossil fuels and
that taken up daily and converted into
food energy by crops—enables an ad-
vanced nation to be fed with only 5 per-
cent of the population directly employed
in agriculture.

The combination of draft animals and
mechanical power has given man an
enormous capacity for altering the
earth’s surface by bringing additional
land under the plow (not all of it suited
for cultivation). In addition, in the poor-
er countries his expanding need for fuel
has forced him to cut forests far in excess
of their ability to renew themselves. The
areas largely stripped of forest include
mainland China and the subcontinent of
India and Pakistan, where much of the
population must now use cow dung for
fuel. Although statistics are not avail-
able, the proportion of mankind using
cow dung as fuel to prepare meals may
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far exceed the proportion using natur-
al gas. Livestock populations providing
draft power, food and fuel tend to in-
crease along with human populations,
and in many poor countries the needs of
livestock for forage far exceed its self-
renewal, gradually denuding the coun-
tryside of grass cover.

As population pressure builds, not
only is more land brought under the
plow but also the land remaining is less
suited to cultivation. Once valleys are
filled, farmers begin to move up hill-
sides, creating serious soil-erosion prob-
lems. As the natural cover that retards
runoff is reduced and soil structure de-
teriorates, floods and droughts become
more severe.

Over most of the earth the thin layer

of topsoil producing most of man’s
food is measured in inches. Denuding
the land of its year-round natural cover
of grass or forest exposes the thin mantle
of life-sustaining soil to rapid erosion by
wind and water. Much of the soil ulti-
mately washes into the sea, and some
of it is lifted into the atmosphere. Man’s
actions are causing the topsoil to be re-
moved faster than it is formed. This un-
stable relationship between man and the
land from which he derives his subsist-
ence obviously cannot continue indefi-
nitely.

| |

1964-1965

1959-1960
YEAR

FERTILIZER CONSUMPTION has increased more than fivefold since the end of World
War II. The top line in the graph (color) shows the tonnage of all kinds of fertilizers com-
bined. The lines below show the tonnages of the three major types: nitrogen (black), now
the leader, phosphate (gray) and potash (broken line). Figures, from the most recent re-
port by the UN Food and Agriculture Organization, omit fertilizer consumption in China.
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1969-1970

Robert R. Brooks of Williams College,
an economist who spent several years in
India, gives a wry description of the
process occurring in the state of Rajas-
than, where tens of thousands of acres of
rural land are being abandoned yearly
because of the loss of topsoil: “Overgraz-
ing by goats destroys the desert plants
which might otherwise hold the soil in
place. Goatherds equipped with sickles
attached to 20-foot poles strip the leaves
of trees to float downward into the wait-
ing mouths of famished goats and sheep.
The trees die and the soil blows away
200 miles to New Delhi, where it comes
to rest in the lungs of its inhabitants and
on the shiny cars of foreign diplomats.”

Soil erosion not only results in a loss
of soil but also impairs irrigation sys-
tems. This is illustrated in the Mangla
irrigation reservoir, recently built in the
foothills of the Himalayas in West Pak-
istan as part of the Indus River irrigation
system. On the basis of feasibility studies
indicating that the reservoir could be ex-
pected to have a lifetime of at least 100
years, $600 million was invested in the
construction of the reservoir. Denuding
and erosion of the soil in the watershed,
however, accompanying a rapid growth
of population in the area, has already
washed so much soil into the reservoir
that it is now expected to be completely
filled with silt within 50 years.

A historic example of the effects of
man’s abuse of the soil is all too plainly
visible in North Africa, which once was
the fertile granary of the Roman Empire
and now is largely a desert or near-
desert whose people are fed with the aid
of food imports from the U.S. In the U.S.
itself the “dust bowl” experience of the
1930’s remains a vivid lesson on the
folly of overplowing. More recently the
US.S.R. repeated this error, bringing
100 million acres of virgin soil under the
plow only to discover that the region’s
rainfall was too scanty to sustain con-
tinuous cultivation. Once moisture re-
serves in the soil were depleted the soil
began to blow.

Soil erosion is one of the most press-
ing and most difficult problems threaten-
ing the future of the biosphere. Each
year it is forcing the abandonment of
millions of acres of cropland in Asia, the
Middle East, North Africa and Central
America. Nature’s geological cycle con-
tinuously produces topsoil, but its pace
is far too slow to be useful to man. Some-
one once defined soil as rock on its way
to the sea. Soil is produced by the weath-
ering of rock and the process takes sev-
eral centuries to form an inch of topsoil.
Man is managing to destroy the topsoil
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in some areas of the world in a fraction
of this time. The only possible remedy is
to find ways to conserve the topsoil more
effectively.

The dust-bowl era in the U.S. ended
with the widespread adoption of con-
servation practices by farmers. Twenty
million acres were fallowed to accumu-
late moisture and thousands of miles of
windbreaks were planted across the
Great Plains. Fallow land was alternated
with strips of wheat (“strip-cropping”) to
reduce the blowing of soil while the land
was idle. The densely populated coun-
tries of Asia, however, are in no position
to adopt such tactics. Their food needs
are so pressing that they cannot afford
to take large areas out of cultivation;
moreover, they do not yet have the finan-
cial resources or the technical skills for
the immense projects in reforestation,
controlled grazing of cattle, terracing,
contour farming and systematic manage-
ment of watersheds that would be re-
quired to preserve their soil.

The significance of wind erosion goes

EUROPE

USSR AFRICA

far beyond the mere loss of topsoil. As
other authors in this issue have observed,
a continuing increase in particulate mat-
ter in the atmosphere could affect the
earth’s climate by reducing the amount
of incoming solar energy. This particu-
late matter comes not only from the
technological activities of the richer
countries but also from wind erosion in
the poorer countries. The poorer coun-
tries do not have the resources for un-
dertaking the necessary effort to arrest
and reverse this trend. Should it be es-
tablished that an increasing amount of
particulate matter in the atmosphere is
changing the climate, the richer coun-
tries would have still another reason to
provide massive capital and technical as-
sistance to the poor countries, joining
with them to confront this common
threat to mankind.

Irrigation, which agricultural man be-

gan to practice at least as early as
6,000 years ago, even earlier than he
harnessed animal poswer, has played its
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est use of fertilizer occurs in Europe, the least fertilized area is
Africa and the greatest percentage increase in the period was in
Australia and New Zealand. Figures, from the Food and Agricul-
ture Organization, omit China, North Korea and North Vietnam.

great role in increasing food production
by bringing into profitable cultivation
vast areas that would otherwise be un-
usable or only marginally productive.
Most of the world’s irrigated land is in
Asia, where it is devoted primarily to
the production of rice. In Africa the
Volta River of Ghana and the Nile are
dammed for irrigation and power pur-
poses. The Colorado River system of the
U.S. is used extensively for irrigation in
the Southwest, as are scores of rivers
elsewhere. Still to be exploited for irri-
gation are the Mekong of southeastern
Asia and the Amazon.

During the past few years there has
been an important new irrigation devel-
opment in Asia: the widespread installa-
tion of small-scale irrigation systems on
individual farms. In Pakistan and India,
where in many places the water table is
close to the surface, hundreds of thou-
sands of tube wells with pumps have
been installed in recent years. Interest-
ingly, this development came about
partly as an answer to a problem that
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had been presented by irrigation itself.

Like many of man’s other interven-
tions in the biosphere, his reshaping of
the hydrologic cycle has had unwanted
side effects. One of them is the raising of
the water table by the diversion of river
water onto the land. Over a period of
time the percolation of irrigation water
downward and the accumulation of this
water underground may gradually raise
the water table until it is within a few
feet or even a few inches of the surface.
This not only inhibits the growth of
plant roots by waterlogging but also re-
sults in the surface soil’s becoming salty
as water evaporates through it, leaving
a concentrated deposit of salts in the
upper few inches. Such a situation de-
veloped in West Pakistan after its fertile
plain had been irrigated with water from
the Indus for a century. During a visit
by President Ayub to Washington in
1961 he appealed to President Kennedy
for help: West Pakistan was losing 60,-
000 acres of fertile cropland per year be-
cause of waterlogging and salinity as
its population was expanding 2.5 per-
cent yearly.

This same sequence, the diversion of
river water into land for irrigation, fol-
lowed eventually by waterlogging and
salinity and the abandonment of land,

had been repeated many times through-
out history. The result was invariably
the decline, and sometimes the disap-
pearance, of the civilizations thus in-
tervening in the hydrologic cycle. The
remains of civilizations buried in the
deserts of the Middle East attest to ear-
ly experiences similar to those of con-
temporary Pakistan. These civilizations,
however, had no one to turn to for for-
eign aid. An interdisciplinary U.S. team
led by Roger Revelle, then Science
Adviser to the Secretary of the Inte-
rior, studied the problem and proposed
among other things a system of tube
wells that would lower the water table
by tapping the ground water for inten-
sive irrigation. Discharging this water on
the surface, the wells would also wash
the soil’s salt downward. The stratagem
worked, and the salty, waterlogged land
of Pakistan is steadily being reclaimed.

Other side effects of river irrigation

are not so easily remedied. Such irri-
gation has brought about a great increase
in the incidence of schistosomiasis, a dis-
ease that is particularly prevalent in the
river valleys of Africa and Asia. The dis-
ease is produced by the parasitic larva
of a blood fluke, which is harbored by
aquatic snails and burrows into the flesh
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of people standing in water or in water-
soaked fields. The Chinese call schistoso-
miasis “snail fever”; it might also be
called the poor man’s emphysema, be-
cause, like emphysema, this extremely
debilitating disease is environmentally
induced through conditions created by
man. The snails and the fluke thrive in
perennial irrigation systems, where they
are in close proximity to large human
populations. The incidence of the disease
is rising rapidly as the world’s large riv-
ers are harnessed for irrigation, and to-
day schistosomiasis is estimated to afflict
250 million people. It now surpasses ma-
laria, the incidence of which is declin-
ing, as the world’s most prevalent in-
fectious disease.

As a necessity for food production
water is of course becoming an increas-
ingly crucial commodity. The projected
increases in population and in food re-
quirements will call for more and more
water, forcing man to consider still more
massive and complex interventions in
the biosphere. The desalting of seawater
for irrigation purposes is only one major
departure from traditional practices. An-
other is a Russian plan to reverse the
flow of four rivers currently flowing
northward and emptying into the Arctic
Ocean. These rivers would be diverted
southward into the semiarid lands of
southern Russia, greatly enlarging the
irrigated area of the U.S.S.R. Some
climatologists are concerned, however,
that the shutting oft of the flow of rela-
tively warm water from these four rivers
would have far-reaching implications for
not only the climate of the Arctic but
also the climatic system of the entire
earth.

The growing competition for scarce
water supplies among states and among
various uses in the western U.S. is also
forcing consideration of heroic plans.
For example, a detailed engineering pro-
posal exists for the diversion of the Yu-
kon River in Alaska southward across
Canada into the western U.S. to meet
the growing need for water for both
agricultural and industrial purposes. The
effort would cost an estimated $100 bil-
lion.

Representing an even greater inter-
vention in the biosphere is the prospect
that man may one day consciously alter
the earth’s climatic patterns, shifting
some of the rain now falling on the
oceans to the land. Among the steps
needed for the realization of such a
scheme are the construction of a com-
prehensive model of the earth’s climatic
system and the development of a com-
putational facility capable of simulating



and manipulating the model. The re-
quired information includes data on tem-
peratures, humidity, precipitation, the
movement of air masses, ocean currents
and many other factors that enter into
the weather. Earth-orbiting satellites will
doubtless be able to collect much of this
information, and the present generation
of advanced computers appears to be
capable of carrying out the necessary
experiments on the model. For the im-
plementation of the findings, that is, for
the useful control of rainfall, there will
of course be a further requirement: the
project will have to be managed by a
global and supranational agency if it is
not to lead to weather wars among na-
tions working at cross purposes. Some
commercial firms are already in the busi-
ness of rainmaking, and they are operat-
ing on an international basis.

The third great technology that man

has introduced to increase food pro-
duction is the use of chemical fertilizers.
We owe the foundation for this develop-
ment to Justus von Liebig of Germany,
who early in the 19th century deter-
mined the specific requirements of nitro-
gen, phosphorus, potassium and other
nutrients for plant growth. Chemical fer-
tilizers did not come into widespread
use, however, until this century, when
the pressure of population and the dis-
appearance of new frontiers compelled
farmers to substitute fertilizer for the ex-
pansion of cropland to meet growing
food needs. One of the first countries to
intensify its agriculture, largely by the
use of fertilizers, was Japan, whose out-

put of food per acre has steadily risen |

(except for wartime interruptions) since
the turn of the century. The output per
acre of a few other countries, including
the Netherlands, Denmark and Sweden,

began to rise at about the same time. |

The U.S., richly endowed with vast
farmlands, did not turn to the heavy use
of fertilizer and other intensive measures
until about 1940. Since then its yields
per acre, assisted by new varieties of
grain highly responsive to fertilizer, have
also shown remarkable gains. Yields of
corn, the production of which exceeds
that of all other cereals combined in the
U.S., have nearly tripled over the past
three decades.

Experience has demonstrated that in
areas of high rainfall the application of
chemical fertilizers in conjunction with
other inputs and practices can double,
triple or even quadruple the productiv-
ity of intensively farmed soils. Such lev-
els of productivity are achieved in Japan
and the Netherlands, where farmers ap-
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ply up to 300 pounds of plant nutrients
per acre per year. The use of chemical
fertilizers is estimated to account for at
least a fourth of man’s total food supply.
The world’s farmers are currently ap-
plying 60 million metric tons of plant
nutrients per year, an average of nearly
45 pounds per acre for the three billion
acres of cropland. Such application,
however, is unevenly distributed. Some
poor countries do not yet benefit from
the use of fertilizer in any significant
amounts. If global projections of popula-
tion and income growth materialize, the
production of fertilizer over the remain-
ing three decades of this century must
almost triple to satisfy food demands.
Can the projected demand for fer-
tilizer be met? The key ingredient is ni-
trogen, and fortunately man has learned
how to speed up the fixation phase of the
nitrogen cycle [see “The Nitrogen Cy-
cle,” by C. C. Delwiche, page 136]. In
nature the nitrogen of the air is fixed in
the soil by certain microorganisms, such
as those present in the root nodules of
leguminous plants. Chemists have now
devised various ways of incorporating
nitrogen from the air into inorganic com-
pounds and making it available in the
form of nitrogen fertilizers. These chem-
ical processes produce the fertilizer
much more rapidly and economically
than the growing of leguminous-plant
sources such as clover, alfalfa or soy-

e
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-
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beans. More than 25 million tons of ni-
trogen fertilizer is now being svnthe-
sized and added to the earth’s soil an-
nually.

The other principal ingredients of
chemical fertilizer are the minerals po-
tassium and phosphorus. Unlike nitro-
gen, these elements are not replenished
by comparatively fast natural cvcles.
Potassium presents no immediate prob-
lem; the rich potash fields of Canada
alone are estimated to contain enough
potassium to supplv mankind’s needs for
centuries to come. The reserves of phos-
phorus, however, are not nearly so plen-
tiful as those of potassium. Every vear
3.5 million tons of phosphorus washes
into the sea, where it remains as sedi-
ment on the ocean floor. Eventually it
will be thrust above the ocean surface
again by geologic uplift, but man cannot
wait that long. Phosphorus may be one
of the first necessities that will prompt
man to begin to mine the ocean bed.

The great expansion of the use of fer-

tilizers in this century has benefited
mankind enormously, but the benefits
are not unalloyed. The runoff of chemi-
cal fertilizers into rivers, lakes and un-
derground waters creates two important
hazards. One is the chemical pollution
of drinking water. In certain areas in
Illinois and California the nitrate con-
tent of well water has risen to a toxic

EXPERIMENTAL PLANTINGS at the International Rice Research Institute in the Philip-
pine Republic are seen in an aerial photograph. IR-8, a high-yield rice, was bred here.
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level. Excessive nitrate can cause the
physiological disorder methemoglobine-
mia, which reduces the blood’s oxygen-
carrying capacity and can be particu-
larly dangerous to children under five.
This hazard is of only local dimensions
and can be countered by finding alterna-
tive sources of drinking water. A much
more extensive hazard, profound in its
effects on the biosphere, is the now well-
known phenomenon called eutrophica-
tion.

Inorganic nitrates and phosphates dis-
charged into lakes and other bodies of
fresh water provide a rich medium for
the growth of algae; the massive growth
of the algae in turn depletes the water of
oxygen and thus kills off the fish life. In
the end the eutrophication, or overfer-
tilization, of the lake slowly brings about
its death as a body of fresh water, con-
verting it into a swamp. Lake Erie is a
prime example of this process now un-
der way.

How much of the now widespread
eutrophication of fresh waters is attrib-
utable to agricultural fertilization and
how much to other causes remains an
open question. Undoubtedly the runoft
of nitrates and phosphates from farm-
lands plavs a large part. There are also
other important contributors, however.
Considerable amounts of phosphate,
coming mainly from detergents, are dis-
charged into rivers and lakes from sew-
ers carrying municipal and industrial
wastes. And there is reason to believe
that in some rivers and lakes most of the
nitrate may come not from fertilizers
but from the internal-combustion en-
gine. It is estimated that in the state of
New Jersey, which has heavy automo-
bile traffic, nitrous oxide products of gas-
oline combustion, picked up and depos-
ited by rainfall, contribute as much as
20 pounds of nitrogen per acre per year
to the land. Some of this nitrogen washes
into the many rivers and lakes of New
Jersey and its adjoining states. A way
must be found to deal with the eutrophi-
cation problem because even in the short
run it can have damaging eftects, affect-
ing as it does the supply of potable wa-
ter, the cycles of aquatic life and conse-
quently man’s food supply.

Recent findings have presented us
with a related problem in connection
with the fourth technology supporting
man’s present high level of food produc-
tion: the chemical control of diseases,
insects and weeds. It is now clear that
the use of DDT and other chlorinated
hydrocarbons as pesticides and herbi-
cides is beginning to threaten many spe-
cies of animal life, possibly including
man. DDT today is found in the tissues



RUINED FARM in the “dust bowl” area of the U.S. in the 1930’s
is seen in an aerial photograph. The farm is near Union in Terry

of animals over a global range of life
forms and geography from penguins in
Antarctica to children in the villages of
Thailand. There is strong evidence that
it is actually on the way to extinguishing
some animal species, notably predatory
birds such as the bald eagle and the
peregrine falcon, whose capacity for
using calcium is so impaired by DDT
that the shells of their eggs are too thin
to avoid breakage in the nest before the
fledglings hatch. Carnivores are particu-
larly likely to concentrate DDT in their
tissues because they feed on herbivores
that have already concentrated it from
large quantities of vegetation, Concen-
trations of DDT in mothers’ milk in the
U.S. now exceed the tolerance levels es-
tablished for foodstuffs by the Food and
Drug Administration.

It is ironic that less than a generation
after 1948, when Paul Hermann Miiller
of Switzerland received a Nobel prize
for the discovery of DDT, the use of the
insecticide is being banned by law in
many countries. This illustrates how lit-
tle man knows about the effects of his
intervening in the biosphere. Up to now
he has been using the biosphere as
a laboratory, sometimes with unhappy
results.

Several new approaches to the prob-
lem of controlling pests are now being
explored. Chemists are searching for
pesticides that will be degradable, in-
stead of long-lasting, after being depos-
ited on vegetation or in the soil, and
that will be aimed at specific pests rather

than acting as broad-spectrum poisons
for many forms of life. Much hope is
placed in techniques of biological con-
trol, such as are exemplified in the mass
sterilization (by irradiation) of male
screwworm flies, a pest of cattle that
used to cost U.S. livestock producers
$100 million per year. The release of 125
million irradiated male screwworm flies
weekly in the U.S. and in adjoining areas
of Mexico (in a cooperative effort with
the Mexican government) is holding the
fly population to a negligible level. Ef-
forts are now under way to get rid of
the Mexican fruit fly and the pink cot-
ton bo!lworm in California by the same
method.

Successes are also being achieved in
breeding resistance to insect pests in
various crops. A strain of wheat has been
developed that is resistant to the Hes-
sian fly; resistance to the corn borer and
the corn earworm has been bred into
strains of corn, and work is in progress
on a strain of alfalfa that resists aphids
and leafhoppers. Another promising ap-
proach, which already has a consider-
able history, is the development of in-
sect parasites, ranging from bacteria and
viruses to wasps that lay their eggs in
other insects. The fact remains, however,
that the biological control of pests is still
in its infancy.

I have here briefly reviewed the major

agricultural technologies evolved to
meet man’s increasing food needs, the
problems arising from them and some
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County, Tex. The wind has eroded the powdery, drought-parched
topsoil and formed drifts among the buildings and across the fields.

possible solutions. What is the present
balance sheet on the satisfaction of hu-
man food needs? Although man’s food
supply has expanded several hundred-
fold since the invention of agriculture,
two-thirds of mankind is still hungry
and malnourished much of the time. On
the credit side a third of mankind, living
largely in North America, Europe, Aus-
tralia and Japan, has achieved an ade-
quate food supply, and for the remaining
two-thirds the threat of large-scale fam-
ine has recently been removed, at least
for the immediate future. In spite of
rapid population growth in the develop-
ing countries since World War II, their
peoples have been spared from massive
famine (except in Biafra in 1969-1970)
by huge exports of food from the devel-
oped countries. As a result of two con-
secutive monsoon failures in India, a fifth
of the total U.S. wheat crop was shipped
to India in both 1966 and 1967, feeding
60 million Indians for two years.
Although the threat of outright fam-
ine has been more or less eliminated for
the time being, human nutrition on the
global scale is still in a sorry state. Mal-
nutrition, particularly protein deficiency,
exacts an enormous toll from the physi-
cal and mental development of the
young in the poorer countries. This was
dramatically illustrated when India held
tryouts in 1968 to select a team to rep-
resent it in the Olympic games that year.
Not a single Indian athlete, male or fe-
male, met the minimum standards for
qualifying to compete in any of the 36
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track and field events in Mexico City.
No doubt this was partly due to the lack
of support for athletics in India, but poor
nutrition was certainly also a large fac-
tor. The young people of Japan today
are visible examples of what a change
can be brought about by improvement
in nutrition. Well-nourished from in-
fancy, Japanese teen-agers are on the
average some two inches taller than their
elders.

Protein is as crucial for children’s men-

tal development as for their physical
development. This was strikingly shown
in a recent study extending over several
years in Mexico: children who had been

| severely undernourished before the age

of five were found to average 13 points
lower in 1.Q. than a carefully selected
control group. Unfortunately no amount
of feeding or education in later life can
repair the setbacks to development
caused by undernourishment in the
early years. Protein shortages in the poor
countries today are depreciating human
resources for at least a generation to
come.

Protein constitutes the main key to
human health and vigor, and the key to
the protein diet at present is held by
grain consumed either directly or indi-
rectly (in the form of meat, milk and
eggs). Cereals, occupying more than 70
percent of the world’s cropland, provide
52 percent of man’s direct energy intake.
Eleven percent is supplied by livestock
products such as meat, milk and eggs,
10 percent by potatoes and other tubers,
10 percent by fruits and vegetables, 9
percent by animal fats and vegetable
oils, 7 percent by sugar and 1 percent by
fish. As in the case of the total quantity
of the individual diet, however, the com-
position of the diet varies greatly around
the world. The difference is most marked
in the per capita use of grain consumed
directly and indirectly.

The two billion people living in the
poor countries consume an average of
about 360 pounds of grain per vear, or
about a pound per day. With only one
pound per day, nearly all must be con-
sumed directly to meet minimal energy
requirements; little remains for feeding
to livestock, which may convert only a
tenth of their feed intake into meat or
other edible human food. The average
American, in contrast, consumes more
than 1,600 pounds of grain per vear. He
eats only about 150 pounds of this di-
rectly in the form of bread, breakfast
cereal and so on; the rest is consumed
indirectly in the form of meat, milk and
eggs. In short, he enjoys the luxury of
the highly ineflicient animal conversion
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of grain into tastier and somewhat more
nutritious proteins.

Thus the average North American
currently makes about four times as
great a demand on the earth’s agricul-
tural ecosystem as someone living in one
of the poor countries. As the income lev-
els in these countries rise, so will their
demand for a richer diet of animal prod-
ucts. For the increasing world popula-
tion at the end of the century, which is
expected to be twice the 3.5 billion of
today, the world production of grain
would have to be doubled merely to
maintain present consumption levels.
This increase, combined with the pro-
jected improvement in diet associated
with gains in income over the next three
decades, could nearly triple the demand
for grain, requiring that the food supply
increase more over the next three dec-
ades than it has in the 10,000 years since
agriculture began.

There are ways in which this pressure
can be eased somewhat. One is the
breeding of higher protein content in
grains and other crops, making them nu-
tritionally more acceptable as alterna-
tives to livestock products. Another is
the development of vegetable substitutes
for animal products, such as are already
available in the form of oleomargarine,
soybean oil, imitation meats and other
replacements (about 65 percent of the
whipped toppings and 35 percent of the
coffee whiteners now sold in U.S. super-
markets are nondairy products). Pres-
sures on the agricultural ecosystem
would thus drive high-income man one
step down in the food chain to a level
of more efficient consumption of what
could be produced by agriculture.

hat is clearly needed today is a co-

operative effort—more specifically,
a world environmental agency—to moni-
tor, investigate and regulate man’s inter-
ventions in the environment, including
those made in his quest for more food.
Since many of his efforts to enlarge his
food supply have a global impact, they
can only be dealt with in the context of
a global institution. The health of the
biosphere can no longer be separated
from our modes of political organiza-
tion. Whatever measures are taken, there
is growing doubt that the agricultural
ecosystem will be able to accommodate
both the anticipated increase of the hu-
man population to seven billion by the
end of the century and the universal de-
sire of the world’s hungry for a better
diet. The central question is no longer
“Can we produce enough food?” but
“What are the environmental conse-
quences of attempting to do so?”



In this age of affluence, we have more of
everything. Including more trash. 182,000,000 tons
a year. And what to do with it is a real problem.

Burning it produces smoke and fly ash.

Open dumps breed insects and disease.

Many cities bury their problem. It’s cheaper,
cleaner, more efficient and healthier.

And waste burial, or sanitary landfill, is a good

way to turn low value land into a community asset.

Los Angeles County reclaimed an abandoned
strip mine with sanitary landfill.

The result is the lush, 87-acre South Coast
Botanical Garden.

“_ " Beauty treatmeni
.= for 87acres of tras

= __:"__"W?i !—.: ‘_'_‘_ — d -

Find out what you can do in your community.
Wrrite for the free booklet, “What can you do with
refuse?”’ to: Caterpillar Tractor Co., Dept. 718SA,
100 N.E. Adams St., Peoria, Illinois 61602.

Or ask your local Caterpillar Dealer to show you
the film, “The trouble with trash.”

You have a lot to gain.

We can make the world a better place
to grow up in. Caterpillar machines will help.

[B CATERPILLAR

Cate at anc tor Co.

© 1970 SCIENTIFIC AMERICAN, INC




We call it Vega 2300.

We also call it “‘the little car that does
everything well.”’

Because it does.

Vega moves well, stops well, steers well,
rides well, handles well, responds well, passes
well, travels well, parks well, wears well, and
is priced well under what you'd expect to pay
for such a talented little car.

In our highway tests, Vega has been
getting gas mileage in the neighborhood of the
little imports, which isn’t a bad neighborhood.

Yet unlike your average little car, ours

s |

‘ |
‘ |
MARK OF EXCELLENCE

CHEVY'S NEV
IS OPEN FOR

steps right out when you step on the gas.

The engine is a specially designed
overhead cam four with a lightweight aluminum
alloy block. It turns slowly and quietly at turnpike
speeds, with power to spare.

Disc brakes are standard in the front.
So are bucket seats, except on the truck.

How we doing so far?

Numbers speak louder than words.

The wheelbase is 97 inches.

Total length is just under 170 inches, or
nearly four feet shorter than a full-size Chevrolet.

Height is just over 51 inches, six inches
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V LITTLE CAR
BUSINESS.

lower than the leading import.
Width: a nice stable 52 feet.
Weight: 2,190 lbs. for the sedan.
Engine displacement: 2300 cubic centi-
meters, or 140 cubic inches.
Fuel economy: about 25 mpg, with the
standard transmission, in our highway tests.
Horsepower: 90. (You can order 110.)
Seating capacity: 4 adults.
What it all adds up to is a lot of little car.

Three cars and a truck.

Vega turned out so well that we couldn't
turn out just one.

So we're turning out four: the sporty
little hatchback coupe shown open and closed
in the foreground below; the sedan, on the
right; the Kammback wagon, on the left; and
the little panel truck, in the rear.

Oh, and a special GT version of the
coupe and wagon which we'll show you later on.

September 10th is Opening Day.

All 6,300 Chevrolet dealers are han-
dling Vega, so you shouldn’t have to go very
far to see and drive one.

Chevy's new little car is open for
business. Look into it.

© 1970 SCIENTIFIC AMERICAN, INC
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Human Energy Production
as a Process in the Biosphere

In releasing the energy stored in fossil and nuclear fuels man

accelerates slow cycles of nature. The waste products of poser

generation then interact ith the fast cycles of the biosphere

s other articles in this issue of Scien-
A tific American have noted, the
earth in general and the bio-
sphere in particular have grand-scale
pathways of energy metabolism. For ex-
ample, solar energy falls on the earth,
green plants utilize a tiny fraction of it
to manufacture energy-rich compounds
and some of these compounds are stored
in the earth’s crust as what we have
come to call fossil fuels. The primary
fission fuel uranium and the potential
fusion fuel deuterium were originally
“cooked” in the interior of stars. In re-
leasing the energy of these chemical and
nuclear fuels man is in effect racing the
slow cycles of nature, with inevitable ef-
fects on the cycles themselves.

Before 1800 the power available to
human societies was limited to solar en-
ergy that had only recently been radi-
ated to the earth. The most direct form
of such power was human or animal
power; the energy came from the me-
tabolism of food, which is to say from
the biological oxidation of compounds
storing solar energy. The burning of

WASTE HEAT that is an inevitable accom-
paniment of the human use of energy is evi-
dent in the thermal infrared image of New
York on the opposite page. The thermo-
gram was made with a Barnes thermograph
that depicts emissions of energy on a color
scale ranging from black for the coolest ob-
jects through green, yellow and red to red-
purple for the hottest ones. Some of the
emissions represent solar energy stored in
the walls of buildings, but a large fraction is
waste heat from the human consumption of
energy. The rectangular elements of the im-
age result from digitized output of thermo-
graph. Empire State Building is at center.

by S. Fred Singer

wood or oils of animal or vegetable ori-
gin to provide light and heat also repre-
sented the conversion of recently stored
solar energy. By the same token the use
of moving air or falling water to drive
mills or pumps constituted the use of re-
cently arrived solar energy. Among the
other limitations of such power sources
was the fact that they could not be read-
ily transported and that their energy
could not be transmitted any consider-
able distance.

This picture has of course changed
completely since 1800, and it has as-
sumed significant new dimensions in the
past two decades with the advent of nu-
clear power. The most striking measure
of these changes is the increased per
capita consumption of energy in the de-
veloped countries. Indeed, the correla-
tion between a nation’s per capita use of
energy and its level of economic devel-
opment is almost linear [see illustration
on page 178]. The minimum per capita
consumption of energy is what is re-
quired in food for a man to stay alive,
namely about 2,000 kilocalories or 100
watts (thermal) per day. Today the per
capita use of energy in the U.S. is 10,000
watts per day, and the figure is rising by
some 2.5 percent per year.

Hand in hand with the advance in the
rate of energy consumption has gone the
introduction of the new sources of ener-
gy: fossil and nuclear fuels. In contrast
to the sources used before 1800, fossil
and nuclear fuels represent energy that
reached the earth millionsand even some
billions of years ago. Except occasional-
ly for political reasons, it matters little
where the new fuels are found; they can
be transported readily, and the energy
produced from them can be transmitted
over great distances.
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On first consideration it might seem
that fossil and nuclear fuels are funda-
mentally different, in that the energy of
one is released by oxidation, or burning,
and the energy of the other is released
by fission or fusion. In a deeper sense,
however, the two kinds of fuel are close-
ly related. Fossil fuels store the radiant
energy originally produced by nuclear
reactions in the interior of the sun. Nu-
clear fuels store energy produced by an-
other set of nuclear reactions in the in-
terior of certain stars. When such stars
exploded, they showered into space the
elements that had been synthesized
within them. These elements then went
into the formation of younger stars such
as the sun, together with its family of
planets.

the production of fossil fuels is based

on the carbon cycle that has been de-
scribed in the article by Bert Bolin [page
124]. In the process of photosynthesis
plants use radiant energy from the sun
to convert carbon dioxide and water into
carbohydrates, at the same time releas-
ing oxygen into the atmosphere. When
the plant materials decompose or are
eaten by animals, the process is reversed:
oxygen is used to convert carbohydrates
into energy plus carbon dioxide and
water.

The amount of carbon dioxide in-
volved in photosynthesis annually is
about 110 billion tons, or roughly 5 per-
cent of the carbon dioxide in the atmo-
sphere. The consumption of carbon di-
oxide through photosynthesis is matched
to one part in 10,000 by the annual re-
lease of carbon dioxide to the atmo-
sphere through oxidation. Under normal
conditions the amounts of carbon diox-
ide and oxygen in the atmosphere re-
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main approximately in equilibrium from
year to year.

There are, however, small long-term
imbalances in the carbon cycle, and it is
owing to them that the fossil fuels being
exploited today all derive from plants
and animals that lived long ago. Over a
span of geologic history extending back
into the Cambrian period of some 500
million years ago, a small fraction of
these organisms have been buried in sed-
iments or mud under conditions that
prevented complete oxidation. Various
chemical changes have transformed
them into fossil fuels: coal, oil, natural
gas, lignite, tar and asphalt. Although
the same geological processes are still
operative, they function over vast peri-
ods of time, and so the amount of new

fossil fuel that is likely to be produced
during the next few thousand years is in-
consequential. Therefore one can as-
sume that the existing fossil fuels consti-
tute a nonrenewable resource.

Coal has been burned for some eight
centuries, but it was consumed in neg-
ligible amounts until early in the 19th
century. Since the middle of that cen-
tury the rise in the consumption of coal
has been spectacular: in 1870 the world
production rate of coal was about 250
million metric tons per year, whereas
this year it will be about 2.8 billion tons.
The rate of increase, however, is lower
now than it was at the beginning of the
period, having declined from an average
of 4.4 percent per year to 3.6 percent,
largely because of the rapid increase in

CO, FROM FOSSIL FUEL

COMBUSTION

<€

T
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ENERGY CYCLE involved in the combustion of fossil fuels be-
gins with solar energy employed in photosynthesis millions of
years ago. A small fraction of the plants is buried under conditions
that prevent complete oxidation. The material undergoes chemical
changes that transform it into coal, oil and other fuels. When they
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the fraction of total industrial energy
contributed by oil and gas. In the U.S.
that fraction rose from 7.9 percent in
1900 to 67.9 percent in 1965, whereas
the contribution of coal declined from
89 percent to 27.9 percent.

World production of crude oil was
negligible as recently as 1890; now it is
close to 12 billion barrels per year. The
rise in the rate of production has been
nearly 7 percent per year, so that the
amount of oil extracted has doubled ev-
ery 10 years. As yet there is no sign of a
deceleration in this rate.

Nonetheless, the finiteness of the
earth’s fossil fuel supplies gives rise to
the question of how long they will last.
M. King Hubbert of the U.S. Geological
Survey has estimated that the earth’s

CARBON MONOXIDE

SULFUR OXIDES

GEN OXIDES

R

are burned to release their stored energy, only part of the energy
goes into useful work. Much of the energy is returned to the atmo-~
sphere as heat, together with such by-products of combustion as
carbon dioxide and water vapor. Other emissions in fossil fuel com-
bustion are listed at right in the relative order of their volume.



"LASER LIGHT”

SCIENTIFIC
A AMERICAN F'tM

Almost everyone has heard of lasers, but relatively few people have seen them
in action. The Editors of SCIENTIFIC AMERICAN now present “LASER LIGHT,” a
16-millimeter sound film about lasers: what they are, how they work, the mar-
velously pure and curiously scintillating light they produce, how they are being
used and how they may be used in the near future. The film is in color and lasts
37% minutes. It is now available for sale or rent.

A few highlights of the film are:

o Computer-generated animation explaining stimulated emission
and resonant optical cavities.

e Ripple-tank and oscilloscope demonstrations explaining the
wave principles underlying laser action and holography.

o Holograms, their three-dimensionality dramatically evoked by
the mcving camera.

A 600-foot, 8.8-kilowatt laser in action.

Tunable lasers.

A television picture transmitted by laser beam.

The laser chalkline for the San Francisco Bay tunnel.

Laser interferometry.

Gas, solid and organic-liquid lasers.

An experiment on the use of holography in a computer memory.
Original musical score.

“LASER LIGHT” is recommended for general audiences with an interest in
science and technology, and for use in conjunction with the teaching of physics
and optics. The film is accompanied by a selection of five SCIENTIFIC AMERICAN
articles on lasers and holography, written by leading authorities in these fields.
The sale price per print is $375, the rental price $37.50 for a booking of three days. If the film is pur-

chased after rental, the rental price will be deducted. If rental booking is desired, kindly specify date.
Write Motion Picture Department, SCIENTIFIC AMERICAN, 415 Madison Avenue, New York, N.Y, 10017
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Grappling withthe communications gap? then
link up with 2SI IIOIITECTICS
latest books on organization, communica-
tions problems and information systems
(0", "C"and "'1").

Decision Patterns—Martino & Stein—Con-
cise graphic guide to ending computer dis-
ruption by finding patterns in the decision
making process and restoring order through
information systems.

No. 0104. $8.95

Executive Leadership—Grub & Loeser—
The art of successfully managing resources.
110 articles—15 chapters—by Thomas
Watson, Jr., John W. Gardner, Editors of
Newsweek and Time, Joseph Wilson, Craw-
ford Greenwalt, Arch Patton, Herbert Simon,
Henry Ford I, etc. Identifying and selecting
executives, top-level decisions and com-
munications, etc.

No. 0117. $14.95

Automaton Theory & Learning Systems—
D. J. Stewart—Covers the complete spec-
trum from mechanical procedures of algo-
rithms and the set theory of mechanism and
homeostasis, to the design of learning ma-
chines and their effect upon our under-
standing of human learning. Appeals to
philosophers, mathematicians, computer
scientists, MIS managers and analysts, be-
havioral scientists.

No. 432. $12.00

Today’s Information for Tomorrow’s
Products—Chacko—"'I"" and Operations
Research—among new practical concepts
developed: Periodic Table of Product Di-
versification (PTPD)—Central Intelligence
Retrieval .System (CIRS) providing new in-
sights into present and potential outputs.

No. 0430. $11.00

Electronic Handling of Information—Kent
—Testing & evaluation from 1967 Nat'l con-
ference. Includes papers by Allen Kent on
Centralization, Decentralization & Speciali-
zation, by Von Forester on Biological Princi-
ples of Information Storage & Retrieval,
and by Cheydleur on Indexing Depth, Re-
trieval Effectiveness and Time Sharing.

No. 0409. $10.00

Computer Graphics—Utility—Production
—Art—Gruenberger—includes not only the
factors of quality of output, reliability of
machines & operations techniques, but re-
lated comprehensive programming systems.
No. 0421. $12.00

Computers & Pattern Recognition—
Arkadev & Braverman—Translated from the
Russian by Turski & Cowan. Monograph to
acquaint English readers with contemporary
Soviet work.

No. 0406. $5.50

Psychonetics new catalogue (no charge.)
No. A.A.

{ PSYOCIHONETICS |
| Box 31159 M Narberth, PA 19072 |
| I'm enclosing $ for books circled |
| below—understanding that | may return |
I them within 10 days for full refund if not |
I satisfied. |
| 0104 0117 406 409 421 430 432 AA |
| OJ Bill company for $ , plus $.84/ |
| order for handling & postage. |
| |
| |
| |
| I
| I
| |
| |
| |

Name/Title

Company

Address
City

State/Zip

PA Residents add 6% for sales tax; Canadians
add 10% exchange fee.
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coal supply can serve as a major source
of industrial energy for another two or
three centuries. His estimate for petro-
leum is 70 to 80 years. However much
these periods may be stretched by un-
foreseen discoveries and improved tech-
nology, the end of the fossil fuel era will
inevitably come. From the perspective
of that time—perhaps the 23rd century—
the period of exploitation of fossil fuels
will be seen as only a brief episode in
the span of human history.

rljhis year the U.S. will consume some

685,000 million million B.T.U. of en-
ergy, most of it derived from fossil fuels.
(One short ton of coal has a thermal val-
ue of 25.8 million B.T.U. The thermal
value of one barrel of oil is 5.8 million
B.T.U.) Industry takes more than 35 per-
cent of the total energy consumption.
About a third of industry’s share is in the
form of electricity, which, as of 1960,
was generated roughly 50 percent from
coal, 20 percent from water power, 20
percent from natural gas and 10 percent
from oil.

The nation’s homes use almost as
much energy as industry does. A major
consumer is space heating, which for the
average home requires as much energy
as the average family car: about 70 mil-
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lion B.T.U. per year, or the equivalent
of 900 gallons of oil. The other domestic
uses are for cooking, heating water,
lighting and air conditioning.

Transportation accounts for 20 per-
cent of the annual energy consumption,
mainly in the form of gasoline for auto-
mobiles. Another 10 percent goes for
commercial consumption in stores, of-
fices, hotels, apartment houses and the
like. Agriculture probably consumes no
more than 1 percent of all the energy,
chiefly for the operation of tractors
and for running irrigation and drainage
equipment.

Looking at the use of fossil fuels from
another viewpoint, one finds that most
of the coal goes into the generation of
electricity. Oil and natural gas tend to be
used directly, either for heating purposes
or to provide motive power for vehicles.
Fossil fuels are also used as the raw ma-
terials for the petrochemical industry.
Notwithstanding that industry’s rapid
growth, however, it still accounts for less
than 2 percent of the annual consump-
tion of fossil fuels.

learly the production of energy from
fossil fuels on the scale typical of a
modern industrial nation represents an
enormous amount of combustion, with



Gas Energy
helps put the brakes

on air pollution.

Through the development of a natural
Gas fuel system for cars and trucks. So
congestion in the streets won't have to
mean congestion in the air.

In fact, these systems are being
developed right now. In California,
Massachusetts, Georgia, Arkansas,
Texas, and Ohio.

Vehicles powered by a dual-fuel
systemnotonly use natural Gason the

open road. But also in stop-and-go
traffic, where pollution is at its worst.
And all it takes is a pulling of a knob on
the dashboard.

Why use natural Gas in city traffic?
In Southern California, tests show that
carbon monoxide emissions are re-
duced 90%. Reactive hydrocarbons
90%. Nitrogen oxides 90%. And clean-
burning Gas costs much less than
gasoline.

© 1970 SCIENTIFIC AMERICAN, INC

Air pollution is a complex problem,
but Gas Energy is helping our cities
solve it. Developing economical Gas
incineration systems to keep industrial
wastes out of the air was one part of
the solution. And this new dual-fuel
system is another.

But is this really so surprising? After
all, Gas is pure energy

6 AMERICAN GAS ASSOCIATION, INC.
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IBM’s Dennis Leonetti, who began working
on Allegheny County’s long-standing
air-pollution project in 1967, at the site of
a planned sensing station.

They’re keeping an eye on unseen
pollutants in a city’s air.

Once a 3-white-shirt-a-day city, Pittsburgh did a remarkable job of
cleaning up its visible air pollution. But how do you fight the stuff
you can’t see! Dennis Leonetti’s story is another example of how IBM,
its people or products often play a part in tackling today’s problems.
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““Air taken in through “sniffers’ like these is continuously analyzed for pollutants. Readings are then fed into a central computer.”

“There were days when Pittsburgh was dark by noon.
And some people wore three shirts a day,” reflects
Dennis Leonetti, IBM Marketing Representative to
the Allegheny County Bureau of Air Pollution Control.
“They really did a remarkable job of cleaning up
the visible pollution. As far back as 1962, a U.S. Public
Health Service study, covering thirteen cities, showed
that Pittsburgh had less ‘dust’ than eleven of them.
Only Salt Lake City had clearer air.
“But the most difficult part of the job is still ahead.
“What we’re afternow are the pollutants you can’t
see. Carbon monoxide. Sulphur dioxide. And what’s
called fine particulate, the stuff that stays suspended in
the air.
“‘By this summer, the County will havesevensens-
ing stations with 52 sensors. The final plan calls for
seventeen stations with 103 sensors.

“These ‘sniffers’ take continuous readings of pol-
lutant levels, which, along with weather data, are fed
into the computer over telephone lines.

‘“Readings are printed out every five minutes. But
when a pollutant exceeds a specified level, the print-
out appears in red and the computer automatically re-
quests new readings every fifteen seconds.

“A system like this can pinpoint excess pollutants
and their sources. And give pollution authorities an
opportunity to take appropriate action.

“What’s more, we’ll eventually be able to use it as
an early warning system —spotting dangerous condi-
tions before critical pollution levels are reached.

“Nobody’slooking for any awards yet. We haven’t

eliminated air pollution. But what
we're doing will help here. And, we
hope, in other cities as well.”

IBM
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Inthe nextten years, sixto 16 million
people will suffer hearing problems
or total deafness caused by noise on

the job.
And there is little relief to be
found anywhere . . . when noise in

city life around us regularly exceeds
the 85 decibels generally regarded
as safe.

Noise makes our world a dirty
environment. It’s the subtle polluter.

As a man and as a manager, you
have a stake in squelching noise. It
begins with an informed awareness
of the problem. And it begins to end
—with an awareness of Acoustics
Systems.

We're The Quiet People attacking
noise with a unique total systems-
engineered approach: problem
measurement and definition; system
design, testing and manufacturing.

© 1970 SCIENTIFIC AMERICAN, INC

Now hear this.

While
you still

Backstopped by over 45 years in
vibration /shock /noise control.
Start with your plant or product.
Write today for a factual capability
statement to: Acoustics Systems,
Lord Manufacturing Co., Erie, Pa.
16572. Phone: 814-868-3611.

Acoustics Systems
&@m@ The Quiet People
Lord Manufacturing Co.



attendant effects on the biosphere. By
far the greatest effect is the emission of
carbon dioxide. Combustion also injects
a number of pollutants into the air. In
the U.S. the five most common air pollu-
tants, listed in the order of their annual
tonnage, are carbon monoxide, sulfur
oxides, hydrocarbons, nitrogen oxides
and solid particles. The major sources
are automobiles, industry, electric pow-
er plants, space heating and refuse dis-
posal. The burning of fossil fuels also
produces effects on water: chemical ef-
fects when the air pollutants are washed
down by water and thermal effects aris-
ing from the dispersal of waste heat
from thermal power plants.

Carbon dioxide is the only combus-
tion product whose increase has been
documented on a worldwide basis. The
injection of large quantities of carbon
dioxide into the atmosphere in the past
few decades has been extremely sudden
in relation to important natural time
scales. For example, although the sur-
face of the sea can adjust to changes in
the level of carbon dioxide in the atmo-
sphere in about five years, the deeper
layers require some hundreds or thou-
sands of years to adjust. If the oceans
were perfectly mixed at all times, carbon
dioxide added to the atmosphere would
distribute itself about five-sixths in the
water and about one-sixth in the air. In
actuality the distribution is about equal.

It appears that between 1860 and the
present the concentration of carbon di-
oxide in the atmosphere has increased
from about 290 parts per million to
about 320 parts per million, an increase
of more than 10 percent. Precise mea-
surements by Charles D. Keeling of the
Scripps Institution of Oceanography
have established that the carbon dioxide
content increased by six parts per mil-
lion between 1958 and 1968. Reasonable
projections indicate an increase of 25
percent (over 1970) to about 400 parts
per million by the turn of the century
and to between 500 and 540 parts per
million by 2020.

r[‘he most widely discussed matter re-

lated to these increases is the possi-
bility that they will lead to a worldwide
rise in temperature. The molecule of
carbon dioxide has strong absorption
bands, particularly in the infrared region
of the spectrum at wavelengths of from
12 to 18 microns. This is the spectral re-
gion where most of the thermal energy
radiating from the earth into space is
concentrated. By increasing the absorp-
tion of this radiation and by reradiating
itata lower temperature corresponding
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USE OF ENERGY in the U.S. is expressed in terms of thermal kilowatts per capita per
day in 1967. All together the consumption averages 10,000 watts per person per day, which
is 100 times the food-intake level of 100 watts that is barely exceeded in many nations.

to the temperature of the upper atmo-
sphere the carbon dioxide reduces the
amount of heat energy lost by the earth
to outer space. The phenomenon has
been called the “greenhouse effect,” al-
though the analogy is inexact because a
real greenhouse achieves its results less
from the fact that the glass blocks re-
radiation in the infrared than from the
fact that it cuts down the convective
transfer of heat.

The possibility that additional carbon
dioxide from the burning of fossil fuels
could produce a worldwide increase in
temperature seems to have been raised
initially by the American geologist P. C.
Chamberlain in 1899. In 1956 Gilbert
N. Plass calculated that a doubling of
the carbon dioxide content of the atmo-
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sphere would result in a rise of 6.5 de-
grees Fahrenheit at the earth’s surface.
In 1963 Fritz Moller calculated that a
25 percent increase in atmospheric car-
bon dioxide would increase the average
temperature by one to seven degrees F.,
depending on the effects of water vapor
in the atmosphere. The most extensive
calculations have been made by Syukuro
Manabe and R. T. Wetherald, who esti-
mate that a rise in atmospheric carbon
dioxide from 300 to 600 parts per mil-
lion would increase the average surface
temperature by 4.25 degrees, assuming
average cloudiness, and by 5.25 degrees,
assuming no clouds.

Unfortunately the problem is more
complicated than these calculations im-
ply. An increase of temperature at the
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is foreseen that coal will be back to almost 10 percent and that
other sources will be oil, natural gas, liquid natural gas, hydro-
electric power, fuel wood and nuclear energy. The estimates were
made by Hans H. Landsberg of Resources for the Future, Inc.

surface of the earth and in the lower
levels of the atmosphere not only in-
creases evaporation but also changes
cloudiness. Changes of cloudiness al-
ter the albedo, or average reflecting
power, of the earth. The normal aver-
age albedo is about 30 percent, mean-

2.000

ing that 30 percent of the sunlight reach-
ing the earth is immediately reflected
back into space. Changes in cloudiness,
therefore, can have a pronounced effect
on the atmospheric temperature and on
climate.

The situation is further complicat-

10 -
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FFOSSIL FUEL SUPPLIES remaining in the world are indicated by a scheme wherein the
entire gray bar represents original resources, light gray portion shows how much has been
extracted and dark gray area shows what remains. Figures reflect estimates by M. King
Hubbert of the U.S. Geological Survey and could be changed by unforeseen discoveries.
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ed by atmospheric turbidity. J. Murray
Mitchell, Jr., of the Environmental Sci-
ence Services Administration has deter-
mined that atmospheric temperatures
rose generally between 1860 and 1940.
Between 1940 and 1960, although
warming occurred in northern Europe
and North America, there was a slight
lowering of temperature for the world
as a whole. Mitchell finds that a cooling
trend has set in; he believes it is owing
partly to the dust of volcanic eruptions
and partly to such human activities as
agricultural burning in the Tropics. (In
the future the condensation trails left
by jet airplanes may contribute to this
problem.)

In sum, the fact that the carbon diox-
ide content of the atmosphere has in-
creased is firmly established by reliable
measurements. The effect of the increase
on climate is uncertain, partly because
no good worldwide measurements of ra-
diation are available and partly because
of the counteractive effects of changes
in cloudiness and in the turbidity of the
atmosphere. An exciting technological
possibility is the use of a weather satel-
lite to keep track of the energy radiated
back into space by the earth. The data
would provide a basis for the first reli-
able and standardized measurement of
the “global radiation climate.”

In any event, the higher levels of car-
bon dioxide may not persist for long. For
one thing, the oceans, which contain 60



“We can't wait 10 or 20 years
to end automotive air pollution.”

Says John O. Logan, President, UOP
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““We as a nation could return the quality of the air we
breathe to the level of 15 or 20 years ago within 2 or
3 years. This could be done by retro-fitting with pollu-
tion control devices all pre-1968 cars now on the
highways. (Solid line above.) The technology is avail-
able and is now being applied mechanically in new
car production.

“We can substantially reduce pollution levels even
further by using lead-free gasoline in vehicles
equipped with catalytic exhaust converters. This will
take a little longer because we need ample lead-free
gasoline with high enough octane ratings for all cars.
This system will not sacrifice engine performance
and—in the long run—will be the most economical
solution for the consumer.

“Current legislation applies only to new car pro-
duction and aims to gradually reduce the present

m 30 ALGONQUIN ROAD, DES PLAINES, ILLINOIS 60016

UOP is the nation’s leading supplier of processes

and technology for the petroleum industry to produce

automotive fuels and for desulphurizing other
petroleum products. In a related area the company
manufactures a broad line of industrial air and
water pollution control equipment.

level of automotive pollution to 120 billion pounds per
year by 1980. This isn’'t even half the volume we're
spewinginto the atmosphere right now. Unfortunately,
after 1980, the pollution level will again start to climb
as the automotive population grows.

“This is a crisis that can only be met by a systems
approach involving the oil companies producing a
range of lead-free products.. . and Detroit’s adoption
of the most efficient pollution control devices avail-
able from equipment manufacturers.

“In the meantime, we could radically improve our
environmental conditionswith solutionsthat are close
at hand, if enough responsible people press for early,
positive action. Won’t you join me in stimulating in-
creased national and local action on this matter of
grave concern to all of us?”

John O. Logan, President,
Universal Oil Products Company
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times as much carbon dioxide as the at-
mosphere does, will begin to absorb the
excess as the mixing of the intermediate
and deeper levels of water proceeds. For
another, the increased atmospheric con-
tent of carbon dioxide will stimulate a
more rapid growth of plants—a phenom-
enon that has been utilized in green-
houses. It is true that the carbon dioxide
thus removed from the atmosphere will
be returned when the plants decay. For-
ests, however, account for about two-
thirds of the photosynthesis taking place
on land (and therefore for nearly half of
the world total), and since forests are
long-lived, they tend to spread over a
long period of time the return of carbon
dioxide to the atmosphere.

"I he five major air pollutants resulting

from the combustion of fossil fuels
also interact with the biosphere in vari-
ous ways, not all of them clearly under-
stood. One tends to think of pollutants
as harmful, but the situation is not that
simple, as becomes apparent in a con-
sideration of the pollutants and their
known effects.

Carbon monoxide appears to be al-
most entirely a man-made pollutant. The
only significant source known is the im-
perfect combustion of fossil fuels, re-
sulting in incomplete oxidation of the
carbon. Although carbon monoxide is
emitted in large amounts, it does not
seem to accumulate in the atmosphere.
The mechanism of removal is not known,

SOURCES OF WASTE HEAT are evident in a thermal infrared

image, made at an altitude of 2,000 feet, of an industrial concen-
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but it is probably a biological sink, such
as soil bacteria.

Sulfur, which occurs as an impurity
in fossil fuels, is among the most trou-
blesome of the air pollutants. Although
there are natural sources of sulfur di-
oxides, such as volcanic gases, more than
80 percent is estimated to come from the
combustion of fuels that contain sulfur.
The sulfur dioxide may form sulfuric
acid, which often becomes associated
with atmospheric aerosols, or it may re-
act further to form ammonium sulfate.
A typical lifetime in the atmosphere is
about a week.

When the sulfur products are removed
from the atmosphere by precipitation,
they increase the acidity of the rainfall.
Values of pH of about 4 have been
found in the Netherlands and Sweden,
probably because of the extensive indus-
trial activity in western Europe. As a re-
sult small lakes and rivers have begun to
show increased acidity that endangers
the stability of their ecosystems. Certain
aquatic animals, such as salmon, cannot
survive if the pH falls below 5.5.

Nothing is known about the global
effects of sulfur emission, but they are
believed to be small. In any case most
of the sulfur ends up in the oceans. It
is possible, however, that sulfur com-
pounds are accumulating in a layer of
sulfate particles in the stratosphere. The
layer’s mechanism of formation, its ef-
fects and its relation to man-made emis-
sions are not clear. The fine particles of
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the layer could have an effect on radia-
tion from the upper atmosphere, thereby
affecting mean global temperatures.

Hydrocarbons are emitted naturally
into the atmosphere from forests and
vegetation and in the form of methane
from the bacterial decomposition of or-
ganic matter. Human activities account
for only about 15 percent of the emis-
sions, but these contributions are con-
centrated in urban areas. The main con-
tributor is the processing and combus-
tion of petroleum, particularly gasoline
for the internal-combustion engine.

The reactions of hydrocarbons with
nitrogen oxides in the presence of ultra-
violet radiation produce the photochemi-
cal smog that appears so often over Los
Angeles and other cities. The biological
effects of several of the products of the
reactions, including ozone and complex
organic molecules, can be quite severe.
Some of the products are thought to be
carcinogenic. Ozone has highly detri-
mental effects on vegetation, but fortu-
nately they are localized. As yet no re-
gional or worldwide effects have been
discovered.

Hydrocarbon pollutants in the form of
oil spills are well known to have drastic
ecological effects. The spill in the Santa
Barbara Channel last year, which in-
volved some 10,000 tons, and the Torrey
Canyon spill in 1967, involving about
100,000 tons, produced intense local
concentrations of oil, which is toxic to
many marine organisms. Besides these

tration along the Detroit River in Detroit. The whiter an object is,
the hotter it was when the image was made. The complex at left



well-publicized events there is a yearly
worldwide spillage from various oil op-
erations that adds up to about a million
tons, even though most of the individual
spills are small. There are also natural
oil seeps of unknown magnitude. Added
to all of these is the dumping of waste
motor oil; in the U.S. alone about a mil-
lion tons of such oil is discarded annu-
ally. Up to the present time no world-
wide effects of these various oil spills are
detectable. It can therefore be assumed
that bacteria degrade the oil rapidly.

Nitrogen oxides occur naturally in the
atmosphere as nitrous oxide (N,O), nitric
oxide (NO) and nitrogen dioxide (NO,).
Nitrous oxide is the most plentiful at .25
part per million and is relatively inert.
Nitrogen dioxide is a strong absorber of
ultraviolet radiation and triggers photo-
chemical reactions that produce smog.
In combination with water it can form
nitric acid.

The production of nitrogen oxides in
combustion is highly sensitive to tem-
perature. It is particularly likely to result
from the explosive combustion taking
place in the internal-combustion engine.
If this engine is ever replaced by an ex-
ternal-combustion engine that operates
at a steady and relatively low tempera-
ture rather than at high peaks, the emis-
sion of nitrogen oxides will be greatly
reduced.

Solid particles are injected into the
lower atmosphere from a number of
sources, with the combustion of fossil

fuels making a major contribution. The
technology of pollution control is ade-
quate for limiting such emissions. If it
is applied, solid particles will become in-
significant pollutants.

Nthough the fossil fuels still predomi-

nate as sources of power, the intro-
duction of nuclear fuels into the genera-
tion of power is changing both the scale
of energy conversion and the effects of
that conversion on the biosphere. Nucle-
ar energy can be considered as a heat
source differing from coal or oil, but
once the energy has been released in the
form of heat it is used in the same way
as heat from other sources. Therefore
the problem of waste heat is the same.
The pollution characteristics of nuclear
energy, however, differ from those of the
fossil fuels, being radioactive rather than
chemical.

Two processes are of concern: the fis-
sion of heavy nuclei such as uranium and
the fusion of light nuclei such as deute-
rium. The fission reaction has to start
with uranium 235, because that is the
only naturally occurring isotope that is
fissioned by the capture of slow neu-
trons. On fissioning the uranium 235
supplies the neutrons needed to carry
out other reactions.

Each fission event of uranium 235 re-
leases some 200 million electron volts
of energy. One gram of uranium 235
therefore corresponds to 81,900 million
joules, an energy equivalent of 2.7 met-

center, identifiable by a distinctly warm effluent entering the river, is a power plant. Group
of hot buildings at right is a steel mill. Cool land area at bottom is part of Windsor, Ontario.
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ric tons of coal or 13.7 barrels of crude
oil. A nuclear power plant producing
1,000 electrical megawatts with a ther-
mal efficiency of 33 percent would con-
sume about three kilograms of uranium
235 per day.

A nuclear “burner” uses up large
amounts of uranium 235, which is in
short supply since it has an abundance
of only .7 percent of the uranium in
natural ore. If reactor development
proceeds as foreseen by the Atomic En-
ergy Commission, inexpensive reserves
of uranium (costing less than $10 per
pound) would be used up within about
15 years and medium-priced fuel (up to
$30 per pound) would be used up by the
year 2000. Hence there has been con-
cern that present reactors will deplete
these supplies of uranium before con-
verter and breeder reactors are devel-
oped to make fissionable plutonium 239
and uranium 233. Either of these iso-
topes can be used as a catalyst to burn
uranium 238 or thorium 232, which are
relatively abundant. Thorium and urani-
um together have an abundance of about
15 parts per million in the earth’s crust,
representing therefore a source of energy
millions of times larger than all known
reserves of fossil fuel.

The possibility of generating energy
by nuclear fusion is more remote. Of the
two processes being considered—the
deuterium-deuterium reaction and the
deuterium-tritium reaction—the latter is
somewhat easier because it proceeds at
a lower temperature. In it lithium 6 is
the basic fuel, because it is needed to
make tritium by nuclear bombardment.
The amount of energy available in this
way is limited by the abundance of lithi-
um 6 in the earth’s crust, namely about
two parts per million. The deuterium-
deuterium reaction, on the other hand,
would represent a practically inexhausti-
ble source of energy, since one part in
5,000 of the hydrogen in the oceans is
deuterium.

One must hope, then, that breeder re-
actors and perhaps fusion reactors will
be developed commercially before the
supplies of fossil fuel and uranium 235
are exhausted. With inexhaustible (but
not cheap) supplies of nuclear energy,
automobiles may run on artificially pro-
duced ammonia or methane; coal and
oil shale will be used as the basis for
chemicals, and electricity generated in
large breeder or fusion reactors will be
used for such purposes as the manufac-
ture of ammonia and methane, the re-
duction of ores and the production of
fertilizers.

It is difficult at this stage to predict
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THREE REPORTS
FROM
NADER'S RAIDERS

“CLASSIC”

“A classic study of why government
doesn’t work...” —The Baltimore Sun

“CONCERNED”

“Facts, literally millions of them...I
can’t think of any concerned American
...who shouldn’t wade through the
Nader facts...and form a theory of
what they mean.” —New York Times

“EXPLOSIVE”

“Nader’s Raiders have produced three
solid books on the function of three
crucial agencies in the area of consumer
protection and service—and they are as
explosive as anything since Upton Sin-
clairr We owe a debt to these young
people.” —The Los Angeles Times.

“URGENTLY NEEDED”

“These fact-packed books are urgently
needed and they may help to implement
the vital actions necessary to preserve
civilization.”

—Madison (Wisc.) Capital Times

“SOLID”

“Excellent books, full of solid research
and information.” — Washington Post

Nader’s Raiders— 110 university stu-
dents—came to Washington, D.C. to
probe for facts. Now they tell what
they found in three important books
that show how industry/Government in-
action and hypocricy are endangering
our food, our air, and our transporta-

tion systems. e——_

Ralph Nader’s Study Group Reports

On the Interstate Commerce
Commission and Transportation

THE INTERSTATE
COMMERCE OMISSION

by Robert Fellmeth
$8.95 Cloth  Paper $1.45

On Air Pollution
VANISHING AIR
by John C. Esposito

$7.95 Cloth  Paper $.95

On the Food and Drug Administration

THE CHEMICAL FEAST

by James S. Turner
$6.95 Cloth Paper $.95

Introductions by Ralph Nader

GROSSMAN PUBLISHERS &
44 West 56th Street, New York, N.Y. 10019
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TEMPERATURE TREND in Northern Hemisphere is portrayed as observed (color) and
as predicted under various conditions (black). The top black curve assumes an effect from
carbon dioxide only; the other black curves also take account of dust. Second and third
curves assume doubling of atmospheric dust in 20 and 10 years respectively; bottom curve,
doubling in 10 years with twice the thermal effect thought most probable. Chart is based
on work of J. Murray Mitchell, Jr., of the Environmental Science Services Administration.

the eflects of large-scale use of nuclear
energy on the biosphere. One must make
certain assumptions about the disposal
of radioactive wastes. A reasonable as-
sumption is that they will be rendered
harmless by techniques whereby long-
lived radioactive isotopes are made into

|

solids and buried. (They are potentially
dangerous now because of the technique
of storing them as liquids in under-
ground tanks.) Short-lived radioactive
wastes can presumably be stored safely
until they decay.

For both nuclear energy and for proc-
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SOURCES OF EMISSIONS from combustion are ranked. Five parts of each bar represent

(from left) carbon monoxide, sulfur oxides, hydrocarbons, nitrogen oxides and particles.
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" Have you
thanked a

green plant
today?

Plants, by transforming the sun’s energy, carbon dioxide and water into a
fresh supply of oxygen, are a key link in the chain of life-support for man and
his environment.

We at National Can Corporation believe that the time has come for our
civilization to count blessings—not destroy them. Efforts made to learn about
and live with nature will be handsomely rewarded through the preservation
of its life-giving cycles and beauty.

Detracting from such progress are those irresponsible persons
who disregard the well being of fellow man and succeeding generations
through wanton acts of litter and pollution. Fortunately, responsible
people are involving themselves in a serious endeavor to protect
our environment from this abuse. Responsible companies,
like National Can, continue to expend substantial amounts of
time, talent and money in an equally determined effort to
prevent thoughtless waste and to improve the quality of life.

Let's all cooperate by taking positive action together
to make life on earth bountiful and perpetual ...
so we may thank a green plant tomorrow.

(we] National Can Corporation

MIDWAY CENTER / CHICAGO ILLINOIS 60638
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AVAILABLE IN DECEMBER—
The long-awaited . ..

of the subject

—Practical, up-to-date, field-oriented

coverage

—An industry-by-industry approach
supplementing the general information
—A glossary of terms to aid the

nonspecialist

1,000 pp./6 x 9/approx. $29.00

Hope for America’s Cities. ..
FURNISHING THE CITY

by Harold Lewis Malt

The first city-planning guide to blueprint a
systems design method of revitalizing the
old or creating the new city.

264 pp./8Y5 x 11/235 illus./$16.50

ELEMENTS OF URBAN FORM

by George Banz

A penetrating guide to the individual and
collective needs the urban environment
must serve as it gradually replaces nature.
224 pp./illus./$16.50

THE LANDSCAPE WE SEE

by Garrett Eckbo

How to combine artistic principles and mod-
ern technology to create a landscape that is
a single system of natural and man-made
parts.

256 pp./illus./$16.00

THE URGENT FUTURE

by Albert Mayer

A provocative and realistic appraisal of our
architecture, urban renewal, i

mental planning,

184 pp./8Y5 x 11/148 illus./$16.50

URBAN DESIGN

by Paul D. Spreiregen, AlA

A searching investigation of town, city, and
regional design that can be easily translated
into practical plans for civic improvement.
256 pp./8Y5 x 11/759 illus./$13.75

Order From Your Bookstore or Use This
Handy 10-Day Exammat:on COUE. n ..

McGraw-Hill Book Co Dept 23~SA-970
330 W. 42nd Street, New York, N.Y. 10036

Please send me the volumes checked below
for 10 days’ examination. At the end of that
time | will remit the full price plus local tax,
postage, and handling, or return the vol-
umes and owe nothing.

O Industrial Pollution Control Handbook

O Furnishing the City

O Elements of Urban Form

[0 The Landscape We See

[0 The Urgent Future
O Urban Design
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INDUSTRIAL
POLLUTION

HANDBOOK

Edited by Herbert F. Lund

Prepared by a team of recognized authori-
ties, this comprehensive manual tackles le-
gal aspects, quality standards, community
relations, various control systems, and
problems specific to the major industries.
In addition, much useful information is pro-
vided on equipment, performance testing
and guarantees, department organization,
and personnel training.

Special Features
—A preface by Senator Muskie, underlining
the national scope and legal significance
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esses involving fossil fuels the major
problem and the major impact of human
energy production is the dissipation of
waste heat. The heat has direct effects
on the biosphere and could have indi-
rect effects on climate. It is useful to dis-
tinguish between local problems of ther-
mal pollution, meaning the problems
that arise in the immediate vicinity of a
power plant, and the global problem of
thermal balance created by the transfor-
mation of steadily rising amounts of

energy.

the efficiency of a power plant is de-

termined by the laws of thermody-
namics. No matter what the fuel is, one
tries to create high-temperature steam
for driving the turbines and to condense
the steam at the lowest possible tempera-
ture. Water is the only practical medium
for carrying the heat away. Hence more
than 80 percent of the cooling water
used by U.S. industry is accounted for
by electric power plants. For every kilo-
watt-hour of energy produced about
6,000 B.T.U. in heat must be dissipated
from a fossil fuel plant and about 10,000
B.T.U. from a contemporary nuclear
plant.

In the U.S., where the consumption
of power has been doubling every eight
to 10 years, the increase in the number
and size of electric power plants is put-
ting a severe strain on the supply of cool-
ing water. By 1980 about half of the nor-
mal runoff of fresh water will be needed
for this purpose. Even though some 95
percent of the water thus used is re-
turned to the stream, it is not the same:
its increased temperature has a number
of harmful effects. Higher temperatures
decrease the amount of dissolved oxygen
and therefore the capacity of the stream
to assimilate organic wastes. Bacterial
decomposition is accelerated, further de-
pressing the oxygen level. The reduc-
tion of oxygen decreases the viability of
aquatic organisms while at the same
time the higher temperature raises their
metabolic rate and therefore their need
for oxygei.

In the face of stringent requirements
being laid down by the states and the
Department of the Interior, power com-
panies are installing devices that cool
water before it is returned to the stream.
The devices include cooling ponds, spray
ponds and cooling towers. They func-
tion by evaporating some of the cooling
water, so that the excess heat is dissi-
pated into the atmosphere rather than
into the stream.

This strategy of spreading waste heat
has to be reexamined as the scale of the
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problem increases. It is already apparent
that the “heat islands” characteristic of
metropolitan areas have definite mete-
orological effects—not necessarily all bad.
The fact that a city is warmer than the
surrounding countryside affects the ecol-
ogy and biospheric activity in metropoli-
tan areas in numerous ways. For exam-
ple, the release of heat in a relatively
small local area causes a change in the
convective pattern of the atmosphere.
The addition of large amounts of par-
ticulate matter from industry, space
heating and refuse disposal provides
nuclei for the condensation of clouds. A
study in the state of Washington showed
an increase of approximately 30 percent
in average precipitation over long peri-
ods of time as a result of air pollution
from pulp and paper mills.

the worldwide consumption of ener-

gy can be estimated from the fact
that the U.S. accounts for about a third
of this consumption. The U.S. consump-
tion of 685,000 million million B.T.U.
per year is equivalent to 2.2 million
megawatts. World consumption is there-
fore some 6.6 million megawatts. Put an-
other way, the present situation is that
the per capita consumption of energy in
the U.S. of 10,000 watts per day com-
pares with somewhat more than 100
watts (barely above the food-intake lev-
el) in most of the rest of the world.

Projections for the future depend on
the assumptions made. If one assumes
that in 50 years the rest of the world
will reach the present U.S. level of en-
ergy consumption and that the popula-
tion will be 10 billion, the total man-
made energy would be 110 million
megawatts per year. The energy would
of course be distributed in a patchy man-
ner reflecting the location of population
centers and the distributing effects of the
atmosphere and the oceans.

That figure is numerically small com-
pared with the amount of solar energy
the earth radiates back into space. Over
the entire earth the annual heat loss is
about 120,000 million megawatts, or
more than 1,000 times the energy that
would be dissipated by human activity
if the level of energy consumption pro-
jected for 2020 were reached. It would
be incautious to assume, however, that
the heat put into the biosphere as a re-
sult of human energy consumption can
be neglected because it is so much small-
er than the solar input. The atmospheric
engine is subtle in its operation and deli-
cate in its adjustments. Extra inputs of
energy in particular places can have sig-
nificant and far-reaching consequences.



Come on out,we know you're there,

You in research.

You in product development.

All you people that we have
trouble getting to.

The purchasing department can’t
always tell us what you're up to. Or
how we can help you. Their primary
responsibility is purchasing for
products you’re producing today.
Not the ones you’re working on for
tomorrow.

But we’d like to help. If you’ll just
send us your name and let us know
what areas you’'re interested in,
we’ll send you literature and a
sample if you wish. And maybe
you'll find something we can help
you with.

Like mineral acid inhibitors for

the metal working industry. Or
polymer catalysts for a wide range
of urethane foams, resin coatings
and epoxies.

Or antioxidant/stabilizers for the
petroleum industry.

Or custom chemical interme-
diates.

As the chemical marketing arm
of Abbott Laboratories, we devel-
oped some of these product appli-
cations from the 1000 chemicals
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Abbott Chemical Products Division
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Digital

makes

all this
stuff

Just a computer won't get your job done. It takes the right computer,
in the right configuration, with the right input-output devices, and the right
software. That's what Digital makes and sells: Getting your job done.
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PDP-8/e. all new. modular. fast. under
$5.000 in basic 4K configuration. and with
the mos! successiul histary of any min-
computer in the world, Software-compatible
with the 7.500 PDP-8 family computers
already in the held

PDP-12. the total computer system with
built-in graphic display. built-in operator/
machine interaction, built-in analog
capability. Primanly for the laboratory but
finding wide applications in industrial
control and education

' i

B
| ] r —~ T
|_‘.|.4\.-. r
Disk storage that expands the capability of

all our computers. Mass storage with quick
access at inexpensive prices

% | ‘

/%\

PDP-11. DIGITAL s new 16-bit computer
with the modular approach, featuning
UNIBUS."™ an entirely new computer
concepl Conhigurations include several lor
the OEM that sell for less than $5.000 in

quantity. plus complete general purpose
machines and software for the end-user

PDP-10. large scale computer systems for
industry. science, and education. Batch-
processing, real-time, and time-sharing on
one system

Modules. some designed specifically for the
industrial environment, some designed for
interfacing computers and the building of
special computer-compatible devices The
largest line in the world

PDP-15, the medum-szed computer with
more price-performance built in than any
computer of its class. Big computer power
at a mim-computer price

DECtape. three inch reels that fit in your
pocket. fit all our computers. make magnetic
tape storage the convenience it was
supposed to be

Peripheral devices suchasAto D
converters, graphic displays. paper tape
equipment extending the flexibility of the
computer to any apphcation

dlilolilt]al!

COMPUTERS - MDODUWLES

Digital Equipment Corporation, Maynard. Mass. 01754
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Human Materials Production
as a Process in the Biosphere

Materials such as metals and concrete are not renewable. Man’s

problem is to devise cycles that «will conserve resources of this kind

and at the same time prevent their accumulation as solid waste

r I Yhe materials used by man for tools,
shelter and clothing have tradi-
tionally been both organic (for ex-

ample wood and natural fiber) and inor-

ganic (stone, including glass and ceram-
ics, and metals). To this classification we
now add synthetic materials, which are
mostly made from what are called in an-
other connection fossil fuels. The organic
materials are of course products of the
biosphere, and assuming appropriate
levels of use and sensible management
they are self-renewing. The inorganic
materials are the product of extremely
slow processes in the lithosphere, and are
hence not self-renewing in the human
scheme of things. Yet the increasing need
for such materials—mainly metals, stone
and concrete—is one of the outstanding
features of advancing societies. More-
over, the fact that inorganic materials
are for the most part not recycled cre-
ates a pressing need for their disposal.

These demands present men with nu-

merous difficult choices, many of which

inevitably involve the functioning of the
biosphere.

For the greater part of the two mil-
lion years or so of human existence man’s
need for materials was modest. With the

COPPER IS MINED at the Twin Buttes
mine of the Anaconda Company near Tuc-
son. The conspicuous hole in the photograph
on the opposite page was made by removing
some 236 million tons of overburden and
rock to get at the ore lying between 600 and
800 feet below the surface of the ground.
The ore has a copper content of about .5
percent and is considered to be a low-grade
ore. Since copper is not highly abundant in
the lithosphere but is extensively used, the
trend hasbeen toward mining low-grade ores.

by IHarrison Brown

adoption of each technological innova-
tion that improved the chances of hu-
man survival, however, the need for ma-
terials increased in both absolute and
per capita terms. For example, the con-
trolled use of fire, which increased the
variety of things that could be eaten and
extended man’s environment, created a
substantial demand for firewood. Here,
of course, a material was being used as
fuel, but the development of tools that
improved the efficiency of hunting and
food gathering and protected men
against predators created demands for
materials in the strict sense: the right
kinds of stone or of plant or animal sub-
stance.

With the invention of agriculture the
need for materials increased consider-
ably. The new technology made it pos-
sible for thousands of people to be sup-
ported by the produce of land that for-
merly could support only one person.
Moreover, it was no longer necessary for
everyone to be involved in food produc-
tion. Farmers were able to grow a sur-
plus of food to support nonfarmers. Un-
til relatively recent times this surplus
was never large, amounting to perhaps
5 percent, but it meant that some people
could devote their energies to occupa-
tions other than farming. It was the sur-
plus of food that made possible the
emergence of cities and the evolution of
the great civilizations of antiquity.

The oldest civilizations came into ex-
istence in regions that had ample areas
of arable land and adequate supplies of
water. Cities could become large only if
they could draw on the agricultural sur-
pluses of vast farmlands. Since water
transport was by far the easiest way to
ship foodstuffs in ancient times, the earli-
est civilizations and the first large cities
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came into being in the valleys of the
great rivers such as the Tigris and the
Euphrates, the Nile, the Indus and the
Yellow River. With the emergence of
major urban centers increasingly elabo-
rate technologies were developed, and
they in turn led to the need for larger
per capita quantities of raw materials
such as stone, wood, clay, fiber and skin.
(The ancient urban centers also con-
fronted a problem that continues today:
the disposal of garbage and rubbish.
Scavenger birds, such as the kites of
modern Calcutta, were probably essen-
tial elements in the system of processing
garbage, but even so life must have been
unsanitary, unsightly and odoriferous, at
least for the great masses of the poor.
The evidence suggests the prevalence of
high mortality rates. Many ancient cities
appear to have been literally buried in
their own rubbish.)

Until the development of metal tech-
nology men appear to have used renew-
able resources such as wood at rates that
were small compared with the rates of
renewal. The consumption of nonrenew-
able resources such as stone was also
small, particularly in comparison with
the nearly infinite availability of re-
sources with respect to the demand.

Copper was the first metal to come into

widespread use on a substantial
scale. In actuality copper is not very
abundant in the lithosphere, but the
metal can be won easily from its ore.
The reduction temperature is fairly low,
so that smelting can be accomplished in
a simple furnace. Once the technology
of extracting copper was developed the
use of the metal became widespread in
the ancient civilizations and the demand
for the ore grew rapidly.
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In this situation the high-grade de-
posits of ore close to the ancient urban
centers were soon used up. Egypt, for
example, quickly depleted her own cop-
per reserves and had to develop an elab-
orate network of trade routes that en-
abled her to import copper from as far
away as the British Isles and Scandi-
navia. Even so, high-grade ores of cop-
per were uncommon enough to preclude
widespread use of the metal. Copper did
make possible a number of new tech-
nologies, but farmers, who were by far
the greater proportion of society, were
almost unaffected. Their implements
continued to be made of stone, clay,
wood and leather.

Gold is considerably easier to extract
from its ore than copper; often the “ore”
is metallic gold itself. As one might ex-
pect, therefore, the use of gold appears
to predate the use of copper bv a con-
siderable span of time. Gold, however,
is one of the rarest metals in nature, so
that its ores are extremely scarce. Its rar-
ity precluded its widespread use, except
in small quantities for ornament.

Iron is considerably more abundant in
the lithosphere than copper, but it is a
much more difficult metal to win from
the ore. The reduction temperature is
high, and furnaces capable of attaining
it were not developed until about 1100
B.c. The new high-temperature technol-
ogy appeared first in the Middle East
and quickly spread westward. The wide-
spread availability of the ore made it
possible for metal to be used on an un-
precedented scale. New tools of iron
helped to transform Europe from a land
of dense forests to a fertile cropland.

One of the primary limitations to eco-

nomic development in the ancient
empires was the lack of ability to con-
centrate large quantities of energy. Inso-
far as it could be done at all it was usual-
ly accomplished by mobilizing gangs of
men and to a lesser extent by the use of
work animals. Use of the water mill and
the windmill spread slowly. Only in sea
transport was the wind used even with
moderate effectiveness on a large scale
as a prime mover. Remarkable as the
Roman engineers were, they were limit-
ed by the concentration of energy they
could mobilize. They went about as far
as engineers could in the absence of a
steam engine.

The development of a practical steam
engine had to await the convergence of
a series of developments in England in
the late 17th century and the early 18th
century. The island entered the Iron
Age richly endowed with iron ore. For-
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ests were also abundant, and the trees
were used to produce charcoal, which
in turn was used to reduce the iron oxide
to the metal. These resources enabled
England to become a major supplier of
metallic iron for the world.

As iron production expanded English
trees were consumed faster than they
grew. Eventually the depletion of wood
for charcoal threatened the entire iron
industry. Clearly a substitute for char-
coal was needed. The most likelv one
was coal, which existed abundantly on
the island. Unfortunately, although coal
can be used to reduce iron ore to the
metal, the impurities in it render the
metallurgical properties of the iron quite
unsatisfactory.

The Darby family, which owned a
substantial iron industry, spent many
years attempting to transform coal into
a substance suitable for the reduction
of iron. Eventually a successful process
was developed. It was based on the dis-
covery that volatile impurities could be
driven off by heating coal under suitable
conditions. The resulting product, called
coke, yielded metallic iron of satisfactory
quality.

Here was a development—the linking
of coal to iron—second only to agricul-
ture in its importance to man. The new
development led to a rapid expansion of
the iron industry. Even more significant,
it led directly to the development of the
steam engine, which gave man for the
first time a means of concentrating enor-
mous quantities of inanimate energy.

Coal, iron and the steam engine gave
rise to the Industrial Revolution, which
spread from England to Europe and
then to the U.S., the U.S.S.R. and most
recently to Japan. Why did it startin the
18th century in England and not several
centuries earlier in Rome? The Romans
in many ways were the better engineers,
and yet the harnessing of steam eluded
them.

It is interesting to speculate on the
role that random natural processes have
played in cultural evolution. What would
the course of historv have been if copper
had been as abundant as iron or if iron
could be reduced from its ore as easilv
as copper? Perhaps the Iron Age would
have started in the third millennium B.c.
Suppose the Roman iron industry had
run out of wood in the second century.
Would there have been a linking of coal
to iron and would the steam engine have
emerged some 1,500 vears earlier than
it did? Such questions are diverting, but
they cannot be answered with anything
better than guesses.

The most important characteristics of
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BLAST FURNACE for smelting iron in the
18th century was depicted in Diderot’s En-
cyclopédie. The reason for the furnace’s lo-
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cation near a wooded area was the need for charcoal, which is before the technique of making coke from coal was developed. A
what the horses in the background are carrying. In England the furnace of this type might produce some two tons of iron a day. In
consumption of charcoal virtually exhausted the supply of trees the foreground a freshly produced pig, No. 289, is being weighed.
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the Industrial Revolution have been rap-
id change and rapid increases in rates
of change. Since the beginnings of the
epoch mankind has seen the emergence
of almost innumerable technological in-
novations that have competed with ex-
isting ways of doing things and have fur-
ther released men from physical labor. It
is now generally recognized that tech-
nological innovation has been a prime
contributing factor to economic growth,
perhaps equaling the combined effect of
the classical factors of land, labor and
capital.

Successful innovations have driven
many older technologies to extinction
and have resulted in higher productiv-
ity, greater consumption of energy, in-
creased demand for raw materials, ac-
celerated flow of materials through the
economy and increased quantities of
metals and other substances in use per
capita. The history of industrial devel-
opment abounds with examples.

In 1870 horses and mules were the
prime source of power on U.S. farms.
One horse or mule was required to sup-
port four human beings—a ratio that re-
mained almost constant for many dec-
ades. Had a national commission been
asked at that time to forecast the horse
and mule population in 1970, its answer
probably would have depended on
whether its consultants were of an eco-
nomic or a technological turn of mind.
Had they been “economists,” they would
in all likelihood have estimated the 1970
horse and mule population at more than
50 million. Had they been “technolo-
gists,” they would have recognized that
steam had already been harnessed to in-
dustry and to ground and ocean trans-
port. They would have recognized fur-
ther that it would be only a matter of
time before steam would be the prime
source of power on the farm. It would
have been difficult for them to avoid the
conclusion that the horse and mule pop-
ulation would decline rapidly.

In fact, steam power appeared on the
farm in about 1875 and spread rapidly.
Had it not been for the introduction of
the internal-combustion engine shortly
after the turn of the century, steam
power alone would have driven the horse
off the farm. The internal-combustion
engine, which was unforeseen in 1875,
succeeded in driving oft both the horse
and the steam combine. Today the horse
population is little more than 1.5 million,
and most of the horses cannot in any real
sense be regarded as work animals.

A second example of technological
competition was the introduction of the
steam-powered iron ship. In a period of
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laser :

Making integrated semiconductor
and thin-film circuits requires a set
of photographic masks to outline the
application or removal of materials
during processing. The demand for
these masks hasincreased as integrated
electronics has come of age and it will
continue to grow with the technology.

Mask-making has long been
automated. The engineer feeds a geo-
metric description into a standard
program and a computer generates a
tape. The tape controls a machine
which moves a light beam or a knife
along coordinate axes to draw the
mask. This takes many hours.

Now, Bell Labs has developed a
machine which can produce complex
masks in under 10 minutes. The
machine contains an argon-ion laser.

mirror
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beam divider /\\/'17
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ten-faceted
mirror
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timing beam

mirror

Better circuit masks exposed

The laser beam is scanned across an

8 by 10inch photographic plate

and switched on and off to expose the
emulsion on the plate according to
the mask pattern. As each scan is com-
pleted, the plate is shifted one
linewidth. Scanning time—20 milli-
seconds per line—is independent of
the number of times the beam is
switched on and off.

Each facet of a ten-faceted rotating
mirror (above) sweeps the beam once
across the plate. At the same time, each
facet sweeps an auxiliary laser beam
across a grating, generating 26,000
timing pulses for each scan. A digital
computer processes the pulses to
determine the position of the scanning
beam and to generate control signals
for an acousto-optic modulator
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writing beam

moving
photographic
plate

which switches the beam on and off.

The laser beam can be directed
with an accuracy better than 2 arc-
seconds, the equivalent of a mile-long
straight line with less than /g inch
deviation. For such precision, the
machineisoperated in aspecial con-
trolled-environmentchamberwhere
temperature ismaintained within
1/7°C and a cubic meter of air contains
fewer than 3500 dust particles larger
than one micron.

These high-speed, precise ma-
chines will supply the Bell System’s
mask needs for several years. As in-
tegrated circuits gain wider telephone
use, this will keep costs down.

From the Research :

and Development Unit
of the Bell System:
Bell Labs



only 30 years (1870 to 1900) the compo-
sition of the United Kingdom’s merchant
marine was transformed from 90 percent
wooden sailing ships to 90 percent iron
ships powered by steam. This techno-
logical transformation resulted in a great-
ly enhanced ability to transport goods
rapidly and inexpensivelv over long dis-
tances. It also resulted in a greatly in-
creased demand for iron and coal.

In the modes of intercity transporta-
tion in the U.S. one can see a dramatic
sequence of competitions. In the first
years of this century nearly all passenger
traffic between cities was carried by the
railroads. By 1910 the private car was
competing seriously, and by 1920 the
automobile was accounting for more pas-
senger-miles between cities than the rail-
roads were. Since World War II the air-
plane has competed with both the rail-
road and the automobile for intercity
traffic. The combined impact of the au-
tomobile and the airplane has come close
to puttingrailroads out of the passenger
business. In the decade of the 1970’s the
airplane will probably make serious in-
roads on intercity automobile traffic as
well. The net result of these changes, as
with others, has been increased expendi-
ture of energy and increased demand
for materials in both absolute and per
capita terms.

Levels of steel production and con-
sumption are among the most useful in-
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TREND IN CONSUMPTION of key materials is traced. The pro-
duction of timber is usually reckoned in terms of board feet or
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dicators of worldwide technological and
economic change. In the 19th century
England became the dominant producer
and consumer of steel, later being re-
placed by Germany. After World War I
the U.S. became the largest industrial
power, and steel production rose rapidly.
In 1900 per capita steel production in
the U.S. reached 140 kilograms, and by
1910 it was up to 300 kilograms. The
level exceeded 400 kilograms during
World War I, and during World War II
it rose to 600 kilograms. Since World
War II the picture has changed: al-
though total steel production has con-
tinued to rise, the annual per capita
level has changed little, averaging about
550 kilograms.

Per capita steel consumption has risen
since World War II, but the rise has
been slow. The difference between pro-
duction and consumption has been
made up by an increase in imports. In
1967 U.S. steel consumption was 634
kilograms per capita.

Although this is at present the highest
per capita level of steel consumption in
the world, the U.S. is being overtaken
rapidly by other countries. Levels of
consumption in much of western Europe
and in Japan, Czechoslovakia, East Ger-
many, the U.S.S.R. and Australia are
now close to the U.S. level, and the rates
of growth are such that Japan will over-
take the U.S. quite soon. The per capita

30 1940 1950
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level of steel consumption in the U.S.S.R.
will probably equal that of the U.S. with-
in another decade. The worldwide rate
of increase in per capita steel consump-
tion from 1957 to 1967 was 44 percent,
compared with the U.S. rate of 12 per-
cent and the Japanese rate of 270 per-
cent [see top illustration on page 198].
In view of the fact that virtually all ele-
ments of economic growth correlate rea-
sonably well with per capita steel con-
sumption, it is useful to inquire into the
future levels of consumption in the U.S.
and the rest of the world.

Consumption of metals other than iron
can conveniently be stated in terms
of steel consumption. \When this is done,
it becomes apparent that the consump-
tion levels of certain metals, such as cop-
per, zinc and lead, have remained re-
markably constant over the past 50 years
in spite of rapidly changing technologies.
Consumption of certain other metals,
such as tin, has been decreasing with
respect to steel as a result of decreas-
ing availability of ore and the develop-
ment of substitutes. Consumption levels
of the light metals, such as aluminum,
are rising. Although these metals are
still much less used than steel is, they
will increasingly supplant steel for cer-
tain purposes.
If all the metallic iron that has been
produced in the U.S. were still in ex-

TIMBER
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cubic feet. For purposes of comparability it has been stated here in
pounds, assuming an average density of 35 pounds per cubic foot.



There is no electronic
calculator in the world
to match the new
Marchant electronic.

It's the only one to use a remarkable new technology:
Super MOS.

When you buy an electronic calculator, there are dozens
to choose from. How do you know which one’s best? We think
the answer is, simply pick the most advanced one you can find.

And that happens to be the Marchant®Model 414. It may
look like other electronic calculators, but the resemblance
ends right there. Because the 414 uses a totally new kind of
technology in both its memory and logic functions.

It has a space age brain.

Our technology utilizes sub-miniaturization akin to the
space age. Hundreds of transistors (which by themselves are
marvels of electronic wizardry ) are microscopically incorpora-
ted on a single chip so small 8 of them can sit comfortably on
the face of a dime.

This tiny speck of material is the very brain of our calcula-
tor. It is a custom designed Metallic Oxide Semi-Conductor
(we call it Super MOS for short). And, just to put it in perspec-
tive for yaqu, it helps to know that each Super MOS chip con-
tains 40 square feet of complex electrical diagrams.

Think of it! A blueprint 5 by 8 feet is reduced to something
you can hardly see. And it works!

8 Super MOS chips.

Our 414 has 8 Super MOS chips. Each chip handles the
work load previously assigned to 20 integrated circuits. We
are the first manufacturer of calculators to use Super MOS
chips. And to date, no other maker has achieved this extraor-
dinary sophistication in design.

With Super MOS to do the work, the 414 can add, subtract,
multiply, divide, place decimals automatically, and recall the
last number displayed just as if you had entered it. And with
fewer components and electrical connections, our 414 has
fewer parts to wear out, fewer things to go wrong.

What does it all mean?

When all is said and done, it really comes down to just
what we said up at the top. If you're going to buy a brand-new
electronic calculator, you really ought to get the most singu-
larly advanced one you can find.

The American made Marchant Model 414.

It may look like other calculators, but its brain thinks just
a little bit ahead of all the rest.

gﬂ . SMITH-CORONA MARCHANT

DIVISION OF SCM CORPORATION

541458100

archant.The First.
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Real generosity toward the future In the speeding time capsule in which

lies in giving all to the present. we are all riding one thing is
not changing.

Albert Camus

Great Ideas of Western Man That is the basic conversion of

Artist: Caroline MacKenzie (Pratt Institute)

natural resources into physical things.
Concrete or abstract.

How the contemporary corporation
looks at this process has become
an issue of our time. It is a
question of environmental control.

Forestry research is a commitment to
this responsibility. As is our growing
use of recycled paperboard and paper.
A total reuse or a blending of these
products with small amounts of new
fibres, creating a continuum. Resulting
in conservation of a valuable

natural resource.

In front of today’s corporation

is the opportunity of finding ways to
return to earth those things it takes.
Returned directly or as

positive substitutes.

This thoughtful look at environment
and everything existing in it will
probably determine just how far the
time capsule gets.

A} Container Corporation of America

A Marcor Company
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A hurricane.

Six hundred people were
killed by one in New England in
1938.

Four years later, eleven
thousand were killed by one in
India.

The winds of a hurricane
are over 75 miles an hour.

It takes the form of a circle
or an oval, sometimes as much
as 500 miles in diameter.

There is no prevention.

But if we reduce the ele-
ment of surprise, we can reduce
its deadly potential.

And we've taken steps so
that it will never surprise us
again.

RCA has designed, devel-
oped and produced the world’s
most advanced family of weather
satellites. It's called the ITOS
program.

It's the most sophisticated
weather detector yet devised by
man, and perhaps one of the
most beneficial facilities man
has created since he broke the
bonds of earth.

From the detailed photo-
graphs transmitted back to
earth, we can see the formation
and plot the course of hurri-
canes, typhoons, storm centers.
We can spot sea ice and snow

cover. Calculate wind speeds.

Anywhere on earth.

This program exemplifies
the importance of interdisciplin-
ary engineering, the engineer-
ing concept of the future.

It is becoming increasingly
more apparent that in the fu-
ture, the engineer will touch
virtually every aspect of our
lives. From medicine to the arts
to education to leisure products.

And he will do this in con-
junction with other disciplines
to complement, overlay, and
unite his output for an end re-
sult that is both balanced and
complete.

Think for a moment about
an endeavor which, like mete-
orology, is seemingly unrelated
to classical engineering: the
graphic arts industry.

Recently, RCA engineers,
working in conjunction with that
industry, developed the world’s
most advanced electronic type-
setting machine. It's called the
VideoComp.

It can set type as fast as
900 lines per minute. Compare
this with the 15/minute of me-
chanical typesetting, or the 300/

A SURPRISE
AN KILL

minute of photosetters.

A strong effort is also be-
ing made to improve color sep-
arations. The RCA Graphic 70/
8800 Color Scanner family of
equipment is the initial result
of this effort.

It is our goal ultimately to
produce an RCA electronic
printing system that will accept
a manuscript as input and de-
liver printed copy — packaged,
addressed and sorted — to the
shipping dock.

Now consider another field
which had previously been out-
side the realm of the engineer:
medicine and health services.

We've been involved in the
development of a mobile labora-
tory to provide comprehensive
physical examinations in on-the-
spot locations to people other-
wise out of the mainstream of
our health services.

And we've researched a
high-speed turbine drill to in-
crease the efficiency and de-
crease the pain in dental work.

And we've done extensive
work in developing facilities for
teaching speech to the retarded.

Communications? Comput-
er education? Oceanography?
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We're involved with them. And
with so much more.

We like to think that at
RCA, the future of the engineer
is everywhere.

Because everywhere is
needed the forward look of cre-
ative technology.

If you're an engineer, sci-
entist or systems programmer,
and want to be a part of RCA's
challenging vision of the future,
we invite inquiries.

If you're interested in a
comprehensive index of over
1100 technical papers published
by RCA scientists and engineers
during 1969, let us know.

Write to Mr. A. C. Bennett,
RCA Bldg. 2-2, Camden, New
Jersey 08102. Of course, we'’re
an equal opportunity employer.
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istence, there would now be in use some
15 tons of steel per capita. In actuality
a great deal of the steel produced has
disappeared as a result of junking, pro-
duction losses, corrosion and other
causes. Analysis of production figures
and losses suggests that the amount of
steel now in use is some 9.4 metric tons
of steel per capita. The greater part of
it is in the form of structural materials
such as heavy structural shapes and
pilings, nails and staples, galvanized
sheet metal and wire fence. About 8
percent of the steel, or 750 kilograms per
person, is in the form of private automo-
biles, trucks and buses.

Of the roughly 600 kilograms of new
steel consumed annually per capita in
the U.S. about a third is returned to the
furnaces as plant scrap, which is created
as a result of the production of standard
shapes and forms such as beams, sheet,
pipe and wire. Therefore about 410 kilo-
grams of the new steel enters the inven-
tory of steel in use. At the same time
about 350 kilograms of steel becomes
obsolete or is lost as a result of corrosion
and other processes. Of this some 140
kilograms (about 40 percent) is recov-
ered and returned to the steel furnaces
in the form of junked automobiles and
other worn-out iron and steel products.
The balance, corresponding to some 210
kilograms, is lost, probably never to be
recovered. Some of it is dissipated wide-
ly; much of it is buried in dumps. Dur-
ing the course of the year the steel in-
ventory increases by about 80 kilograms
per capita, or somewhat less than 1 per-
cent.

The mean lifetime of steel products
varies enormously. Whereas an item
such as a can may be in use for only a
few weeks or months, steel in motor ve-
hicles is in use on the average for about
10 years. Steel in ships may be in use
for about 25 years. Steel structural
shapes such as girders and concrete re-
inforcement may be in use for 50 years
or more. The mean lifetime of all steel
in use appears to be some 25 to 30 years.

Similar considerations apply to other
metals. They are extracted, introduced
into the national inventory and eventual-
ly lost or recycled as scrap. The mean
lifetime of most of them appears to be
shorter than that of steel.

Athough the quantities of metal in use
and the volumes of metalliferous
ore that must be dug up and processed
to support a human being in our society
are large, the quantities of nonmetals
consumed each year loom even larger
and are increasing extremely rapidly
[see bottom illustration on page 198].

Between 1949 and 1967 the per capita
consumption of stone, sand and gravel in
the U.S. rose some 2.5 times to about
eight tons per capita. For cement the rise
was by a factor of four to one ton per
capita. In the same period the per capita
consumption of phosphate rock rose by a
factor of three and that of ordinary salt
by a factor of two. All together, in order
to support one individual in our society,
something like 25 tons of materials of all
kinds must be extracted from the earth
and processed each year. This quantity
seems certain to increase considerably in
the vears ahead.

The use of synthetic plastics is now
increasing with impressive speed. Total
world production of these materials now
exceeds in both volume and weight the
production of copper and aluminum
combined. The production of synthetic
fibers is now about half the combined
production of cotton and wool. The rela-
tive rates of growth suggest that the
output of such fibers will exceed that of
cotton and wool within a short time.

Between 1945 and 1965 the price of
polyethylene dropped by about 75 per-

IRON AND IRON-ALLOY METALS

cent while the price of steel tripled. Al-
ready polyethylene is less expensive than
steel on a volume Dbasis, although per
unit of strength it remains some 15 times
more expensive than steel. It is quite
possible, however, that before long
fiber-glass laminates will compete seri-
ously with steel for structural purposes.

“he overall figures suggest that the
U.S. now has in use for every person
about 150 kilograms each of copper and
lead, well over 100 kilograms of alumi-
num, some 100 kilograms of zinc and
perhaps 20 kilograms of tin. To meet the
need for raw materials and the products
derived from them the nation transports
almost 15,000 ton-kilometers of freight
per capita per year. Each person travels
on the average each year some 8,500
kilometers between cities, makes more
than 700 telephone calls and receives
necarly 400 pieces of mail. There is now
a ratio of almost one private automobile
for every two people. In order to accom-
plish all the mining, production and dis-
tribution the American people spend en-
ergy at a rate equivalent to the burning
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will continue to increase with population growth and rising per capita demand. They take in-
to account, however, that new reserves will be discovered by exploration or created by inno-
vation. It is estimated U.S. demands will increase four and a half times by the year 2000.

© 1970 SCIENTIFIC AMERICAN, INC

205



of about 10 tons of coal annually per
person or about 16 tons of coal per ton
of steel consumed or about one ton of
coal per ton of steel in use. A conve-
nient rule of thumb is that we must burn
about one ton of coal each year, or its
equivalent in some other source of en-
ergy, to keep one ton of steel in use.

Clearly man has become a major ge-
ologic force. The amount of rock and
earth he moves each year in the present
industrialized regions of the world is al-
ready prodigious and will continue to
grow because of rising population levels,
increasing demand from the industrial-
ized nations and the gradual decline in
grades of raw materials. If one adds to
these requirements the fantastically high
demand that would arise if the develop-
ment process were to be accelerated in
the poor countries, the total potential
demand staggers the imagination. If the
entire human population were to possess
the average per capita level of metal
characteristic of the 10 richest nations,
all the present mines and factories in the
world would have to be operated for
more than 60 years just to produce the
capital, assuming no losses.

Given an eventual world population
of 10 billion, which is probably a con-
servative estimate, and a per capita steel
inventory of 20 tons, some 200 billion
tons of iron would have to be extracted
from the earth. The task would require
400 years at current rates of extraction.
Anything approaching such a demand
would clearly place enormous strains on
the earth’s resources and would greatly
accentuate rivalries between nations for
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FLOW OF MATERIALS through the biosphere is depicted using
steel as an example. Of the steel produced from iron ore, about a
third is recycled immediately in the form of scrap left over from
the production of beams, wire and other shapes. Two-thirds enters
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the earth’s remaining deposits of rela-
tively high-grade ores. Most of the indus-
trialized nations already import a sub-
stantial fraction of their raw materials.
Japan is almost completely dependent on
imports. Whereas the U.S. imported in
1950 only 8 percent of the iron ore that
it consumed, the figure today is more
than 35 percent.

At present the world can be divided
into two major groups of steel consum-
ers. The first group consists of about 680
million people, living in 18 nations, who
consume steel at rates varying between
300 and 700 kilograms annually per
capita. The total consumption of this
group comes to about 420 million tons
of steel per year. The second group con-
sists of 1,400 million people, living in 13
nations, who consume steel at rates vary-
ing between 10 and 25 kilograms an-
nually per capita. The total consumption
of this group comes to 27 million tons of
steel per year. An additional 400 million
people live under circumstances that are
still poorer, and 440 million more live
under circumstances intermediate be-
tween those of the rich and the poor. The
distribution of per capita energy con-
sumption follows a similar pattern, as
does the distribution of per capita in-
come,

The slowness of the development
process and the magnitude of the task
the poor countries face can be gauged
by the fact that with existing produc-
tion facilities the poorer group (not the
poorest one) would need about 500 years
to produce the per capita quantity of
steel in use now characteristic of the

U.S. Although production levels in the
poorer group are increasing fairly rapid-
ly (close to 50 percent per decade on a
per capita basis), many decades will be
required, even in the absence of any
major upheaval, before the amounts of
steel in use can enable those nations to
feed, clothe and house their populations
adequately.

\that goes into a system must even-

tually come out. As I have noted,
somewhat less than 4 percent of the steel
inventory in the U.S. is exuded annually
into the environment, and only about 40
percent of this amount is recovered. As
the grades of resources dwindle and lo-
cations for dumping solid wastes become
more difficult to find, the economic and
social pressure for more substitution,
more attention to priorities of use of
scarce materials and more efficient cy-
cling will increase.

It is clear that various metals can sub-
stitute for one another, and that plastics
can substitute for a number of metals.
Aluminum already substitutes for copper
in many roles, as copper and nickel now
replace silver in coinage. Synthetic crys-
tals come increasingly into use. All these
techniques can be pushed a good deal
farther than they have been up to now.

Improved efficiency of cycling is de-
sirable for all solid wastes not only to
lower the rate of depletion of high-grade
resources but also to reduce the injurious
effects of such wastes on the biosphere.
The quantities of wastes are becoming
substantial. They now amount to nearly
one ton per year per person, of which
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the national inventory. During each year, however, a somewhat
smaller amount of steel becomes obsolete. About 40 percent of it
is recycled in the form of scrap. The remainder is lost as a result
of such factors as wear, corrosion and disposal through junking.



Merrill Lynch

is watching certain companies
that have a better solution.

People in parts of
Japan wear respiratory
masks just to walk the
streets. Many keep them
handy in other areas.

In the United States, air
pollutants spew out at the
rate of two-thirds of a ton
per person per year. And our waters have be-
come vast cesspools.

The problem is not new.

But widespread recognition that some-
thing must be done is relatively recent.

For example, the Air Quality Act of 1967
authorized more federal funds for the control
of air pollution than had been spent in the pre-
vious 180 years.

And the President’s State of the Union
message called for ten billion dollars to be
spent from 1971 to 1979 for the control of
water pollution.

But as far back asthe early Sixties,
Merrill Lynch analysts covering a wide range

of industries turned up a
common fact. Established
' companies were staking
out positions in pollution
control by acquisition
and diversification.

In the spring of 1968,
we published a study on this
emerging industry, complete with details on
twelve of the companies our analysts were
watching closely.

During the next year and a half, with pol-
lution control becoming a national priority,
pollution stocks performed extremely well.
So well, in fact, that by early this year some
appeared to be overpriced. (For our analysts’
outlook on pollution control today, check your
Merrill Lynch Account Executive.)

We’re not saying we spot all the new
trends. Nobody does. But we do have twice as
many analysts looking for them as any other
broker.

We figure that puts the odds in our favor.

Merrill Lynch: We look for the trends.

Merrill Lynch, Pierce, Fenner & Smith Inc. For nearest office call toll-free 800-243-6000. In Connecticut call 800-942-0655.
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about a third consists of packaging ma-
terials. In 1968, for example, the average
American threw away almost 300 cans,
150 bottles and about 140 kilograms of
paper. The quantities are increasing rap-
idly on both an absolute and a per capita
basis. Properly cvcled, they could pro-
vide raw materials for the glass, steel,
aluminum and plastics industries.

From a purely technological point of

view man could in principle live com-
fortably on a combination of his own
trash and the leanest of earth substances.
Already, for example, copper ore con-
taining only 4 percent copper is being

processed. If the need arose, copper
could be extracted from ore that is con-
siderably leaner than .4 percent. Even-
tually man could, if need be, extract his
metals from ordinary rock. A ton of gran-
ite contains easily extractable uranium
and thorium equivalent to about 15 tons
of coal, plus all the elements necessary
to perpetuate a highly technological
civilization. Such a way of life would
create new problems, because under
those circumstances man would become
a geologic force transcending by orders
of magnitude his present effect on the
earth. Per capita energy consumption
would come to the equivalent of perhaps

100 tons of coal per year, and there
might be some 100 tons of steel in use
per person. The world would be quite
different from the present one, but there
is no reason a priori why it would nec-
essarily be unpleasant.

Man has it in his power technologi-
cally to maintain a high level of indus-
trial civilization, to eliminate depriva-
tion and hunger and to control his en-
vironment for many millenniums. His
main danger is that he will not learn
enough quickly enough and that he will
not take adequate measures in time to
forestall situations that will be very un-
pleasant indeed.

SHREDDING TECHNIQUE was recently developed for turning
worn-out or wrecked automobiles into scrap that can be recycled
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to steel furnaces. At top stripped automobile bodies are being fed
into the shredder; the product that emerges is shown at bottom.



We're more than a think tank.

Dillingham Environmental Company develops
and implements programs which solve pollu-
tion problems occurring in the coastal zone,
inland waterways and urban areas. Capabili-
ties include solid and liquid waste treatment,
coastal zone analysis, urban land use and
space utilization.

A professional staff of scientists and en-
gineers works across the spectrum of en-
vironmental problems and the entire range
of disciplines related to underwater tech-
nology. This staff is directed by Robert O.
Briggs, member of Governor Reagan's Cali-
fornia Advisory Commission on Marine and
Coastal Resources; Dr. Jerome E. Stein, re-
cipient of the Cascioni Award for Waste

Treatment Research; Dr. Roy E. Gaul, former
Manager of Westinghouse Ocean Research
Laboratory; and Dr. David D. Smith, an expert
on coastal and near-shore marine geologic
and engineering problems.

Dillingham Environmental Company re-
cently completed ‘‘Systems Study of Qil Spill
Cleanup Procedures,’” which is now available
from the American Petroleum Institute, and
“Oceanic Disposal of Barge-Delivered Liquid
and Solid Wastes from U.S. coastal cities”’
prepared for the Bureau of Solid Waste
Management, U.S. Dept. of Health, Education
and Welfare.

For further information, write Dr. Jerome
E. Stein, President.

DILLINGHAM ENVIRONMENTAL COMPANY

P.O. BOX 1560, LA JOLLA, CALIF. 92037
A DIVISION OF DILLINGHAM CORPORATION
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MATHEMATICAL GAMES

On the cyclical curves generated

by «wheels that roll along «wheels

by Martin Gardner

The miraculous paradox of smooth
round objects conquering space by sim-
ply tumbling over and over, instead of
aboriously lifting heavy limbs in order
lal ly lifting 1 liml l
to progress, must have gicen young man-
kind a most salutary shock.

—Veapnir NaBokov, Speak, Memori

v N , Speak, Memory

hings would be very different
without the wheel. Transportation

aside, if we consider wheels as
simple machines—pullevs, gears, gyro-
scopes and so on—it is hard to imagine
any advanced society without them.
H. G. Wells, in The War of the Worlds,
describes a  Martian civilization far
ahead of ours but using no wheels in its
intricate machinery. Wells may have in-
tended this to be a put-on; one can easily
understand how the American Indi-
an could have missed discovering the
wheel, but not a society capable of send-
ing spaceships from Mars to the earth.
Until recently the wheel was believed
to have originated in Mesopotamia. Pic-
tures of wheeled Mesopotamian carts
date back to 3000 B.c. and actual re-
mains of massive disk wheels have been
unearthed that date back to 2700 ».c.
Since World War II, however, Russian
archaeologists have found pottery mod-
els of wheeled carts in the Caucasus that
suggest the wheel may have originated
in southern Russia even earlier than it
did in Mesopotamia [see “The Begin-

nings of Wheeled Transport,” by Stuart
Piggott; ScIENTIFIC AMERICAN, July,
1968]. There could have been two or
more independent inventions of the
wheel, or it may have spread around the
world by word of mouth.

It seems surprising that evolution nev-
er hit on the wheel as a means for mak-
ing animals go, but on second thought
one realizes how difficult it would be for
biological mechanisms to make wheeled
feet rotate. Perhaps the tumbleweed is
the closest nature ever came to wheeled
transport. (On the other hand, the Dutch
artist Maurits C. Escher designed a crea-
ture capable of curling itself into a
wheel and rolling along at high speeds.
Who can be sure such creatures have
not evolved on other planets?) There
may also be submicroscopic swivel de-
vices inside the cells of living bodies on
the earth, designed to unwind and re-
wind double-helix strands of DNA, but
their existence is still conjectural.

A rolling wheel has many paradoxical
properties. It is easy to see that points
near its top have a much faster ground
speed than points near its bottom. Maxi-
mum speed is reached by a point on the
rim when it is exactly at the top, mini-
mum speed (zero) when the point
touches the ground. On flanged train
wheels whose rims extend slightly below
a track, there is even a short segment in
which a point on the rim moves back-
ward. G. K. Chesterton, in an essay on
wheels in his book Alarms and Discur-
sions, likens the wheel to a healthy so-
ciety in having “a part that perpetually
leaps helplessly at the sky; and a part

Aristotle’s wheel paradox
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that perpetually bows down its head into
the dust.” He reminds his readers, in a
characteristically Chestertonian remark,
that “one cannot have a Revolution with-
out revolving.”

The most subtle of all wheel para-
doxes is surprisingly little known, con-
sidering that it was first mentioned in
the Mechanica, a Greek work attributed
to Aristotle but more likely written by a
later disciple. “Aristotle’s wheel,” as the
paradox is called, is the subject of a
large literature to which such eminent
mathematicians as Galileo, Descartes,
Fermat and many others contributed. As
the large wheel in the illustration on this
page rolls from A to B, the rim of the
small wheel rolls along a parallel line
from C to D. (If the two lines are actual
tracks, the double wheel obviously can-
not roll smoothly along both. It either
rolls on the upper track while the large
wheel continuously slides backward on
the lower track, or it rolls on the lower
track while the small wheel slips forward
on the upper track. This is not, however,
the heart of the paradox.) Assume that
the bottom wheel rolls without slipping
from A to B. At every instant that a
unique point on the rim of the large
wheel touches line AB, a unique point
on the small wheel is in contact with
line CD. In other words, all points on
the small circle can be put into one-to-
one correspondence with all points on
the large circle. Ne points on either cir-
cle are left out. This seems to prove
that the two circumferences have equal
lengths.

Aristotle’s wheel is closely related to
Zeno’s well-known paradoxes of motion,
and it is no less deep. Modern mathema-
ticians are not puzzled by it because
they know that the number of points on
any segment of a curve is what Georg
Cantor called aleph-one, the second of
his transfinite numbers. It represents the
“power of the continuum” [see “Math-
ematical Games,” March, 1966]. All
points on a one-inch segment can be
put in one-to-one correspondence with
all points on a line a million miles long
as well as on a line of infinite length.
Moreover, it is not hard to prove that
there are aleph-one points within a
square or cube of any size, or within
an infinite Euclidian space having any
finite number of dimensions. Of course,
mathematicians before Cantor were not
familiar with the peculiar properties of
transfinite numbers, and it is amusing to
read their fumbling attempts to resolve
the wheel paradox.

Galileo’s approach was to consider
what happens when the two wheels are



replaced by regular polygons such as
squares [see illustration above]. After
the large square has made a complete
turn along AB, the sides of the small
square have coincided with CD in four
segments separated by three jumped
spaces. If the wheels are pentagons, the
small pentagon will jump four spaces on
each rotation, and so on for higher-order
polygons. As the number of sides in-
creases, the gaps also increase in num-
ber but decrease in length. When the
limit is reached—the circle with an infi-
nite number of sides—the gaps will be
infinite in number but each will be in-
finitely short. These Galilean gaps are
none other than the mystifying “infini-
tesimals” that later so muddied the early
development of calculus.

And now we are in a quagmire. If the
gaps made by the small wheel are infi-
nitely short, why should their sum cause
the wheel to slide a finite distance as the
large wheel rolls smoothly along its
track? Readers interested in how later
mathematicians replied to Galileo, and
argued with one another, will find the

Galileo’s approach to the wheel paradox

details in “Aristotle’s Wheel: Notes on
the History of the Paradox,” by Israel E.
Drabkin (Osiris, Vol. 9, pages 162-198,
1950), and “The Wheel of Aristotle and
French Consideration of Galileo’s Argu-
ments,” by Pierre Costabel (The Mathe-
matics Teacher, Vol. 61, pages 527-534,
1968).

As a wheel travels a straight line, any
point on its circumference generates the
familiar cycloid curve. (The cycloid will
not be discussed here because it was the
topic of this department for July, 1964.)
When a wheel rolls on the inside of a
circle, points on its circumference gener-
ate curves called hypocycloids. \When
it rolls on the outside of a circle, points
on the circumference generate epicy-
cloids. Let R/r be the ratio of the radii,
R for the large circle, r for the small. If
R/r is irrational, a point @ on the rolling
circle, once in contact with point b on
the fixed circle, will never touch b again
even though the wheel rolls forever. The
curve generated by a will have an aleph-
null infinity of cusps. If R/r is rational,
a and b will touch again after a finite

The deltoid

The astroid
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number of revolutions. If R/r is integral,
a returns to D after exactly one revolu-
tion.

Consider hypocycloids traced by a
circle of radius r as it rolls inside a larger
circle of radius R. When R/r is 2, 3,
4, ..., points @ and b touch again after
one revolution and the curve will have
R/r cusps. For example, a three-cusped
deltoid results when R/r equals 3 [sce
illustration at left below]. The same del-
toid is produced when R/r is 3/2; that
is, when the rolling circle’s radius is two-
thirds that of the fixed circle. All line
segments tangent to the deltoid, with
ends on the curve, have the same length.
A four-cusped astroid is generated when
R/r equals 4 or 4/3 [see middle illus-
tration below]. The two ratios apply to
all higher-order hypocycloids of this
type: when R/r is either n or n/(n — 1),
the rolling circle produces an n-cusped
curve.

There is a surprising result when R/r
equals 2 [see illustration at right below].
The hypocycloid degenerates into a
straight line coinciding with a diameter

.';. 1 I“-_
/ A
i 'y
. 4 Vi l
p
\ II,l'
\\. /
p /
Y P
\,\ A
S . —
—
“Two-cusped” hypocycloid
211



of the larger circle. Its two ends may be
regarded as degenerate cusps. Can you
guess the shape of the region swept over
by a given diameter of the smaller cir-
cle? It is a region bounded by an astroid.
This is the same as saying that the as-
troid is the envelope of a line segment
that rotates while it keeps its ends on
two perpendicular axes, as shown in the
illustration below.

The simplest case of an epicycloid
traced by a point on the rim of a wheel
rolling outside another circle is seen
when the two circles are equal. The re-
sult is a heart-shaped curve called the

cardioid [see top illustration on page
216]. All chords drawn through its cusp
have the same length. The cardioid in
the illustration was drawn by dividing
the fixed circle [solid color] into 32 equal
arcs and then drawing a set of circles
whose centers are on this fixed circle and
that pass through other points on the
same circle. The figure can be colored to
produce a dazzling Op-art pattern [see
bottom illustration on page 216]. (Both
pictures are from Hermann von Bara-
valle, Geometrie als Sprache der For-
men, Stuttgart, 1963.)

The cardioid is also generated by a

point on the circumference of a circle
that rolls twice around a fixed circle in-
side it that is half as large in diameter.
This fact underlies a problem that was
incorrectly answered in The American
Mathematical Monthly for December,
1959 (Problem E 1362) but correctly an-
swered in the March 1960 issue of the
same journal. Imagine a girl whose bare
waist is a perfect circle. Rolling around
her waist, while she remains motionless,
is a hula hoop with a diameter twice that
of her waist. When a point on the hoop,
touching the girl’s navel, first returns to
her navel, how far has that point trav-

Astroid drawn as the envelope of a« moving line segment
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As Site-Seeker for your company
you’ve got the whole world

Just think of your chances of error.

Right off the bat you‘'ve got a problem. Where in the
world do you start? What do you look for? And look
out for? Are you covering everything? And is anything
being covered up? Are you passing up any good
0 opportunities just because your
0 information isn't up to date?
Well, we don’t claim to be worldly
wise about all these things. But we
do claim to be 19,000-square-miles
wise. That’s the size of our part of
the world—the growth area served
by Union Electric. It stretches out
from Metropolitan St. Louis to include over 500 com-
munities in a three-state area.
And we know it by heart. Our Industrial Develop-
ment Division makes sure of that. This task force of

SITE-SEEKING
TOURS

Serving Missouri, Illinois and lowa

business-engineering experts has today’s answers for
your questions on available sites, transportation, water,
resources, labor supply and skills, taxes, economic and
community factors.

You can check out most of these things just by
checking into our unique Mid-America Planning Room.
The MAP Room is loaded with detailed information
you’ll need. You're invited to make it your site-seeking
headquarters while you’re in St. Louis. If you want
more information before you arrive, send for our free
brochure “St. Louis... Gateway to Growth.” Just
write A. G. Baebler, Area Development Department,
Union Electric, St. Louis, Missouri 63166. Or call
314-621-3222.

UNION~~

... where things
% get started
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Can you make
your peace with
ecology without

getting your controller

all choked up?

The essence of American genius
is that once we decide to do something,
we find a practical way of doing it.

There are practical ways

of cleaning air of dust and fumes.

It does not have to be the horrendous
expense you might think.

The critical decision
is working with someone
who knows what he is doing.

Carborundum knows what it is doing.
We have installed more than 15,000
successful fume and dust control
systems over the last 60 years under the
Pangborn name. 94 of the 100 largest
industrials use our systems.

We have total control...

we engineer the system, we build the
equipment, we install, and turn the key,
we design and make the consumables,
we service.

Our president says:
“Carborundum intends to play

a vastly greater role in controlling

air and water pollution.”

To that end we have formed
a Pollution Control Division to synergize
our many and diverse disciplines.

The pivot is Pangborn

baghouse systems for cleaning air.
In effect these are giant vacuum
cleaners which remove solid
contaminants. There are three

other major methods. We have

an exclusive licensing agreement
with AB Svenska Flaktfabriken (SF)

which gives us total expertise in all three.

We will make and sell in this country
electrostatic precipitators which charge

and collect pollutants with high voltage.

Also, wet scrubbers which entrap contaminants
in water droplets and flush them out of the air.
And, centrifuges which mechanically

collect large particles in gases. We have
acquired a British firm, Spencer & Halstead,
long recognized a leader in air pollution
control equipment.

To support the new Division,

Carborundum is involved in a heavy
research program extending from such
things as basic fiber and weaving technology
to the development of infrared scanning
devices for monitoring air pollution.

We also have considerable investment
and expertise in solid waste disposal
and fluid control processes.

Call Mr. Schoeck.

Vincent E. Schoeck is the General Manager
of our Pollution Control Division. He can
put his people to work on your pollution
problems pronto. Call him when you want
to know what it will cost to make peace
with nature, the governments, your
controller, and your conscience.

The Carborundum Company,
Pollution Control Division,
Hagerstown, Md. 21740.
Phone: (301) 739-3500.

&

CARBORUNDUM
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The cardioid

Op-art cardioid
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eled? Since the point traces a cardioid,
this is equivalent to asking for the cardi-
oid’s length. It is not hard to show that it
is four times the diameter of the hoop or
eight times the diameter of the girl’s
waist.

When a rolling circle is half the diam-
eter of a fixed circle that it touches ex-
ternally, the epicycloid is the two-cusped
nephroid (meaning kidney-shaped) that
is shown in the illustration on page 218.
The drawing both shows the rolling cir-
cle and demonstrates a method of con-
structing the nephroid as the envelope of
circles whose centers are on the fixed cir-
cle [solid color] and that are tangent to
the vertical central axis. As before, the
curve can also be generated by rolling a
circle around a smaller circle inside it; in
this case, when R/r is 3/2. This is the
same ratio as that which produces a del-
toid, but now it is the larger circle that
does the rolling.

The cardioid and the nephroid are
both caustics, curves enveloped by re-
flected light rays. The cardioid appears
when the rays originate at a point on the
circumference and are reflected by the
circumference. The nephroid is pro-
duced by parallel rays crossing the circle,
or from rays originating at the cusp of a
cardioid and reflected by the cardioid.
The cusped curve that one often sees on
the surface of tea or coffee in a cup,
when slanting light falls across the lig-
uid from a window or other light source
far to one side, is a good approximation
of a nephroid cusp.

There are varied and perplexing prob-
lems that involve noncircular “wheels.”
For example, suppose a square wheel
rolls without slipping on a track that is
a series of equal arcs, convex sides up.
What kind of curve must each arc be to
prevent the center of the wheel from
moving up and down? (In other words,
the wheel’s center must travel a straight
horizontal path.) The curve is a familiar
one and, amazingly, the same curve ap-
plies to similar tracks for wheels that are
regular polygons with any number of
sides. The answer will be disclosed next
month.

And can any reader solve this new
riddle from Stephen Barr: What type of
conveyance has eight wheels, carries
only one person and never pollutes the
atmosphere?

Readers were asked last month to prove

that no prime except 11 can be a
palindrome if it has an even number of
digits. The proof exploits a well-known
test of divisibility by 11 (which will not
be proved here): If the difference be-



The “tin”’ can is one of the best meth-
ods of packaging known to man.

We know what you're thinking.

Getrid of it.

Make it degradable.

But think about it.

There is just so much raw material in
the world.

After it's exhausted there is no more.

Period.

Therefore, the degradable can would
mean that its component metals would
be gone forever from the finite resources
of the earth.

So what is the long term answer?

Simple. Solid wastes like cans, bot-
tles and paper must be recycled. And

returned to the manufacturer for reproc-
essing and reuse.

And Americans (who consume more
than half the world’s raw materials) must
act now to facilitate this recycling.

This means community involvement.
And individual involvement.

You can start by insisting that local
governmentsorganize their disposal sys-
tems to separate cans from bottles and
bottles from paper. Separate all of it from
organic waste. And deliver these valu-
able resources to the manufacturers.

Such a procedure should not cost
the taxpayer more for waste disposal. On
the contrary, the money paid by the man-

ufacturers for reusable material should "

lower the cost of waste disposal.

By the way, Americans spend $4.5
billion dollars annually in this area.

An incredible figure when measured
against how easy it would be to get some
of that money back.

The fact is, right now, American Can
and others in the packaging industry are
paying for reclaimed cans. Citizens
groups in the San Francisco Bay Area
areturning in tons of cans for reclamation.

If local governments will prohibit the
indiscriminate disposal of solid wastes,
we’ll do the rest.

None of us can afford to do less.

AMERICAN
CAN COMPANY

This is one of our national resources.
We can't afford to waste it.
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tween the sum of all digits in even posi-
tions and the sum of all digits in odd
positions is zero or a multiple of 11, the
number is a multiple of 11. When a pal-
indrome has an even number of digits,
the digits in odd positions necessarily
duplicate the digits in even positions;
therefore the difference between the
sums of the two sets must be zero. The
palindrome, because it has 11 as a fac-
tor, cannot be prime.

The same divisibility test applies in
all number systems when the factor to
be tested is the system’s base plus one.
This proves that no palindrome with an
even number of digits, in any number
system, can be prime, with the possible
exception of 11. The number 11 is prime
if the system’s base is one less than a
prime, as it is in the decimal system.

A large number of readers agreed
that the best explanation for the sliding-
penny illusion explained in May is that,
as the index fingertips move back and
forth, the positions of the coins overlap
at the lower end but not at the upper
end, producing the ghost penny only
where the overlap occurs. It is probably
a correct explanation because, as many
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letters pointed out, when the pennies are
manipulated in ways that prevent over-
lap, no ghosts appear.

A beautifully symmetrical equation
for finding the side of an equilateral tri-
angle, given the distances of a point
from its three corners (a problem posed
in June), is given in L. A. Graham’s
Ingenious Mathematical Problems and
Methods (Dover, 1959), page 190:

at+bi4ct+di=
a?b? + a%c? + a2d? + b2c + b2d? + c2d?.

Any three variables can be the three dis-
tances. Solving for the fourth gives the
triangle’s side. John Anderson and Fred-
erick Hartmann each pointed out the
simplest integral solution: 3, 5, 7, 8.
The point is outside the triangle except
when the side is 8, when it lies on a side
of the triangle. Jorg Waldvogel of the
University of Texas wrote a computer
program that found 58 solutions with
the point inside. The smallest solution
has distances of 57, 65 and 73 and a tri-
angle side of 112.

The integral values I gave in June for
the crossed-ladders problem are mini-
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The nephroid
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mal only when it is required that all line
segments in the diagram be integral.
John W. Harris of Santa Barbara, Calif.,
wrote to say that the segments of the
base line can be nonintegral while the
ladders, the width between buildings
and the height of crossing remain inte-
gral. The solution I gave may minimize
the width if only these four values must
be integers. Harris believes the height of
the crossing is minimized if the ladders
are 238 and 113, the width is 112 and
the crossing height is 14 (the two parts
of the base and the four segments of the
ladders are nonintegral).

In discussing the “integral brick” in
July I erred in giving the figures for the
brick, discovered by John Leech, on
which one edge only is irrational. I gave
the edges as 3, 4 and the square root of
136,990,339,200. The first two values
should have been multiplied by a con-
stant to give edges of 385917 and
514,556. I hope no readers who caught
the mistake thought Leech could have
made it. He has since found a smaller
brick of the same type, with edges of
7,800, 18,720 and the square root of
211,773,121




The Investment

Annuity

ights problems of

today, too.

ike income taxes.

Inflation.
d how to invest for

your future.

The Investment Annuity* is a unique
approach to current problems of
personal finance.

To begin with, it can reduce your
income tax liability. Immediately.

So you can do more with what
you make.

It provides growth potential for your
money through investment. Under a full
tax shelter, so you pay no taxes on
interest, dividends or capital gains. Taxes
are paid only as annuity benefits
are received.

And it guarantees you a retirement
income you can’t outlive. With provision
for survivor benefits if you’d like.

Best of all, the investments are yours
to choose and change at any time.
Securities, mutual funds, savings accounts,
credit unions, even life insurance. You're
never “locked in’’ to an insurance
company'’s rigidly-controlled portfolio as
in other types of plans.

The Investment Annuity is available

right now to employees of most non-
profit organizations.

To find out if you qualify, mail the
coupon today.

You'll have the rest of your life to be
glad you did.
*Reg. Service Mark

rr——-—————- -

| First Investment Annuity Company of America

| 1845 Walnut Street,

| Philadelphia, Pa. 19103 @
Gentlemen:

Yes, I'm interested in reducing my taxes, fighting
| inflation and investing in my future. Please send
information about the Investment Annuity.

| Name

I Title.

| Organization

| Address
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Suppose you were a Structural Analyst.

And suppose you needed a dynamic analysis
of the world’s greatest bridge.

And suppose you didn’t have a computer.

And even if you did have a computer,
you couldn’t talk to it in your own terms.

And even if you could talk to it,
you didnft have a program that
would solve your problem, fast.

Who in the world could you turn to?

Us. The nationwide CYBERNET™ system. And you can put us to work by making one
simple collect call. That'll put you in louch with one of our structural analysis specialists.

Who’s he? He’s an engineer. Like you. He's a guy you can really talk
structural analysis with. In your own terms.

He's also a guy who knows computers. So he can help you use our powerful CDC”6600’S
to get fast, accurate analyses. In the shortest possible time. And at the
lowest possible cost. Whether you're analyzing something as big as
a bridge, or as small as an axle.

Programs? He'll tell you about our MRI/STARDYNE, one of the most advanced,
most comprehensive programs In existence, IP'll solve a full range of static and
dynamic problems. And offers a bundle of other features, including plotting.

Or he may solve your problem with EASE, our very fast and very simple program
for static analysis of linear, three-dimensional models. Its features include simplified
input and large problem size, and the capability 1o solve a wide range of
structural engineering applications.

CYBERNET Data Centers. That's who you can turn to with your structural analysis
problems. And all you'll pay for are results. Because if the programs don't match our
claims, we'll pay for any machine-time lost due to hardware or program problems.

Our Hotline number is 612/884-8195. Call us collect.
Or drop us a line for more information. We're Control Data Corporation,
Dept. 531, P. Q. Box 1980, Minneapolis, Minnesota 55111.

S B e CONTROL DATA

| | |
ot = J i) ik e | gl
WORLDWIDE NETWORK OF DATA CENTERS AND PUBLIC AND PRIVATE TEAMINALS

CORPORATION
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THE AMATEUR SCIENTIST

Curious oscillators that involye

salt water, flame and hot wire

Conducted by C. L. Stong

is performed by oscillators, which

are devices that cause a flow of
energy to alternate between two direc-
tions. An oscillator is an essential element
of apparatus as diverse as pendulum
clocks, jackhammers, radios, lasers, hy-
draulic rams and electronic heart pace-
makers. For every kind of oscillator that
has been put to work at least a dozen
other kinds repose on laboratory shelves
as interesting but useless gadgets. Three
new examples of such gadgetry recently
came to the attention of this department.
The first of the three, which is known as
a salt oscillator, is the creation of Seelye
Martin of the University of Washington.
Martin writes:

“I discovered this fascinating device
while setting up a demonstration of a
buoyant jet for a class in meteorology.
The apparatus consisted of a hypoder-
mic syringe, with the plunger removed,
and a beaker of fresh water. The syringe
was partly immersed in the water and
held in position by an apparatus stand
[see illustration at right]. Into the sy-
ringe I poured a saturated solution of
table salt. (I made the solution by stir-
ring salt into fresh water until no more
would dissolve.) The level of the brine
in the syringe was well above the level
of the fresh water in the beaker.

“As I expected, the dense brine
streamed out of the hypodermic needle
in the form of a turbulent jet and sank
to the bottom of the beaker. Although
both fluids were clear, the stream of
brine could be seen almost as easily as
an icicle in air, because the difference
in density of brine and fresh water re-
fracts light. As the surface level of the
salt water fell substantially below that
of the fresh water the velocity of the
jet decreased and the flow eventually

stopped.

Some of the world’s most useful work

“At this point an astonishing effect
was observed. The flow reversed! A jet
of fresh water spurted into the syringe
from the top of the needle and rose to
the surface of the brine. The upward
flow continued for a time and then re-
versed. Saltwater again flowed out of the
needle and sank to the bottom. The se-
quence of alternating jets continued for
many cycles.

approximate
{inches)

scale

“To explain the cause of these oscilla-
tions one must examine the dynamics of
the system. The fluid level inside the
syringe oscillates back and forth between
two equilibrium positions where the
forces that generate flow in each direc-
tion are exactly balanced. The first posi-
tion is reached when salt water fills the
needle. In this position the system is in
equilibrium because the weight of the

! '
L b = —— |

3
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beaker of
fresh water

Syvinge con-
tains saturated
salt soelution.

Seelye Martin’s salt-water oscillator
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Two states of the salt oscillator

column of salt water that extends from
the tip of the needle to the surface of
the salt water just equals the weight of
an equivalent column of fresh water of
the same cross section that extends from
the tip of the needle to the relatively
higher surface of fresh water outside the
syringe. The column of salt water is
shorter than the equivalent column of
fresh water, but the salt water is propor-
tionately denser; hence the weights of
the two columns are equal.

“The second position of equilibrium
occurs when fresh water fills the needle.
This column now consists of two parts:
fresh water in the needle and, adjoining
it above, a column of salt water of equal
cross section. Accordingly the compound
column is less dense than the column of
pure brine, but the surface of the brine
in the barrel of the syringe is now pro-
portionately higher than it was when
brine filled the needle—precisely enough
higher to restore the balance of the
system.

“Both positions of equilibrium are ex-
tremely sensitive to disturbances because
heavy brine overlies light fresh water.
Equilibrium can exist only if the inter-
face between the brine and the fresh
water is parallel to the free surface of the
solutions and is motionless. Just as water

flows out of an inverted vessel and air
flows in, so does the interface overturn
between brine and fresh water. Salt wa-
ter tends to flow down one side of the
needle and fresh water to flow up the
other side.

“In the case of the salt oscillator, how-
ever, flow in one direction tends to choke
off flow in the other direction if the dif-
ference in density and velocity of the
two fluids is sufficient. To visualize the
action, assume that salt water fills the
needle. Any disturbance of the interface
between salt water and fresh water at
the bottom of the needle causes fresh
water, however little in amount, to enter
the needle and displace an equal amount
of salt water. The column now consists of
both salt water and fresh water. Accord-
ingly it is lighter than the equivalent
column of fresh water outside the sy-
ringe. The columns are unbalanced. The
resulting force causes additional fresh
water to enter the needle, further in-
creasing the imbalance.

“Because the volume of the needle is
much smaller than the volume of the bar-
rel, this intrusion of fresh water into the
needle barely affects the surface level of
the brine in the syringe. As a result the
higher fresh water rises in the needle,
the larger becomes the force that accel-
erates its upward flow. Eventually the
forces that accompany the upward ac-
celeration of fresh water become large
enough to choke off the downward flow
of brine. One-way flow is established in
the needle. Immediately thereafter a jet
of fresh water erupts in the barrel of the
syringe. The level of the diluted brine
rises [see illustration below].

“Upward flow continues until the free
surface of salt water in the syringe ap-
proaches the level of the second point
of equilibrium. There the flow stops. The
system is again in equilibrium, with the
needle full of fresh water. Instability
then initiates a local overturning of the
interface and starts salt water down the

Development of stable, one-way flow
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Stable flow in a capillary

needle. Thereafter the flow of brine con-
tinues until the first equilibrium point
is reached once again and a new cycle
begins.

“The salt oscillator runs for many
cvcles. The flow of fresh water into the
syringe during each cycle increases the
dilution of the salt water and thereby re-
duces after each cycle the pressure
caused by the infusion of brine or fresh
water into the needle at the beginning of
the downward or upward flow. After
many cycles this force becomes so small
that it can no longer choke off the down-
ward-upward motion induced by the in-
stability. At this point steady, two-direc-
tional flow forms in the needle: fresh
water streams up one side and salt wa-
ter moves down the other [see illustra-
tion above]. Finally the salt solution in
the syringe becomes so dilute that it can-
not maintain convective mixing. All visi-
ble motion ceases.

“The period of oscillation depends pri-
marily on the geometry of the syringe. It
varies roughly in proportion to the length
of the needle. Doubling the length of
the needle approximately doubles the
period. An increase in the radius of the
barrel or a decrease in the radius of the
needle also increases the period.

“In oscillators with periods of more
than 10 seconds the frequency of oscilla-
tion is independent of differences in the
density of the fluids and appears from
experiments to be influenced only slight-
ly by their viscosity. The viscosity of the
fresh water is constant, of course, so that
the duration of the upward flow is almost
constant throughout the period of opera-
tion. On the other hand, the salt concen-
tration decreases with each successive
cycle, and so therefore does the viscosity
of the brine. The duration of the down-
ward flow is initially from 5 to 10 per-
cent greater than that of the upward
flow, but the two intervals approach
cquality as the cycles continue.

“I was particularly fascinated by an
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Interaction of a vortex pair

incidental feature of the oscillator. It
can be made to generate sequences of
small vortex rings by mounting the sy-
ringe in a container of deep water such
as a 1,000-milliliter graduated cylinder
or an equivalent transparent vessel with
a depth of at least 20 centimeters. If the
period of oscillation is three seconds or
more, the downward flow of salt water
will usually break up into a chain of vor-
tex rings that are between five and 20
millimeters apart on a common vertical
axis.

“The vortex rings interact by overtak-
ing and passing through one another, a
phenomenon that has been described as
follows by the British physicist George
K. Batchelor: ‘The velocity field asso-
ciated with the rear vortex ring has a
radially outward component at the posi-
tion of the front ring, and so the radius
of the front ring gradually increases. This
leads to a decrease in its speed of travel,
and there is a corresponding increase in
the speed of travel of the rear vortex,
which ultimately passes through the
larger vortex and in turn becomes the
front vortex. This maneuver is then re-
peated. It is possible to demonstrate in
the laboratory one or two such passages
of one vortex through another before
they decay [see illustration above].

“Both the jets and the vortexes can
be made strikingly colorful by adding a
few grains of fluorescein dye to the salt
solution. I use the water-soluble form of
fluorescein sodium salt known as ura-
nine. Very small concentrations of this
nontoxic dye turn a bright fluorescent
green when the fluid is illuminated by
a strong lamyp. Uranine is available from
dealers in chemical supplies. One can
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also stain the fresh water lightly with a
dye. A drop or two of eosin will turn the
water pink. (Most red inks are eosin
solutions.)

“The salt oscillator can be improvised
from various materials and in a number
of different arrangements. I used Yale
Luer-lok hypodermic syringes and nee-
dles primarily because needles of uni-
form bore and accurately known radius
could be easily interchanged. This fea-
ture enabled me conveniently to make a
variety of oscillators for investigating the
influence of the geometry of the needle
on the period of oscillation.

“The sale of hypodermic svringes to
laymen is restricted in some communi-
ties. A simple substitute can be impro-
vised by softening a glass pipette in the
flame of a gas burner and drawing the
end to a length of from three to 25 milli-
meters and a bore of from one to three
millimeters. The period of oscillators
made from pipettes tends to vary be-
cause the radius of the ‘needle’ is not
constant. A glass capillary tube of rea-
sonably constant radius can be made by
softening the center of a length of 10-
millimeter tubing and quickly stretching
the glass until it shrinks to a diameter of
about two millimeters. Scratch the glass
lightly with a file at two points about a
centimeter apart near the center of the
stretched portion. The one-centimeter
length can be removed by grasping the
ends of the capillary and pulling them
to crack the glass.

“To generate oscillations of uniform
period the ends of the capillary must be
cut at right angles with respect to the
axis of the tube. Glass tubing will usually
break at a right angle if one pulls the
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capillary apart without exerting a lateral,
or bending, force. The broken end can
be ground true on fine emery cloth. (An
experimenter using a hypodermic needle
must also square off the pointed end.)
The syringe-like structure can be com-
pleted by fitting a stopper into a length
of large-diameter tubing and pushing
the capillary into a hole made in the
center of the stopper [sec illustration
below].

“Thin stoppers can be made by fitting
a conventional stopper into the large-
diameter tubing. Mark the protruding
portion at the end of the glass with a
sharp pencil. Remove the stopper and
make transverse cuts on both sides of
the mark with a razor blade. For use in
the salt oscillator the capillary must be
vertical, that is, parallel to the gravita-
tional field. An oscillator equipped with
a capillary of one-millimeter bore and a
length of four millimeters will have a
period of about eight seconds. An ex-
tremely simple oscillator of the salt type
can be built by making a pinhole in the
center of the bottom of a soup can. One
that I built this way operated for four
days.”

Amther recently developed oscillator

of more than passing interest has
been made by Patrick Peebles of Lon-
don. The active element is a flame of
burning gas. In some respects the device
is similar to the “sensitive flames” that
were objects of popular experimentation
during the 19th century. The burner
used in that era consisted of a simple
nozzle about a millimeter in diameter.
When the nozzle was supplied with
methane or a similar gas at a pressure of
one ounce per square inch, the resulting
jet was characterized by laminar flow:
the ignited gas burned as a steady, quiet
flame. The length of the flame could be
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Salt oscillator made of glass tubes



Basic Research at Honeywell

Research Center
Hopkins, Minnesota

The Effect of Insecticides on Enzymes

The study of the effect of pollutants on the olfactory
system has led to a possible explanation of how common
chlorinated hydrocarbon insecticides kill.

Although developed to control unwanted
insects, chlorinated hydrocarbon insecti-
cides(DDT, Chlordane, Lindane and others)
are now regarded under certain conditions
as pollutants which can endanger other de-
sirable forms of life. Like all pollutants, the
first step in controlling usage is to set per-
missible standards of concentration of the
insecticide in the environment. However,
unlike most pollutants, these insecticides
become stored in the body tissues of the
humans and other anima{s who acquire
them from water and food. For example,
fish kills have been noted where the con-
centration of DDT in the fish was far great-
er than the concentration in the water. To
further complicate the problem, the mech-
anism by which these insecticides operate is
unknown so that toxic limits cannot be set.

Honeywell scientists have been working
on means of detecting, identifying and
measuring pollutants in the water and at-
mosphere for a long time. One promising
avenue of research in detecting pollutants
has been the study of the olfactory
mechanism.

Previous studies in olfaction suggested
that the absorbance spectra of water solu-
ble extracts from olfactory mucosa were
altered after they were exposed to certain
odorants. Because the first odor-sensing ac-
tion is believed to take place on the plasma
membrane where enzymes could play a
major role in olfaction, the odorant effects
on membrane-bound enzymes are under
investigation.

The ATP (adenosine triphosphatase) en-
zymes, are extremely important in meta-
bolic processes such as cation transport
through plasma membranes and oxidative
phosphorylation, a process by which food
energy is converted and stored as usable
chemical energy in the form of ATP. In-
hibition of these enzymes could have a pro-
found effect on metabolic processes.

Sodium-potassium ATPase is found ex-
clusively in plasma membranes and plays
an important role in maintaining the elec-
trical potential across nerve-cell membranes
by cationic transport. This enzyme is able
to transport sodium out of the cell and po-
tassium into the cell, both against high con-
centration gradients of the ions. To carry
on this process, ATP is required as an en-
ergy source and is produced within the cell
itself in a subcellular organelle called the
mitochondrion.

The inhibition of the ATPases by chlor-
inated hydrocarbon insecticides may there-
fore seriously change cellular energy
production and nerve action.

Honeywell scientists succeeded in iso-
lating the plasma membranes from olfac-
tory tissue by differential centrifugation
and were able to concentrate the enzymes.
Experimentation confirmed the toxicity of
chlorinated hydrocarbon insecticides. DDT,
chlordane, lindane, aldrin, dieldrin and di-
cofol were all shown to have an inhibitory
effect on the ATPase enzymes.

The lethal hyperactivity commonly ob-
served in cockroaches exposed to DDT
concentrates may be associated with the
inhibition of the magnesium ATPase. The
response was similar to asphyxiation, but it
appeared that the agent was interfering not
with oxygen intake but with the primary
energy production (ATP). In chlordane ex-
posure, the opposite effect has been ob-
served; there was a strong inhibitory effect
on the sodium-potassium ATPase and the
cockroach seemed to be paralyzed, as if a
nerve had been shorted.

INHIBITION OF ENZYME ACTIVITY (PER CENT)
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The inhibitory effects of the chlorinated
hydrocarbon insecticides on the ATPase
systems could account for the observed
toxic effects. However, results of fairly ex-
tensive studies indicate that although these
insecticides inhibit the ATPase system in
general, there may be particular tissues
which are more sensitive to specific insecti-
cides (see figure).

Scientists at Honeywell are now working
with entomologists at the University of
Minnesota to find out the specific reactions
of various animals exposed to insecticides,
since a wide variety of effects have been
seen. Studies have shown that animals con-
centrate DDT and other insecticides in
their tissues. The amount of DDT present
in some lake trout has been reported to be
more than 13,000 times greater than the
solubility of DDT in water. This concen-
tration will, of course, affect any limits
which must be set to protect the fish. Also
detoxification of insecticides occurs slowly
and knowledge of the extent and speed of
this process is essential for determining
threshold limits. In addition, the site that
the insecticide affects may have a bearin.
on its toxicity. For instance, Honeywell ang
University scientists have found that in
bluegills DDT affectsmuscle, primarily, and
brain ATPase activities to a lesser extent.

After extensive study of these and other
variables, they hope to be able to deter-
mine whether or not the ATPase enzymes
can be used as a measure of the toxicity
of chlorinated hydrocarbon insecticides. If
they can, studies on animals will be ex-
tended to determine which tissues are most
affected by which insecticides.

The goal is to set threshold limits for the
use of these insecticides but the problem is
extremely complex because of the variety
of mechanisms which must be understood
before the toxicity can be measured on the
one hand and the obvious beneficial effects
of these insecticides on the other.

If you are working in the area of olfac-
tory sensing or the effects of chlorinated
hydrocarbons on ATPase inhibition and
wish to know more of Honeywell’s work,
please contact Dr. Robert Koch, Honey-
well Corporate Research Center, 500 Wash-
ington Ave. S., Hopkins, Mn. 55343. If you
have an advanced degree and are inter-
ested in a career in research at Honeywell
write to Dr. John Dempsey, Vice President,
Science and Engineering, Honeywell, 2701
Fourth Ave. S., Mpls. Mn. 55408.

Honeywell

AUTOMATION



Our print shop

We're pretty sure that we're the largest What next? Multilayer circuit boards
manufacturer of complex printed circuitry with electrical characteristics controllable
in the world. to such a fine degree that designers can use

Over the past nine years we've shown the boards themselves as electronic
our printed circuit competitors no mercy. components, that’s what.

We've manufactured more double-sided But printed circuits are only part of the
and multilayer plated-through-hole story. We can immodestly state that we've
boards than anyone else. shipped more bits of high speed — one

Last year we introduced flexible circuits. microsecond or faster — core memory than
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turns out best sellers.

all other independent manufacturers make the entire mainframe, all the parts,
combined. Plated wire memories with 150 ourselves. There’s not another manufacturer
nanosecond read cycle time speeds are the of mini computers that can say the same.
hot new item in our memory department We could go onand brag aboutall the
right now. big names on our customer list. But

Aslong as we have printed circuits and enough is enough.
memories going for us, we might as well l_ockheed EIec"onlcs
manufacture our own computer. And we R-&a Prod ucts DE';',“";‘ ireradt €

ivision ockheed Aircraft Carporation

do. The MAC 16 control computer. We 6201 E. Randolph St., Los Angeles, California 90022
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What we learned about
breathing in space

_could save yourlife

CA RN T4 The air supply'system we developed to give
L . g moon-walking men a controlled
atmosphere has some beneficial
down-to-earth uses.
At United Aircraft, we've put the
same principles to work in respirators
we're making for hospitals—using
Y aerospace skills to control the
flow, mix, and temperature
s ’é of gases more precisely
‘ than ever before.
o 7N ' With a name like United Aircraft
' \" Wayou’d expect us to be involved in
e .

aerospace. But perhaps you didn’t
know we’re also concerned
with your breathing here on earth.

PRATT & WHITNEY AIRCRAFT «

- HAMILTON STANDARD «

U n lted SIKORSKY AIRCRAFT - NORDEN -

UNITED TECHNOLOGY CENTER »

» . UNITED AIRCRAFT RESEARCH

n I rc raft LABORATORIES » UNISEM «
p UNITED AIRCRAFT
4 .Y P
' KL

OF CANADA LIMITED -
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The Numericon Model R
Automatic Draftine Svstem gives vou
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It also gives you a standard working
area of 48 inchx60 inch, or we'll
design it larger to your specifications.
It has a maximum speed of 400 ipm,
and mounts both single and turret
heads. As drawing devices it uses
capillary and ball point pens, scribe
needles and roller pens. Available
with synthetic rubber-lined drafting
surface or vacuum type suction surface,
the Numericon Model R system is a
large scale drafting machine recom-
mended for use in shipbuilding, auto-
mobile and aircraft manufacture, and
bridge and building construction. In

its price range no automatic drafting
system available today can compare
for precision, drawing speed, and
flexibility in digitizing coordinates for
a variety of drafting media. To learn
more about our Numericon System
for total geometric data processing,
and how the Numericon Model R can
be fitted into your existing automation
system for design and manufacturing,
write or telephone today for data
sheets. Consul & Mutoh, Ltd., 519
Davis Street, Evanston, lllinois 60201.
Telephone (312) 869-9545.
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increased by raising the pressure of the
gas.

At a certain critical pressure that de-
pended in part on the diameter of the
nozzle the jet abruptly became turbu-
lent: the flame danced and emitted a
low roar that could be heard at a dis-
tance of several meters. When the pres-
sure was adjusted almost to the point of
turbulent flow, the flaime became re-
markably sensitive to external sounds.
For example, at the critical adjustment
the flame could be momentarily short-
ened to half its length by a finger snap
at distances of up to 10 meters from the
apparatus.

The sensitive flame would also oscil-
late if it was put inside a resonant cavity.
A typical cavity consisted of a vertical
tube open at both ends. When the burn-
er was placed inside the tube at a posi-
tion where the pressure of the standing
sound wave was maximum, the sensi-
tive flame would flicker at the resonant
frequency of the tube and would emit
sound waves continuously. So, at least,
one can read in accounts published at
the time. The editor of this department
has never succeeded in making the ar-
rangement work as an oscillator. Con-
vection currents in the vertical tube blow
out the flame.

Peebles’ oscillator, however, works
nicely. It consists essentially of two noz-
zles of one-millimeter bore mounted at
an acute angle of approximately 30 de-
grees. One nozzle makes a vertical jet
and the other deflects the jet from the
perpendicular [see illustration at right].
The resulting fan-shaped flame is made
sensitive both by adjusting the pressure
of the gas almost to the point of insta-
bility and by inserting the tip of an
open copper tube into the flame about
a centimeter from the top. The copper
tube is two centimeters long and about
eight millimeters in diameter. The end
that penetrates the flame to a depth of
about three millimeters is cut at an angle
of 45 degrees. The edges of the cut
should be smooth and sharp.

The opposite end of the tube makes a
tight fit with a hole in the center of a
copper plate that is some 10 centimeters
square. The plate functions as a heat
sink for cooling the copper tube. When
one end of a second copper tube of sim-
ilar diameter and a length of three centi-
meters or more is placed close to the
base of the flame, the system goes into
oscillation, emitting continuous sound at
a pitch determined by the geometry of
the second tube.

Essentially the oscillator functions by
amplifying a small initial disturbance. A

portion of the amplified output serves as
a succeeding disturbance that initiates
the next cycle, and so on. When the sys-
tem is properly arranged, it can also be
made to function as a conventional am-
plifier. Indeed, Peebles modified the
device in two ways for use as both an
amplifier and a loudspeaker.

In one scheme he coupled the acoustic
output of an earphone into the tubing
that supplies gas to the vertical jet.
Sound waves from the earphone alter the
pressure of the vertical jet and reappear
as amplified sound that is emitted by
the flame. He estimates that the output
is amplified about 2,500 times. Speech
sounds can be understood five meters
from the flame although the quality of
the reproduction is not good. Peebles
operates the earphone with a small tran-
sistor radio. The amplifier can also be
driven electrically.

\

\ 2o-gauvge copper
or aluminum
\ 4 square

In Peebles’ second scheme the output
of a radio that develops about 10 watts
is coupled through a step-up transformer
to a pair of electrodes placed on oppo-
site sides of the flame near the base. The
electrodes are two squares of copper
screening about 15 millimeters wide
spaced 10 millimeters apart. An automo-
bile ignition coil can be used for the
transformer, although the quality of the
amplified sound will be higher if the ex-
perimenter uses a grid transformer of the
kind designed for coupling low-imped-
ance input circuits to vacuum-tube am-
plifiers. Peebles makes nozzles for the
system by softening the middle of a six-
millimeter length of glass tubing in a gas
flame and drawing the softened portion
down to a bore of about a millimeter. If
the device refuses to work, try adjusting
the depth to which the upper copper
tube is immersed in the upper part of

\ f-'___—g- . —

~ automobile)

S spark coil

made of
Screen-

ing

Patrick Peebles’ flume oscillator
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all purpose calculator

4

Weighs only 8 oz.

THE CURTA IS A PRECISION
CALCULATING MACHINE FOR
ALL ARITHMETICAL OPERATIONS

Curta adds, subtracts, multiplies, divides,
square and cube roots, continuous multi-
plication, negative multiplication, standard
deviations and all statistical calculations,
squares and higher powers, co-ordinates and
associated land survey formulae, and every
other computation arising in science and
commerce . . . Available on a trial basis.

Price $125.00. Write for literature.

CcuU

COMPANY

DEPT. SA-9 P. 0. BOX 3414
VAN NUYS, CALIFORNIA

the flame and also the height at which it
penetrates the flame.

The simplest of the three oscillators

was brought to my attention by A. D.
Moore, professor emeritus of electrical
engineering at the University of Michi-

more than just a telescope more than just a microscope

emoskop &

a complele
vestpocke!
oplical system

— —

SEIBERT

Wetzial

Shown actual size

We went to Wetzlar, Germany (world capital
of fine optics) to find such perfection at such
a price. Remove the EMOSKOP from its fitted
leather case and it is a 30x microscope.
A twist of the wrist converts it to a 3x tele-
scope (ideal for theater, field or sky) or
a unique 3x telescope-loupe. Another change
and you have your choice of 5x, 10x or 15x
magnifying glasses. The perfect vest-pocket
companion for exacting professionals and
scientists and all those who wish to observe
anything closely and clearly. A most dis-
creet opera glass. If you make a fetish of
quality, the EMOSKOP will do you proud.
Coated lenses, fully achromatic, absolutely
flat field. Modern Photography Magazme calls
the EMOSKOP “. .. the only magnifier worthy
of the name.”

[0 Send me the EMOSKOP. | enclose $17.95
($16.95 plus $1 postage and insurance).
Calif. residents add 5% tax. Refund with-
in 2 weeks if not delighted.

SA0900
Name
Address,
584 Washington, H
San Francisco 94111
Phone (415) 981-5688
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gan. It consists of a U-shaped loop of

| wire suspended at the top by an elec-

trically insulating clamp [see illustration
! at right]. When the wire is heated to a
temperature of about 400 degrees Cel-
sius by either an alternating current or a
direct current, the loop vibrates like a
child’s swing. I have made a number of
loops with Nichrome wire salvaged from
replacement units for a 1,000-watt ra-
diant heater.

I clamp the ends of the loop between
two strips of quarter-inch Transite, a
building material composed largely of
asbestos. I make the loops about 10 times
longer than their width. The lengths of
my oscillators have ranged from 10 to
36 inches. The frequency of vibration
varies inversely with the length of the
loop.

Loops made of iron and other metals
oscillate but not as vigorously as those
made of Nichrome. The amplitude of vi-
bration may exceed 15 angular degrees.
For sources of power I have used both
storage batteries and step-down trans-
formers. Power requirements depend on
the size of the loop but in general will
be on the order of 10 amperes at 12
volts.

Why does the loop oscillate? Readers
may enjoy discovering the answer at the
workbench and validating it with at
least two different experiments before
Moore presents the explanation in this

department next month.
lAn interesting new concept in the an-
cient art of making devices for trans-
mitting power mechanically is submitted
by Rick Freund of 273 Lawton Avenue,
Cliffside Park, N.J. 07010. Essentially
the mechanism consists of a pair of uni-
versal joints made from business cards,

approximate
s:ate (inches)
S S Es— s ——— ]

0 1 2

Pintle fits
loosely into
socket,

- 4%

from low-voltage,
high- curre.nt

Nichrome f

Wire
(.,/r

The hot-wire oscillator

plastic soda straws and wooden dowels.
Like the oscillators, Freund’s gadget ap-
pears to have no practical application,
but it does show that a constant-velocity,
right-angle drive can be made from flat
stampings.

Each of Freund’s universal joints in-
cludes a hollow shaft that supports at
one end a fork with two tines that en-
gage slots in opposite edges of a disk. A
second pair of slots in the disk are sim-
ilar but are positioned at right angles
with respect to the first set. The second
pair of slots engage a cardboard link

socket set in
Stxrofonm
ar wooden

Universal joints coupled by a flat link
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If you work in fields of up to 1,000 gauss,
you may be interested in a watch that does, too.

It’s called the Rolex
Milgauss.

It was exhaustively
tested in the Philadelphia
research laboratories of a
leading electronics com-
pany. Thereport: “These
results imply that the 1,000
gauss static magnetic field
has no deteriorating effect
on device performance.”

Which is quite incredible
when you consider that
most anti-magnetic
watches can’t stand fields
of more than 60-70 gauss.

And that many elec-
tronic watches can’t go
near an even mildly
magnetic field without also
going haywire.

But even without its

superb anti-magnetic perform-

ance, the Milgauss would still
be poles apart from other
watches.

Because it’s a Rolex Oyster.

And like all Rolex Oysters,
it took over a year to make.

Its Oyster case is carved out
of a solid block of hardened
Swedish stainless steel.

And inside this virtually
indestructible case is a hand-
tuned rotor self-winding
movement which we call the
Perpetual.

This Perpetual movement is
So precise, that after tests
lasting 15 days and 15 nights,
one of the Official Swiss Insti-
tutes for Chronometer Tests
awarded it their carefully
guarded title of
“Chronometer.”

Screwed down onto the
Oyster case (justlike a
submarine hatch) is the Rolex
Twinlock winding crown.

The combination of Oyster
case and Twinlock crown
allows us to guarantee the
Milgauss and all Rolex Oysters
to vast underwater depths*.

(To demonstrate what we
mean by this, we clamped a
special experimental Rolex
Oyster to the outside of Prof.
Jacques Piccard’s bathyscaph
Trieste. It then submerged to a
depth of nearly 7 miles
beneath the Pacific, where the
Rolex was subjected to a pres-
sure of over 6 tons per square
inch. The Rolex was working
perfectly when the Trieste
surfaced again.)

The care and precision with
which each of our chronom-
etersis made are continued in
the creation of the bracelet.

The Rolex Milgauss in stainless steel
with matching bracelet, $245.

© 1970 SCIENTIFIC AMERICAN, INC

Even this is made
largely by hand, and is
designedto fit the Oyster
case precisely.

You’ll notice the Rolex
Crown on the clasp.

So will other people.
They will also recog-
nize the distinctive shape
of the Oyster case itself.

This case, this crafts-
manship, is the reason
why most of the world’s
leading heads of state
wear Rolex watches.

And why Haroun
Tazieff wears one both
inside and outside of
volcanoes.

And why Rolex
watches are officially
issued to the divers of

many of the world’s navies.

And why Sir Francis
Chichester relied on one
during his solo voyage around
the world.

And why we feel justified in
saying that the Milgauss, like
every Rolex, earns the recog-
nition it enjoys.

*When case, crown and crystal are intact.

Each Rolex earns the
recognition it enjoys.
You know the feeling,

W

ROLEX

American Rolex Watch Corporation,
580 Fifth Avenue, New York, N.Y. 10086.
Also available in Canada.

Write for free color catalog.
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going on?

Sure, everyone’s against
pollution and for a better
environment,

But what’s being done? What
can be done?

These questions are being
answered regularly by

THE CONSERVATION
FOUNDATION’S

Each month the non-profit Conserva-
tion Foundation publishes an in-depth
newsletter on a major environmental
issue. Combining news, analysis and
commentary, CF LETTER penetrates
beyond the daily headlines to the hard

questions:
How fares the struggle against air
pollution? Water pollution? Solid

wastes? Noise? What changes are
coming in public policy on population
control? On land use? On pesticides?
How are we managing our estuaries
and shorelines? What does political
rhetoric about the environment por-
tend? Where’'s the bottleneck on money
to buy parks and recreation areas?
Can we have both conservation and
development of natural resources? How
do we protect the environment and, at
the same time, have an adequate sup-
ply of electricity?

CF LETTER probes the social, politi-
cal and economic dimensions of envi-
ronmental problems and the prospects
for action. CF LETTER is written for
those who need perceptive and objec-
tive, as well as lively, coverage of key
environmental problems . . . for civic
and business leaders, public officials,
teachers, and all other concerned citi-
zens who want straight talk about the
environment.

CF LETTER is ‘‘a valuable contribution . . .

extremely informative and well written.”
Senator Gaylord Nelson, Wisconsin.

CF LETTER ‘“‘ought to be read by every citi-
zen concerned with the new priorities.”
Congressman Paul N. McCloskey, Jr., Cali-
fornia.

CF LETTER ‘‘To keep up to date on policy
issues affecting the quality of man’s
natural environment . . . you will find CF
LETTER informative and thought-provok-
ing.” League of Women Voters of the U.S.

CF LETTER ‘“Makes a significant contribution
to clarifying environmental issues, and pro-
viding public officers with in-depth infor-
mation that is useful, relevant and impor-
tant.”” Senator Joseph D. Tydings, Maryland.

The Conservation Foundation invites
your subscription. In the U.S., $6 for
one year, $11 for 2 years, $15 for 3
years. All other countries—$8, $15,
$21. For additional subscriptions to
same name and address, $3 each U.S.,
$4 each elsewhere. ’

To start receiving CF LETTER now,
or if you wish to see a sample copy,
write The Conservation Foundation,
Dept. 970, 1717 Massachusetts Avenue,
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what's really

. N.W., Washington, D. C. 20036. ‘

Universal joints coupled by a right-angled link

that transmits motion between identical
disks. Links of two kinds are used [sce
bottom illustration on page 232]. One
is a flat, rectangular card notched at
opposite ends for engaging the disks.
The other link consists of a pair of
notched cards joined rigidly at right
angles. The hollow shaft of each uni-
versal joint turns on wooden dowels sup-
ported at an angle of 45 degrees by a
common base of Styrofoam.

With the flat link in place the assem-
bly operates like a pair of crown gears:
the motion of one shaft is transmitted
uniformly to the other. According to
Freund, when the mechanism is made of
precision stainless-steel stampings with
disks the size of a dime, it transmits eight
inch-ounces of torque with little more
play than a pair of mating gears. The
behavior of the device can be altered
significantly by substituting the right-
angled link for the flat link. The mecha-
nism is then analogous to a mating pair
of elliptical gears. When one shaft is
driven at constant speed, the other ac-
celerates from maximum to minimum
twice during each revolution. The ratio
of maximum to minimum speed at the
output shaft depends on the angle at
which the shafts are supported by the
base. The ratio varies from one, when
the shafts are in alignment, to 16 to one
atan angle of 60 degrees.

Roger Hayward, who illustrates this
department, delved into the history of
the universal joint and found that its
invention is generally ascribed to the
English physicist Robert Hooke. Hay-
ward writes: “Volume 3 of American
Mechanical Dictionary (Houghton, Mif-
flin & Co., 1876, page 2683) shows a
pair of Hooke’s joints. The article points
out the need for symmetry with respect
to the link and notes that the two shafts
have to lie in the same plane. All of this
is credited to Hooke.

“Because of Hooke’s work in physics

© 1970 SCIENTIFIC AMERICAN, INC

and mechanics I am inclined to believe
he first recognized that accelerated mo-
tion induced in a system by a single uni-
versal joint can be canceled by the op-
posing acceleration of a second joint.
That Hooke had no use for cyclically
varying speed is to me rather trivial.
You cannot figure out a way to eliminate
an error without first understanding
what the error is.

“Freund refers to his device as a toy.
This makes me wonder what a toy is.
Are my tools the toys that I really love,
or are toys the things that I make with
the tools? There must be a wide spec-
trum of items that are toys to some peo-
ple, including Freund’s interesting con-
traption.”

Make two of everything

_bu.t -r.his)__] _.m;:r::g;\
s
= :

st rdw)
e
/%4 wooden skewer .,*
— ik
Plast;c cement
to make yunning

w—— pieces it
of straw for fit in straw

sockets in base

approximate scale (inches)
Pare——e———r——
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Construction details of linkage



ECONOMY

WHAT DOES IT TAKE TO PRODUCE A $1000-BILLION GNP?

The Editors of SCIENTIFIC AMERICAN have prepared a wall chart, based upon the latest Federal input/output table, displaying the inter-
industry flows of raw materials, intermediate products and business services required to carry the US. economy to the benchmark
Gross National Product of $1000 billion.

Input/output tables provide management, government administrators, economists and market analysts with a powerful new tool for
forecasting and measuring the indirect as well as the direct interindustry relationships that structure our industrial economy.

This handsome and informative wall chart (70" x 46", in eight colors) offers a unique entry into the rapidly developing discipline of
interindustry (or input/output) analysis. Based upon input/output tables issued by the Office of Business Economics of the U.S. Depart-
ment of Commerce, the chart can be used as a teaching tool and for study of practical and theoretical questions about the U.S. economy.

The chart presents an interindustry matrix of 99 rows and 99 columns; each of the nearly 10,000 cells in the matrix shows (1) the direct
input/output coefficient, (2) the “inverse” coefficient and (3) the interindustry dollar flow for a $1000-billion Gross National Product.
The input/output coefficients as published by OBE have been recomputed by the Harvard Economic Research Project to reflect gross
domestic output. The 370 sectors of the detailed tabulations have been selectively aggregated to 99 sectors to provide maximum feasible
detail for the wall chart. Where the ratio of input to output exceeds 1/100, the cell is tinted in the color-code of the industrial bloc from
which the input comes. This device, combined with triangulation of the matrix, brings the structure of interindustry transactions into
graphic visibility.

Offprints of five SCIENTIFIC AMERICAN articles on the technique
of input/output analysis accompany the chart. The articles are:

- W. H. FREEMAN AND COMPANY
660 Market Street, San Francisco, California 94104

Input/Output Economics 58 Kings Road, Reading RG1 3AA, Berkshire, England

by Wassily W. Leontief

The Economic Effects of Disarmament
by Wassily W. Leontief and Marvin Hoffenberg

I enclose $
Send me, postpaid,
plus the offprints listed.

I
|
|
. (California residents please add sales tax.) |
input/output wall charts at $10 each, |
|
— |
I
I
I

The Structure of Development

- = —-—=="

by Wassily W. Leontief Name —

The Structure of the U.S. Economy Company _ S _
by Wassily W. Leontief Address . 3 -

The Economics of Technological Change
by Anne P. Carter L — ”J
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Now there’s
a better way.

Our new DOS brings
batch processing costs
down to

$765 a month.

If you've been hanging on to old-fashioned ways because
you thought a computer was too expensive, think again.
Our new Disc Operating System brings the cost of
computation and general purpose processing right down
to where your budget lives.

With our new DOS, you'll easily create, check out and

run your own programs. Use it for scientific calculations,
business-accounting functions, information retrieval,
inventory control, school administration — in fact, problem-
solving of all kinds.

Anyone who can poke a typewriter key or pencil-mark a card
can use our DOS. Because the assembly (or compilation),
loading and execution of your programs are under the
control of a teleprinter keyboard or batch input device.

On the other hand, if you're already batch processing
with another system, give this a thought. Our DOS can
probably do everything you're doing now —

for about half the cost.

Because both the software and the hardware are fully
modular, our DOS accommodates the needs of many differ-
ent applications. Lets you vary the number of input/
output devices. Add more core memory. Use a card reader
as well as teleprinter. Add a line printer, paper tape punch,
photo reader and magnetic tape. Other advantages include
software protection and program segmentation. Plus
automatic program retention so your programs can

be easily reused.

Our basic DOS includes an 8K computer with direct
memory access, 2.4 million-character disc, one teleprinter
and one high-speed paper tape reader. Price is just
$35,600. Or $765 per month on a five-year lease. And it’s
upward expandable for your future needs.

Get the full story by calling your local HP computer
specialist. Or write Hewlett-Packard, Palo Alto, California
94304; Europe: 1217 Meyrin-Geneva, Switzerland.

Il

HEWLETT ﬂ PACKARD

DIGITAL COMPUTERS 22009
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How Responsible Is Science For Today’s Troubled World?

Up to now, science has been chang-
ing the world, and the world has
applauded. Today, the applause
grows fainter. And scientists are
questioning values, approaches,
whole areas of research.

The scientist has become the con-

cerned citizen. The books in The
Library of Science keep you abreast
of the momentous changes taking
place — changes in individual disci-
plines, changes in thinking, changes
in attitude. Maybe they'll change
your way of thinking, too.

THE LIBRARY OF SCIENCE

invites you to start the greatest reading adventure of your life:

HCTION i
THEORY
ADCPS

b AN P TROOU
o EABITY

(retail prices shown.)

78350. SINCE SILENT SPRING. Frank Graham,
Jr. A rmgmg vindication of Rachel Carson’s warn-
ings against the dangers of pesticides. $6.95

42150. CHAMBERS’ DICTIONARY OF ELEC-
TRONICS AND NUCLEONICS. Edited by L. E.
C. Hughes, R.W .B. Stephens and L.D. Brown. In-
dispensable compendium of more than 9,000 cross-
referenced entries. $14.50

46510. EVOLUTION. Theodore H. Eaton, Jr. Pre-
sented from a biologist’s standpoint—both descrip-
tively and as a process affecting contemporary or-
ganisms. 6.95

=" TRIAL MEMBERSHIP APPLICATION == .

The Library of Science 2911
Riverside, New Jersey 08075

Upon acceptance of this order, Dlease enroll me
as a trial member and send the book I have
selected free of charge. You may bill me, how-
ever, for the small shipping and handling cost
incurred. If not delighted, I will return the
book within ten days, and my membership will
be cancelled.

As a trial member, I need accept as few as 4
more selections during the next twelve months,
always at reduced member prices plus shipping
and handling, and I may cancel my member-
ship at any time thereafter. Each month, I will
receive advance reviews describing forthcoming
selections, along with a convenient form for
requesting alternate selections or no book at
all. I may choose a bonus book for every 4
selections purchased.

For my FREE book, | choose:

l (please write code number here)

Name

Address

City

State Zip

Offer good in continental U.8, and Canada only
b — —
238

Take any book on this page

(values to $18.50)

FREE

with a brief trial membership.

)

38340. CLIMATE, MAN AND HISTORY. Robert
Claiborne. How the earth’s climates and man’s ef-
forts to manipulate them have influenced ten mil-
lion years of human evolution and history. $8.95

37400. CHALLENGE FOR SURVIVAL. Edited by
Pierre Dansereau. 24 of the foremost experts in
ecology discuss today’s most inescapable problem:
the dual menace of overpopulation and unbridled
technology. $7.95

84130. THERMAL PHYSICS. Charles Kittel. A
revolutionary treatment from a quantum viewpoint
of this all-important field. $10.95

63340. MUSIC BY COMPUTERS. Edited by Heinz
von Foerster and James W. Beauchamp. The “mu-
sic of the future”—its systems and programs, algo-
rithms in composition, esthetics. Plus four 335 rpm
records. $14.95

52180. HAMLET’S MILL. Giorgio de Santillana
and Hertha von Dechend. Ingenious speculative
inquiry into the origins of scientific thought in the
preliterate world. $10.00

79810. SPLENDOR IN THE SKY. Revised Edi-
tion. Gerald S. Hawkins. Author of the best-selling
Stonehenge Decoded presents a colorful and com-
prehensive view of astronomy for the curious non-
specialist. $8.95

32350. AFRICAN SCULPTURE SPEAKS. Ladi-
slas Segy. The third edition of a highly acclaimed
work on the most celebrated art of Africa — its
sculpture. Photographs and illustrations. $14.95

37320. THE CARELESS ATOM. Sheldon Novick.
Closely reasoned, carefully documented account of
the nightmare threat posed to health and life by
the nuclear power plants proliferating throughout
our country. $5.95

78730. SO HUMAN AN ANIMAL. René Dubos.
Pulitzer Prize winner on how runaway technology
is destroying the environment that man needs to
survive, $6.95
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Climatce,
Man,
and
History

AFRICAN
SCULPTURE
SPEAKS

70070. PRINCIPLES OF HOLOGRAPHY. How-
ard M. Smith. The history, theory, practice and
exciting applications of this versaule new scientific
technique. $9.95

82270. TAMING MEGALOPOLIS. Edited by H.
Wentworth Eldredge. Two volumes. In a many-
pronged approach, international authorities in all
the disciplines discuss what can and must be done
to tame that sprawling beast—the city. $18.50

85740. THE URGENT FUTURE. Albert Mayer.
Practical solutions for current problems is the key-
note of this dynamic volume that proposes action
now in an all-out attack on the pressing problems
of our urban areas. $16.50

70350. AN INTRODUCTION TO PROBABILITY
THEORY AND ITS APPLICATIONS—Volume 1.
Third Edition. William Feller. Exceptionally clear
exposition of probability in terms of mathematical
concepts. Amply illustrated with problems and ex-
amples. $10.95

57060. THE KEY. John Philip Cohane. Masterfully
unravels historical clues linking the cultures of
Europe and the New World to prehistoric Mediter-
ranean civilizations. $7.50

32520. ALTERED STATES OF CONSCIOUS-
NESS. Edited by Charles T. Tart. 35 challenging,
recent studies on the psychology of hypnagogic
states—from dreams to drugs. g

68730. PHYSICS OF THE EARTH. Frank D.
Stacey. Incorporates today’s newest theories in an
explicit, soundly written work on the fundamentals
of geophysics. $11.95

44350, ELEMENTS OF CARTOGRAPHY. Third
Edition. Arthur H. Robinson and Randall D. Sale.
Includes new material on techniques of aerial-map-
ping, and the most recent experiments in design
and reproduction. $10.95

52020. GUIDE TO ARTIFACTS OF COLONIAL
AMERICA. Ivor Noél Hume. For the serious ar-
chaeologist and the colonial period buff alike. A
must for antique collectors, $10.00



by Philip Morrison

NTARCTIC EcoLocy, edited by M. 1V,
A Holdgate. Published for the Sci-
entific Committee on Antarctic
Research by Academic Press, Inc. (Vol-
ume I, $18.50; Volume II, $14). In the
summer of 1968 there gathered in Cam-
bridge a grdup of scientists, men and
women from a dozen nations, with a
stake in the polar region (plus one alba-
tross expert now in Uganda). The Rus-
sian delegation was particularly strong.
These two volumes, which make up one
work with a single index, present sub-
stantial fare. They include longish re-
view articles and a record of the candid
international discussion after each group
of related papers. The order of the vol-
umes roughly follows the flow along the
food chain. The first book opens with an
appraisal of the geologic past, and goes
on lo the open sea and its life, to the bot-
tom on the continental shelf, to the fishes
and birds of the shore, to the freshwater
life, to the soil and the vegetation and
the land fauna (with scanning electron
micrographs of a millimeter-long spring-
tail, the one lonely year-round inhabi-
tant of the tiny forest of the subantarctic
moss). The final discussion takes up con-
servation. It is impressive to see how
honestly these biologists practice what
they preach: they limit themselves de-
terminedly in taking specimens, in mak-
ing helicopter flights over rookeries, in
killing seals for handy dog food. “Scien-
tists, like everyone else, must expect to
justify their demands on the Antarctic
fauna and be answerable for their con-
duct.” Their rules are now a practical
reality; the legal power flows from the
international treaty that governs all land
and shelf ice south of 60 degrees south
latitude, even though that writ does not
run on the high seas.

The oceanic loophole is of course a
tragedy. Once before, by the year 1830,
the million fur seals of Antarctica’s off-
shore islands were “virtually eliminat-
ed”; only now are these animals begin-

BOOKS

Antarctic ecology, air pollution, chemical

fallout, bamboo, palm and microorganism

ning to recolonize their old range. The
rich, cold antarctic seas held the great
whales; the most poignant graph in the
book shows the terrible decline in the
total mass of the baleen whales. From
the mid-1920’s, once the factory ships
began to supplant the old shore stations,
the stock fell steeply. There was only
one respite: war among men enforced
a truce between man and whale. The
whale stock fell from more than 20 mil-
lion tons in 1920 to about a tenth of that
value today. “Blue whales are now whol-
ly protected, but it may be forty to fifty
years before they can recover from such
a low level.” (The whaling nations met
in June. Still pursuing their short-run
profits, the three remaining active whal-
ing powers are not yet willing to reduce
quotas on species other than the blue.
The populations of the lesser species are
much reduced, but not yet decimated.)

The 100-ton blue whale feeds mainly
on the half-gram crustacean Euphausia
superba, named krill by the Norwegian
whalers of long ago. E. superba is a her-
bivore: it feeds principally on the minute
green diatoms it filters out of the water.
In its lifetime of four or five years it pur-
sues the phytoplankton up and down, in
the depths by day and at the surface by
night. Whales took 150 million tons of
krill per year from antarctic waters; a
huge human fishery for the krill is not
incredible. It would be the first modern
pelagic fishery, perhaps with lighted
lures on automatic rafts, their pumps fil-
tering organisms from the seawater, able
on aerial command to seek out the slow,
lens-shaped surface swarms of the krill.
The devotion of the krill to a high den-
sity of its fellows (up to 20,000 per cubic
meter, turning the seawater a couple of
percent krill) is as unusual as its enor-
mous total numbers. There is no sign
that any known consumer has yet bat-
tened on the krill that once went to
nourish the vanished whales; perhaps
the krill have gone to the cold and sinis-
ter squid of the depths, about which no
one knows very much.

The Russian workers have lately done
a great deal of work on the krill, and the
British have done much for more than
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30 years. Before we fish for the krill our
knowledge must increase; we cannot en-
dure another overfishing disaster. P. A.
Moiseev concludes that the krill fishery
would “probably allow us to double the
present catch of aquatic organisms from
the world ocean.” The annual produc-
tion of this one species in the ring of nu-
trient waters around Antarctica can be
roughly bounded; it is surely less than
500 million tons, but it is more than 75
million—some 10!¢ individual luminous,
big-eyed, transparent quasi-shrimps.
The present total world catch of all
aquatic animals is about 60 million tons
per year. Here is new protein for the
billions.

It is at least a hope that there in the
already demilitarized Antarctic, far from
most borders, most legislators and most
general stafls, the powers might join in
an international goal: more protein to
feed men. In order to reach the goal we
would have to bring into being in a dec-
ade or two an adventuresome and ardu-
ous industry, accompanied by the kind
and scale of resources for reconnais-
sance, communications, rescue, techni-
cal innovation, recruitment and skilled
management that until now only a few
large military organizations have been
able to deploy so far afield. The world-
wide net of the Strategic Air Command
might gradually be transformed into
SAK, a Service Aérienne du Krill. The
overall investment in men and money
would be similar; the daily tasks and the
risks would not be so very different, but
the deeper purpose would be transfig-
ured. The road to the new world lies at
least in part through the growth of what
is clearly well begun: international re-
search toward a thorough understanding
of antarctic ecology.

AR PoLruTiON, edited by Arthur C.

Stern. Academic Press Inc. (Volume
I, $32.50; Volume II, $35; Volume III,
$47.50). CuenicaL FaLLouT: CURRENT
RESEARCH ON PERSISTENT PESTICIDES,
edited by Morton W. Miller and George
G. Berg. Charles C Thomas, Publisher
($22.50). The second edition of Air Pol-
lution, completed in the fall of 1968, pre-

239



Manhasproved
that he canend
theworld.

Now consider
the possibility
thathe can
saveit.

REASON AWAKE:
SCIENCE FOR MAN

René Dubos

The Pulitzer Prize winning author of So
Human an Animal now challenges his
fellow scientists to contribute to the re-
ordering of mankind’s priorities, before
itistoo late.""The authoris arenaissance
man who perceives more clearly than
do most persons the near catastrophic
situation in which the human species
now finds itself.”  —Saturday Review

$6.95 cloth, $2.95 paper

CHALLENGE FOR SURVIVAL
Land, Air, and Water for Man
in Megalopolis

Edited by Pierre Dansereau

Lewis Mumford provides a compelling
summary to this symposium on saving
the urban environment. Topics covered
range from recreation habits and values
to horizons of algal research. ‘‘This vol-
ume is a step in the right direction, and
a good one at that.”

—Boston Herald Traveler $7.95

URBAN PLANNING ASPECTS OF
WATER POLLUTION CONTROL

Sigurd Grava

Sponsored by the Institute of Urban En-
vironment at Columbia University, this
realistic study is intended as a guide for
community decision-makers and inter-
ested citizens. Financial and adminis-
trative problems are given full coverage
alongside the technical discussion of
water-borne wastes and water control.
$7.50

*

Gl

COLUMBIA
UNIVERSITY PRESS

Available at your local bookstore
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sents a very useful standard base line for
thought and technology in this genuine-
ly vital field. The authors are 60 experts,
and their product is 54 substantial chap-
ters. Most of the men work (as the gen-
eral editor does) for university or gov-
ernment agencies concerned with this
aspect of public health; there are a few
men from corporations with special con-
cerns, and a few from other university
departments. There is one Kyoto filtra-
tion engineer; all the other contributors
are Americans.

The book is directed to readers with
technical fluency but not to specialists.
Its detail is hardly dense enough to al-
low design or clear choice among spe-
cific alternatives, whether in practice or
in theory, but it does provide invaluable
orientation on underlying concepts and
experience, and on the range of prob-
lems and paths to solutions. The three
volumes contain many graphs, photo-
graphs of apparatus and landscapes,
some color pictures and photomicro-
graphs, plenty of tables, and detailed
bibliographies.

Volume I discusses the general cate-
gories of pollution, the mechanisms of its
transport and its effects on visibility, on
weather, on plants, on animals and on
human health and wealth. Volume II
tells how to sample, measure, monitor
and survey. Volume III, the thickest
(more than 860 pages), discusses pollu-
tion sources by type, the means of tech-
nical control at the source and the prob-
lems of legal and administrative organi-
zation needed to secure control. The
work aims at being a handbook of air
pollution, the first resort for any serious
student of the thicket of problems that
lies between us and clean air.

It is not possible to survey so many-
sided a book. The flavor (smell?) of the
work can perhaps be conveyed by draw-
ing just one topic from each volume. In
Volume I our first paladin against smog,
A. ]. Haagen-Smit (with a Los Angeles
colleague, Lowell G. Wayne), describes
the web of photochemical reactions the
desert sunlight spins daily in the warm
pool of Los Angeles air out of the hydro-
carbons and nitric oxide from a million
manifolds. It is a remarkable story: the
reducing agents turn into fierce oxidants
that crack rubber, irritate the eyes and
yellow the citrus groves. The products
are many, the reagents not few. Ozone
and peroxyacetyl nitrate are two rec-
ognizable and voracious oxidants. The
needed free energy comes from the sun-
light; on a bad day 80 percent of the
sun’s ultraviolet has gone to stoke the
reactor tank in which Los Angeles steeps.
Control seems possible; it lies at the end
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of wise automobile design and manage-
ment.

Volume II is a field and laboratory
guide. One analytical technique is fas-
cinating. A small disk of filter paper is
placed on a tiny hot plate that heats it in
a one-inch ring. A few drops of the dis- -
solved sample are placed in the center,
and the appropriate solvent is dropped
on to wash the stuff out to the hot ring.
The resulting ring spot can be tested in
many ways; $100 or $200 worth of ap-
paratus and reagents provides analysis
for dozens of elements to an accuracy of
10 percent, even in samples as small as a
tenth of a microgram. At another level of
measurement the pattern of winds in a
city, so complex and hard to know, have
been checked by floating a Mylar tet-
rahedral balloon, ballasted to constant
height, and following it by radar reflec-
tion from a dangling transponder. This
scheme is expensive but powerful. (It
might help to explain that notorious tele-
scopic photograph of a polyhedral flying
saucer, seen over London a decade ago.)

Volume III is perhaps the weakest.
Foresight is never easy; the authors who
wrote four or five pages on the chlorine
industry never noted that the 1,000 tons
of metallic mercury cathodes in our new
electrolytic chlorine plants imply not a
chlorine hazard but a mercury hazard.
Yet in Japan escaped mercurials (cat-
alysts from organic-synthesis plants)
had already claimed deaths among the
plant’s fish-eating neighbors.

Chemical Fallout is an account of a
contentious, even rather rude, 1968
meeting of 37 workers from Britain, Can-
ada, Japan, Sweden and the U.S. (The
date can only be inferred; that oversight
is a small but serious flaw in the editing.)
The topic is the distribution and the ef-
fects on the linked chain of being of two
classes of persistent toxic compounds:
organomercurials and organochlorines.
Mercury compounds made by man enter
the environment in the fungicides and
mildew-proofers used on seeds and in
pulp and paper plants, and as waste
metal and vapors from battery and rec-
tifier factories and electrolytic chlorine
plants, even from hospital laboratories.
Mercury impurities are found in bulk re-
agents such as sulfuric acid and thus also
occur in synthetic fertilizer. The metal
or ions spread in this way can be con-
verted to organic and deadly form and
then concentrated by the microorga-
nisms of the mud, even more so by fish.
The part-per-million mercury content
found very widely in fish lies well above
the “practical residue limit” for mercury
in foods, set by a WHO-FAO board of
experts in 1966, whose concern reflect-



You could be reading about “the way it
was” a lot sooner than 1990. Which is why
Natural History, the magazine of the age
of ecology, has a special sense of urgency.

The wins, the losses in the ecological
skirmishes now going on cross-country are
detailed stories you'll read in Natural His-
tory. Most recently, we’ve presented the
argument for a constitutional right to a
decent environment . . . covered the battle
of Beaufort County, South Carolina, 1970;
the auld lang syne for Andrew Wyeth’s
Brandywine River; and Vermont’s stand-
off against the mass land developers. Along
with articles that continually open up fresh
insights into the world around you.

A free book comes
with your subscription

If you share Natural History’s concern
about ending what Stewart Udall calls
“man’s shortsighted exploitation of the
world’s wildlife bounty,” you’ll want to
read The Year of the Whale. This winner
of the Burroughs Medal for the year’s best
book in the field of natural history has
been called “a classic” by Justice William
0. Douglas and *a volume to be treasured”
by Loren Eiseley.

The Year of the Whale is different, un-
usual, provocative reading. Like Natural
History Magazine.

And it’s yours free if you subscribe now.
(In addition to 10 issues of Natural His-
tory, you get two more free books a year,
and a membership in The American
Museum of Natural History at no extra
charge, which allows you to receive mem-
bers’ book and gift discounts).

You might call Natural History a “think-
in.” Its scope; the universe. It looks at man

and other things, the land, sea and upward
into the skies to the most distant galaxies.

Adventure of a different kind
in color photography

Or you could call Natural History a dif-
ferent kind of adventure magazine. Be-
cause one of man’s greatest adventures is
the exploration of his existence in the
world around him, his past, his present,
his possible future.

Diversity is the name of the game this
magazine plays, so expect a surprising
range of material. Margaret Mead on the
possibility for survival. Christmas in the
Kalahari Desert. How the Soviet plan to
transform nature. Getting along with a
grizzly. The vital importance of properly
“aging” our water supply. Life and death
in the seal harems of Alaska. The most
celebrated dog case ever tried in Johnson

Septembey,
with a sense of nostalgia?

1990issue

County, Missouri or the world. Initiation
rites in New Guinea. Every month there’s
**Sky Reporter,” with celestial events
charted by Dr. Thomas D. Nicholson, for-
merly head of the Hayden Planetarium
and now Director of The American Mu-
seum of Natural History.

Full-color photographs capture the
drama of this reportage.

Keep up with what’s going
on in the “natural” world

10 issues of Natural History. Two free
books: the editors’ spring and fall selec-
tions. Membership in The American Mu-
seum of Natural History and members’
discounts on book and gift orders. The
Year of the Whale, a special bonus.

For only $7.

Fill in the coupon and consider yourself
one of us.

Get to know this world before it’s gone
Subscribe now to Natural History Magazine
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71 West 77th Street, New York 10024

Please send me a free copy of THE YEAR OF THE WHALE and enter my
subscription to Natural History for one year (10 issues) at $7 or for two
years (20 issues) at $14, as indicated below. (If I decide that Natural History
isn’t for me, I may cancel my subscription without obligation.) I understand
that I will also be enrolled, at no extra cost, as an Associate Member of
The American Museum of Natural History, which entitles me to two gift
books a year, special discounts at the Museum Shops and other benefits.

Special book bonus for two-year subscriber-members: the hard-
cover edition of Margaret Mead's Culture and Commitment
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This man has written “the most impor-
tant study of evolution...perhaps since the

publication of ‘Origin of Species’.
—Sir Julian Huxley

ERNST
MAYR'S

SPECIES, AND
EVOLUTION &

An Abridgment of Animal Species and Evolution

In this long-awaited abridged edition, Ernst Mayr’s definitive
work is made available to the interested nonspecialist, the
college student, and the general reader. Each of the twenty
chapters has been revised, six have been extensively reworked.
Mr. Mayr, 1970 winner of the National Medal of Science, has
also reduced the discussion of peripheral subjects, and greatly
expanded the glossary. Illustrated. $10.00

A Belknap Press Book

HARVARD UNIVERSITY PRESS

Cambridge, Mass. 02138
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| The $5,000
Kentucky
Fellowship

The University Press of Kentucky’
is pleased to announce The Ken-
tucky Fellowship, a $5,000 grant
for the best scholarly work in prog-
ress on any aspect of ecology or
conservation.

The competition will run from
November 1969 through October
1970. It will be open to any en-
vironmental scientist, humanist,
or social scientist writing or re-
searching a book-length study.
Entrants may submit a manu-
script or detailed prospectus.

A RELICIOUS STUDY OF
MAN AND ENVIRONMENT

The panel of judges consists of

LEONARD CARMICHAEL,
Frederick Elder. Environmental The National Geographic Society
pollutants and over-population

are the new snakes in the garden

which threaten to destroy the

natural abundance of the earth. |
The author of this unique ecolog-

ical study believes that man must

adopt a new ethic which stresses |
a vigorous asceticism in man’s
use of nature—one which
recognizes man’s responsibility
to curb the senseless destruction.
$3.95

LOREN EISELEY,
The University of Pennsylvania

EDWARD WEEKS,
The Atlantic Monthly Press

MARSTON BATES,
The University of Michigan

ELVIS STAHR,
The National Audubon Society

For an application form and full
details, write to The Director,

THE UNIVERSITY PRESS
OF KENTUCKY
LEXINGTON 40506

At your local bookstore

abingdon press
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ed the Japanese tragedy caused by this
subtle intoxicant of the central nervous
system. “If strictly adhered to, [this
limit] would prohibit fishing not only in
most lakes in Sweden but also in many
other countries; furthermore, some ocean
fish would also be in the risk zone (e.g.,
tuna fish in the Indian Ocean).” Four-
teen states of the U.S. now have some
condemned mercury-poisoned waters.

The DDT tale is better known, and it
is rather well told here. It holds uncer-
tainties still. One must note that the
DDT made in the U.S. this year will be
bought mostly for export by WHO and
by the U.S. Public Health Service, for
their antimalarial campaigns overseas.
The irony of our world here lies very
close to the surface; easy answers are not
to be had, but shortsightedness and
greed are plainly everyone’s enemies.

Let one case be cited. “Azodrin [an
organophosphate] was first registered for
use against cotton insects in California in
1965...but in 1967 the material was ap-
plied to almost one million acres. ... We
could not recommend the use of this ma-
terial. ... At times, use of Azodrin aggra-
vated the bollworm problem; on other
occasions it had indifferent effects, while
in one case its use resulted in a substan-
tial increase in yield.... Against boll-
worm it is an example of a poor insecti-
cide.... It has to be used repetitively. . ..
It is highly destructive to...predators
and parasites.” So writes an ecologist of
the University of California at Berkeley’s
College of Agricultural Sciences. How
did it come to be so widely used, even
though it was never recommended by
the Agricultural Extension Service?
“This came about in large measure
through an aggressive sales program by
the Shell Chemical Company, Azodrin’s
producer. Shell was aware of our re-
search findings. ... The California cotton
growers, ...in need of a replacement for
the largely outlawed organochlorine in-
secticides, apparently eagerly accepted
Azodrin.... No outstanding benefit oc-
curred, since the 1967 cotton yield in the
San Joaquin Valley was one of the low-
est of the past decade.” Wildlife suf-
fered, and the crop-spraying pilots (to-
gether with the householders below
them) were placed in hazard, as they are
by all such high-concentration organo-
phosphate sprays, which are so closely
related to nerve gases.

BAMBOO, by Robert Austin and Koi-

chiro Ueda. Photographs by Dana
Levy. Walker and Company ($15). Tue
NaTturaL History oF PaLns, by E. J. H.
Corner. University of California Press
(812.95). In the years 1969 and 1970



Don't

die,

Florida.

We need you.

You can be sure we'll all feel it if Florida plunges into
ecological collapse. And that’s what’s about to hap-
pen to the Sunshine State. It's beginning to feel Na-
ture’s own backlash. A backlash strong enough to
turn this citadel of tourism, beefsteaks, winter vege-
tables, and wealth into an environmental corpse.

The Sierra Club believes the crisis warrants a
book. Now we have that book. It’s called Everglades.

Everglades demonstrates how human blunder-
ing and plundering in South Florida can create eco-
nomic havoc and ultimately affect the lives of
Americans everywhere.

The problem isn’t just the threat of a proposed
super-jetport near Everglades National Park.

It's people.

People unaware of the fragility of this unique
subtropical ecosystem. People who pick away at Flor-
ida’s land and water resources with bulldozers, tree
crushers, draglines, and DDT. People unintentionally
destroying water, soil, vegetation, and wildlife
through the misuse of technology.

If we are to save the nation’s only subtropical
wilderness park—in which you as a taxpayer have an
investment—then people must be made to understand
all of the values at stake in South Florida. Everglades—
the story that had to be told—is where each of us can
begin.

The beauty of the region is preserved in sixty-
five full color photographs by Patricia Caulfield. Her
work reflects the dynamiclife force of the Everglades:
the snarling cougar, the implacable alligator, the soar-
ing ibis, bursting red blossoms of saw grass, and tur-
bulent thunderheads stacked like mountains against
the sky. Complementing the photographs are selec-
tions from the writings of Peter Matthiessen, novelist
and author of such works as Wildlife in America and
Under the Mountain Wall. And there is a fact-packed
essay in six chapters by John G. Mitchell, a former
Newsweek science editor.

Everglades is another in the Sierra Club’s
award-winning Exhibit Format Series—big books
about big wild places that must never be allowed to
grow tame.

Hopefully, Everglades will open enough eyes
to help keep this one great wilderness untamed—and
Florida alive and well. For as Florida goes (or Maine,
or Ohio, or Utah), so goes the nation.

That’'s why we need Florida. That's why we
believe no state should be allowed to write its own
epitaph: How to Secede From the Union Without
Really Trying.

—— e 65 full color photographs.

; Large (1015” x 1334") format.
144 pages. $27.50.

A $25.00 prepublication offer
extends until Christmas, 1970.
Now at your bookstore.

Or mail this coupon to

SIERRA CLUB BOOKS

Box 111, 1050 Mills Tower, San
Francisco, California 94104
O I've enclosed $ for copies of
EVERGLADES. (Note: Price per copy after December
25, 1970 is $27.50.)

[ Please send me information about how | can
participate in the Sierra Club’s conservation efforts.

Name
Address S
City, State, Zip

ABOUT THE SIERRA CLUB: The nonprofit Sierra Club, founded
in 1892 by John Muir, is supported by people who, like Thoreau,
believe that“In wildness is the preservation of the world’” There
are now 30 chapters coast to coast. The program includes wilder-
ness trips, books, and films—as well as direct action to protect
the remnants of wilderness in America.
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For your FREE copy, write on

your company letterhead to:

Jim Young, Manager,

Economic Development Department
Room S-5, Chamber of Commerce,
Phoenix, Arizona 85004.

This directory
lists names of
grown and

prospered
in our
environment

PHOENIX

PROFIT CENTER OF THE SOUTHWEST

Plant a THINK TANK anywhere
and watch the minds grow!

home-office-school-park-club-churches-laboratory

Unique instructional games designed by uni-
versity professors to make learning fun

through brain-to-brain action. Beginning
games can be mastered by young children—
final games will challenge intelligent adults.
These are the famous GAMES FOR THINKERS
from WFF 'N PROOF Publishers. Order single
kits or save $10.00 by ordering the complete
9-kit THINK TANK.

WEF "N PROOF (logic) $ 8.75
WFF (beginner’s logic) 1.75
EQUATIONS (mathematics) 5.50
ON-SETS (set theory) 5.50
PROPAGANDA (social studies) 6.50
CONFIGURATIONS (geometry) 5.50
TRI-NIM (problem solving) 4.50
QUERIES 'N THEORIES (science) 8.75
QUIK-SANE (topology puzzle) 1.75
RODIN’S THINKERS BOOKENDS 11.00
Complete 9-kit THINK TANK

with bookends 49.50

without bookends 39.50

Order from: WFF 'N PROOF, Box 71-KQ
New Haven, Conn. 06501

Fully guaranteed. Dealer inquiries invited.

Gifts that are a COMPLIMENT to receive!
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NEW

736 Pages
of Up-to-date
Facts on Air Handling
and Cleaning in
Industrial Environments

Fresh off the press. 7th edition of
famous Fan Engineering Handbook.
540 equations, 145 tables, 185 charts
supplement industry’s most authorita-
tive text on air handling, cleaning,
deodorizing, and cooling. Typical sub-
jects: [ Fans & Fan Laws [] Air
Cleaning-Washing, Scrubbing, Filtra-
tion [] Winter & Summer Air Condi-
tioning [] Transmission & Distribu-
tion of Air [ Sound Attenuation
[J Ventilation [J Conveying.

Plus mechanics and performance of
Centrifugal & Axial Flow Fans. Plus
valuable up-to-the-minute data on Fan
& Cleaning Equipment selection.
Order your Fan Engineering Handbook
today. Only $12.50. Send check or
money order to: Buffalo Forge Co.,
Dept. A, 490 Broadway, Buffalo, N.Y.
14205.
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three-quarters of the bamboo trees in
Japan came to flower, and most of them
died. They were the clusters of the long-
jointed madake species, graceful arcs
from 30 to 60 feet high. That exhausting
flowering of the madake last took place
before Commodore Perry’s ships entered
the port of Yedo. The more or less regu-
lar event has a cause that is unknown
but inherited. Each species has its own
inner time for flowering and death, and
like a comet’s plume in the sky its arrival
is held by many to be a weighty omen.
It will be a decade before such grace-
ful stems again stand tall; the bamboo
manufactures of Japan, heavily depen-
| dent on this form, will lack their usual
crop of 300,000 or 400,000 tons.

This book is a kind of gentle elegy, a
celebration of bamboo in picture and
word. It is a book of many large pho-
tographs, some in color. What photo-
graphs they are! Three in particular—a
side-lighted stem in the deepest of for-
est greens, a rain-spattered stem, drops
lighted in exactly the grays of a cloud-
hidden sky, and a smooth yellow cylin-
der to which the light snow subtly and
delicately clings—are works of art, ex-
pressing with precision and love that
strange union of the serene and the vital
which bamboo holds.

Most of the photographs show the
works of man, mainly the work of artful
man in Japan, whose working substance
is the bamboo. Here are the common-
places: the bear’s-paw rake, the table-
towel baskets, the great scaffold lattice.
We also have the craftsman’s noblest
pieces: the recurving Zen bows, the ver-
tical shakuhachi flute with its five holes
and its “sound of great beauty and sad-
ness.

‘Bamboo is a remarkable plant. Some-
i how akin to the grasses, it grows and

usually reproduces without seed, send-
ing its great roots underground to burst
out here and there in those tall stems. A
single plant of madake (Phyllostachys
bambusoides) may have nine tons of
roots, a shallow underground network
10 miles in much-interlaced and folded
total length, and may send up scores of
leafy, smooth stems to construct two or
three air-dried tons of bamboo per year.
Those stems, growing as much as 60 feet
high and seven inches across, achieve
their entire growth in about two months’
time and never again change their height
or thickness throughout their long life!
They dry, fray and toughen a little, but
| their function is constant and clear: they
| sustain the vital rhizomes under the
ground. They work for the family.
The text of the book is two distinct
essays, one surveying the bamboo in na-




The first complete
and accurate cartographic
atlas of the Moon

Published by The Times of London and based almost entirely on U.S.
sources. Because no comparable publication of our own is likely
to appear for some time to come, it is imported and distributed in the

United States by The New York Times

THE TIMES ATLAS OF THE MOON

The 110 full-color maps in this Atlas
were the result of the most expensive
mapping operation in history. They were
prepared by the U.S. Air Force from
nearly 90,000 photographs taken in space
by the Ranger, Surveyor and Orbiter
cameras circling the Moon. They are
presented on massive double-page
spreads measuring two feet across.

The maps are marked with lines of lati-
tude and longitude like those on maps
of our own world, and are scaled for
miles and kilometers. One inch equals 20
miles. Moreover, each map is accom-
panied by a chart of the lunar disc as we
see it in the sky, showing exactly which
part of the “full moon” is being por-
trayed in detail.

The reader can locate and identify any
of 672 lunar formations...the craters
and mountains, from those discovered

CONTENTS

W THE MOON: Size and Mass.
Rotation. Librations. Tides.
Phases. Physical Data.

B THE FAR SIDE

M MAPPING THE MOON:
History. Modern Techniques.

B THE LUNAR LANDSCAPE:
Mountains. Craters. Rilles.
Scarps. Rays. Valleys. Ridges.
Maria. Origins. Mascons.
Geology.

W TECHNIQUESOF LUNAR
FLIGHT: Orbital Flight. Paths
to the Moon. How the Apollo
Flights Were Made.

W INDEX TO NAMES

W HOW TOUSETHE ATLAS/
LUNAR NAMES/APOLLO
MISSIONS

W KEY TO THE MAPS

W THE MAPS

by Galileo in 1610 to those unseen by the
eye of man until the present day...the
waterless oceans and seas, where the
Moon’s gravity is stronger than elsewhere
... the rays that spread like beams of light
from the craters, but are really features
of the solid surface...the domes which
may be caused by the freezing of water
beneath them...the lunar marshes and
lakes and bays (words with a completely
new meaning on the Moon).
SELENOGRAPHY-~THE SCIENCE OF
THE MOON

The maps are not the only significant
features of this Atlas. The introductory
material provides, in effect, the sum of
what man has learned about the Moon—
its origin, history, landscape, climate,
chemistry, geology, phases and orbit, and
some long-unsuspected influences of the
Moon upon the Earth.
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FUTURE MOON EXPLORATION

The techniques of lunar flight are clearly
explained, and a list of projected Moon
landings through Apollo 20 is included,
with commentary and explanation on
why the landing sites have been chosen.
The index of lunar features will refer you
instantly to the map on which each suc-
cessive site is to be found.

THE TIMES ATLAS OF THE MOON
has been printed by John Bartholomew
& Son, Ltd., Edinburgh, generally con-
sidered to be the world’s most meticulous
printers of maps. It measures 13%2”x11",
with 110 pages of full color maps; 38
pages of text with 70 color plates; end-
paper maps.

Price: Twenty-five dollars
Available at leading bookstores—or, if
you wish, use this coupon.

Book and Educational Division

w The New York Times

PO. Box 557, New York, N.Y. 10036

Enclosed find check or M.O. for THE
TIMES ATLAS OF THE MOON @
$25.00 (please add $1.00 postage and
handling). I understand that if I am not
completely satisfied I may return the
book within 10 days for full refund.

[ Check here if this order is from a

‘ library (school, college or other) to
brary name on second line below and
sign your name at bottom of coupon. |
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Your signature (If library order)
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System Models of Mobility

in Organizations

By Harrison C. White

The careers of managers and professionals
in large bureaucracies form an interacting
system of mobility—individual moves occur
in chains of contingent vacancies as one man
replaces another. The result is actually a
path of vacancies moving through a system
of filled jobs. Mr. White has developed a
series of mathematical models for analyzing
mobility and measuring vacancy chains. His
book, which can be understood without de-
tailed attention to the mathematics, provides
empirical illustrations concerning the nature
of jobs and mobility in social systems. $15.00

HARVAIRD UNTVERSITY PRESS

Cambridge, Mass. 02138

The story of
an unparalleled

scientific
adventure

“Henry S. F. Cooper, Jr. the

New Yorker staffer who wrote the
excellent ‘Apollo on the Moon’

here reports the virtual day-by-day
scene at Houston during the epochal
moon-walk of Armstrong and
Aldrin last July and subsequent
events...His running story of the
scientific ‘war’ between hot-mooners
and cold-mooners has to be at

once one of the most humanly ironic
and amusing tales of our time, and
one of the most fascinating and
awesome.”—Publishers’ Weekly

O
ROCKS

By HENRY S. F. COOPER, JR.
Author of Apollo on the Moon

8 pages of photographs and
scientific appendix

$5.95, now at your bookstore
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ture, crafts, cuisine and poetry, the other
outlining the growth and culture of the
plant in some detail. The coauthors are
an English writer-editor and a Japanese
specialist in the growth of bamboo. Pro-
fessor Ueda watched one madake stem
in Kyoto grow a measured 47.6 inches in
24 hours. The photographer is an Ameri-
can living in Tokyo; this is his book by
clear right. It was beautifully printed
(the photographs are reproduced in five-
color offset and gravure) and bound in
Japan. It is a production worthy of the
noble bamboo. There is no index.

The Natural History of Palms is re-
lated in topic but quite different in treat-
ment. Itis a thickish text, jagged with bo-
tanical Latin and Greek and replete with
indexes and references. The pages are
well illustrated, with a couple of dozen
photographs and old drawings in black
and white and 130 line cuts carefully
marked to scale. The author, Professor
of Tropical Botany at the University of
Cambridge, is an investigator with dec-
ades of experience in tropical forests
around the world. He writes with en-
thusiasm, learning and a wide view of
his subject. Evolutionary, physiological,
economic and distributional ideas are
thoughtfully discussed, although the au-
thor’s heart remains with the form and
habit and hidden intricacy of the 2,000
species of this Mesozoic family, the old-
est of the flowering plants. “A columnar
stem crowned with giant leaves is the
perfect idea, popular or philosophic,
of what a plant should be. It suffers no
attrition through ramification.”

One sample topic will have to suffice
for review. It is the sago palm, whose
landscape is “one of the most fantastic
and Paleozoic that can greet the eye.”
Like the bamboo, these palms flower
only once before death. They represent
an enormous biological investment; the
genus Metroxylon, centered in eastern
Malaysia but spread over the islands of
the Pacific, bears after 15 or 20 years a
huge inflorescence, raised 30 feet above
the ground on a trunk two and a half
feet thick. The palm then fruits and dies,
its life consumed in making a panicle
that spreads over a diameter of 30 feet,
bearing 100,000 or so pea-sized fruits!

The fruit is not edible, but there are
sago folk, who live on the long, thrifty
life of the sago palm, as most other men
are grass folk, living on the annual fruits
of the grasses. A couple of years before
the tree flowers the sago trunk is cut and
split open. The starch fuel for the huge
flowering is stored within as the pith of
the trunk. Alfred Russel Wallace gave

| the best account of it from East Ceram
| in the easternmost part of Indonesia,



SCIENTIFIC -
AMERICAN Offprints

The Hearts Pacemaker

€3 N G NP A SCIENTIFIC AMERICAN Offprints are self-bound
3 3t bl P PP LT o
ces { €} gggg %3«} s ?&{’ Fe {g,{é%ﬁ& articles reproduced from the magazine for educational use.
Y ® g ¥ A
1 v 230 ; Vive Ve Y/ There are more than 600 of these articles now
{};f f}??j& ff%i?gé{. i {}i e ooa available, reprinted in the original format with full text,
@}tfgﬁxf(}’g i}g ?{?5{?%(3{’ must ﬁg full illustration, and full color. They cover a broad range of
' e > . : o topics in the life sciences, the behavioral sciences,
?ffﬁ;‘:f ;?[%y Some gﬁﬁg}{géfﬁ the physxFal scnences., tech?ology, and the earth scnen.ces.
. Offprints are available in any assortment or quantity at
on ?;g{} éi{gﬁgﬁfgg}g’g(gf ﬁ}‘g‘}{j AN 20¢ each; thus teachers can conveniently provide
. . .o their students with inexpensive supplementary readings
in fiﬁ' § cCoun ?i‘}’. e closely coordinated with the design of their courses.

Most teachers who use Offprints do so on an adoption basis,
Philip E. Hartman, in THE QUARTERLY

REVIEW OF BIOLOGY, 41(2), 1966 that is, they assign them to their students and

| commenting on the fact that some 9,000,000 order them through the bookstore just as they do text-
ng?g;;?g tAoB;llE:lt?n?eN ﬁf:p;::sbgfias books. The publisher collates each student’s set

nearly tripled since then.] of Offprints and ships it to the bookstore

with its own envelope.

For a free descriptive catalogue, write to Dept. 2

'- W.H.FREEMAN AND COMPANY

660 Market Street, San Francisco, California 94104
58 Kings Road, Reading RG1 3AA, Berkshire, England

© 1970 SCIENTIFIC AMERICAN, INC



What kind of world

We live on a tiny, fragile, vulnerable
planet.We must learnhow to care for it.

Sixyears ago, Standard Oil Company (New
Jersey) affiliates began using a method for
washing tanker compartments at sea that helps
to eliminate putting any oil into the ocean.

We developed and are using an under-
water seismic device that replaces dynamite in
oil exploration and does not harm marine life.

Jersey researchers are working with auto
manufacturers to develop fuels and emission

systems which together will be virtually pol-
lution-free.

Our affiliates are building special plants
in Venezuela and Aruba to take sulfur out of
heavy fuel oil used by our eastern cities.

We have spent millions of dollars to im-
prove the environmental performance of our
refineries and chemical plants, new and old.

Real accomplishment. Enormous cost. But
there is much more to be done.

The search for and production of oil by
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will we leave them?

Jersey affiliates must continue to be accom-
panied by vigilant care for the ecology.

Our refineries will be looked at again and
again for ways to improve their environmental
performance.

We will continue to seek ways to improve
our transportation methods on land and sea.

It will take continued dedication and
effort to solve our problems. But all industry,
indeed all citizens and their municipalities, will
have to act with equal concern.

To improve the total environment will
take time. It will take billions of dollars. And
the cost will have to be shared by all of us.

We intend to do what one company can
do to improve the quality of life on this planet.

It will be a long and difficult battle for all
of us. But this is a battle we must win.

Standard Oil Company
(New Jersey)
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Those noxious, billowing clouds
of fly ash surrounding so many
industrial plants are becoming
fewer and fewer, thanks to Halli-
burton research. We've found a
constructive way to make this
oldtime pollutant work for
society, instead of contaminating
it: we put fly ash into Halliburton
Pozmix Cement.

During the past 20 years we've
used over 3 billion pounds of fly
ash to improve cementing results
in countless oil and gas wells.

This year alone we’ll use enough
fly ash to fill to brimming a 136-
mile-long freight train.

Turning a pollutant into a val-
uable product is just another
example of Halliburton’s creative

=g
HALLIBURTON

SERVICES

DUNCAN, OKLA. 73533
A HalliburDn company
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s

Air thats daisy fresh- by over 3 billion pounds.

R & D at work. We're already
recognized leaders in large scale
mine drainage pollution abate-
ment, deep well industrial waste
injection systems, radioactive
by-product disposal systems,
and in situ sewer line inspection
and sealing.

You can look to Halliburton to
continue to set standards in
major preventive and remedial
pollution control techniques. It's
necessary for the future.

Yours and ours. Write us.



a great sago district. “It is trulv an ex-
traordinary sight to witness a whole tree
trunk. .. converted into food. ... A good-
sized tree will produce...1,800 cakes,
weighing six hundred pounds, [which]
will supply a man with food for a whole
year....Two men will finish a tree in five
days, and two women will bake the
whole into cakes in five days more; but
the raw sago will keep very well, and can
be baked as wanted, so that we may
estimate that in ten days a man may pro-
duce food for the whole year.”

A good stand of sago will yield each
year the calories to feed one man per
acre and a half or so. The sago is all
starch; it is commercially sold as a form
of tapioca. Rice is better food, yields
more per acre and is more prized. Nowa-
days the sago is used mainly by poor
men or in times of hardship. The prod-
uce of the frail annuals has outstripped
the ancient plan of a lifetime’s legacy
to maintain a tree-sized species.

Although palms are full of interest,
they have been much neglected by bota-
nists, men who work mostly in temperate
climates and who are attached to collect-
ing flowering parts for the herbaria. As a
final word we can unite the palm and the
bamboo in romance. Both make pearls.
The fruit of the coconut palm sometimes
holds a limy round pearl. The bamboo’s
pearl is more like an opal: it forms in a
kind of silica gel sometimes found within
the joint of the bamboo, whose tissues
have a high silica content. In medieval
times the bamboo pearl, called the taba-
schir, was prized as an occult antidote
for all poisons. So it may have been; a
prepared silica gel is prescribed today
as an effective adsorbent.

"["ue ANATOMY OF PARAMECIUM AURE-

LiA, by A. Jurand and G. G. Selman.
St. Martin’s Press ($18). ORGANIZATION
AND CoNTROL IN ProkARyOTIC AND EU-
kaRryoTIC CELLS, edited by H. P. Charles
and B. C. J. G. Knight. Cambridge Uni-
versity Press ($16). Since Leeuwenhoek
first looked at the small world in the 17th
century, the slipper-shaped protozoon
Paramecium has been the topic of what
amounts by now to a 10-foot shelf of
books and papers. This book, half text,
half plates, is an atlas of the protozoon’s
inmost form, both on the micron scale
(the beast averages 135 microns in
length) and down to the intimacy of an
ultrastructure about 100 times finer. The
authors of The Anatomy of Paramecium
aurelia have made most of the pictures;
they are adepts of both light and elec-
tron microscopy, and of the subtle proc-
esses of staining and sectioning that give

THIS ALBUM CONTAINS
JUST THE SOUND OF

THE OCEAN...AND BIRDS.
environments

W Conep (i stoves sowed - i |

Syntoni¢Research Series

SIDE 1: THE PSYCHOLOGICALLY ULTIMATE SEASHORE

SIDE2: OPTIMUM AVIARY

“*Environments, Disc One’’ is a new type of stereo record based on psy-
chological sound. Playable at any speed, 45, 33 or 16 rpm, in full stereo,
it recreates a highly realistic feeling of the ocean on side one and an aviary
on side two. The sound produced neutralizes distracting noises and
soothes the listener to an amazing degree. Designed for continuous play-
back (the eight track stereo tape is a continuous loop) the record plays

for a full hour on each side at 16 rpm.

On Atlantic Records & Tapes
Send for FREE catalogue: ATLANTIC RECORDS, 1841 Broadway, New York, N.Y. 10023

In these books
SIMON RAMO shows
how the systems
approach can be used
to solve the problems
technology

CENTURY OF creates
MISMATCH re,‘mismater

as the central problem of our time is
that between rapid technological change
and slow social betterment . . . he offers
a six-step technique by means of which
we can anticipate and prepare for some
major technological advances of the
future.” — Publishers’ Weekly

“If humanity is to survive . . . every re-
sponsible citizen should read Century of
Mismatch and act upon Dr. Ramo’s logi-

cal and systematic cures for chaos.”
— LAURENCE J. PEeTERr, author of The

Peter Principle. $5.95
The systems approach, and BHAOS
how to use it —a basic

primer. “. . . fast, easy-reading short
course.’~ Government Executive $3.95

f@ DAVID McKAY COMPANY, INC.

b} 750 Third Ave., New York 10017

© 1970 SCIENTIFIC AMERICAN, INC

Planning for the 21st Century

NEW LIVES,
NEW
LANDSCAPES

by Nan Fairbrother

“A book of major importance”
— F. Fraser Darling, The
Conservation Foundation

“Having brilliantly demonstrated
how the much-loved
appearance of the English
countryside has evolved from
the necessities of farming,
Nan Fairbrother shows how
new landscapes . . . can be
created for today’s industrial
world on wheels.”

— Walter Muir Whitehill,

Boston Atheneum

“An admirable, realistic
blueprint”
— Edward A. Weeks,
The Atlantic

‘“Pertinent . . . immensely
readable . . . and above all,
practical.” — Business Week

With 287 illustrations. $12.50

Alfred*A*Knopf @
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How The Group helps
get the gas that got away.

Last year, hundreds of millions of
gallons of gasoline evaporated into the air
during fuel transfer from storage tanks to
tank trucks. That’s a big loss in dollars.
And a lot of pollution.

This year, vapor recovery systems are
out to plug up this costly leak.

One of these systems has been
developed by Wonderly Construction

Y

and air conditioning specialists).

In a matter of months, The Group
designed, produced, and had the initial
chiller in place that delivers what the system
needed. 30°F glycol brine (without letup).
A chiller with twin hermetic refrigerant
compressors. An air-cooled refrigerant
condenser. A direct-expansion glycol brine
cooler. And explosion-proof circuits,

Company. And major oil companies are using motors and controls to exceed the

it in the Los Angeles area, right now.

A vapor condensing cycle that collects
gasoline vapor at the tank truck filling vent.
Condenses it to a liquid. Pumps it back

to the storage tank.

But to put it on the line, Wonderly
had to have a special liquid chiller. So they
came to The Group at Carrier-Transicold
(our more than 600 refrigeration

252

strictest safety codes.

As we said, this system is working now
for bulk fuel operations in California. Soon
it could be working in your neighborhood.

For new ways to clean the air and
stop the waste, try The Group’s clear
thinking. Just write Carrier-Transicold
Company, Carrier Parkway,

Syracuse, New York 13201.
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TRANSICOLD
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The battleto improve the quality of our environ-
ment is now being joined. Winning this battle will
require not only enlisting the support of an
aroused public, but also deploying the theoretical
and practical insights that only the scientific
imagination can supply.

For the pasttwo decades, Academic Press has
been a leader in disseminating these insights. Its
leadership in this area is the direct result of a
unique scientific publishing program—a program
that represents a complete ‘information system”
for gathering new data and hypotheses and trans-
mitting them to both the scientific community and
society at large.

Like all well-designed systems, the Academic
Press publishing program is composed of several
distinct, but coordinated elements—primary jour-
nals, serial publications, conference and sym-
posia volumes, monographs and treatises, and
textbooks. Each of these elements has its own
function: Journals and serial publications provide
a continuing record of daily observation and dis-
covery; conference and symposia volumes cap-
ture the exciting exchange of new ideas and
findings; monographs and treatises show how
analysis and synthesis can transform data into
newdirections for future research;and textbooks
provide fundamental information in all areas
of science for graduate and undergraduate
instruction.

Scientists have always recognized the import-

ance of communicating with their colleagues and-

their fellow members of society. Today—when
man is working not only to control, but also to
save his environment—this duty has become even
more pressing. With its large and growing list of
diverse scientific publications, Academic Press is
in a unique position to help scientists play the
vital role which they alone can perform in the
struggle for ecological and environmental sanity.

EGOLOGY IS
EVERYBODY'S
ISSUE

Academic Press

NEW YORK AND LONDON

111 FIFTH AVENUE,NEW YORK,N.Y. 10003
BERKELEY SQUARE HOUSE,LONDON,W1X 6BA

Some Important Academic Press \

Publications In Ecology and
Environmental Science

PHYSIOLOGY, ENVIRONMENT, AND MAN
Edited by DOUGLAS H. K. LEE

and DAVID MINARD

September 1970, about230 pp., $11.00

CHEMICAL ECOLOGY
Edited by ERNEST SONDHEIMER

and JOHN B. SIMEONE
1970, 306 pp., $16.50

AIR POLLUTION / Second Edition

Edited by ARTHUR C. STERN

Volume 1 / AIR POLLUTION AND ITS EFFECTS

1968, 694 pp., $32.50

Volume 2 / ANALYSIS, MONITORING AND SURVEYING
1968, 684 pp., $35.00

Volume 3 / SOURCES OF AIR POLLUTION AND

THEIR CONTROL

1968, 894 pp., $47.50

Set Price $95.00

Advances in ECOLOGICAL RESEARCH

Volume 6
Edited by J. B. CRAGG
1969, 236 pp., $10.00

ENVIRONMENTAL RESEARCH

An International Journal of Biomedical Ecology
Editor-in-Chief: IRVING J. SELIKOFF
Volume 3, 1970 (6 issues), $25.00

(Add $2.00 for postage outside U.S.A.)

A New Journal
THEORETICAL POPULATION BIOLOGY

An International Journal
Edited by J. F. CROW, N. KEYFITZ,

S. KARLIN, and R. MacARTHUR
Managing Editor: J. McGREGOR

Volume 1, 1970 (3 issues), $16.00

Personal Subscription, $10.00

(Add $1.60 for either subscription for postage
outside U.S.A. and Canada)
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The Environment: Exploration

MARINE ECOLOGY
A Comprehensive, Integrated Treatise on Life in
Oceans and Coastal Waters

Volume |, Part 1: Environmental Factors
Edited by OTTO KINNE, Biologische Anstalt Helgoland

Volume | summarizes and evaluates all the significant in-
formation available on responses of ocean and coastal
water living micro-organisms, plants, and animals to en-
vironmental factors. It is the first comprehensive, integrated
treatise on marine ecology that is based on close interdisci-
plinary and international cooperation. Each contribution is
intended to represent a detailed and critical account in its
own right, reflecting the author’s freedom of choice of
material and emphasis. 1970 624 pages $25.00

THE SEA

Ideas and Observations on Progress in the Study of the Seas
Volume Four: New Concepts of Sea Floor Evolution

Parts 1 & 2

Edited by ARTHUR E. MAXWELL,

Woods Hole Oceanographic Institution

Startling advances in our understanding of the sea floor in
the past six years have made it desirable to continue this
series. The material in this volume is the basis for an entire
new concept of the earth’s geological history. Contribu-
tions from all the geophysical sciences have led to the
prospect that the ocean basins are relatively young fea-
tures. This, plus rigorous treatment of the ideas of sea-floor
spreading, global drift, and global tectonics, as well as new
approaches to existing concepts give this volume of The
Sea a place at the forefront of active research on the
subject. 1970 Part 1: 628 pages $32.50

Part 2: 672 pages $32.50

UNDERWATER ACOUSTICS

By LEON W. CAMP, Bendix Corporation

Contributing Authors: Richard Stern, U.C.L.A. and

B. M. Brown, Tracor Inc. and Southwestern University

The authors present an updated discussion of the funda-
mentals of applied acoustics, relevant to an aquatic me-
dium. Realizing that there is no substitute for experience,
they have developed basic approaches to the technology
with emphasis on transducer design. In addition, they de-
scribe the devices currently in use. X
1970 336 pages $17.50

IN-WATER PHOTOGRAPHY

Theory and Practice

By LAWRENCE E. MERTENS, RCA Service Company
and Florida Institute of Technology

A volume in Photographic Science and Technology
and the Graphic Arts, edited by Walter Clark

In addition to analyzing water as a photographic medium,
In-Water Photography describes the theory of operation
and performance capabilities of components such as filters,
supplemental lights, ports, lenses, films, cameras, and hous-
ings. Consideration is also given to system design and
application. In the last chapter, the author discusses the
potential of some new, radical techniques. The increasing
complexity of underwater systems requires a broad systems
approach based on a detailed scientific analysis. The
author has designed the format of this book to fill this need.

1970 464 pages $19.95

Coming in October—
THE LUNAR ROCKS

By BRIAN MASON and WILLIAM G. MELSON,
both of the Smithsonian Institution

The results of the investigations on the samples returned
from the moon by the Apollo missions are provided in The
Lunar Rocks. The book begins with a brief introduction
summarizing what had been learned about the moon prior
to the first manned landings. This is followed by a general
account of the planning and execution of the Apollo land-
ings. The authors assemble, into a concise and coherent
unit, the vast amount of information that has already been
obtained from the lunar samples, and apply this informa-
tion to the discussion of lunar geology and geochemistry.

1970 192 pages $8.95

AQUATIC CHEMISTRY
An Introduction Emphasizing Chemical Equilibria
in Natural Waters
By WERNER STUMM, Harvard University and
JAMES J. MORGAN, California Institute of Technology
Aquatic Chemistry is addressed to those scientists and en-
gineers who share an interest in, and a sense of responsi-
bility for, the aquatic environment. The two primary goals
of this book are to formulate a theoretical basis for the
chemical behavior of natural waters and to describe the
process involved in water treatment. The authors give spe-
cial attention to the chemical processes affecting the dis-
tribution and circulation of chemical substances.

1970 568pages $24.95

ASPECTS OF PALYNOLOGY
An Introduction to Plant Microfossils in Time

c-_—.:#; Edited by ROBERT H. TSCHUDY and

RICHARD A. SCOTT, both at the

geCis F United States Geological Survey
y NCICGY

Fourteen authors bring a wide range of
viewpoints to bear on the study of fossil
spores and pollen, and other plant micro-
fossils. The book is divided into three
sections: the first discusses microfossil
morphology; the second interprets the
fossil record of palynomorphs; the third
section treats acritarchs and dinoflag-
ellates. 1969 510 pages $24.95

EVOLUTION OF THE VERTEBRATES

A History of the Backboned Animals Through Time
Second Edition

By EDWIN H. COLBERT, American Museum of
Natural History, Museum of Northern Arizona

‘... this book must be recommended to the general reader
as an introduction to the dramatis personae of the past.”

—Choice
Four-hundred-million years of vertebrate evolution are
chronicled and described in this internationally acclaimed
work. Written as a general exposition, rather than as a de-
tailed compendium of facts, it presents the evolutionary
process of the vertebrates in two perspectives: through
time, and through the separate evolutionary histories of the
great classes and lesser divisions. Valuable new interpre-
tations of vertebrate evolution and significant new discov-
eries of fossils during the past fourteen years has prompted
this updated edition. 1969 535 pages $12.95
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and Restoration...

ENVIRONMENT, POWER AND SOCIETY

By HOWARD T. ODUM, University of North Carolina,
Chapel Hill

In recent years, studies of the energetics of ecological sys-
tems have suggested general means for applying basic
laws of energy and matter to the complex systems of nature
and man. In this book, energy language is used to consider
the pressing problem of survival in our time: the partnership
of man in nature. An effort is made to show that energy
statements are comparable with many of the conclusions of
economics, law, and religion, stated in other languages.

Intended for the general reader, this account also attempts
to introduce ecology through the energy language. Whereas
mathematics is not required, footnotes and an appendix
provide formulations of some basic definitions emphasizing
that the concepts in use are all quantitatively defined and
measurable. 1970 336 pages $9.95

PRINCIPLES AND PRACTICES OF INCINERATION

Editedby RICHARD C. COREY, U.S. Department of the Interior
A volume in Environmental Science and Technology, a
series of Texts and Monographs, edited by Robert L.
Metcalf and James N. Pitts

“Now, at long last, an editor of outstanding competence has
selected informed engineers to write about the various
phases of the process in which they are expert ... Among
the contributors are men who are well known and respected
in engineering, combustion, incineration, and allied fields.
They have accomplished their tasks in an outstanding and
laudable manner.

“The book, one of a series on environmental science and
technology, is one which engineers interested in this sub-
ject will find indispensable. . . . Environmental control
officials, charged with reviewing plans for incinerator plants,
will find it a useful reference.”’—Mechanical Engineering

1969 297 pages $14.95

AN INTRODUCTION TO MATHEMATICAL ECOLOGY
By E. C. PIELOU, Queens University, Kingston, Ontario

This book connects and delineates the
past and present states of mathematical
ecology. The author has carefully chosen
specific areas within a wide range of
topics. These areas include population
dynamics (competing species relations
and host parasite relations); spatial pat-
terns; many species spatial relations;
composition, diversity, classification, and
ordination of many species’ communi-
ties. These areas are dealt with in detail
and equal attention is given to both plant
and animal ecology.

1969 286 pages $14.95

APPLIED STREAM SANITATION

By CLARENCE J. VELZ

A volume in Environmental Science and Technology,
a series of Texts and Monographs,

edited by Robert L. Metcalf and James N. Pitts

Urban-industrial expansion is guided by comprehensive
stream analysis prior to selection of sites and land uses.
Decisions concerning the adoption of stream classifica-
tions and water-quality criteria are based on thorough
stream analysis to determine in advance the consequences
of any proposal to be placed in effect. For civil engineers
involved with municipal industrial and waste treatment, for
sanitary engineers, and for chemists and biologists in-
volved in the abatement of water pollution, this book pro-
vides the necessary knowledge to assist their own efforts.

1970 640 pages $24.95

AIR POLLUTION CONTROL

Partl

Edited by WERNER STRAUSS, University of Melbourne
A volume in Environmental Science and Technology,

a series of Texts and Monographs,

edited by Robert L. Metcalf and James N. Pitts

The contributors to this volume examine the exigent dilem-
ma of air pollution, and attempt not only to be comprehen-
sive, but also selective and critical in a constructive sense.
They are concerned with the theory, experimentation, and
practical applications for its abatement, and cover such
topics as dispersion of effluent materials, formation and
control of nitrogen oxides, control of sulfur oxides, motor
car exhausts, electrostatic precipitation, filtration, and
scrubbing. 1970 456 pages $19.95

AN INTRODUCTION TO
EXPERIMENTAL AEROBIOLOGY

Edited by ROBERT L. DIMMICK and ANN B. AKERS,
both of the University of California, Berkeley

A volume in Environmental Science and
Technology, a series of Texts and
Monographs, edited by Robert L. Metcalf
= and James N. Pitts

“The concept of airborne contagions or
miasmas is as old as recorded medicine,
yet crowded urban man is just now
awakening to the fact that the very air
he breathes may be dangerous to sur-
vival.”—from the Foreword

' Although aerobiologists have accumu-
lated reams of data, there is still no
basic theory upon which to construct a
science. The editors have assembled
portions of the many scientific disciplines required to un-
derstand and study these problems in an initial effort to
change the art of aerobiology into a science.

1969 494 pages $23.95

ADVANCES IN ENVIRONMENTAL SCIENCES
AND TECHNOLOGY

Volume |
Edited by JAMES N. PITTS, JR., University of California,
Riverside and ROBERT L. METCALF, University of Illinois

At a time when the world is becoming increasingly ‘urban-
ized and the standards of urban public health are rapidly
deteriorating, it is vitally important to study the quality of
the environment and the science and technology of its
conservation. This first volume in a particularly relevant
new series examines some of the environmental problems
our technology has created. The nine previously unpub-
lished chapters range from an extensive introductory over-
view of environmental sciences to such diverse topics as
the Federal role in pollution abatement, aeroallergens and
public health, and more technically orientated considera-
tions of individual pollutants. 1969 356 pages $15.95
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SEA-BED 1968
250 United Nations Documents . . .

Indexed and annotated by Harry N. Winton, former Chief, Document
Reference Section of the Dag Hammarskjold Library, United Nations
Headquarters. Moshe Y. Sachs, Editor

The importance of the sea-bed and the ocean floor has been emphasized in
recent years by the widespread and sophisticated exploration of its unexploited
resources as reported in these documents. Now, for the first time, these docu-
ments, collected by subject and arranged for instant retrieval, are available

in a single-unit.

6 volumes including index: over 3600 pages — Until October 1, 1970, Sea-Bed
1968 is available at the special price of $200.00; price thereafter — $275.00

In collaboration with Worldmark International Documentation

THE ANNUAL REPORTS OF
THE TENNESSEE VALLEY
AUTHORITY 1934 -1967

The growth and development of the TVA, the extraordinarily successful
social effort of man to control his environment is a fascinating story and no
where more thoroughly told than in its Annual Reports.

33 volumes, now available — $415.00

To order, or for a descriptive brochure on these collections, please write to:

ARNO PRESS, 330 Madison Avenue, New York, N.Y. 10017
A Publishing and Library Service of &heNewHorkEimes

Pollution,
Property
& Prices

J. H. DALES

John Dales offers a unique and workable
plan to re-allocate the costs of keeping
air and water clean — allowing society to
choose more and cheaper goods or a
clean environment. $2.50 ($6.00 cloth)

The Ecology
of Running
Waters

H. B. N. HYNES

This excellent critical and synoptic review
brings together for the first time studies
conducted all over the world on the
ecology of rivers and streams. Fully illus-
trated with a bibliography of over 1500
items. (North Americanrights only) $20.00

UNIVERSITY OF TORONTO PRESS
33 East Tupper Street, Buffalo,
New York 14203.
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HERBERT YORK,

in this lucid, biting study, de-
scribes the disastrous
course America's de-
fense efforts have

taken in the nu-
clear age.

He exam-

ines not only

the technological

considerations, but

the human forces which

propel us into stockpiling nuclear wea-
pons: intergroup rivalries, personal and
institutional ambitions, political greed,
public misapprehensions about foreign
powers, and the scientific rhetoric arms-
race technologists use to obscure the
real political issues involved.

$6.95 + SIMON AND SCHUSTER
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analytical point to the art of photomi-
crography.

The pellicle—the little pelt—of Para-
mecium is extraordinary. Fitted with a
couple of thousand pairs of waving cilia,
it is a hexagonal assembly of molded
tiles of surprising complexity and beau-
ty, wonderfully displayed here in pic-
ture and elaborate diagram. Just below
the pelt lie some 1,500 carrot-shaped
bodies, taking up about a fifth of the ani-
mal’s volume. Each of these carroty ob-
jects bears a crystalline quill less than
two microns long. When stimulated, par-
amecia can extrude these little spikes out
to five or 10 times their length. No one
has guessed any use for these elegant
minimuscular harpoons. They do not
protect; they do not attach themselves to
surfaces; they do not aid or impair the
rare but essential matings of paramecia.

The intricacy of Paramecium is not
| skin-deep. It has a gullet, and a number
| of vacuole-stomachs. Some of its inter-
nal organs—mitochondria and nuclei—
are found in all higher forms of life. All
the same, it is surprising to find both a
macronucleus and micronuclei in a sin-
gle paramecium. The big nucleus holds
about 400 times more DNA than the lit-
tle ones, but the macronucleus merely
splits during the fission of the animal
to form two half-sized daughter nuclei,
whereas the micronuclei perform the
ritual minuet of mitosis. The cell cannot
live long with only a micronucleus, but
with a macronucleus alone it can give
rise to fission more than 100 times. Yet
a macronucleus cannotever produce mi-
cronuclei, whereas the micronuclei can
make macronuclei after the act of con-
jugation. A paramecium is at once “both
a germ cell and a somatic cell.”

There are other life forms living per-
manently in some paramecia. A couple
of dozen forms of distinct particles a few
microns long have been found that grow
and divide within the animals (when the
genotype is right), one kind even in
the macronucleus. These bodies contain
their own DNA, and one class of them is
shown here fitted with long whips of
bacterial flagella. Such particles have
been grown outside the protozoon on a
cell-free medium. They still possessed
their ability to infect paramecia and to
confer their properties on them; the flag-
ellate particles cause the release into the
medium of a specific substance that kills
other paramecia. Some of Paramecium’s
symbionts have no known effects.

A leopard or a lemon tree hardly
seems more complex than a paramecium
examined so closely. There remains one
great division within the continuity of
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Ecological Studies

Analysis and Synthesis.
Edited byJ.Jacobs, O.L.Lange,
J. S. Olson, W. Wieser.

Vol. 1: Analysis of

Temperate Forest Ecosystems
Edited by David E. Reichle,

91 fig. XII, 304 pp. 1970.

Cloth $ 14.50 |
Distribution rights for U. K.,
Commonwealth, and the Traditional
British Market (excluding Canada):
Chapman & Hall Ltd., London

Vol. 2: H. Ellenberg: Integrated
Experimental Ecology
Methods and Results of
Ecosystem Research in the
German Solling Project.

In prep.

Previews of forthcoming
volumes: |
A.Baumgartner: Measure- |
ments for Forest Energy
Budgets. —

T. Kira, K. Shinozaki,

K. Hozumi, H. Ogawa: |
Logistic Growth Curves, —

C. H. Muller: Allelopathy.

A Biochemical Factor

in Plant Ecology. —

S. W. Nixon: Oceanographic
Brine Ecosystems. —

J. Schwoerbel: Ecology of
Running Waters. —

G. Stanhill, A. J. Drummond,
W.Klein: The Green Sun.

The Spectral Quality of Solar
Radiation and its Effect

on Plant Growth.

Standing orders are invited,

Zoophysiology
and Ecology

A series of monographs on
comparative physiology and
adjoining areas of ecology

and behavioral science.
Managing Editor: D. S. Farner.
Editors: W. S. Hoar, J. Jacobs,
H. Langer, M. Lindauer. |
Co-Editors: G.A.Bartholomew,
D. Burkhardt, W. R. Dawson, |
D. Kennedy, P. Klopfer,
P.Marler, C. L. Prosser,

L. B. Slobodkin, H. Waring,

K. E. F. Watt, J. Wersall,

W. Wickler.

Vol.1:P. J. Bentley:
Endocrines

and Osmoregulation

A Comparative Account

of the Regulation of Water
and Salt in Vertebrates.
Approx. 29 fig. Approx. 250 pp.
Due December 1970.

In prep.

Previews of forthcoming
volumes:

E. Dodt, A. Oksche: The Pineal
Complex of Lower Vertebrates.
Function and Structure. —

J. S. Edwards: Development
of the Arthropod Nervous
System. —

L. Irving: Arctic Life of Birds
and Mammals Including

Man. —

R. R. Mills: Salt and Water
Balance in Terrestrial
Insects. —

C. Neville: Molecular Biology
of Arthropod Cuticle. —

T. Szabo: Electroreceptors
and the Behavior of Electrical
Fishes. —

G.Wendler: The Walking
Arthropod: Its Ecology,
Functional Morphology,
Physiology and Cybernetics.

Standing orders are invited,

Residue Reviews

Residues of Pesticides

and Other Foreign Chemicals
in Foods and Feeds.

Edited by F. A. Gunther and
J. Davies Gunther (Assistant
Editor).

Vol. 31: H. M. Hull:

Leaf Structure as Related
to Absorption of Pesticides
and Other Compounds

VI, 155 pp. 1970.

Cloth $ 12.00

Vol.32: Special Single-
Pesticide Volume on Triazine
Pesticides

1970. Cloth $ 14.80
Vol. 33: Approx. 16 fig.

Approx. 160 pp. 1970.
Cloth $ 14.80

Contents:

T. Stobiecki: Pesticide
regulations and residue
problems in Poland. —

J. R. Plimmer: The photo-
chemistry of halogenated
herbicides. —

G. W.Ware and C. C. Roan:
Interaction of pesticides with
aquatic microorganisms and
plankton. —

V. Benes and V. Cerna:
Tolerances of pesticide resi-
dues in .Czechoslovakia. —
L. R. Jeppson and F. A. Gun=
ther: Acaricide residues

on citrus foliage and fruits
and their biological
significance. —

J. B. Moore: Terminal
residues of pyrethrin-type
insecticides and their
synergists in foodstuffs,

Standing orders are invited.

Glohal Effects
of Environmental
Pollution

A Symposium organized by the
American Association for the
Advancement of Science,
Dallas, Texas, December, 1968.

Edited by S. F. Singer.
Co-published by

Springer-Verlag New York Inc. and
D. Reidel Publishing Company,
Dordrecht, Holland.

XI, approx. 210 pp. 49 fig.
(10 plates). 21 tables. 1970.
Cloth $ 12.00

L.van der Pijl:
Principles
of Dispersal

in Higher Plants

26 fig. VI, 145 pp. 1969,

| Cloth § 9.00
Approx. 52 fig. Approx. 416 pp.

JOURNALS*
Bulletin

of Environmental Contamina-
tion and Toxicology
Editor-in-Chief: J. W. Hylin.
Associate Editors:
F.A.Gunther,H.N.MacFarland,
F.Sargent Il, A. C. Stern,
1970: Vol.5:
Institutional rate $ 20.75
Individual rate $ 10.75

including postage

Marine Biology

International Journal on Life

in Oceans and Coastal Waters, |

Editor-in-Chief: O. Kinne.
Editors: M. Anraku,

B. Battaglia, E. O. Bayagbona,
J. W. de Blok, G. F.Humphrey,
O. Kinne, N. K. Panikkar,

| T.R. Parsons, F. Pautsch,

|
i

J. M. Peres, E.A. Pora,

J. E. Smith, B. Swedmark,

M. Vannucci, M. E. Vinogradov,
G. L. Voss.

1970: 3 volumes (Vol. Nos. 5-7).
Price $ 90.50 including
postage

Oecologia

Editorial Board: L. C. Birch,
L. C. Bliss, T. D. Brock,
P.Buchner, D. M. Gates,
J. J. Gilbert, J. Jacobs,
T. Kira, H. Loffler, D. Neumann,
H.T. Odum, G.H. Orians,
J. Phillipson, H. Remmert,
F. Schaller, K. E. F. Watt,
W. Wieser.
Managing Editor: H. Remmert.
1970: 2 volumes
(Vol. Nos. 4 + 5).
Price $ 99.90 including
postage

*Subscriptions are entered with
prepayment only,

M Please ask for detailed
leaflets

...get more information
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We know what we're doing.
But we don’t know what to callit.

We're working on a new kind of
non-toxic insect control that will be
fatal to target pests and will not
affect other forms of life. But we
can't think of a name for it. Maybe
you can help.

Our scientists, and others, already
have shown that if we apply small
additional quantities of an insect’s
own hormones during certain
periods of its life cycle, we can
cause it to become sexually sterile
or to die through abnormal meta-
morphosis.

One of these hormones, ecdysone,
was synthesized in 1965 by a team
led by the head of our chemical
group. The other key substance,
juvenile hormone, was synthesized
in 1967 under the leadership of
our director of research. And in
1969, scientists at Zoecon and the

USDA independently synthesized a
key component of the male boll
weevil's sex attractant, potentially
useful in luring females into traps.
Now our research is directed to
creating a generation of synthe-
sized hormonal insect controls that
can be marketed commercially.
Since they don't work like the in-
secticides, the new generationcries
out for a name of its own.

Tell us what to call it
— and win $500.

How about Hormonite? Pestmor-
tem? Frigid Nit? Ecomone? Have a
better idea? Remember, the name
must identify our products to con-
sumers when they are marketed.
Send your name (just one, please)
postmarked by October 31, 1970.
We'll notify the winner by mail and

© 1970 SCIENTIFIC AMERICAN, INC

enclose his prize. All entries be-
come the property of Zoecon Cor-
poration and none can be returned.
Our employees and those of our
advertising agency are not eligible.
This offer is not valid where pro-
hibited by law.

Send your entry to: Name Contest,
Zoecon Corporation, 975 California
Avenue, Palo Alto, California
94304.

Whether you enter the contest or
not, you might like to have a copy
of our 20-page booklet “A New Ap-
proach to Insect Control” which
outlines the history and theory of
hormonal insect control and the re-
search activities of Zoecon. We'll
be glad to send you a copy, on re-
quest. ¢
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life. All organisms (let us set viruses
aside) belong to one of two primary
groups. The electron microscope makes
the division clear, although it was
guessed long ago. The eukaryotic, or
“well nucleated,” cell always has some
complement of definite membrane-
bounded DNA-containing organelles
within it, not only in its nucleus but also
in other bodies, from the respiratory-en-

zyme machines called mitochondria and

the photosynthesizing units called chlo-
roplasts to symbionts such as the killer
particles of Paramecium.

All the cells of all the higher plants
and animals, of the protozoa, of the
mosses, of the fungi and of most algae
are eukaryotes. Only the bacteria and
the blue-green algae are prokaryotes. In
these simpler cells (which are also near-
ly always smaller, measuring a few mi-
crons across rather than 100 or more)
there is no walled nucleus. If the cell
photosynthesizes, it does so without
chloroplasts. The DNA, which may well
occur in clusters of genes resembling
a chromosome, always involves a num-
ber of “interpenetrating genetic pools.”
Distinct gene pools exist within the spe-
cialized organelles of the eukaryotic cell,
but they interact only in a restricted and
one-sided way. The nucleus proper con-
trols most of the cell’s functions. The
amount of DNA in a mitochondrion is
only about 1 percent of the amount
found in any free-living bacterial cell.
The mitochondrial DNA seems to re-
tain only a few functions. Such little or-
ganelles, essential to the eukarvotic cell,
nonetheless resemble bacteria in scale, in

growth and in reproduction. Are they |

the tamed descendants of ancient bac-
terial symbionts like the killer particles?
Was the original integration of the high-
er cell the “progressive acquisition by
the nucleus of genetic information from
organelles”? Are we the product of a
nuclear anthology compiled from an-
cient and diverse bacterial authors?

The 22 authors of this 1970 London
symposium treat that question implicit-
ly, and sometimes explicitly and specu-
latively. They approach the issue from
every microbiological point of view save
the paleontological, which is surely an
oversight. The volume is good reading,
although parts of it are too hard for the
informed nonspecialist. It is the report
of the 20th annual symposium of the So-
ciety for General Microbiology, whose
powers are so strong and whose organi-
zation is so farsighted that this hand-
some hard-covered volume appeared the
month of the symposium, of course with-
out any account of the discussion.

The Ecological

Context
John McHale

At last, a concise compilation of basic
data dealing with the key energy and
material resources that men must uti-
lize for structuring a more amenable
environment. Utilizing charts, tables,
and ecological graphs, Mr. McHale
investigates all natural and man-made
aspects of world energy sources and
usages; world population, pollution,
and cyclical systems. $7.95

The Future of

the Future
John McHale

A wide-ranging survey of man’s con-
temporary predicament, his possibili-
ties and his limitations in a time of
vast technological change.

‘“...He supplies us with an enormous
amount of information and an exciting

vision.”
—John Leonard, New York Times
$7.95

george ‘Braziller vewvor
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“A tremendously important
warning about the threat of
too rapid change to our
rationality. It bubbles with
provocative ideas about
where we are headed and
why...”

—VANCE PACKARD

“Thisis avery important
book. It somehow cuts across
with amazing new insight the
rage and malaise and almost
explosive panic today among
women and men, young and
old, middle and far-out
America. | think the concept
is both brilliant and true
and that this book should be
read by anyone with the
responsibility of leading or
participating in movements
for change in America today
as well as those of us who
are disturbed and worried by
the new pace of change.”

—BETTY FRIEDAN

“Packed with ideas,
explanations, constructive
suggestions . .. revealing,
exciting, encouraging,
brilliant . .. quite remarkable
book.”

—Christian Science Monitor

$8.95, now at your bookstore

FREE POSTER!

Display it now in your school
courtesy of BALLANTINE BOOKS,
publisher of these key titles
on environmental survival:

THE POPULATION BOMB
by Dr. Paul R. Ehrlich (95¢)

Moment in the Sun by Robert Rienow and
Leona Rienow (95¢) « The Frail Ocean by
Wesley Marx (95¢) ¢ The Environmental
Handbook by Garrett De Bell (95¢) » S/S/T
and Sonic Boom Handbook by William A.
Shurcliff (95¢) ¢ Perils of the Peaceful
Atom by Richard Curtis and Elizabeth
Hogan ($1.25) « Defoliation by Thomas
Whiteside (95¢)

Just Published:

The Users’ Guide to the Protection of the
Environment by Paul Swatek ($1.25) « The
Alien Animals by George Laycock (95¢) *
The Environmental Law Handbook by Nor-
man J. Landau and Paul D. Rheingold
($1.25) « A Sand County Almanac by Aldo
Leopold (95¢) ¢ Killer Smog by William
Wise ($1.25)

Mail Coupon Today for FREE Poster!

BALLANTINE BOOKS, INC. SA9 .E
101 Fifth Ave., N.Y., N.Y. 10003 H
Please rush FREE ‘‘Survival” poster to: :
Name i
School S
Address E
City_ State _Zip :
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Green

is the color of

Dollars

The quality of our environment is a
matter of what we are willing to
spend on it. Every decision on the
use or conservation of our natural
resources must consider the cost of
alternatives: Can we afford to clean
up our polluted air, soil, and water?
Can we afford not to? And where is
the money to come from? What are
our national priorities?

Listed below are just a few of the
many books on the economics of our
environment published by Johns
Hopkins. Clip and mail the coupon
below, and we’ll send a complete
list. You may order these books on
the same coupon, or at any good
bookstore.

1. Environmental Quality in a Growing
Economy: Essays from the 1966 RFF
Forum. Henry Jarrett, ed. $5.00.

2. Perspectives on Conservation: Essays
on America’s Natural Resources. Henry
Jarrett, ed. $6.50, $2.45 paper.

3. Natural Resources for U.S. Growth: A
Look Ahead to the Year 2000. Hans H.
Landsberg. $2.45 paper.

4. Revenue Sharing and the City. Walter
W. Heller and Richard Ruggles, et al.
$6.00, $2.50 paper.

5. The Quality of the Urban Environment:
Essays on “New Resources” in an Ur-
ban Age. Harvey S. Perloff, ed. $6.50
paper.

6. A Preface to Urban Economics. Wilbur

R. Thompson. $7.50, $2.95 paper.

Cities and Space: The Future Use of

Urban Lland. Lowdon Wingo, Jr., ed.

$8.00, $2.45 paper.

8. Soil Conservation in Perspective. R.
Bur&e)ll Held and Marion Clawson.

9. Managing Water Quality: Economics,
Technology, Institutions. Allen V.
Kneese and Blair T. Bower. $8.95.
Minerals and Men: An Exploration of
the World of Minerals and Its Effect
on the World We Live In. James F.
McDivitt. $1.95 paper.

Economics of Outdoor Recreation. Mar-
ion Clawson and Jack L. Knetsch.
$8.50.

10.

11.

e — — — — — — — —

D Please send me (order books by
number) SU—
My check for $__
(we pay postage).

is enclosed

DPIease send a complete checklist.

Name

Address

City State Zip
I o Horis eness
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Frederick Law Olmsted in the last century
and Paolo Soleri in this are united by a
shared passion both to naturalize and civilize
man’s artificial landscape, the city. Both pro-
ceed from the criticism of existing urban
environments to the creation of new patterns,
and both proceed from prophetic vision to
real-world accomplishment. Two recent
books present, in text and illustration, their
voice and vision.

Civilizing American Cities:

A Selection of Frederick Law Olmsted’s
Writings on City Landscapes

edited by S. B. Sutton

A century ago Frederick Law Olmsted
recognized the need for extensive planning
if American cities were to become civilized
environments for man. The selections in this
book demonstrate his understanding of urban
spaces and how, when politically unob-
structed, he was able to manipulate them.
While Miss Sutton has concentrated on
Olmsted’s contributions to the theory and
practice of city planning, her anthology
reveals a broad and comprehensive cross-
section of his career.

Writings in the first two chapters elucidate
the views and values that Olmsted brought
to his work and his criticisms of existing
urban patterns.

The book’s remaining chapters contain
documents written in support of specific
plans for five North American cities with
widely varying conditions: San Francisco,
Buffalo, Montreal, Chicago, and Boston. The
writings range in scope from Olmsted’s
observations on 19th century California life
to his most elaborate and ambitious design
of a system of parks and boulevards for
Boston,
$12.50

Arcology:

The City in the Image of Man

by Paolo Soleri

‘“We are gradually committing biocide —
killing every living thing on the earth includ-
ing ourselves — and at the same time we can
technically solve almost any problem, go
anywhere, build anything.

“The solution? Possibly the most promising
and definitely the most adventurous approach
to the problem is arcology (ARChitectural
ecOLOGY), a science being developed by
avisionary thinker named Paolo Soleri with
the idea of bringing man’s building in bal-
ance with his environment and himself. He
is a man in command of the facts regarding
depletion, pollution and overpopulation.

“Loosely translated arcology means just
about everything. You could almost call it
the study, science and art of generalizing, so
many and varied are its related considera-
tions. When arcology means the relationships
of man to himself, to his created structures,
and to all other living things, it's hard to
think of anything left out.”

— Los Angeles Times
$25.00

The MIT Press
Massachusetts Institute of Technology
Cambridge, Massachusetts 02142
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Springer-Verlag, 1959.
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poNENTS. L. V. Berkner and L. C.
Marshallin Proceedings of the Nation-
al Academy of Sciences, Vol. 53, No.
6, pages 1215-1226; June, 1965.
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LUTION ON THE PRIMITIVE EARTH.
Preston E. Cloud, Jr., in Science, Vol.
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M. N. Hill. Interscience Publishers,
1963.
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»osPHERE. Helmut Lieth in Journal of

Geophysical Research, Vol. 68, No. |

pollution
D DSUPRELS

WITH INDEXES

A guide to the world’s literature about pollution, providing biblio-
graphic citations and abstracts of published information —to in-
clude domestic and foreign

Journals Books Symposia
Corporate Releases Newspapers Patents
Reports Contracts Grants

Governmental Documents
(Executive actions, treaties, legislation, legal actions and decisions).

POLLUTION ABSTRACTS covers all forms of pollution as it
affects air, land, water and life.

| |

SPECIAL TWO YEAR OFFER
1970 Pollution Abstracts

(6 issues starting with Vol. 1 No. 1) . . . . . $35.00
when accompanied by an order for
1971 Pollution Abstracts at the normal price . . . $70.00
Two years . . $105.00

Deluxe Binder (holds 1 yr. collection) . . . each  $3.00

Computerized subject (Keytalpha) and Author Indexes are included in each
issue. Cumulative Indexes published separately annually. Start your subscrip-
tion with Vol. 1, No. 1 containing over 1,000 CITATIONS/ABSTRACTS.

POLLUTION ABSTRACTS is published under contract with Oceanic

Library and Information Center, publisher of Oceanic Citation Journal and
Oceanic Index, now in its seventh year of publication.

Cable: Pollution
]Bg;LliTION ABSTRACTS Telephone (714) 459-2654

6811 La Jolla Blvd., P.O. Box 2369, La Jolla, California 92037

[ Please enter our subscription for POLLUTION ABSTRACTS 1970
$35.00

[0 Please enter our subscription for POLLUTION ABSTRACTS 1971
$70.00

[0 Deluxe binder/s $3.00 each

O Enclosed is our check/money order. [J Please bill me.

Mail to S— - — S —
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Purchase Order #____
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"This book is by
far the best
single volume on
the whole of
biology that is
now available
anywhere.”

—C. H. WADDINGTON

New York Times Book Review

AN
THE FUTURE
OF MAN

Edited by
PHILIP HANDLER

“Extraordinarily well-written: a
one-volume encyclopedia on the
subject, jargonless, provocative
and living up to its own best in-
tentions as a message addressed
to ‘reasonably well-read scientists
and laymen.’. . . The ‘reasonably
well-read’ layman can acquire for
himselt an education none of us
can afford to be without . .. each
chapter stimulates some part of
the imagination.”

—JOHN LEONARD, New York Times

“A monumental book, and for

everyone concerned about man’s
future —invaluable.”

—GLENN GRIFFIN,

Atlanta Journal-Constitution

“Exciting and highly readable.
. . . Should be required reading
for every high school and univer-
sity student, and for every citizen
who has a sincere interest in his
fellow men.” —F. N. ANDREWS,

Purdue University

960 pages * 45 halftones
68 line drawings ¢ 46 text figures
$12.50 at your bookstore

w e\ OXFORD

UNIVERSITY
® 7 PRESS

200 Madison Avenue, New York, N.Y. 10016
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13, pages 3887—3898; Tuly 1, 1963.
GRross-ATMOSPHERIC CIRCULATION  AS
DEDUCED FrROM RADIOACTIVE TRAC-

eRs. Bert Bolin in Research in Geo- |

physics, Vol. 11: Solid Earth and In-
terface Phenomena, edited bv Hugh
Odishaw. The M.L.T. Press, 1964.

Is CarBoN DioxinpE Froxt Fossin FUEL
CHANGING  MAN’S  ENVIRONMENT?
Charles D. Keeling in Proceedings of
the American Philosophical Society,
Vol. 114, No. 1, pages 10-17; Febru-
ary 16, 1970.

Pruotosyntaesis. E. Rabinowitch and
Govindjee. John Wiley & Sons, Inc.,
1969.

THE NITROGEN CYCLE

FOURTH SYMPOSIUM OF THE SOCIETY
FOR GENERAL MicrosioLocy HELD
AT THE INSTITUTION OF ELECTRICAL
ExciNEERS, Loxpoxn, ApriL, 1934.
Cambridge University Press, 1954.

DenitriFicaTION, C. C. Delwiche in A
Symposium on Inorganic Nitrogen
Metabolism: Function of Metallo-
Flavoproteins, edited by William D.
McElroy and Bentley Glass. The Johns
Hopkins Press, 1956.

NITROGEN FixaTION IN PLANTS. W. D. P,
Stewart. Athlone Press, 1966.

SyMmBiosis: ITs PrysioLocicaL anxp Bio-
CHEMICAL SIGNTIFICANCE. Edited Dby
S. Mark IHenry. Academic Press,
1966.

Fixation ofF NITROGEN BY HIGHER
Prants OTHer ToHAN Lecuames. G.
Bond in Annual Review of Plant Phys-
iology: Vol. XXVIII, edited by Leon-
ard Machlis, Winslow R. Briggs and
Roderic B. Park. Annual Reviews,
Inc., 1967.

MINERAL CYCLES

| THE YEARLY CIRCULATION OF CHLORIDE
AND SULFUR IN NATURE: METEORO-
LOGICAL, GEOCHEMICAL AND PEDO-
rocicAL IatrricaTions, Pant 1. Erik
Eriksson in Tellus, Vol. 11, No. 4,
pages 375—403; November, 1959.
| THE YEARLY CIRCULATION OF CHLORIDE
| AND STLFUR IN NATURE: METEORO-
| vrocicaL, GEOCHEMICAL AND PEDO-
| rocicaL IarpLicaTions, Part II. Erik
Eriksson in Tellus, Vol. 12, No. 1,
pages 63-109; February, 1960.
BIOGEOCIIEMISTRY OF SULFUR [SOTOPES:
PROCEEDINGS OF A NATIONAL SCIENCE
FounpaTioN Syarposivat, April 12—
14, 1962. Edited by Mead LeRoy
Jensen. Yale University, Department
of Geology, 1962.
Tue CaLcrun, MAGNESIUM, PoTassiuag,
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GEORGE GAMOW
MY WORLD LINE

An Informal Autobiography

These lively reminiscences of the in-
ternationally renowned physicist and
cosmologist are spiced with intimate
glimpses of such personalities as Trotsky,
Einstein, Bohr, and Curie.

“The story of Gamow makes compulsive

reading. It is a fascinating insight into a

great age of science and scientists.”
—SIR BERNARD LOVELL

Lllustrated with Gamow’s own photo-
graphs and drawings $5.95

NIGEL CALDER
VIOLENT UNIVERSE

An Eyewitness Account
of the New Astronomy

“Calder’s text is a model of science jour-
nalism. The profuse pictures are superb,
their captions lucid. And a number of the
color plates are revelations. . .. Violent
| Universeis an intellectual spirit booster.”
—EDMUND FULLER,

The Wall Street Journal

' “By far the best, most readable, and cer-
tainly most up-to-date account. . . .”
—CARL E. SAGAN, Book World

115 black-and-white halftones, 14 full-
color photographs, 46 line illustrations
$8.95

THE VIKING PRESS
625 Madison Avenue, New York 10022



AND Soprum BUDGETS FOR A SMALL |

ForesTEp EcosysTEM. G. E. Likens,
F. H. Bormann, N. M. Johnson and
R. S. Pierce in Ecology, Vol. 48, No.
5, pages 772-785; Late Summer,
1967.

THE SULFUR CycLE IN LAKE \WATERS
DURING THERMAL STRATIFICATION,
M. Stuiver in Geochimica et Cosmo-
chimica Acta, Vol. 31, No. 11, pages
2151-2167; November, 1967.

PropbucTion aND MINERAL CYCLING IN
TeRRESTRIAL VEGETATION. L. E. Ro-
din and N. I. Bazilevich. Edited by
G.E. Fogg. Oliver & Boyd, Ltd, 1968.

HUMAN FOOD PRODUCTION
AS A PROCESS
IN THE BIOSPHERE

MALNUTRITION AND NATIONAL DEVEL-
orMENT. Alan D. Berg in Foreign
Affairs, Vol. 46, No. 1, pages 126-
136; October, 1967.

O~ THE Snrep ofF A Croup. Rolf Ed-
berg. Translated by Sven Ahmin.
The University of Alabama Press,
1969.

Poritics aND ENVIRONMENT: A READER
N EcorocicaL Crisis. Edited by Walt
Anderson. Goodyear Publishing Com-
pany, Inc., 1970.

PorurLaTioN, RESOURCES, ENVIRON-
MENT: Issues 1N Human EcorLocy.
Paul R. Ehrlich and Anne H. Ehrlich.
W. H. Freeman and Company, 1970.

SEEDS OoF CHANGE: THE GREEN REvoLU-
TION AND DEVELOPMENT IN THE
1970’s. Lester R. Brown. Praeger
Publishers, 1970.

HUMAN ENERGY PRODUCTION
AS A PROCESS
IN THE BIOSPHERE

NatioNaL  Resources For  U.S.
GrowtH: A LOOK AHEAD TO THE
Year 2000. Hans H. Landsberg. Re-
sources for the Future, Inc., 1964.

CLEANING Our ENvIRONMENT: THE
CHEMICAL Basis FOrR AcTION. Sub-
committee on Environmental Im-
provement, Committee on Chemistry
and Public Affairs. American Chemi-
cal Society, 1969.

RESOURCES AND MaN: A STUDY AND
RecoaneNpaTIiONs. The Committee
on Resources and Man. W. H. Free-
man and Company, 1969.

GroBaL ErrECTS OF ENVIRONMENTAL
PoLrution. Edited by S. F. Singer.
D. Reidel Publishing Company, 1970.

PowER GENERATION AND ENVIRONMEN-
TAL CHANGE: SYMPOSIUM OF THE
COMMITTEE ON ENVIRONMENTAL AF-
FAIRS,

AMERICAN ASSOCIATION FOR
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QUESTAR KEEPS REPEATING ITSELF

We note that many schools and colleges start out with one Questar, and then as
time goes by, repeat orders begin to come in, letting us know that a whole science class
is being equipped so that each student will have his own telescope. To us this makes more
sense than providing one big instrument for a large group. It permits a student to give his
full time to observing instead of waiting his turn for a brief look. It would seem that the
important question is — how many Questars will your budget allow rather than how large
a telescope you can get.

This was the point of view at Southern Connecticut College, where Robert L. Brown is
shown conducting a class engaged in solar observation. The Questars are equipped with
totally safe sun filters which keep out all harmful rays.

This is the great thing about Questar — it does so many jobs that the instrument is
never idle. Moon and planetary observation at night, sunspots in the daytime, or a trip into
the field where it is used in nature studies, often to observe phenomena that would
otherwise be inaccessible — this easily portable instrument makes it all possible. Also with
Questar, students learn the art of high-power photography by taking pictures of all they
observe. And however they use it, they learn to appreciate fine resolution.

The following letter from Dr. Wesley M. Roberds, Head of the Department of Physics
at Samford University, is an example of the tribute Questar receives from many educators:
“"We are very pleased with the 314 -inch Questar we recently purchased. We are
particularly pleased with the precision and ease with which we can locate celestial
objects. We measured the coordinates of Mercury and then went to the Ephemeris and
found that our discrepancy was only 2 minutes “‘off’" in R.A. and less for Dec. (this is not
correcting for atmospheric refraction.) Also, the sun and its spots are beautiful. Of course,
objects are not as bright as they are in our 16-inch reflector, but the resolution is every
bit as good.”

Questar, the world’s finest, most ver-
satile telescope, is now available in
two sizes, the 31/, and 7, and in nu-
merous models. Prices begin at $795.
Send for our booklet containing more
than 100 photographs by Questar
owners. For mailing anywhere in N.A.,
$1.00. By air to rest of Western Hem-
isphere, $2.50; Europe and North Af-
rica, $3.00; elsewhere $3.50.

" QUESTAR

Box 220 New Hope, Pa. 18938
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EVERYMAN’'S UNITED NATIONS

any reader.

worlds, this
to be done.

STATISTICAL YEARBOOK 1969

A collection of authoritative and

Build this magnificent
SchoberTheatre Organ
for only
1730!

*Includes

finished walnut
console. Amplifer,
speaker system,
optional accessories
extra. Only

$1256 if you

build your own
console,

You couldn’t touch an organ like this in a store for
less than $3500—and there hasn't been a musical
instrument with this vast variety of genuine Theatre
Organ voices since the days of the silent movies! If
you've dreamed of the grandeur of authentic big-or-
gan sound in your own home, you won’t find a more
satisfying instrument anywhere —kit or no kit.

You can learn to play it. And you can build it, from
Schober Kits, world famous for ease of assembly
without the sllghtest knowledge of electronics or
music, for design and parts quality from the ground
up, and—above all—for the highest praise from
musicians everywhere.

Send right now for your copy of the full-color
Schober catalog, containing specifications of the five
Schober Organ models, beginning at $499.50. No
charge, no obllgatlon - but lots of food for a healthy
musical appetite!

--—.un-.---—u-nn—--.un-an-u---]

Theg%Oée/tOrgan Corp., Dept. SA-13

43 West 61st Street, New York, N.Y. 10023
[0 Please send me Schober Organ Catalog and
free 7-inch “sample” record.

O Enclosed please find $1.00 for 12-inch L.P.
record of Schober Organ music.

NAME
ADDRESS
CITY.

STATE ZIP

-

B o
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BOOKS FROM UNITED NATIONS

A basic history of the United Nations, accurate and unbiased, for

YEARBOOK OF THE UNITED NATIONS 1967
A major reference work, presenting factually, conveniently,
concisely the many activities of the United Nations.

A STUDY OF THE CAPACITY OF THE UNITED NATIONS
DEVELOPMENT SYSTEM (JACKSON REPORT)

Based on co-operation from both the developed and the developing
important and thoroughgoing study considers what
has been done and puts forward recommendations on what needs

Just published, comprehensive collection of international statistics.
Paper $13.50 Cloth $19.00

BASIC PROBLEMS OF DISARMAMENT

important studies—Economic
and Social Consequences of Disarmament;
Use of Nuclear Weapons; Chemical and Bacteriological (Biological)
Weapons and the Effects of Their Possible Use.

UNITED NATIONS PUBLICATIONS
Room LX2300 New York, N.Y. 10017

Paper $2.50 Cloth $6.00

and

Cloth $25.00

$7.50

Effects of the Possible

Paper $2.50 Cloth $5.00

SINCE 1952

There has been a complete bookstore-
by-mail where you can order
any book you see reviewed or
advertised. If you pay with order,
we pay the postage, anywhere
in the world.

THE BOOKMAILER Inc.

LINDEN, NEW JERSEY

(relocated from New York City)
Serving 109 countries and 50 states.

FREE CATALOGUE
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THE ADVANCEMENT OF SCIENCE, Bos-
ToN, DEceMBER 28, 1969. Edited by
David A. Berkowitz and Arthur M.
Squires. The M.LT. Press, in press.

HUMAN MATERIALS
PRODUCTION AS A PROCESS
IN THE BIOSPHERE

Tue CHALLENGE OF MAaN’s FUTURE.
Harrison Brown. The Viking Press,
1954.

Tue PossiBiLiTiIES OF SECURING Lonc
Raxce Surprries oF Uraxiuy, THo-
RIUM AND OTHER SUBSTANCES FROM
IexEoUus Rocks. H. Brown and L. T.
Silver in Proceedings of the Interna-
tional Conference on the Peaceful
Uses of Atomic Energy Held in Ge-
neva 8 August-20 August 1955, Vol.
VIII: Production Technology of the
Materials Used for Nuclear Energy.
United Nations, 1956.

Tue Next Huxprep YEARrs: A Discus-
SION PREPARED FOR LEADERS OF
AxtERICAN INDUSTRY. Harrison Brown,
James Bonner and John Weir. The
Viking Press, 1957.

Resources 1N AMERICA’S FUTURE: PAT-
TERNS OF REQUIREMENTS AND AVAIL-
ABILITIES 1960-2000. Hans H. Lands-
berg, Leonard L. Fischman and Jo-
seph L. Fisher. The Johns Hopkins
Press, 1963.

MiNERALs. Julian W. Feiss in Scientific
American, Vol. 209, No. 3, pages 128—
136; September, 1963.

Resource NEEDs axp DEMaNDs. Harri-
son Brown in Proceedings of Nobel
Symposium 14: The Place of Value in
a World of Facts, edited by Arne
Tiselivs. Wiley-Interscience, to be
published.

MATHEMATICAL GAMES

Tue Carproip. Robert C. Yates in The
Mathematics Teacher, Vol. 52, No. 1,
pages 10-14; January, 1959.

A Boox or Curves. E. H. Lockwood.
Cambridge University Press, 1961.

THE AMATEUR SCIENTIST

EXPERIMENTAL SCIENCE: ELEMENTARY,
PracTicaL axND EXPERIMENTAL PHYS-
1cs. George M. Hopkins. Munn & Co.,
1890.

Perionic OsCILLATIONS IN A MODEL OF
THeErMAL CoNvECTION. Joseph B.
Keller in Journal of Fluid Mechanics,
Vol. 26, Part 3, pages 599-606; No-
vember, 1966.

ELEMENTARY MecnaNics or FLuibs,
Hunter Rouse. John Wiley & Sons,
Inc., 1946.



of the initial offerings.

Regular price $10.00

1

2.

FREE ON JOINING!!!

A copy of this superb book on the Ecology of the Florida Keys

WORLD OF THE GREAT WHITE HERON

I

By Marjory Bartlett Sanger
with 35 line drawings by John Henry Dick

A unique account of the creatures that interact to make the Keys a wild-
life paradise, much of it still unspoiled by man.

YOURS... it you join the Ecological Book Club and take one or more

Announcing a pioneer book club that will help you stay
abreast of the ecological dilemmas that face us:

Can we achieve population control without radi-
cally upsetting the racial and cultural patterns
of the world?

Will the “have” nations accept a lower standard
of living in order to feed and protect the “have-
nots”? (The U.S. is feeding 111 of these nations
today.)

3. Can we learn to raise food ecologically or will we

continue to mine the soil, aided by pesticides that
threaten all wildlife and perhaps all human life

4

S.

Will the sea become a new source of food —or are
we rapidly and irreversibly destroying its food
potential?

Will we continue to pollute our atmosphere with
fossil fuel fallout, or will we shift to the unknown
hazards of nuclear power?

Can our city ghettos be dispersed? Or must we
accept a permanent, multiplying, indigent popula-
tion fed at taxpayers’ expense in return for votes?

as well?

Choose any of these important current books as your first selection:

These and similar questions are
part of the fascinating subject of
ECOLOGY. They all go together.
They concern you and your children.

By joining the Ecological Book
Club you can keep up with the most
important and most informative books
being written on all aspects of ecology.

‘Will they be technical? No. Difficult
to read? No. Authoritative? Yes.

Good, clear writing will be a con-
stant requirement for books selected.
Every -other -month selections will
help you build a basic ecology library,
but not over-tax your reading time.

A special feature of the Club will
be a newsletter telling of happenings
here and abroad in the world of
ecology: Who is doing what; reprints
of important articles that you might
miss.

Enjoy a pioneer membership in a
book club that is different!

EDITORIAL ADVISORY BOARD

Devereux Butcher, author and editor
Roland C. Clement, Vice President

7. Above al], can any of these — and a dozen similar
dilemmas be resolved under our present demo-
cratic form of government?

CRISIS IN EDEN,
by Frederick Elder

How far can man go in exterminating other
forms of life and altering the earth? An
ethical appraisal of our vandal attitude
stemming from Genesis.
Specialprice....................... $3.20
(Regular $3.95)

ROAD TO RUIN, by A. Q. Mowbray
How the destructive billion dollar Federal
Highway Program creates pollution, is des-
troying our finest open spaces, with no end
in sight.
Specialgrice....................... $4.50
(Regular $5.95)

FAMINE 1975,
by Wm. & Paul Paddock

As population outruns the food supply a
moment of truth is approaching. Only four
nations are prepared to meet it. A serious
discussion of what lies ahead.
Specialprice.................. ... $5.00
(Regular $6.50)

THE HUDSON RIVER,
by Robert H. Boyle

The natural (and unnatural) history of a
unique river, what man is doing to it, how it
may be saved. Beautifully written, illustrated.
Specialprice....................... $5.95
(Regular $6.95)

Devin A. Garrity, Editor
THE ECOLOGICAL BOOK CLUB P.0O. Box 682 « Rye, New York 10580
Please enroll me and send me the book(s) checked plus my free copy of

World of the Great White Heron. I agree to buy four books in the course
of 18 months at special low prices.Ienclose $.............

F.

Samuel H. Ordway, Chairman,

National Audubon Society

Raymond Fosberg, Ecologist
Smithsonian Institution

The Conservation Foundation.
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Send as first selections:
O THE HUDSON RIVER

O ROAD TO RUIN
O CRISIS IN EDEN

O FAMINE 1975!
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working.

Reynolds

reclamation plan for aluminum cans
and other aluminum scrap.

In Los Angeles alone, Reynolds
test program got people to redeem
over 1,000,000 aluminum cans per
month. Now we’re working on six-
teen more states.

Answers to the hard problems—
such as litter and solid waste dis-
posal—don’t come easy. But, with
effort and persistence, they do
come.

Reynolds has working proof of
this with its anti-litter, aluminum
can recycling program. Starting in
Miami over three years ago, we’ve
developed approachesthat are now
about to be put to work in 16
states.

They’ll be pulling used alumi-
num cans and other discarded
aluminum products off the scrap

heap and back to our reclamation
plants. They’ll be helping to clean
up our streets and conserve our
nation’s resources at the same time.

Los Angeles gets involved.

We know these programs work.
One plan, with a Reynolds promo-
tion drive behind it, has Los
Angeles citizens bringing more
than a million cans a month into

© 1970 SCIENTIFIC AMERICAN, INC

our plant there. It has not only
made Los Angeles people more
aware of their litter problem, it
has involved them, stimulated them
into doing something about it.

Now we’re expanding our Miami
effort to cover all of Florida. We'll
be launching our campaign in New
York City, and will move into
northern New Jersey, Houston,
San Francisco, and the Pacific
Northwest.

In addition, we are working with
Adolph Coors Company of Colo-
rado to help reclaim their used
aluminum beer cans. We’ll be
taking their cans from Arizona,
Colorado, New Mexico, Wyoming,
Utah, Nevada, Kansas, Oklahoma,
Texas, and California.



Used aluminum is valuable.

What makes the program work is
the basic value of aluminum itself.
Scrap aluminum is worth $200 a
ton, because it can be melted down
and reused so readily. Scrap steel,
by comparison, brings only $20
a ton; paper, $16 a ton.

So used aluminum cans are
worth picking up, worth saving
and taking to a reclamation plant.
Reynolds is able to offer Y2¢ per
can, andto suggest that Boy Scouts,
hospital charity groups, and other
organizations—and individuals—
raise funds by collecting and re-
turning aluminum scrap.

They’re taking our suggestions.
One million cans that don’t show

up in Los Angeles garbage heaps
every month prove that.

Letters for anti-litter.

Our anti-litter efforts have brought
us much applause from Boy
Scout officials, Congressmen, Keep
America Clean groups, civic lead-
ers, and many others. But our chief
satisfaction is in being able to help
with this most difficult and impor-
tant problem. We intend to keep
at it, and to work even harder.
Reynolds Metals Company, P.O.
Box 2346-LS, Richmond, Virginia,
23218.

Rass

REYNOLDS

where new ideas take shape in

ALUMINUM

.- — ---.

Individuals and organizations bring all-
aluminum cans to the Reynolds reclamation
center.

Used cans pass through a magnetic separator
and are then shredded.

After shipment to reclamation plants, the
shredded aluminum is melted and cast into
secondary ingots.

Ingots then move into other Reynolds plants
to be formed into sheet, plate or other mill
products

e e TR Y TR | —

The recycled aluminum re-enters the econ-
omy in a variety of attractive, durable new
products.
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