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Neil Armstrong, Ed Aldrin and Mike Collins were on their way to the 
moon. Their heartbeats were firm, their breathing rates steady. 

That information was relayed by a ship in the Pacific via satellite 
to Mission Control in Houston. Along with it, over NASA's Goddard 
Space Center Manned Space Flight Network, came a stream of vital 
statistics on cabin pressure, temperature and systems functions. 

Houston came back with a terse, "Apollo 11, you are go for TLI."
(Translunar Injection) 

Among the global tracking and communications links for such critical 
decisions during Apollo flights are three ex-World War II oil tankers. 
Operated by the Department of Defense for NASA, they were rebuilt 
for their specialized mid-ocean mission by six General Dynamics oper
ating units. 

Quincy division jumbo-ized them, Electronics division provided each 
with 8 major electronic systems, Electric Boat supplied attitude meas
uring and position systems, Convair supplied 30-foot telemetry anten
nas, Pomona furnished test personnel, Stromberg-Carlson the switch
boards, dial phones and other components of on-board communications. 

Their names are Vanguard, Mercury and Redstone. 
They are the moonships. Three floating ex

amples of what technology can accomplish when 
. it's handed a problem. 

At General Dynamics, we put technology to 
work solving problems from the bottom of the �

� sea to outer space ... and a good bit in between. 

GENERAL CVNAMIC:S 
Control Room For 30·foot·diameter Shipboard Antenna --__________ _ 
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Su Sung 
(1020-1101) 

Woodcarving by William Ransom 
Photographed by Max Yavl10 

"[Su Sung's astronomical clock escapement] differs from the types of escapement 
of the later West because the action of the arrest is brought about not by any 
mechanical oscillation but by gravity exerted periodically as a continuous steady 
flow of liquid fills containers of limited size. The peculiar interest of the water
wheel linkwork escapement, hitherto unknown to historians of technology either 
in East or West, lies in the fact that it constitutes an intermediate stage or 'missing 
link' between the time-measuring properties of liquid flow and those of mechan
ical oscillation. It thus unites, under the significant aegis of the millwright's art, 
the clepsydra and the mechanical clock in one continuous line of evolution:" 

'J. Needham, W. Ling, D. 1. de Solla Price, Heavenly ClocklVork, p. 59, Cambridge 
University Press, 1960. 

INTERACTIONS OF DIVERSE DISCIPLINES 

Science and technology meet at Planning Research Corporation where a professional staff 
of more than 2,000 members represents 40 areas of knowledge. They encompass the 

classical sciences, mathematics, economics, most branches of engineering, and the new 

behavioral, management and computer sciences. Interactions of these disciplines on multi

disciplined teams form the most powerful problem-solving tool available to government and 

industry today. 

Forty-two current projects in the computer sciences range all the way from the design of 

systems for all types of businesses, including stock brokerage houses ... to very large, very 

complex management information systems for state governments and Federal agencies ... 

to the most difficult scientific programming required in advanced space systems. A brochure, 

Computer Systems Design and Implementation, describes this Planning Research Corporation 

capability. For a complimentary copy, address your request to Mr. John N. Graham, Jr., 
Vice President for Computer Systems Design. 

PLANNI NG RE SEAR CH CORPORATIO N  

Horne office: noo Glendon Avenue, Los Angeles, California 90024 
All Equal Opportunity Employer, Candidates are illl'ired 10 wrire 10 Ihe Administralor for Professional Staffing. 
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THE COVER 

The photograph on the cover symbolizes the theme of this issue of SCIEN
TIFIC AMERICAN: the ocean. The photograph, which was made during the 
flight of Apollo 9, shows the Indian Ocean stretching to the southeast from 
Cape Guardafui, the extreme eastern tip of Africa. Above the thin blue film 
of the earth's atmosphere at the curved horizon is the blackness of space. 

THE ILLUSTRATIONS 

Cover photograph by the National Aeronautics and Space Administration 

Page Source Page Sou,·ce 

54 Isabella Stewart Gardner 168-169 U.S. Naval Oceanograph-
Museum ic Office (to))), Jerome 

56-57 Miklos Pinther Kuhl (bottom) 
58 David Moore, Black Star 170 U.S. Naval Oceanograph-
59 Allen Beechel ic Office 
60-65 Teledyne Exploration 171-173 Jerome Kuhl 

Company 174 Deepsea Ventures, Inc. 
67 National Aeronautics and 176 Bob Graber, Airflite 

Space Administration 179 U.S. Bureau of Commer-
68-69 Enid Kotschnig cial Fisheries 
70-71 Joan Starwood 180-181 Thomas Prentiss, after 
72 Enid Kotschnig F AO Yem·book of Fishery 
73 Enid Kotschnig and Eric Statistics 

Mose 182-189 Thomas Prentiss 
74-75 Enid Kotschnig 190 Allen Beechel 
77 Space Science and Engi- 191 Sovfoto 

neering Center, Universi- 192 Thomas Prentiss 
ty of Wisconsin 193 J. H. Ryther 

78 Meteorological Service of 194 Australian News & 
Canada Information Bureau 

80-84 Allen Beechel 198 Scripps Institution of 
85 U.S. Naval Oceanograph- Oceanography 

ic Office (top), E. D. Mc- 200-201 Dan Todd 
Alister (bottom) 202 De Long Corporation 

86 Allen Beechel 203 Reynolds Submarine Ser-
106 National Aeronautics and vices, Inc. (top), A. Con-

Space Administration rad Neumann (bottom) 
108-111 Jim Egleson 204-208 Dan Todd 
112-113 K. O. Emery 210 John E. Sanders 
114-116 Jim Egleson 213 Shell Oil Company 
118 K. O. Emery 214 Pearlson Engineering 
120 Jim Egleson Company, Inc. 
126 Maurice Ewing 216 Dan Todd 
128-138 Eric Mose 219 Associated Press 
146 John D. Isaacs 220-226 Allen Beechel 
148-151 Bunji Tagawa 228 Scripps Institution of 
152-153 Enid Kotschnig Oceanography 
154 John D. Isaacs 239-244 Alan D. Iselin 
155 Enid Kotschnig 249 Richard La Fond 
156 Bunji Tagawa 250-252 Roger Hayward 
158 National Institute of 254 Roger Hayward (top, bot-

Oceanography tom), Richard La Fond 
166 J. Rychetnik, Black Star (middle) 
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Sometimes our 
first name makes 
liars of us. 

A lot of SDS systems aren't scientific. 
People keep thinking our computers are only 

good for science. But they're not limited to science. 
Here's a selection of applications. Read the lot, or 
just those in your area. 

A university in Canada uses an SDS computer to 
run the library circulation department and help 
students select books. At other schools the same 
model computer handles student registration, class 
scheduling, grade reporting, teaches students about 
computers and runs research projects. 

In industry you'll find standard applications like 
numerical control, of course. A southern oil com
pany monitors over a hundred oil wells with a single 
SDS computer, while many others use them to ana
lyze seismic data and blend gasoline. Engineers in 
the midwest are coping with the complex variables 
ih designing large structures with the help of our 
computers. And there are a multitude of other sys
tems designed for specific industries, like control
ling a rolling mill . 

Biomedical uses include running an entire hospi
tal, from preparing payrolls to monitoring critically 
ill patients. In some hospitals they're formulating 
mathematical models predicting patient survival, an
alyzing ECG's and clinical laboratory experiments. 

Business data processing applications include 
commercial time-sharing installations in several 
large cities, on-line general accounting, database 

maintenance and retrieval systems, payroll, ac
counts payable, purchasing, spares provision, parts 
explosion and production control, material control, 
cost accounting, purchases and manufactured parts 
inventory control and even an automatic motor 
transport rating and billing system. 

In aerospace and data acquisition you'll find SDS 
computers almost everywhere. A federal agency 
uses one for air traffic control studies. Many of the 
largest aerospace companies use them for simula
tion of weapons and flight systems, and testing air
craft performance. Our computers also help control 
the launch of multi-stage space boosters and train 
pilots. They're involved in the world-wide space
craft tracking and telemetry system, in making sure 
pictures transmitted from the moon are sharp and 
clear, and in a bundle of other applications. 

Communications based systems are a relatively 
new area for everyone in the industry. Except us. 
Message switching and message c�:mcentration sys
tems have been built for a major New York bank, 
a national credit rating system and classified gov
ernment communications systems. 

As we said before, this is only a selection. If you'd 
like more information about 
any of them, drop us a line. 5 [] 5 
Our first name may sometimes 
ma�e liars of us, but our appli-
catIOns won't. 

Scientific Data Systems, A Xerox Company, EI Segundo, Calif. 
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The Emancipator 
Becomes a 

Sho\N-off! 

The HP 9100A Calculator gave you 

Freedom from waiting to get on the BIG computer; 

Freedom from translating your problems into foreign 

computer languages; 

Freedom from starvation-level computing with 

under-developed calculators; 

Freedom from the drudgery of manual computation
All for the one-time price of $4400. 

NOW-EVEN GREATER COMPUTING FREEDOM IS YOURS. 
GRAPHIC DISPLAY 

Add the new HP 9125A X-Y Recorder. Make your HP 9100A 
desk-top computing calculator a show-off. You will be 
liberated from the tediousness of hand-plotting, from the 

omnipresent human errors and from inundating reams 

of data that go with point-to-point hand plotting. 

Think back! Would a picture be worth a thousand figures, 

to you? . .  to your company? Be an innovator . . .  be a 

producer . . .  a picture producer. 

The 9125A recorder automatically draws the answers 

as the calculator solves your problems - such as statistical 

distributions (photo shows plot of X2 distribution for varying 
numbers of degrees of freedom). heat transfer, fluid 

dynamics and calibration curves. It shows you the 

results of your calculations faster, easier, and more 

accurately than you can get with hand plots! It ends the 

gnawing frustration of interpreting the limbo between 

data points. And . . .  it gives you a calibrated plot so 

so you can ready your units directly! 
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What's more, once the 9125A has given you a permanent 
graphic presentation, you can modify the input data, plot 
again, and immediately see the changes you have made. 

Nuances in areas of critical importance can be readily 
identified because of the pin - point resolution of the 

calcu lator / recorder combination - a resolution made 
possible by the four-digit calculator output that locates 

coordinate points with hair-splitting accuracy. 

Completely documented programs for use with the 

HP 9100A Calculator and the HP 9125A X-V Recorder 

are supplied with your instrument. 

Show off with the 9125A for only $2475. Add $4400 

if you don't already have the 9100A. Both are ready 

for immediate delivery. 

Start your new liberation today. Call for a demonstration 

or send your purchase order to any Hewlett-Packard Sales 

and Service office (located in principal cities throughout 

the world). For a 22-page brochure, write Hewlett-Packard, 

P.O. Box 301, Loveland, Colorado 80537. Europe: 

1217 Meyrin-Geneva, Switzerland. 

9100A/9125A puts answers just a glance away' 

099 j20E 

HEWLETT � PACKARD 
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HOUR 
SCRAP HEAPS 

CAN BE 
ALUMINUM 

MINES" 
-David P. Reynolds 

Aluminum's scrap value 

makes it worth collecting 

and "re-cycling" . • •  

There are two national prob
lems which we believe no materials 
producer should ignore: litter and 
conservation. Fortunately, because of 
the nature of our metal, aluminum, 
Reynolds has been able to develop 
some answers in both areas. 

Indestructible aluminum 

is re-usable 

First, aluminum has scrap value; it is virtually 
indestructible. It resists corrosion, will not rust. It 
can be remelted, re-alloyed, and re-used-economi
cally. And the need for and uses of this strong, 
lightweight metal multiply yearly. 

So a used all-aluminum beverage can is worth 
something; it is worth picking up and "re-cycling." 
If this suggests a way to fight litter to you, it did to 
the men at Reynolds, too. We are now testing dif-

ferent approaches in two CltIeS, Los 
Angeles and Miami, and plan ro try 
others in the future. 

Using aluminum's scrap value 

Our idea is to encourage commu
nity groups ro sponsor aluminum can 
collecting drives, and earn money for 
worthwhile causes and their own needs. 
As they raise funds, they help keep their 
streets, parks, and beaches free of litter .. 

Aluminum scrap does offer a 
worthwhile incentive ro such organiza
tions: a ton of aluminum, for example, 

brings $200 from dealers, compared with $20 for steel 
and $16 for waste paper. This scrap value is something 
many industrial users keep in mind when they specify 
aluminum equipment. They know there's a bonus 
waiting at the end of the service life of this equipment. 

Mines-not scrap heaps 

Although there is an abundant supply of alu
minum for the foreseeable future, the fact remains 
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that the supply is not unlimited-and aluminum 
usage has been doubling roughly every ten years. 
This need not be a problem if we capitalize on alumi
num's re-usability. Already, an estimated 30% of the 
world's aluminum is reclaimed or secondary metal. 
This could be even higher. 

Countless products provide "mines" of alumi
num, ready to be tapped. Not only aluminum cans 
and packages, but the aluminum in appliances, auto
mo b i l e  p a r t s, 
building products, 
even railroad cars 
can and should be 
reclaimed when 
they've f inished 
their useful service. 

Scouts and many other organizations 
fight litter and raise money by collect· 
ing all·aluminum cans. 

New Reynolds reclamation plant 

We at the Reynolds Metals Company have 
launched our effort toward this goal-not only with 

our anti-litter can collecting programs, but with a 

major investment in reclamation facilities, as well. 
(A n a d d i t i o n a l  
Reynolds reclama
tion plant will be 
prod ucing usable 
al u m i n  um f r o m  
scrap this year.) 

Reclamation plants which produce alu
minum from scrap help conserve our. 
natural resources. 

Efforts such as these, we believe, will do much 
to reduce the solid waste disposal problem, and help 
stretch our natural resources. Reynolds Metals Com
pany, P. O. Box 2346-LS, Richmond, Virginia 23218. 

REYNOLDS 
where new ideas take shape in 

ALUMINUM (.<fu) 
9 
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Right here is where 
the Beseler Topeon Super 0 

makes you an expert 
macro photographer 

The problems of precision macro photog
raphy have been solved with the Super D. 
A high magnification focusing finder slides 
right in. A cross hair screen flips in. Add 
a bellows extension and you can STILL 
READ THE METER as easily as you do 
when shooting little Mary's birthday party. 
The macro lenses are fantastic ... from a 
thimble-sized 30mm to a magnificent 
135mm. And all of them lock right into the 
meter-on-the-mirror. The Super D makes 
you an expert macro photographer even if 
the best you've been able to do in the past 
is little Mary's birthday party. 

Charles Beseler Co., 219 �o�����!re!t�ra���n!�!��70� G 

LETTERS 
Sirs: 

"Systems Analysis of Urban Transpor
tation" [SCIENTIFIC AMERICAN, July] 
seems to have loaded the dice against 
rapid transit, both present and future. 

First, in presenting the average speed 
of rapid-transit vehicles, it makes two 
key assumptions that are unnecessarily 
pessimistic: (1) "Maximum tolerable ac
celeration" of three miles per hour per 
second is below the 3.5 miles per hour 
per second used in several transit sys
tems today and far below the 4.75 
m.p.h. per second capability of streetcars 
operating 30 years ago. (2) Station stops 
of 20 seconds are representative for rush 
hours in downtown areas of very large 
cities, but 10 seconds is much more rep
resentative for across-the-board systems 
analysis. 

Second, it implies that rapid transit 
slows significantly as demand increases. 
Although this is true for buses, it is not 
true to a substantial extent for true rapid 
transit, that is, systems that have an ex
clusive, uninterrupted right-of-way from 
end to end. 

More important, the authors blissfully 
ignore the rapid-transit technology of 
the 1970's. Employing basic principles 
already described in Scientific American 
[see "High-Speed Tube Transportation," 
by L. K. Edwards; SCIENTIFIC AMERI
CAN, August, 1965], gravity-vacuum 
tubes have been refined with guidance 
from New York's Regional Plan Associa
tion to afford speeds and economy dras
tically superior to present transit. For ex
ample, with stations a mile apart GVT 
will have an average speed of 50 to 55 
m.p.h. without exceeding streetcar-accel
eration criteria; this is more than 50 per
cent faster than the "limit" set forth in 
the present article. At two miles GVT's 
speed advantage is nearly 100 percent. 
As for cost, recent definitive studies indi
cate that GVT's operating expense (in
cluding electrical power) will be well 
below half the present values, and there 
will be Significant savings in capital cost 
as well. 

Evidently the computer raised no ob
jection to haVing vehicles zip alongSide 
second-story windows at 60 m.p.h. night 
and day. But then computers don't wor
ry about such things as noise, eyesores 
and oil dripping on milady's hat in the 
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Poor little Millie MCIntyre is 
about to try feeding a computer. 

It's enough to bring tears to a girl's eyes. 

She might be a pretty young thing, a' 
crackerjack clerk, and an asset to your office 
environment. But feeding a computer is not 
her strong sui t. 

But it would be, if you had Addressograph's 
automated data collection and input 
systems. (To pu t that in plain English, 
we make data recorders for 100% accurate 
input, and scanners to process input 
information at the lowest possible 
rejection rates.) 

They're computer-compatible. But people-

compatible, too. Which means clerical as well 
as non-clerical personnel can learn to operate 
them in a matter of minutes. 

Our systems make Millie's work go faster. 
With less effort. And fewer errors than 
ever before. 

So, to learn more, call your nearest 
Addressograph branch office (see the Yellow 
Pages). Or write Addressograph Multigraph 
Corporation, Department 6806, 1200 Babbitt 
Road, Cleveland, Ohio 44117. 
Or are you the kind of a guy who can just 
sit there and watch a woman cry? 

II 
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II 

The standard-speed motion picture above illustrates the eye's inherent limitations in 

dealing with motion. 

Even viewed at rest, the camera, imitating the eye, shows only a blurred splash as 

a pellet shatters an egg. 

Yet, we know that the impact and reaction are a complex, continuous movement. 

Not unlike the high-speed motion which occurs in nearly all machinery. 

And that is the problem. We must understand, measure, evaluate, and correct phe

nomena which are increasingly beyond our ability to observe directly. 

The problem is that we are building a high-velocity world. With eyes which were 

outpaced by the moving carriage wheel over a thousand years ago. 

What is clearly needed is a tool which extends our limited ability to perceive rapid 

motion, as the microscope extends our ability to see small objects. 

The tool is the Red Lake high-speed rotating prism camera, a camera capable of 

reaching into the millisecond and capturing high-velocity motion for detailed study. 

Using a rotating prism to project images onto continuously moving film, the rotating 

prism camera operates at infinitely variable speeds up to 44,000 pictures per second. Film 
shot at maximum speed provides an apparent speed reduction of 2000-to-1 when projected. 

A shaft turning at 10,000 rpm appears at 5 rpm. 

A single 50-cycle arc spends 31 seconds stretched from contact to contact. 

A computer end-gate swings open like a saloon door. 

And between the first and second frames of the standard-speed movie of the shattering 

egg, the high-speed rotating prism camera takes 1,833 pictures. A 114 second ballet of the 

precisely measureable motion of pellet and egg, as shown in the sequence below. 

The only commercially-available camera with these capabilities is the Hycam, devel

oped and manufactured by Red Lake Laboratories. 

Hycam, and Red Lake's intermediate-speed cameras, are now standard tools of design 

and process engineering in many industries. The first and most obvious step in troubleshooting 

engineering problems hidden by motion. 

Further in�ights: Red Lake Laboratories, RED LAKE THE TROUBLESHOOTERS' 2971 Corvin Dr., Santa Clara, Ca. 95051. 
-

9th International Congress on 
High-Speed Photography Denver, 
Colorado Aug. 2-7, 1970 
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We're not looking for scientists who do as they're told. 
We'd rather hire the kind who question what they do. 

We're involved in projects such as designing the air traffic 
control system of the future. We need people who don't just 
take our word for things, but who are professionally able to 
depend upon their own. THE ______ _ 

Send us a resume. 
MITRE Especially if you're the 

disagreeable type. Of any 
age, sex or color. 

..... ;.4* •• -•.••••• :' 
An equal opportunity employer 

Near Boston: Richard J. Seamans, MITRE, 
6409 Middlesex T'pike, Bedford, Mass. 01730 

Near Washington: Robert P. Knotts, MITRE, 
18039 Dalley Madison Blvd., Mclean, Va. 22101 

Wetllike to hire some disagreeable young men. 

MANIJFACTIJRING • CONSIJL TlNG • FIELD SERVICES ' 

11 
'KLEIN ASSOCIATES IUNDERSEA SEARCH AND SURVEY 

Route 111 • RFO 2· Salem, New Hampsllire D3879, U.s.A.' (603)893-6131 

street below. One wonders whether. or 
not the systems analysts have asked ur
ban planners, store managers and John 
Q. Public if they would accept such ele
vated contraptions. Innumerable mono
rail proposals have been stopped cold by 
this fact of urban life, Perhaps it would 
be prudent to explore this problem be
fore undertaking serious development 
of elevated systems, however intriguing 
they may be to engineers, 

L. K. EDWARDS 

Palo Alto, Calif, 

Sirs: 
William F. Hamilton II and Dana K. 

Nance's "Systems Analysis of Urban 
Transportation" [SCIENTIFIC AMERICAN, 
July] should go far toward helping us 
shake ourselves loose from paralyzing 
presuppositions about acceptable solu
tions to the urban transportation prob
lem. The question is: Does it go far 
enough? 

No systems analysis exhausts all the 
possibilities. The authors say their goal 
"was to model all the significant modes, 

Scientific American, September, ]969; VoL 221, 
No.3. Published monthly by Scientific American, 
Inc., 415 Madison Avenue, New York, N.Y. ]0017; 
Gerard Piel, president; Dennis Flanagan, vice
president; Donald H. Miller, Jr., vice-president 
and treasurer. 

Editorial correspondf'nce should be addressed to 
The Editors, SCIENTIFIC AMERICAN, 415 :Madison 
Avenue, New York, N.Y. ]00J7. l\'Ianuscripts are 
submitted at the author's risk and will not be 
returned unless accompanied by postage. 

Advertising cOrreSI}ondence should be addressed 
to Allan Wittman, Advertising Manager, SCIEN
TIFIC AMERICAN, 415 Madison Avenue, New York, 
N.Y. 10017. 

Offprint correspondence and orders should be 
addressed to W. H. Freeman and Company, 
660 Market Street, San Francisco, Calif. 9410 L 
For each offprint ordered please enclose 20 cents. 

Change of address (or other subscription cor· 
respondence) should be addressed to Circulation 
Manager, SCIENTIFIC AMERICAN, 415 Madison 
Avenue, New York, N.Y. 10017. Please notify us 
four weeks in advance of change. )f possible, 
kindly furnish an address imprint from a recent 
issue. Send both old and new addresses or com· 
plete and mail Post Office Form 357B. 

Please enter change of address 0 
Please cnter subscription 0 
01 year, $10 02 years, SIB 03 years, 825 

NAME 

NEW ADDRESS 

OLD ADDRESS 
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Blackout! Jet-powered emergency generators may 
spoil some of the fun, but they help keep a city moving. 

� 

• 

The City: How to keep it 
from standing sti . 
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Without freedom of movement, 
a city can strangle. What's United Aircraft 
doing about it? 

Our helicopters are 
whisking people up and over 
traffic problems. We're working on new 
concepts in urban transit. 
And making jet-powered generating 
systems that can keep electric-powered 
transportation moving if there's a blackout. 

We're speeding up travel 
between cities, too. With 
jet-powered Turbo Trains that can 
make the Boston-New York run 
in 31,4 hours. And propellers for 
new V/STOL aircraft that can bypass 
congested air lanes. 

To prosper, cities must be 
served by a coordinated, efficient 
transportation system. 
And that ideal system is what we're 
helping to build at United Aircraft. 
Where new ideas take off. 

Unite 
�ircraft 

® 
PRATT & WHITNEY AIRCRAFT· 

HAMILTON STANDARD · SIKORSKY AIRCRAFT· 

NORDEN · UNITED TECHNOLOGY CENTER · 

ELECTRONIC COMPONENTS· UNITED AIRCRAFT 

RESEARCH LABOR!(TORIES· 

UNITED AIRCRAFT OF CANADA LIMITED· 

Planners are working on faster, more 
convenient ways to and from airports. 
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This is no �lace 
to have problems with 
a real-time system. 

That's why Scripps 
chose ours. 

This strange sea monster is the FLIP ship, developed and 
operated by the Marine Physical Laboratory, Scripps 
Institution of Oceanography. She is towed to a chosen spot 
at sea, fills her ballast tanks and tips on end. There she 
remains, steady as a fencepost. Even in raging storms. 

When Scripps needed a real-time computer system to help 
with their underwater acoustical research, they looked at 
suppliers with a wary eye. After all, they demanded a system 
that would give top-notch performance for all their real-time 
measurements. And one rugged enough to take the 
punishment of storm, humidity, heat and cold. Right side up 
or upended. 

So Scripps chose our HP 2005A Real-Time Executive. 

Its performance is well worth seeing, even on dry land. 
Multiprogramming capability, with simultaneous I/O, lets 
our real-time executive control any number of different 
operations. And you can use up to 99 priority levels, so your 
most important programs get the attention they deserve. 

And because the HP 2005A handles background as well as 
foreground processing, you will save big money. When your 
computer isn't running real-time operations, you can use it 
to handle everyday chores. Like development of new 
programs, editing and process analysis. 

Meanwhile, your foreground operations are guarded from 
"crashing" errors by our computer's dynamic memory 
protection. And you have direct memory access, switchable 
to any I/O channel. 

Another nice thing. We build our HP 2005A software as a 
modular system. So you can tailor it to your needs. Our quick 
delivery and complete documentation get you "on-line" fast. 
And our extensive service back-up keeps you there. 

So any place you need real-time help, you can count on the 
HP 2005 A to get the job done, starting at under 
$75,000. Your local HP computer specialist has all the details. 
Give him a call. Or write to Hewlett-Packard, Palo Alto, 
California 94304; Europe: 1217 Meyrin-Gerieva, 
Switzerland. 

HEWLET� � PACKARD 

DIGITAL COMPUTERS 
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A feature 
motion picture 
on modern 
oceanography, 
narrated by 
Lt. Commander 
Jon Lindbergh, USNR. 

Change for the better with 
Alcoa® Aluminum 

20 

Watch as a lost H-bomb 
is recovered. 
Be topside when an atomic 
sub breaks through the 
polar ice cap. 
Live with aquanauts 
working underseas. 
See "Flip"-the ship that 
stands on end. 

mALCOA 

actual and potential, of transporting 
people in an urban area." They did not 
ask the wider question: Is this trip nec
essary? 

Thoughtlessly, we seem to assume 
that our places of residence and work 
are given (By God? By Nature?), that 
they cannot be altered by a rational 
planner. Yet once we become aware of 
this silent assumption we begin to ask 
productive questions. Is it rational for an 
individual whose home is in A to travel 
to B to work each day, while someone in 
B travels to A? Is it rational to zone cities 
as we do now, with businesses in one 
area and homes in another, instead of 
intermixing the two? 'What is the opti
mum size of a city, and how is the solu
tion affected by the kinds of business? 
vVhat effect will TV-telephones have on 
commuting and business travel, and in
deed on the centralization of employees 
in offices as we know them? 

No intuitive answer to these questions 
is acceptable; the computer must be 
used. The cost of radically restructuring 
the city would be great, but it might not 
be greater than the cost of the radical 
transportation system proposed by Ham
ilton and Nance. Since most of our cities 
need to be rebuilt anyway, redesigning 
them might not add much to the ex
pense. 

Ancient Rome failed to solve the 
problem of the city, and the hardening 
of her arteries of transportation was not 
ameliorated by desperate attempts to 
control movement without giving atten
tion to the whole system. As Lewis Mum
ford says in The City in History: Its 
Origins, Its Transformations, Its Pros
pects (page 219), the reason for Rome's 
failure "was precisely the same reason 
that makes present-day traffic regula
tions, with the widening and multiplica
tion of traffic arteries, so futile and inept: 
namely, no attempt was made to control 
the congestion of the land itself, or to re
duce the denSity of population housed in 
its buildings. Absurdly, the factors that 
generate traffic remained outside the 
scheme of control." 

Is there any reason to think that our 
present efforts to solve this urban prob
lem will be any more successful than 
the Romans'? New transportation "hard
ware" may not suffice; we may need the 
new "software" of a restructured com
munity. 

GARRETT HARDIN 

University of California 
Santa Barbara, Calif. 
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Florida ... The Ocean Commonwealth 

There is another Florida. 
It extends from the high 
watermark on the beaches 
to the 200 meter line on 
the continental shelf. 
There are 35 million acres 
of it. 

It is richer than the 
Yukon, more fertile than 
the Yakima Valley, more 
challenging than the 
Gobi Desert, and as 
relatively unexplored 
as Venus. 

There is nothing else 
like it. 

The Broadest Possible 
Educational 
and Research Facilities 

Since no Florida child is born 
more than 90 miles from salt 
water, it is not surprising that we 
have numerous recorded cases of 
vestigial gills. Not unexpectedly, 
one of our most popular puberty 
rites is the selection of the Surf
board or SCUBA. Many, on en
tering adulthood, opt for both. 

As a result, our high school biol
ogy classes are filled with sun
burned boys and girls who smell 

faintly of the pickling barrel. 
Many of them have done an au
topsy on the Squalus acanthias 
while most students elsewhere are 
still trying to distinguish between 
stamen and pistil. 

On the principle that what could 
possibly be groovier than getting 
paid for riding your hobby, the 

effect carries over into our col
leges and universities. Fourteen 
of our universities are, at the 
present time, granting degrees in 
various scientific disciplines em
phasizing the marine aspect. Five 
of these institutions grant doc
torates or master's degrees in Ma
rine Sciences or Oceanography. 

Comprehensive programs are 
now under way in ten of our 
Junior Colleges for the education 
and training of marine techni
cians - an important need which 
was' early recognized by those 
concerned with Florida ocean
ography. 

A ten year plan for a coordinated 
program of Oceanography, Ma
rine Technology, and Related 
Sciences was approved by the 
Florida Interinstitutional Com
mittee on Oceanography on Jan
uary 7, 1966. It is designed "to 
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FLORIDA ... THE OCEAN COMMONWEALTH provide the broadest possible 
educational and research 
facili ties." 

Three types of field are recog
nized for study: Estuarine, Deep 
Sea, and Related Sciences. Fa
cilities for teaching and re
search in Estuarine Oceanog
raphy have been set up at Pen
sacola Bay, Turkey Point, Cedar 
Key, Bayboro Harbor, Biscayne 
Bay, and Pigeon Key. For the 
study of Deep Sea Oceanog
raphy, facilities have been estab
lished at Miami, Bayboro 
Harbor, and Turkey Point. All 
are university administered. 

The Board of Regents has estab
lished the Florida Institute of 

Oceanography which is respon
sible for the coordination of Re
lated Sciences, Oceanography, 
and Technology; for educational 
and research programs; for the 
acquisition and administration 
of research funds; and for the 
regular evaluation of the 
program. 
The state which offers the most 
varied opportunities in the field 
of oceanography has girded itself 
well to provide the ocean
ographic technicians, engineers, 
and research scientists to meet 
the demands of the future. 

Where Do The Portuguese Men 
of-War Come From, Daddy? 

Down in what is technically 
known as the Deep Six, where the 
Penaeus duorarum speak only to 
the Epinephelus moria, and the 
Epinephelus moria don't speak to 
nobody, we have many friends. 

In our avid pursuit of the myster
ies of the seas around us, from 
the brackish waters of our 
estuaries to the vast stretch of 
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continental shelf, we sometimes 
sound like the feed-back of a six
year-old's litany. 

"Where do the Portuguese Men
of-War come from, Daddy? What 
caused the red tide to kill all the 
fishes? Does God make the 
waves? Who? Can porpoises talk? 
What do they say? What makes 
the river bottom wrinkled? How 
long can a man stay under wa
ter?" It goes on and on. 

And so do we. In private indus
trial laboratories, on the univer
sity campuses, in state-operated 
installations, we continue to 
amass knowledge in book, bot
tle, and bibliography. 

As one example, the largest State 
Department of Natural Resources 
Laboratory in the United States 
is at St. Petersburg, employing 
over 40 biologists and techni
cians. It has as its research vessel 
the 72-foot Hernan Cortez, a con
verted St. Augustine shrimp 
trawler. The library and inverte
brate reference collection are 
among the finest to be found in 
the United States. 

Of utmost importance to ocean
ographic research is the recently 
created Gulf Underwater Labora
tory Foundation. Based on the 
present Navy Ship Research De
velopment Laboratory Stable 
Ocean Platform connected to an 
underwater habitat in water 105 
feet deep, 11 miles off Panama 
City, it is expected to fulfill the 
requirements of a national man
in-the-sea facility that will be 
used by federal and state agen
cies, universities, and industries. 

The vision of proposed projects 
is impressive: Systems Testing 
and Engineering Development; 
Physiology; Behavioral Studies; 
Bio-Medical Research; Coastal 
and Ocean Engineering; Physi
cal; Chemical; Geological and 
Biological Oceanography; Geo
physics; Meteorology; Underwa
ter Training Programs; and Eco-
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FLORIDA . .. THE OCEAN COMMONWEALTH nomic Evaluation of Man In the 
Sea Opera tions. 

In short, wherever the ocean
ographer may question or in
quire. 

What Goes On At The Bottom 
of the Sea? 

If we are to believe the friezes on 
cups and walls, the Greeks, Car
thagenians, Romans and other 
Mediterranian types were inordi
nately curious about what went 
on at the bottom of the sea. 
Though their submersible equip
ment was rudimentary, and their 
research complicated by the pres
ence of certain gods and sub
dieties, they got down to respec
table depths for fight, fun, or 
profit. 

They would be amazed and ex
cited by the progress we have 
made here in Florida in much the 
same causes. 

To build the vehicles and instru
mentation that will permit man 
to work at varying depths, and to 
measure and understand the phe
nomena he encounters, is a highly 
specialized and vital aspect of 
Oceanography. 

By 1971, the $8 million Ocean 
Simulation Laboratory will have 
been completed at the Naval Re
search and Development Center. 

Combined with the new $6 mil
lion computer complex, it will be 
unique in its ability to test both 
men and equipment in a simu
lated ocean environment to 
depths of over 2000 feet. 

Here, on both our coasts, we 
have a number of companies who 
have had long and successful ex
perience in the manufacture of 
submersible vehicles, underseas 
habitats, and oceanographic in
strumentation of various kinds. 

The world's first opera tional 
diver lock-out submarine was 
built and operated in Florida. 
With an operational depth of 
1335 feet and a lock-out depth of 

1250 feet, it carries a crew of 
diver and observer forward and 
two diver/observers aft. 

Such equipment as a three-man 
observation submarine with 24 
view ports, designed to operate 
at up to 1200 feet and a hydrolab 
measuring 8 by 14 feet are char
acteristic of the capabilities now 
present in Florida. 

Other forms of hardware such as 
acoustic transducers, transpond
ers, and telemeters; conductivity 
sensors; coring kits and bottom 
samplers of various designs; 
depth/temperature recorders; 
and acoustic beacons are typical 
of the equipment now being made 
in Florida by national and state
based companies. 

The Limitless Bounty 
of the Sea 

Not since the miracle of the 
loaves and the fishes have we 
been as close to feeding so many 
with so little, as in the use of 
Fish Protein Concentrate. Ob
servers of the world-wide food 
problem believe that in F PC we 
may have something that, in 
terms of world nutrition, is big
ger than all of us. 

This program, while still in its 
infancy, is one more indication of 
the almost limitless bounty to be 
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harvested from the sea - when 
and if the full weight of our scien
tific expertise is applied to the 
problem. 

Here in Florida we are working 
hard on the ways of deriving 
greater nutrition from the sea, 
more economically and more ef
ficiently. In keeping with the sea
ward gaze, our Legislature was 
the first to pass laws making pos
sible the establishment of com
mercial fish farms. 

One of the more interesting 
break-throughs is the successful 
establishment in Florida of the 
first "shrimp farm" in the United 
States. At shore installations and 
nearby fenced-off bays, shrimp 
are being bred, raised, and har
vested with an efficiency and 
economy of great promise to the 
industry. 

The Spanish and king mackerel 
are receiving great attention, as 
are stone crabs and spiny lob
sters. We are learning much that 
has heretofore been unknown 
about the biology, spawning, mi
grations and life history of these 
commercially important animals. 

Laboratory experiments have 
shown great promise for the rais
ing, from the eggs, of pompano 
and black sea bass for production 
on "farms" in commercial quan
tities. 

Florida is currently conducting 
one of the most extensive oyster 
research programs in the United 
States. One of its more promising 
aspects is the establishment of 
beds on artificially constructed 
reefs. Progress has also been made 
in the fattening of oysters through 
special nutrition. 

Through the Marine Research 
Laboratory of the Department of 
Natural Resources, all research 
findings are made available 
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FLORIDA .. . THE OCEAN COMMONWEALTH through its library of its own pub
lications and articles in scientific 
journals. A bibliography of all 
published material may be ob
tained by writing to the Marine 
Research Laboratory, P.O. Drawer 
"F", St. Petersburg, Florida, 33731. 

Narvaez Knew A Good Thing 

Britannia ruled the seas from 
fewer ports than are possessed by 
the State of Florida, and while we 
have yet to uncover a Sir Henry 
Morgan, there is many a maritime 
nation that envies us our 15 
deepwater ports, supplemented 
by no less than 35 others into 
which from 8 to 27 feet may be 
carried. 

Our major harbors are nicely 
distributed between Gulf and At
lantic coasts, and range from 
Fernandina Beach and Pensacola 
to the north through 360 minutes 

of latitude to Key West at the 
southern tip of the state. 

Most of our ports have wide, eas
ily navigated channels to the open 
sea, with deep, safe anchorages. 
Tides average but three feet. Al
most all harbors have access to 
the extensive Intracoastal Water
way System, and with comple
tion of the Cross-Florida Barge 
Canal, a significant link will have 
been forged between our Atlantic 
and Gulf coasts. 

All manner of support industries 
are to be found in the port cities. 
We have nine major shipbuilding 
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yards, located on both coasts, 
while a great many of the other 
ports have yards capable of 
handling repair and refurbishing 
work on oceanographic vessels. 

As might be expected in a sea
going state such as Florida, a 
variety of electronic navigational 
and measurement gear is avail
able at major ports, including 
fast, expert repair service. 

It is of interest to note that our 
Florida harbors are the oldest in 
the United States. They have 
gladdened the eye of many a 
mariner since the days when 
Tristan de Luna and Panfilo de 
Narvaez sounded their way into 
those deep and beautiful anchor
ages. These early oceanographers 
knew a good thing when they 
saw it. 

Off-Soundings 

Red-barred on white 
field, the folds of the flag 
of Florida stir gently with 
the ocean's currents. 

They float 0 'er an ocean 
commonwealth whose 
riches no man has yet 
calculated, and whose 
secrets no man has yet 
fully unlocked. 

If you would like to 
know more about this 
commonwealth-in-the-sea, 
and the organizations 
involved in it, address 
us on your letterhead at 
the Florida Department of 
Commerce, 107 W. Gaines 
Street, Tallahassee, 
Florida, 32304, or 
telephone (904) 224-1215. 

a place for vou. .. 

DEPARTMENT OF COMMERCE 
107 WEST GAINES STREET 
TALLAHASSEE. FLORI DA 32304 
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are. 

Since 1923, we at Hertz have been watching enough to give you more than a glib smile. 
the man on the road. The traveling In short, we've taught them to 
businessman, the once-a-year vacationer. help. In any way they can. And as a company, 

We've seen the sophisticated as well we've given them the tools to help in 
as the innocent. many ways they wouldn't normally be able 

From what we've seen has come an to help. 
awareness of what traveling is like. Of what Of course, we've also given our 
it's like to be a stranger in town. Of what people a fleet of well-maintained Fords and 
it's like to be without a hotel room. Perhaps other good cars to rent to you. So you get 
to be lost. Or not have the vaguest idea a car that doesn't add to your problems. 
where to get a decent meal. r------.. Keeping all this in mind, you become 

We at Hertz have taught every aware of the basic difference 
one of our people to know what it's WerliZ17 betwee� us and the other rent a car 
like. So when you come to the counter I!.. Y compames. They rent you a car. 
they would know enough and feel We rent you a company. 

'------'® 

You don't just rent a car. You rent a company. 

@HERTZ SYSTEM, INC., 1969 
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50 AND 100 
YEARS AGO 

SEPTEMBER, 1919: "The possibility 
of using the oil shale deposits of the U.S. 
as a source of liquid fuel is under con
sideration. These are found in several 
portions of the country but those in Utah 
and Colorado are the most extensive. At 
first glance this material shows no signs 
of oil, but when it is heated the organic 
materials in its composition are broken 
up and, among other things, oil and gas 
are obtained. Considerable use is made 
of shale oil in England and Scotland." 

"Following the example of Great Brit
ain, which has recently established a 
Ministry of Health, a bill creating a De
partment of Public Health was intro
duced in the U.S. Senate on July 17. The 
department is to establish a far-reaching 
scheme of cooperation in public health 
work and the gathering of vital statistics 
between the federal and state govern
ments, with grants of money from Con
gress on the half-and-half plan which 
has recently been adopted in so many 
other cooperative official undertakings." 

"Great Britain is reducing her Navy 
in a most drastic way. Since the war she 
has sold or condemned more than 150 
ships, and the most amazing part of this 
disarmament is the fact that it includes 
every one of her big Heet of predread
noughts. The sweeping character of this 
disarmament affords food for thought by 
our Navy Department, which is asking 
Congress for funds to bring our own pre
dreadnoughts into fighting shape. \tVith 
the single exception of the Hood, Great 
Britain has stopped work on all capital 
ships, that is, on all battleships and bat
tle-cruisers. We ourselves, on the other 
hand, have six battleships and six battle
cruisers under construction." 

"In defiance of an official interdict a 
Frenchman, Charles Godefroi, has suc
ceeded in Hying through the Arc de 
Triomphe, the feat which even the 
French have been moved to term foolish 
and in practicing for which Navarre lost 
his life. The Hight was made soon after 

THE QUESTAR SEVEN MAKES THE SCENE 
Would you believe a telescope with seven 

inches of aperture could be completely por
table? - could be set up wherever you want 
it in just the length of time it takes to lift 
barrel and mounting out of two matching 
cases and join them together with a knurled 
screw? - could be used on a table top in 
alt-azimuth form or in polar equatorial posi
tion by pushing three legs into place, or 
attached to a sturdy standard tripod. 

Here it is, the Questar Seven, over
shadowing companion of its world-famous 
predecessor - twice as large and double 
the performance. A portable observatory 
with every refinement of the observatory 

telescope at your fingertips - continuous 
3600 smooth, slow motions, built-in syn
chronous electric drive, circles, worm-driven 
sidereal clock, and power changes, and the 
Questar safe, patented solar filter. 

It is photo-visual, of course, with four 
times the light grasp of the 3V2-inch, and 
with still the same easy way of adding a 
35-mm. camera to photograph all you see. 
Think of focal length that can vary from 9 to 
100 feet! What a blast I 

BOX 120. NEW HOPE. PA. 18938 

QUESTAR, THE WORLD'S FINEST, MOST VERSATILE SMALL TELESCOPE, PRICED FROM $795. IS 
DESCRIBED IN OUR NEWEST BOOKLET WHICH CONTAINS MORE THAN 100 PHOTOGRAPHS BY 
QUESTAR OWNERS. SEND $1 FOR MAILING ANYWHERE IN NORTH AMERICA BY AIR TO 
REST OF WESTERN HEMISPHERE, $2.50; EUROPE AND NORTH AFRICA, $3.00; ELSEWHERE. $350. 
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Computer-aided m easurement lets you 
eavesdrop on airport noise. 
Make the most of crude oil. 
And keep tabs on the moon. 

A way to quieter airports. 
Jet aircraft are not designed to be 
noisy. The sound level depends more 
on how and where they're flown. And 
whether anybody cares. Around air
ports, people usually do. At Stuttgart, 
Germany, for example, after 
Hewlett-Packard installed an airport 
noise monitoring system, the level of 
noise dropped immediately . The pilots 
themselves became more "noise con
scious" and exerted their own controls. 
On the other hand, some residents 

complained more . Publicity about the 
system increased their awareness, too. 

Actually, a number of things can be 
done-if you know when and where 
the noise is building up. Airport 
officials can change flight patterns to 
avoid sleeping neighborhoods; they 
can require new engine settings and 
approach angles; or redesign the 
airport! And they can compare present 
and future performance with actual 
data logged in the past by the 
monitoring system. 

Besides statis
tical analysis of 
airport noise, 
another boon for 
the future is that an 
offending aircraft 
can be detected in 
flight and brought 
to heel immedi
ately. Chronic 
complainers can be 
mollified with 
statistics showing 
that aircraft are 
within their proper 
limits. This is all 
made possible by 
the speed and 
versatility of the 
HP 80500A Air
craft Noise Moni
toring System, a 
combination of 
comp�ter, real
time audio spec
trum analyzer, and 
multi pie remote 
monitors. This sys
tem can be pro
grammed, with 

software provided, for any type 
of analysis the airport needs. The cost 
of a typical system would run 
about $70,000. 

Airports can be easier to live around. 
For more information on how an 
HP airport system could help your 
community, write for Bulletin Number 
80500A. Also yours for the asking 
is our 116-page Acoustics Handbook. 

Analyzing 
the inconsistencies of oil. 
Who knows how much high-grade 
gasoline you can get from a shipload of 
crude petroleum? Yet every time the 
refinery gets another shipment of crude, 
the chief engineer has to reset his 
refining towers for maximum efficiency: 
more heat at this point, less at that. 
It makes a great difference in the 
quality, quantity and type of petroleum 
products extracted, because no two 
oil shipments are the same. 

Previously, analytical chemists had 
to set up a variety of distilling columns 
in the lab. Or chemical engineers had 
to run a sample through a pilot plant in 
search of the amount in each specified 
boiling range in the crude oil. Both 
laborious, time-consuming projects, 
actual distillations requiring six to 
one hundred hours per run. 

But now there's a way to analyze 
the component boiling ranges auto
matically, at less than half the cost. 
Hewlett-Packard's 7600A Gas 
Chromatograph System is a meticulous 
alter-ego for the laboratory analyst. 
He sets the controls, supplies the 
samples and lets the 7600A simulate 
the distillations. (And the material 
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doesn't have to be crude oil: any 
petroleum fraction will do.) 

The chromatograph-a misnomer 
from blotting-paper days-takes an 
exact sample, squirts it into a vaporizer 
section, vaporizes it, separates the 
components according to their boiling 
points, drives the vapors past sensors
all at the right temperature-evaluates 
the components, draws a graph on a 
built-in recorder, integrates and prints 

out the quantities, and resets itself for 
the next sample. 

If there's a computer handy, in the 
lab or by time-share, the chromatograph 
will prepare a tape with all the data. 
The computer is programmed with a 
BASIC language system supplied by 
Hewlett-Packard. The computer will 
then print out the initial and final 
boiling points of the sample and the 
boiling point at each percent in
between. These data provide a fast and 
convenient guide to refinery operation. 
In short, the HP 7600A Chromato
graph System saves much time and 
frustration for chief engineers and 
analysts alike. 

And the system is not limited to 
petroleum problems. 
In fact any 
application for GC 
analysis-the pro
duction of perfumes, 
alcohols, turpen
tines or ethical drugs 
-can be speeded 
by the HP 7600A. 
More information 
is contained in our 
brochure, to dem
onstrate the GCs potential and its 
ability to cut costs. 

How much did the moon 
move today? 
The moon pulls at the earth. And the 
earth pulls back. Predicted decay in the 
lunar gravitational field might be con
firmed by precisely measuring changes 
in the radial distance between the earth 
and moon. But the perturbations are 
small indeed. Only with today's laser 
systems, and space accomplishments, 
can measurements of distances over a 
quarter million miles be exact enough to 
detect them. Accuracy depends on the 
quality of the system's resolution and 
the stability of its time base. But now, 
at least one new instrument can improve 
on range readings. 

If you can get a clear signal to the 
moon and back, the Hewlett-Packard 
5360A Computing Counter can 
calculate the distance within a foot. 
With its time-interval plug-in, the 
counter can resolve the time it takes 

signals to bounce off the moon within 
100 picoseconds, and be accurate 
to 1 nanosecond. 

Computing circuits inside the 
counter will convert the time to 
distance-feet or inches-out to 10 or 
11 significant figures. The counter itself 
will decide from the measurement 
how many figures are significant. 

The flow of calculations is directed 
by a small accessory keyboard, as on 
a small calculator. Except this one can 
remember up to 32 successive instruc
tions. For example, if you want the 
distance to the moon computed even 
closer, you can crank in today's constant 
for the speed of light in the atmos
phere. Or you can have the counter 

compare successive measurements, and 
compute the change in distance. 

The 5360A Computing Counter can 
reduce the period, frequency, or time 
interval of any series of events to units 
directly meaningful to the engineer 
or scientist. 

With appropriate plug-ins and a 
keyboard (available later this year), the 
5360A performs arithmetic operations 
on its basic functions to permit such 
measurements as velocity, standard 
deviation, phase angle. 

The counter sells for $6500, the 
accessory keyboard for about $1350. 

If extremely high resolution meas
urements in the frequency and time 
domain are of value to you, write for 
our brochure on the HP 5360A 
Computing Counter. 

And if you have any special problem 
you think computer-aided measure
ment might solve, give us a call. 
Hewlett-Packard, 1508 Page Mill 
Road, Palo Alto, California 94304; 
Europe: 1217 Meyrin-Geneva, 
Switzerland. 

00910 

HEWLETT [npJ PACKARD 
_ Measurement, Analysis and Computation 
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It's not a coincidence 
that Plenco compounds 
are selected to help 
answer so many 
different molding 
problems.* 

May we quote? 

"We specify Pie nco molding materials in 
over 500 separate instances," reports a 
leading manufacturer of electrical/ 
electronic testing equipment. "Plenco 
contributes to the ability of our 
measuring instruments to provide tough 
service yet assure accuracy and 
sensitivity." 

"Very stable, free flowing, fast curing and 
rigid setting," report both molder and 
world-renowned television receiver 
manufacturer, regarding our Plenco 512 
compound used in molding this color 
tuner shaft. "Must weld around the core 
and fill into teeth area, and it does. Knits 
tightly, too. A rather intricate part, but this 
material was well up to it." 

* Switches to screw-tops to meters and 
mixers. Pot-handles to humidifiers to 

optical equipment. Connectors, condensers 
and relay circuits. Timers, testers and 
tape recorder heads. Thermostatic 
controls and agitator fans. Cameras. 
Copiers. Adding machines. Toys, sports 
equipment and musical instruments. 
Covers and cases. Closures and bases, 
And the list goes on! So of course does 
reliable Plenco service. Call on it 
at any time. 
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"By using standard techniques and 
Plenco 397 Impact and Heat Resistant 
compound," says the manufacturer of 
this large resin bonded diamond wheel, 
"we were able to mold a preform 
16" x 2';',' x 5" In one piece, free of 
gas inclusions." 

"Plenco 1500 Electrical/General- Purpose 
Alkyd," according to a leading maker of . 
ignition kits for sports car buffs, 
"demonstrated greater molding latitude 
than most alkyd compounds." Specifics? 
Plenty; among them: "Excellent surface 
resistance." "Dimensional stability." 
"Good heat values." "Eliminated carbon 
tracking and electrical leakage." 
"Attractive finish," 

PLENCO 
THERMOSET PLASTICS 

PLASTICS ENGINEERING COMPANY 
Sheboygan, Wis. 53081 
Through Plenco research ... a wide range of 
ready-made or custom-formulated phenolic, 
melamine, epoxy and alkyd thermoset molding 
compounds, and industrial resins, 

7 A.:-'f. in a Nieuport of nine meters' 
span, fitted with a 120-horsepower -Le 
Rhone motor. The height of the open
ing of the Arc de Triomphe is 29.42 
meters and the width between the pil
lars 14.62 meters," 

SEPTE�Il3ER, 1869: "Among the pa
pers read before the American Associa
tion for the Advancement of Science we 
notice an able one from the pen of Prof. 
Charles A, Seeley of New York, The title 
of this paper was 'The Classification of 
the Elements of Matter. ' Prof. Seeley 
was the first to observe that the elements 
of the two kinds (viz., those of odd 
and those of even atomicity) which had 
corresponding or closely approximating 
atomic numbers were related in physical 
properties. Mr. Charles Sanders Peirce 
of Cambridge had greatly added to the 
illustration of the fact of pairing by rep
resenting in a diagram the elements in 
positions determined by ordinates repre
senting the atomic numbers. The impor
tant conclusion of the paper was that 
the various groupings of the elements 
by physical properties were dependent 
upon certain numerical relations." 

"Another cable is coming soon, a con
cession having been granted by Count 
Bismarck to a company for the laying 
of a submarine cable between northern 
Germany and the U.S., the landing of 
that cable at a suitable point of the 
North German coast on the North Sea 
and the construction of all appliances 
required for working the cable, which 
is to be constructed in the best-known 
manner; its manufacture is to be com
menced within six months after the date 
of the concession, and the whole line is 
to be completed within two years after 
that date." 

"It is said that a stenographic press 
has been invented in England by the use 
of which the art of reporting 1)erbatim 
can be acquired in much less time than 
by the old methods. The reporter sits at 
something like the keyboard of a piano
forte and, by applying his fingers to the 
keys, prints the words as they drop from 
the lips of the speaker, syllable by syl
lable, on a strip of paper which rolls 
along underneath, VVe gather that some
thing like a phonetic system of signs is 
employed, A few months' practice is said 
to enable any operator to follow the most 
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THE WHOLE MAY BE LESS 
than the sum of its parts 

The quality of the individual components of a cable system 
does not determine the reliability of the system as a whole. 

If you buy connectors from one place, cables at another, 
and assemble them at yet another, you compound your 
chances for system failure. 

And dilute your ability to fix responsibility. 
Vector builds MARSH & MARINE CONNECTORS and its 

own cables-to any specifications. 
We conceive, design, build and test entire cable systems

tailored to your exact needs. 
And we accept full responsibility for the system's reliability 

-from concept to performance. 
Make Vector your central supply source for cable systems. 

And get action instead of alibis. 

ec or Houston, Texas V t /5616 Lawndale 

Cable Company ��x�[ri�8:l_�-::tl 
A Division of Schlumberger Technology Company 

WATER ON 
THE BRAIN? 

MARINE PHARMACOLOGY: A Study of Toxins 

and Other Biologically Active Substances of 

Marine Origin By Morris H. Baslow, Ph.D.; 

1969, approx .. 400 pp., 62 figs., in press. 

The first text in a rapidly expanding new 

scientific discipline, this brand-new book 

offers the recently accumulated results of 

investigations into the pharmacological po

tentials of compounds derived from marine 

organisms. 

UNDERWATER PHYSIOLOGY Proceedings of 

the Third Symposium (N.A.S.-N.R.C., O.N.R.) 

Edited by C. J. lambertsen; 1967, 495 pp., 

158 figs., $17.00. 
"Anyone who wanl> to stay abreast of the 

rapidly growing field of human underwater 

endeavors cannot afford to miss this book," 

-American Review of Respiratory Disease 

PHYSIOLOGY AND MEDICINE OF DIVING 

AND COMPRESSED AIR WORK Edited by 

P. B. Bennett, Ph.D., and D. H. Elliot; 1969, 
546 pp., 150 figs., $27.00. 
A comprehensive review of the biomedical 

problems of life at high pressures; each 

chapter is complete, authoritative, and writ

ten by an internationally famous expert. 

Available through leading scientific bookstores. 

The Williams & Wilkins Co. 
428 E. Preston St./Balto., Md. 21202 
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Oceanic Research 
Begins with 

OCEANIC INDEX 

OCEANIC INDEX is a readers guide to 
current worldwide oceanic infonnation. 
Now in our 6th year of publication, we 
provide citations, abstracts, and an index 
to all published literature about the 
oceans. 

For subscriptions details ... write 

Oceanic Library & Infonnation Center 
P.O. Box 2369 

La Jolla, Calif. 92037 

(714) 459-2654 

fluent speaker with ease. Of this machine 
an English journal humorously says: 
'What we should certainly miss, if the 
machine came into use in the galleries of 
our Houses of Parliament, would be the 
happy skill with which the reporters con
dense the speeches from their notes. We 
have very few speakers who could bear 
to be reported by a machine.' " 

"The French Astronomer Royal is 
wisely making arrangements in good 
time for observing the transits of Venus, 
which will take place in the years 1874 
and 1882. The event is one of consider
able interest and value to scientific men, 
and it is therefore desirable that it be 
viewed from those parts of the earth's 
surface where it can be best observed. 
The stations fixed upon for 1874 are 
Oahu (one of the Sandwich Islands), 
Kerguelen Island (in the Indian Ocean), 
Rodriguez (a dependency of Mauritius), 
Auckland (New Zealand) and Alexan
dria. Both the Admiralty and the Trea
sury have responded with alacrity to the 
appeal which has been made to them 
for funds. Mr. Warren De la Rue is of 
the opinion that photography may be 
used with the utmost advantage in regis
tering the transit." 

"The workingmen of England are de
termined that the productions of their 
brains are not to be at the mercy of un
principled capitalists. One indication is 
given by the following. A deputation 
lately waited upon John Bright at the 
office of the Board of Trade for the pur
pose of asking him to bring in a bill early 
next session to protect the inventions 
that might be exhibited at the Working
men's International Exhibition to be held 
next year. Mr. Bright expressed his en
tire sympathy with the object of the 
deputation and promised to comply with 
their request." 

"The drug hashish, the cannabis in
dica of the U.S. Pharmacopreia, the res
inous product of hemp, grown in the 
East Indies and other parts of Asia, is 
used in those countries to a large extent 
for its intoxicating properties and is 
doubtless used in this country for the 
same purpose to a limited extent. Its 
effects, although perhaps similar in some 
respects upon all who take it, yet vary 
considerably according to the constitu
tion of the individual, condition of mind 
and body, etc., at the time of its admin
istration. The generally used restoratives 
are a wineglassful of pure lemon-juice, 
half a dozen cucumbers eaten raw and 
a few puffs of the hookah." 

© 1969 SCIENTIFIC AMERICAN, INC



Using a digital computer for simulation? 
Then this free book may not iust be free ... 

• 

Itma 
Si�ulating dynamic systems by""'''''''''' 
to be one of the most important desig 
veloped. 

Computer simulation lets you unders 
complex systems and products before you v v,." ..,. •. ", 

resources to b)lilding them. Results: Better. In .Ie 
At less money. With least man power. Bravo, 

But, good as a digital computer is for simulation, there's 
a better way: a hybrid computer. 

It combines an analog computer's fu'nctional and speed 
advantages with a digital computer's accuracy, logic and 
memory. 

Now you simulate faster. More accurately. Less expen
sively. In fact, much faster. Much more accurately. Much 

less . 
supplied by EAI hybrid-

we know studied the feasibility 
performance of a proposed nuclear 

on their fully-expanded third-generation 
r. What they learned was that an EAI 

could optimize power-generation per-
7formance three years sooner and $3 million cheaper. 
And it did! 

Who is EAI? Pioneer and leader in analog/hybrid com
putation. More installations. More experience. And more 
plain unvarnished know-how than anyone in the business. 

May we share it? Freely? Writing for our brochure may 
be the most inexpensive thing you ever did. Electronic 
Associates, Inc., West Long Branch, New Jersey 07764. 

EAt 
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"Wanting more food from the 
ocean is one thing. Getting 
it is another," says Art Tuthill 
of International Nickel. 

"Extracting food from the ocean in 
large quantities takes special machinery. 

"Special machinery to get the food. 
"Special machinery to process the 

food. 
"Special machinery to transport the 

food. 
"And most important, special 

machinery that can stand up to the sea. 

"Machinery made of materials that 
will last. Reliable materials priced 
reasonably enough to make large, 
intricate machinery self-sufficient and 
financially practical.. 

"That's my job at International 
Nickel," says Tuthill. "Working with the 
marine industry, interpreting their needs 
to our researchers. In an effort to develop 
special materials that will resist the sea's 
extreme pressures and corrosion. 

"We already have alloys of copper 
and nickel, nickel alloy steels and certain 
stainless steels, that fulfill these 
requirements. 

"Nickel maraging steel enabled 
Lockheed's Deep Quest to dive to a 
record depth of 8,310 feet withstanding 
fantastic pressure and stress. 

"Copper nickels have made 
desalination possible at reasonable costs. 
And are beginning to find a home in all 
kinds of boats that work the sea. Fighting 
hard against salt water corrosion. 

II And special grades of stainless steel 
assure the sanitary conditions necessary 
for processing the catch. . 

"We have the materials now. And 
the faster they're made into machines the 
sea can't destroy, the faster the relief 
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for the one billion underfed people of 
the world." 

Nickel helps other metals resist heat, 
cold, impact, pressure, abrasion, 
corrosion ... to advance engineering in 
vital fields-power, desalination, 
electronics, transportation, aerospace. 

We're doing everything we can to 
produce more nickel. Searching around 
the world-Indonesia, Australia, 
Guatemala, Canada. We've found ways 
to extract nickel from ores thought 
too poor to mine a few years ago. 

We count our blessings and respect 
our surroundings. From nickel ores, we 
recover platinum, palladium, twelve 
other commercially useful elements. 

Make iron pellets for steel. Convert smoke 
in our stacks to chemicals for other 
industries. On sand left from processing 
ore, we grow meadows of hay. 

We are explorers. We're in 18 
countries. Miners, researchers, market 
builders-we bring opportunity to 
underdeveloped lands, new technologies, 
new payrolls, new tax income. Nickel in 
the ground is useless. We put it to work. 

INTERNATIONAL NICKEL 
The International Nickel Company, Inc., New York, N.Y. 
The International Nickel Company of Canada, ltd., Toronto 
International Nickel limited, london, England 
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If dichroic mirrors work so 
well in color television cameras, 

why can't they work 
in other things, too? 

They can. Our dichroic mirrors sharpen color 
separation to improve the broadcast image in 
color television cameras. They can also be 
used to reflect infrared and transmit visible 
wave lengths or vice versa. They are used in 
photo projection equipment. research and test 
equipment and other areas where color sepa-
ration is necessary. 

Other vacuum-deposited coatings of aluminum, chrome and gold are used 
to make first-surface mirrors, neutral filters, H i- Efficiency beam splitters. 
Metallic and transparent electrically conductive coatings are available for 
resistance heating, I R refJecting and R F shielding applications. 

Liberty Mirror applies vacuum-deposited coatings to glass, optical parts, 
metal, epoxy or plastic. If you have a potential application, Liberty Mirror 
engineers will help you solve your 
problems. Technical data sheets and 
prices available on all coatings from 
Liberty Mirror, Brackenridge, Penn
sylvania 15014. 
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Can you solve 
....-------this prablem� 

1. There are three numbered statements in this box. 
2. Two of these numbered statements are not true. 
3. The average increase in I.Q. scores of those who 

learn 10 play WFF 'N PROOF is more Ihan 20 pOinls. 

Is statement No.3 true? 

A NEW DIMENSION IN EDUCATION 
Designed by university professors to 
teach and challenge those who enioy 
BRAIN - TO - BRAIN COMBAT. 
WFF 'N PROOF (logic) 
EQUATIONS (mathematic.) 
ON·SETS (set theory) 
PROPAGANDA (social studies) 
CONFIGURATIONS (geometry) 
5·GAME SPECIAL (the above) 
'Postage included 

Send check to: 
Box 71.CD New Haven, Conn. 06501 
Free Catalog - Dealer inquire. 

Satisfaction Guaranteed 

l1li1 ��::J": 
A DIVISION OF 

lI88EY·OWENS·FORD COMPANY 

Deep-Sky Telescope 
Imagine the thrill to the Student·Observer when he 
can swing a large telescope across the heavens and 
bring into sharp focus the - _ Wispy detail of a 
remote Nebula. _ ThollSallds of stars ;'1 a Globular 
Cluster. _ Ever.challgillg belt structure of Jupiter. 
_ Polar caps of Mars. 
eelestron Pacific offers a complete line of Observatory Tetescopes 
for the school or private installation in sizes ranging in aperture 
from 10 to 22 inches and prices starting at $2000. Each is of the 
folded Schmidt·Cassegrain optical design. Celestron telescopes are 
professionally oriented and have been purchased by a number of 
the nation's leading science and research centers, yet they retain 
simple student·proof control and operation. 

EVERY SCHOOL SHOULD BE EQUIPPED 
WITH A MODERN OBSERVATORY 
TELESCOPE! Is yours? There are many 
methods of funding such an installation. For 
details write to: Celestron Pacific. Inc. 

2430 a Amsler I Torrance, California 90505 

THE AUTHORS 
ROGER REVELLE ("The Ocean") is 

Richard Saltonstall Professor of Popu
lation Policy in the Faculty of Public 
Health at Harvard University and direc
tor of the Harvard Center for Population 
Studies. For many years before going 
to Harvard in 1964 he was director of 
the Scripps Institution of Oceanography, 
which he had jOined in 1931 as a re
search assistant. His work in oceanog
raphy has won wide recognition; in 1963 
the National Academy of Sciences gave 
him its Agassiz Medal for "outstanding 
achievement in oceanography." Revelle 
has also been active in many other areas; 
he headed the group that developed a 
plan for land and water development of 
the Indus River basin; he was a member 
of the U.S. delegation to the first Atoms 
for Peace Conference; he has been a 
member of several panels of the Presi
dent's Science Advisory Committee; he 
was U.S. delegate to the General Assem
bly of the International Council of Scien
tific Unions in 1968, and he is vice-presi
dent of the American Academy of Arts 
and Sciences. Revelle was graduated 
from Pomona College in 1929 and began 
his career as a teaching assistant there. 
He received his Ph.D. from the Univer
sity of California in 1936. At the Scripps 
Institution he became professor of ocean
ography in 1948 and director in 1951. 
From 1958 to 1961 he was also director 
of the La Jolla campus of the University 
of California. Between 1961 and 1963 he 
took a leave of absence to serve as the 
first science adviser to the Secretary of 
the Interior. He returned to the Univer
sity of California in 1963 as University 
Dean of Research for all campuses. Re
velle College, the first of the new col
leges established in the University of 
California at San Diego, was named in 
his honor by the regents of the university 
in 1965. 

SIR EDWARD BULLARD ("The 
Origin of the Oceans") is professor of 
geophysics at the University of Cam
bridge, which he entered as an under
graduate and where he has spent most 
of his career. He began his professional 
work there in 1931 as a demonstrator in 
geodesy. He was an experimental officer 
with the British Navy during World 
War II and then returned to Cambridge 
as a reader in experimental geophysics. 
In 1948-1949 he was professor of phys
ics at the University of Toronto, and 
from 1950 to 1955 he was director of the 

© 1969 SCIENTIFIC AMERICAN, INC



© 1969 SCIENTIFIC AMERICAN, INC



Get lost in Italy for $360. 
For $360 we'll give you a car, a thousand kilometers worth of free mileage 

a list of motels all over Italy that you can stay in for nothing, and two weeks to 
find your own way around. Just send us the coupon. 
�----------------------------------� 
I 0 Italy for Bargain Hunters, 2/3 weeks, from $360. 

SA·IT·CAR·9 

I Other Super-Value-Vacations For Bargain Hunters. 0 Sun & Fun 
I
I 

Vacations in Italy, Portugal & Spain, 2/3 weeks, from $339. 0 Portugal & Spain, 
2/3 weeks, from $300. 

I Extra-Value-Vacation Tours. 0 Portugal & Madeira, 2 weeks, from 
$315. 0 Portugal & Spain, 2 weeks, from $429. 0 Portugal, Spain & Morocco, 3 

I
I 

weeks, from $579.0 Italy (Group), 2 weeks, $499. 0 Italy (Independent), 2 weeks, 
from $587. 0 Italy & Switzerland, 3 weeks, $599. 0 Italy & Greece, 2 weeks, $699. 

I 0 European Shrines, 2 weeks, $599. 0 Europe on the Town, 3 weeks, from $799. 
I 0 Holy Land, 2 weeks, from $774. 

I Other Alitalia Tours. 0 Seascapes 0 Africa 

I For free brochure on Alitalia tours, see your travel agent or mail coupon to 

I 
Alitalia Tours, 666 Fifth Avenue, New York, N. Y. 10019. 

I 

I 

I AtlJ'TAltlJ'A 7 
L ____ ���:. ______ ����#!������ 

Prices based on 21/14 day round-trip jet economy 
of 15 or more. Bookings and a 25% deposit must be made 30 days in advance. 

FREE-! 
WORLD'S lARGEST 

ELECTRONIC I(IT 
CATALOG! 

The latest edition ... with more kits and more 
color. Includes over 300 kits for unique creative 
fun at 50% savings. You can build your own 
color TV. stereo system. electronic organ. home 
protection system. portable and shortwave 
radios. ham and CB equipment. marine elec
tronics and many more. No special skills or 
knowledge needed. Millions of others have 
done it already - you can too! Mail the coupon 
today and see how easy it is. 

.. ----------- (�'i',is3"H'91·., 
I HEATH COMPANY,Dept. 36-19 �Schlumbelgefsubsidiary I 
I Benton Harbor, Michigan 49022 Cl-362 I 
I Please send FREE 1970 Heathkit Catalog I 
I Name I 
I I 
I Address I 
I City State Zip __ I L _________________ � 
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SEAWEEDS 
of Cape Cod 
and the Islands 
by John M. Kingsbury 

Illustrations by Edward 
and Marcia Norman 

A comprehensive study 
of the marine flora 

found in the waters of Cape Cod, Nantucket and 
Marthas Vineyard. Over 100 different plants, 
representing most of the macroscopic species 
found from Cape Hatteras to Cape Breton are 
described in detailed essays covering structure, 
growth patterns, reproductive cycles, habitats. 
Each plant is illustrated by a full-page drawing 
showing living algae within its environment. In
troduction gives wide scope of information 
about seaweeds, their study and ecology. Index, 
glossary and key complete this magnificent vol
ume. 0 Written for the student and serious 
amateur botanist, SEAWEEDS is an indispensable 
field guide, handbook and pictorial reference to 
the field of marine algae. $12.50 
If, • • appealing to the amateur withottt insulting 
the intelligence 0/ the scietltist ... a distinct 
contribution to oceanology specifically for the 
identification of seaweeds in its various forms." 

Marine Tech. Soc. Jnl.. July 1969 
" ... the product of the author's keen i1lSight 
illlo the needs of a host of people interested in 
marine algae ... a ne'w standard of excellence 
for books ... on (marine) algae." 

Phycology Newsletter 

10-day free examination extended 
to teachers and librarians. Order 
through your bookseller or from . .. 

THE CHATHAM PRESS, INC. 
Box 281 • Chatha m , Mass. 02633 

National Physical Laboratory in the 
United Kingdom. Returning to Cam
bridge in 1956, he became succeSSively 
assistant director of research for the uni
versity, reader in geophysics and pro
fessor of geophysics. He was elected a 
Fellow of the Royal SOciety in 1941 and 
was knighted in 1953. 

R. W. STEWART ("The Atmosphere 
and the Ocean") is professor in the de
pat·tment of physics and Institute of 
Oceanography at the University of Brit
ish Columbia, chairman of the Physical 
Oceanographic Commission of the In
ternational Association of the Physical 
Sciences of the Ocean and a Fellow of 
the Royal SOciety of Canada. He was 
graduated from Queen's University in 
Ontario in 1945 with a degree in engi
neering physics and took his master's de
gree there two years later. He received 
his Ph.D. in 1952 from the University of 
Cambridge, where he also played la
crosse for the university. From 1955 to 
1960, when he was appOinted to his pres
ent position, he worked at the Pacific 
Naval Laboratory of the Canadian De
fence Research Board, mostly on under
water sound propagation. Stewart writes 
that he has had "a continuing interest in 
turbulence, which is probably the only 
connecting thread through my scientific 
career," and that he has "also been inter
ested in the teaching of phYSics at the 
university level." 

K. O. EMERY ("The Continental 
Shelves") is at the Woods Hole Oceano
graphic Institution, where he is involved 
in a program sponsored jOintly by the 
institution and the U.S. Geological Sur
vey to study the geological history of the 
continental shelf and slope from Maine 
to Florida. Following his departure in 
1941 from the University of Illinois, 
where he had received his bachelor's de
gree in 1937 and his Ph.D. in 1941, he 
spent two years with the Illinois State 
Geological Survey and two years with 
the Division of War Research of the 
University of California. From 1945 to 
1962 he taught and did research at the 
University of Southern California, where 
his work centered on marine geology. 
During most of that time he also partic
ipated in field and laboratory studies by 
the U.S. Geological Survey of marine 
geology at Bikini Atoll and other atolls, 
at Guam and in the Persian Gulf. He 
went to ''''oods Hole in 1962; last year 
he served as dean of graduate studies 
there. 

If W. MENARD ("The Deep-Ocean 
Floor") is professor of mill'iIie geology at 
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Some men buy cars that practically drive themselves. But we're more 
interested in the man who finds pleasure in commanding a 4-speed 
synchromesh gearbox. Who can handle the precisioned response of 
rack-and-pinion steering. Who demands front-wheel disc brakes and 
race-proven suspension. If you're the kind of man who'd rather be driving 
than driven, get an MGB/GT. Your Austin-MG dealer will take your order. 

For overseas delivery information. write: Dept. SA-2, British leyland Motors Inc., leonia, N.J. 07605 S AT AUSTIN-MG DEALERS 
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By 1980, most of what's 
flying won't be passengers. 

It'll be airfreight. airfreighters. Plus their complete ground-
And over 90% of it will ride on all-cargo support systems. 
flights. If you're an aircraft engineer, let your 
That makes airfreighters the coming thing career take off with airfreight now. Not 1980. 
in aircraft-with over 55 billion free world Write: U. D. McDonald, Employment 
ton-miles projected for 1980. Manager, Dept. 6409, Lockheed-Georgia 
But at Lockheed-Georgia, we're not wait- Company, 2363 Kingston Court, S. E., 
ing till then. We're already producing the Marietta, Georgia 30060. An equal oppor
C-S Galaxy. And planning many other tunity employer. 

Lockheed-Georgia Company 
Airlift Center of the World· A Division of Lockheed Aircraft Corporation 

For a free Prospectus mail coupon .. . 
or contact your investment dealer .. . 

Ocean Technology Fund 
850 Penobscot Building 
Detroit, Michigan 48226 

Name ______________________ ___ 
Address ____________________ _ 

: City ________________________ _ • 
• : State Zip ________ _ 
• 
• : Dealer inquiries invited. 
• SA 9-69 
••••••••••••••••••••••••••••••• 
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• • 

iBOOKSi 
• • 

: Difficulty finding a particu- : 
: lar book on Oceanography? : 
• Long delays in supply? • 
: We stock for immediate de- : 
: livery over 1,000 titles on Ma- : 
• rine Science and hope ulti- • 
: mately to have every nautical : 
: book in print. : 
: SHELF LISTS: : 
: D Marine Biology : 
• D Crustaceans & Seashore Life • 
: D Natural History : 
• D Introductory Oceanography • 
: D Advanced Oceanography : 
• D Commercial Fishing • 
: D Naval Architecture & Boat : 
• Design • 

: Any 2 lists, FREE. : 
• Additional lists: 25¢ each. • 
• • 
• D OCEANOGRAPHY IN PRINT • 
: By Lynn Forbes and Mary Sears : 
: A Selective bibliography with com- : 
• mentary and evaluation arranged by • 
• level of education, elementary school • 
• through advanced technical. • 

: 1968 75t : 
• • 
• Sailing Book Service • 
• 34 Oak Ave. • 
: Tuckahoe, N.Y. 10707 : 
• • 
••••••••••••••••••••••••••• 

the Institute of Marine Resources and 
the Scripps Institution of Oceanography 
of the University of California at San 
Diego. He received his bachelor's and 
master's degrees at the California Insti
tute of Technology; in 1949 he obtained 
his Ph.D. from Harvard University. 
Since then he has been concerned with 
marine geology; his work has included 
participation in 17 oceanographic expe
ditions, mostly in the Pacific. He has also 
been a visiting professor at Cal Tech, a 
Guggenheim Fellow at the University of 
Cambridge and a staff member of the 
Office of Science and Technology in 
Washington. His article is the third he 
has written for SCIENTIFIC AMERICAN. 
He is also the author of a forthcoming 
book, Anatomy of an Expedition, de
scribing modern scientific life at sea. 

JOHN D. ISAACS ("The Nature of 
Oceanic Life") is professor of oceanog
raphy and director of marine life re
search at the Scripps Institution of 
Oceanography. The titles reflect only a 
portion of his interests; his others include 
the mechanism of the heating of the 
earth's interior, the construction of har
bors hy atomic explOSions and the dispos
al of radioactive wastes at sea. He was 
also a member of the group that suggest
ed tethering a satellite to the earth by a 
cable, which would be attached near the 
Equator so that energy from the turning 
of the earth would drive loads up the 
cable to the satellite; the installation 
could be used to maintain an observatory 
or fuel spacecraft or even to support very 
tall structures on the earth's surface. 
Isaacs came to oceanography in a round
about way. He went to college to study 
engineering but became bored and 
dropped out. Thereafter he worked as a 
logger, a fire lookout, a merchant sea
man and a commercial fishelman. He re
turned to college in 1944 and obtained 
his bachelor's degree in engineering 
(from the University of California at 
Berkeley) at the age of 32. He has been 
at Scripps since 1948. 

EDWARD WENK, JR. ("The Physi
cal Resources of the Ocean"), is execu
tive secretary of the National Council on 
Marine Resources and Engineering De
velopment, a cabinet-level body consist
ing of the Vice President, who is chair
man, and the heads of the eight Federal 
agencies with programs in the marine 
sciences. He describes himself as "a re
search engineer with experience in ma
rine affairs, laboratory management and 
public administration." Wenk was grad
uated from Johns Hopkins University in 
1940 with a degree in civil engineering. 
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CaIComp saves lobstermen 
from a ghastly pinch. 

The situation was dark, but 
clear. 

Each year, Maine lobsters 

grew smaller and smaller. Fewer 
and fewer. 

And Maine lobstermen, caught 

in the pinch, grew worrieder and 
worrieder. 

What was happening in the 

murky depths? 
With the help of a CalComp 

plotter, TRW undertook a study of 
Maine's coastal waters. 

Science believes that from 
m e l t i n g  of the p o l a r  ice c a p ,  
Maine's waters are slowly becom

ing colder. Too cold now for Maine's 
famed crustaceans to molt and 
grow. 

After studying multiple plots 
of water temperature strata drawn 

in exact detail by a CalComp drum 

plotter, TRW engineers have devel-

oped programs to improve the 

lobster's environment in experi

mental areas, giving the creatures 

a new chance to grow. 

But what of CalComp's own 
undersea future? 

Already, CalComp plotters in 
other waters are charting detailed 
contour maps of the continental 
shelf. 

Providing temperature graphs 
of all kinds for biological studies. 

Plotting shifting ocean 
currents. And ocean weather. 

Keeping log on the 
health of our aquanauts. 
And more. 

CalComp is the leader 
in computer graphics. With 

sales, service and software 
in 34 cities throughout 
the world. 

So if you find yourself 

with any problem of oceanographic 
graphics, give us a call. 

We're always happy to help in 

a pinch. 

••••••• 
TEACH YOUR COMPUTER TO DRAW. 

California Computer Products. Inc. 
Dept. N-09. 305 N. Muller Avenue. Anaheim. 

, California 92803 
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Miranda Sensorex® now takes "impossi
ble" available light pictures in half the 
light you used to need. 

Two innovations make it possible: a 
new through-the-Iens selective-zone meter 
(located on the instant-return mirror, 
where it stays when you switch to a waist
level finder); and a spectacular new 
50mm f / 1.4 automatic lens that stays 
wide open for precise readings and bril
liant view-finding. 

Of course, this new Sensorex also 

offers those good old Miranda extras: 
unsurpassed optics, versatility and the 
only 3-year guarantee in the industry. 
- Miranda Sensorex. The SLR that thinks 
of everything. So you 
can see picture
taking in a new light. 
New zone·metered 
Sensorex with start
ling 50mm fl1.4 lens, MIRANDA under $300*; with 
merely superb 50mm SENSOREX® 
fl1.8, under $250. * THE SIXTH SENSE 

Allied Impex Corp., 168 Glen Cove Rd., Carle Place, L.I. , N.Y. 11514. Chicago; Dallas; Glendale, 
Calif. In Canada, Kingsway Film Equipment Ltd., Ontario. 
·

YOUIlit OEALER WILL DETERMINE EXACT RETAIL ,.RICE IN YOUR AREA. 8 REGISTERED BY ALLIED IfrilPEX CO",.. EXCLUSIVE U.S. IMPORTEIII,) 

emOS'kOP' 
'"'" ,--" m'''=.� 

a complele 
veSIPockel 
oplical SYSlem 

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, f i e l d  or sky) or 
a unique 3x telescope-Ioupe. Another change 
and you have your choice of 5x, lOx 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 Magazine calls 
the EMOSKOP " ... the only magnifier worthy 
of the name." 
D Send me the EMOSKOP. I enclose $15.95 

($14.95 plus $1 postage and insurance). 
Calif. residents add 5% tax. Refund with
in 10 days if not delighted. 

Name ________________________ S_A_9_ 
Address ________________________ _ 

___________________ Zip, ________ _ 

��� 1�s�d����4111 haveph-III' Phone (415) 981-5688 
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"Fascinating 
and handsome�' 
-SCIENTIFIC AMERICAN 

by SIGURDUR THORARINSSON 
who witnessed the explosive birth of an 
island and watched life developing there 

"An enthralling volume .... Most of the 
nearly sixty photographs that make 
this a picture book par excellence are 
in color."-Audubon 

" ... remarkable gift for scientific 
writing .... From dramatic jacket to 
final color plate, the book is a pleasure 
to read."-Geotimes 

Ulustrated $6.00 
At bookstores or direct from 

THE VIKING PRESS, Dept. JLW 
625 Madison Ave., New York 10022 

He studied architecture at Harvard Uni
verSity's Graduate School of Design, re
ceived a master's degree in applied 
mechanics from Harvard in 1947 and 
obtained his doctorate in civil engineer
ing from Johns Hopkins in 1950. From 
1942 to 1956 he was responsible for the 
U.S. Navy's program of structural re
search on ships. From 1956 to 1959 he 
was chairman of the department of engi
neering mechanics at the Southwest Re
search Institute, designing while there the 
deep-diving research submersible Alu
minaut. In 1959 Wenk jOined the Legis
lative Reference Service of the Library 
of Congress as the first adviser to Con
gress on science and technology. He was 
appOinted to the White House staff in 
1961 as assistant to the President's sci
ence adviser and served as executive sec
retary of the Federal Council for Science 
and Technology. From 1964 until he was 
named to his present position in 1966 he 
was with the Library of Congress as head 
of the Science Policy Research Division 
of the Legislative Reference Service. 

S. J. HOLT ("The Food Resources of 
the Ocean") is with the Food and Ag
riculture Organization of the United 
Nations, serving temporarily as marine 
science and fishery coordinator with the 
United Nations Educational, Scientific 
and Cultural Organization on leave from 
his position as director of the Division 
of Fishery Resources and Exploitation 
in the Department of Fisheries of the 
FAO. He was born in London and was 
graduated from the University of Read
ing, which in 1966 awarded him a D.Sc. 
on the basis of his published work. From 
1946 to 1953 he was with the British 
Fisheries Laboratory at Lowestoft, serv
ing also from 1950 to 1953 with the 
Nature Conservancy in Edinburgh. He 
has been with the FAO since 1954. 
Holt writes: "My research has been on 
animal population dynamics, mainly of 
fish, with a particular interest in the 
application of such knowledge to the ra
tional management of international fish
eries. I am also concerned with problems 
of international organization and pro
gramming in marine science; with the 
question of ensuring the participation of 
small and developing countries in marine 
research and in its benefits, and with the 
problems of creating a Scientifically com
petent element in the international civil 
service." 

WILLARD BASCOM ("Technology 
and the Ocean") is president and chair
man of Ocean Science and Engineering, 
Inc. He began his career as a mining en
gineer but switched to oceanography in 
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Three deadly new prowlers of the seven seas. 
These three undersea raiders are among 
the recent additions to the world's larg
est submarine fleet. Their country has 
350 of them (compared with the hand
ful of 56 which almost enabled Hitler 
to win the Battle of the Atlantic in 
World War II). This fleet is not ours 
- it is Russia's. Disquieting thought? 
Perhaps, but deadly as these subs may 
be, they very likely pose less a menace 
to American shipping than does apathy 
toward our country's merchant marine 
right here at home. 
Russian ships are offering cut-rate pas
senger fares, courting 10,000 tourists 

with attractive winter cruises. And 
quoting cargo rates as much as 25% 
below those charged by most commer
cial lines. The Soviet merchant marine 
is three times as big as it was in 1960, 
and it's expected to double in the next 
ten years. 
The Russian buildup of its merchant 
and naval fleets cannot be ignored. Just 
to keep up, our nation needs an ade
quate complex of shipyards - both 
public and private. And it needs an 
adequate shipbuilding program. 
To meet the threat of unfriendly sub
marines, the U. S. requires several de-

fenses. While destroyer escorts are only 
one of these defenses, Todd is proud 
of its part in the building of 14 new 
destroyer escorts to help the U.S. Navy 
in her critically important antisubma
rine warfare program. 
Executive offices: One Broadway, New 
York, New York 10004. 

TODD 
SHIPYARDS CORPORATION· 
SHIPYARDS: Brooklyn . New Orleans. Galveston 
Houston . Los Angeles . San Francisco : Seattle J 
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SUBJECT: Demonstration of new XH-226 mousetrap 
TO :  Branch Office Managers 

There will be a demonstration of our new XH-226 mousetrap 
in my office at 10 A.M. , December 1st. 

Our R�D boys consider the XH-226 to be the ·ultimate weapon-. 
So it should be an exciting show for all us mouse-fighters. 

Since the XH-226 will be the big-profit item in our product 
line, I expect you all to make every effort to attend this 
demonstration. 

DARRYL BRIDSON 
Brand Manager 

YltM-226 mousetrap 

r� "ult\mate weapon". 

jJe-fighters. 
" our product 

this 
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mousetrap 

imate weapon". 
,hters. 

l our product 

I this 

M-226 mousetrap 

ftultimate weapon". 

e-fighters. 

em in our product 

ttend this 

N 

226 mousetrap 

of our new XM-226 mousetrap 

.st. 

�26 to be the "ultimate weapon" .. 

.r all us mouse-fighters. 

.ig-profit item in our product 

y ef fort to attend this 

"'RR'tL BR1DSON 
rand Manager 
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We'll train 
your workers 

free. 
You could build a plant where land is cheap, where construc

tion costs are low, where electric power is reasonable, where 
water is plentiful, where transportation is available, where taxes 
are favorable. And just as you're about to pat yourself on the 
back for having chosen such an excellent location, you discover 
you've got yourself a real problem. You can't get enough workers. 

Unless you build your new plant in South Carolina. 
Here, you'll find all the plant site advantages, plus an em

ployee training program that's unique in the country. 
We'll set up a school, equip it with machinery and instru

ments, and train men and women in the specialized skills they'll 
need to make your factory hum. At absolutely no cost to you. 

So whether you'll be needing welders, screw machine opera
tors, electronic technicians or data processors, we'll train them 
to your specifications-th�n deliver them to your door in time 
for opening day. 

Could that be the reason why General Cable, The SCM 
Corporation, Perfection Gear, Hercules, Campbell Soup, and 
hundreds of other industrial leaders have planted themselves 
in South Carolina? 

50 

For more information 
about the advantages of doing business in South Carolina, write: 

J. D. Little, Jr., Director, State Development Board, 
Dept. 43-A, Box 927, Columbia, S.C. 29202 

1945 as a research engineer for the Uni
versity of California-first at Berkeley 
and later at the Scripps Institution of 
Oceanography. In 1954 he jOined the 
staff of the National Academy of Sci
ences, where he became widely known 
for his work in organizing and directing 
the first phase of the Mohole Project to 
drill in deep water through the earth's 
crust. Hascom founded Ocean Science 
and Engineering, Inc., in 1962. The 
company and its subsidiaries own sever
al Scientific-exploration ships and are in
volved in fishing, ocean engineering 
work, ship repair, dredging and the de
sign, development and construction of 
oil-production equipment. Bascom is the 
author of many scientific and technical 
papers and the author or editor of three 
nontechnical books: A Hole in the Bot
tom of the Sea, Waves and Beaches and 
Great Sea Poetry. 

WARREN S. WOOSTER ("The 
Ocean and Man") is professor of ocean
ography at the Scripps Institution of 
Oceanography, president of the Scien
tific Committee on Oceanic Research (a 
unit of the International Council of Sci
entific Unions) and chairman of the Na
tional Academy of Sciences-National 
Academy of Engineering committee to 
study the proposal for an International 
Decade of Ocean Exploration. Wooster 
began his career as a chemist, obtaining 
his bachelor's degree at Brown Univer
sity in 1943 and his master's degree at 
the California Institute of Technology in 
1947. "After having been out in the 
world as a naval officer," he writes, "I 
found the laboratory rather restrictive. I 
learned that my freshman chemistry pro
fessor was at Scripps and decided that 
oceanography would be an interesting 
career." Wooster received his Ph.D. in 
oceanography from Scripps in 1953. He 
has been affiliated with the institution 
since 1947 except for a year in Lima as 
director of investigations for the Coun
cil of Hydrobiological Investigations of 
Peru, which he describes as his "intro
duction to the world of biogeopolitics,"· 
and two and a half years in Paris as di
rector of the Office of Oceanography of 
the United Nations Educational, Scien
tific and Cultural Organization and sec
retary of the Intergovernmental Oce
anographic Commission. "I have been 
principally concerned," he writes, "with 
trying to understand the relation be
tween the phYSical environment and the 
biosphere. This involves studying the 
physical processes as they occur in the 
ocean and are influenced by atmospheric 
events, and their ultimate effect on the 
primary production of organic matter." 
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American Can has a braintwister for you: 

What is the least number of links you must open and close to make 
an endless chain? 

Here at American Can we're building a chain of our 
own ... around the world! 

We forged our first link in New Jersey 68 years ago when we started 
making tin cans. Today, we've got more than 200 facilities in 34 states turning 
out over 1700 different products. 

Not only that ... we have 41 subsidiaries and affiliates in 32 foreign 
countries circling the globe. 

An endless chain? 
Absolutely! We believe that consumers all over the world will have an 

increasing need for the products we make. So we plan to keep adding new links 
to our chain whenever new opportunities open up. 

If you've opened up six links to make your chain ... Iook again. 

American Can Company 
Creative products 
that shape your future. 
100 Park Avenue 
New York, N.Y. 10017 

• 
AMERICAN 
CAN COMPANY 
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We're going places you 
wouldn't expect. Places as different 
as distant planets. And about 
as little known. 

Deep Quest, our research 
submarine, has already been to the 
dark world 8,310 feet down, 
roaming the bottom like no sub 

Lockheed is exploring 
has ever done before. And 
each dive brings new informa tion 
to light. Knowledge that will 
help change the course of human 
events. 

One day, ocean mining will 
open up the untouched 70% of 
the earth's resources. Sea farms 

will feed hungry billions of an 
exploding population. Men may 
even earn their livings in 
underwa tel' habitats. 

And by developing 
tomorrow's technologies, we're 
also meeting the needs of now. 

For example, the U.S. Navy's 
© 1969 SCIENTIFIC AMERICAN, INC



the planet Earth. 
Lockheed-built Deep Submergence 
Rescue Vehicle will soon be ready 
to answer submarine distress 
calls, diving to the bottom to 
evacuate crewmen. 

Another craft we're designing 
for the Navy, the Deep Submergence 
Search Vehicle, will scour the 

ocean floor, finding and retrieving 
objects from as deep as 20,000 
feet down. 

Actually, it's no paradox to 
find the Lockheed Aircraft 
Corporation working near the 
ocean bottom. It's just one way 
we stay on top. LOCKHEED 

LOCKHEED AIRCRAFT CORPORATION 
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The Ocean 

Introducing an entire lssue devoted to this topic, with special 

reference to 7nan' s advancing utilization of the ocean and his 

new understanding of how the present oceans were created 

I 
grew up not far from the ocean and 
have lived most of my adult life near 
the seashore. The ocean holds me in 

an enduring spell. Part of the spell comes 
from mystery-the fourfold mystery of 
the shoreline, the surface, the horizon 
and the timeless motion of the sea. The 
thin, moving line between land and wa
ter on an open coast presents a nearly 
impenetrable wall. The ships and fish
ing boats I watch from my living-room 
window exist in a separate world, as re
mote as another planet. Below the sur
face there is a multitude of living things, 
darting and watching, living and dying; 
theirs is an alien world I cannot see 
and can hardly imagine. At the horizon, 
where my line of Sight touches the edge 
of the great globe itself, I watch ships 
slowly disappear, first the hulls and then 
the tall masts, bound on voyages to un
known ports 10,000 miles away. From 
beyond the horizon come the waves that 
break rhythmically on the beach, sound
ing now loud, now soft, as they did long 
before I was born and as they will in the 
far future. The restless, ever changing 
ocean is timeless on the scale of my life, 
and this also is a mystery. 

Part of the ocean spell comes from the 
interplay of light and reflection between 
the sea and the sky, the track of sunlight 

by Roger Revelle 

on the water and the pale or rosy colors 
of clouds. It was these that fascinated 
the greatest of all English painters, 
J. M. W. Turner, and inspired part of 
Debussy's tone poem "La Mer." In order 
to observe and study the infinite variety 
of color patterns over the ocean, Turner 
found a house by the sea in east Kent. 
He allowed the natives to think he was 
an eccentric sea captain named Puggy 
Booth, who even in retirement could not 
stop looking at the sea. 

The ocean has an impact on all our 
senses: the unique sea smell, the crash
ing sound of breakers, the glitter of 
waves danCing under the sun and the 
moon, the feel of spindrift blowing 
across one's face, the salty, bitter taste 
of the water. Yet the spell of the ocean 
is more than mystery and sensory de
light. Part of it must come from outside 
the senses, from half-forgotten memories 
and images beyond imagining, deep be
low the surface of consciousness. 

Being an oceanographer is not quite 
the same as being a professional sailor. 
Oceanographers have the best of two 
worlds-both the sea and the land. Yet 
many of them, like many sailors, find it 
extraordinarily satisfying to be far from 
the nearest coast on one of the small, oily 
and uncomfortable ships of their trade, 

MAN CONTEMPLATES THE OCEAN in this detail of a seascape painted in 1865 by the 

American artist James McNeill Whistler on the beach near the English Channel town of 

Trouville in France. The title of the painting is Harmony in Blue and Silver: Trouville. It 

is reproduced with the kind permission of the Isabella Stewart Gardner Museum in Boston. 

even in the midst of a vicious stOlm, let 
alone on one of those wonderful days in 
the Tropics when the sea and the air are 
smiling and calm. I think the chief rea
son is that on shipboard both the past 
and the future disappear. Little can be 
done to remedy the mistakes of yester
day; no planning for tomorrow can reck
on with the unpredictability of ships and 
the sea. To live in the present is the es
sence of being a seaman. 

The work of an oceanographer, how
ever, is inextricably related to time. To 
understand the present ocean he must 
reconstruct its history, and to test and 
use his understanding he needs to be 
able to predict-both what he will find 
by new observations and future events 
in the sea. 

Over the past two decades there has 
been a marvelous increase in our 

understanding of the geological history 
of the ocean. This has come about chiefly 
through wide-ranging exploration of the 
earth under the sea by investigators of 
many countries, using a variety of new 
instruments and powerful new methods. 
I believe that in times to come these 20 
years when men gained a new level of 
understanding of their planetary home 
will be thought of as one of the great 
ages of exploration. 

In the wealth of new knowledge there 
is no discovery more paradoxical than 
this: the ocean floor is younger than the 
ocean. Below the ancient waters the 
sediments and the underlying rocks are 
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constantly renewed. An almost continu
ous ridge 40,000 miles long and several 
hundred miles wide, rifted along much 
of its length by deep valleys and broken 
by numerous fractures, lies in the cen
tral part of the oceans-a structure on 
the same planetary scale as the oceans 
and continents themselves. Magnetic, 
thermal and seismic observations show 
that near the summit of the ridge new 
rock wells up from the mantle below 
and slowly moves outward across the 
ocean basins. Along some margins of the 
ocean the spreading ocean floor moves 
the adjacent continents; elsewhere the 
floor plunges downward in deep trenches 
and disappears into the earth's interior 
[ see "The Deep-Ocean Floor," by H. W. 
Menard, page 126].  

The simplicity and grandeur of  this 
hypothesis of sea-floor spreading has 
caught the imagination of earth scien
tists throughout the world. As a result, 
as Sir Edward Bullard says in the article 
following this one: "We are in the middle 
of a rejuvenating process in geology com
parable to the one that physics experi
enced in the 1 890's and to the one that 
is now in progress in molecular biology. " 

In this same brief period, in pursuit 
of both scientific and economic or mili
tary objectives, man has acquired a new 
freedom of operation in the third dimen
sion of the ocean. Below the forbidding 
mystery of the surface, developing tech
nology gives access to greater and great
er depths and to the resources awaiting 
discovery and exploitation there. Off
shore wells now supply a fifth of the 
world's oil and gas. The value of their 
output is already equal to half the prod
uct of the fisheries and to a fourth of the 
value of the services rendered by the 
freighters and tankers that ply the sea
lanes. Anticipation of still greater yields 
has brought an ominous extension of 
claims of national sovereignty [ see "The 
Ocean and Man," by Warren S. vVoos
ter, page 218 ] . Beyond the narrow limits 
of the territorial seas, established by the 
range of cannon in earlier days, the i958 
Geneva Convention on the Continental 
Shelf gives a coastal state the exclusive 
right to exploit the seabed out to a depth 
of 200 meters or "beyond that limit, to 
where the depth of the superjacent wa
ters admits of the exploitation of the nat
ural resources of the said area." 

Some international lawyers have in
terpreted this provision to mean that 
as deep-water technology advances the 
coastal states will be able to extend their 
jurisdiction out to the midpoint of 
the ocean basins. The long-run conse
quences of such a division of the ocean 
into national territories are appalling to 
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contemplate. They would constitute a 
reductio ad absurdum of the concept of 
nation-stales. 

Even today the ocean both divides and 
links the nations of mankind. In 

the past the fate of many peoples was 
shaped by the sea. The list of these peo
ples includes the Phoenicians, who are 
said to have been the first seamen to 
dare to sail at night, guided by the North 
Star; the sea kings of Crete; the Athe
nians; the Norsemen of the Middle Ages 
and their nearly antipodal contempo
raries the Polynesians; the Genoans and 
Venetians of the late Middle Ages; the 

DEPTH (METERS) 
D O T0200 
I]] 200 TO 2,000 

Portllguese, the Spaniards and the Dutch 
during the Renaissance, and the English 
from the 16th to the 20th centuries. 

All the sea peoples shared several 
characteristics. In the beginning their 
populations were small and their lands 
were poor. If they were to prosper, it had 
to be by commerce and trade, or by 
finding new lands to conquer and col
onize. All were courageous, ingenious, 
rapacious and ruthless. All were filled 
with a spirit of curiosity and a drive for 
discovery, arid this was probably their 
unique quality. Although some of them 
built great empires, none lasted in any 
real sense for more than a few hUf)dred 

[[] 2,000 TO 4,000 
EJ 4,000 TO 6,000 

6,000 TO 8,000 
11 8,000 AND BELOW 

VASTNESS OF THE WORLD OCEAN is emphasized in this map, ",hid, is referred to by 

cartographers as a homolographic equal·area projection. The sea covers some 140 million 
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years. Their llome resources were inade
quate to maintain the burdens thev had 
assumed, and the overseas outposts were 
without roots and unstable. 

The energy, will and creative power 
of the sea peoples are symbolized in the 
design of their ships. Consider the mar
velous wooden ships of the Vikings, as 
represented by the ship foul}d so re
markably intact in 1880 in the burial 
mound at Gokstad in Norway. In con
trast to the static or soaring grandeur of 
the structures of stone built bv the na
tions that are rooted in the land, the 
Gokstad ship is mobile and light. She is 
only 78 feet long, about the length of 

Columbus' Niiia; her draft is no more 
than three feet and her planks are less 
than an inch thick. Her seaworthiness 
was proved for modern skeptics when 
an exact replica crossed the Atlantic un
der oars and sail in 1893. The carved or
namentation of the prows of many of the 
Viking ships somewhat resembles the 
adornment of old stave churches that 
still stand in Norway, but it has a rhyth
mic, moving pattern that leaps forward 
toward the unknown. Its delicate sophis
tication reminds us that on some of their 
long voyages the Vikings sailed down 
the Volga and across the Caspian Sea to 
Persia, returning home laden with exotic 

treasures and new ideas . On another ex
pedition they carved a runic rhyme on a 

marble lion at Apollo's sacred island of 
Delos . 

The lines of the best sailing ships were 
always functional, designed to give the 
combination of speed, sea-keeping abil
ity, cargo and passenger space and, if 
necessary, protection against enemies 
that was needed for a particular trade. 
Speed depended not only on the ship's 
resistance to the water and on its effec
tive sail area but also on the hull form 
and the rigging that would allow laying 
a course as close as possible to the wind, 
and on the length at the waterline, which 

square miles, or 71 percent of the earth's surface, leaving only 

about 29 percent for the continental masses and lesser islands. The 

average depth of the sea is two and a half miles. Hence the total 

volume of water in the ocean is roughly 350 million cubic miles. 
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determined the velocity of the waves 
made by the ship. The variety of ways 
in which the different sea peoples solved 
these problems, in accordance with their 
particular needs and available materials, 
is a constant delight to the amateur of 
sailing ships. When these diverse vessels 
were under full sail in a fresh breeze, 
how beautiful they must have been! 

Fortunately the beauty of sailing ships 
under way has always had wide popular 
appeal, and numerous realistic paintings 

and drawings still exist, although almost 
all the ships themselves have long since 
disappeared. The splendor of the sea in 
those days is mirrored in the slim grace 
of a modern high-masted sailing yacht, 
sailing full and by or running free under 
a spinnaker; this must be one of the fin
est sights ever seen by a sailOiman. Yet 
even a tramp freighter or an oceano
graphic vessel, when viewed from a dis
tance, has a certain dignity. 

Although ships are always feminine 

and many of them, from Queen Eliza
beth 2 to Italian fishing boats, have been 
named after women, the ocean world is 
preeminently a masculine one. Sailors 
talk a good deal about the lovely, pliant 
girls they are going to visit in the next 
port, and mermaids, sea nymphs and si
rens have filled their fantasies, but they 
usually take a dim view of women on 
shipboard. Because the ocean is a cruel 
mistress she demands the masculine vir
tues of courage and strength rather than 
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EXPLORATION OF THE OCEAN is symbolized by this map of 

the Southern Hemisphere drawn by Captain James Cook and en

closed in his memorandum to Lord Sandwich dated 6 February 

1772. The strong continuous line (yellow in the original) indicates 

the route Cook proposed for his second circumnavigation of the 

globe. The tracks of earlier navigators are shown by dotted lines. 

One of these lines (labeled "Endeavour's Track") shows the route 

followed by Cook in his first great voyage of discovery, which 

lasted from 1768 to 1771. On these two voyages Cook proved the 

nonexistence of Terra Australis, a huge imaginary continent that 

for hundreds of years had been thought to cut off the Southern 

Ocean beyond about 50 degrees south latitude. Although he en

countered many icebergs near the southern limits of his track and 

deduced that they must have broken off from very large glaciers 

on a land mass beyond the Antarctic Circle, Cook never glimpsed 

Antarctica itself except in his imagination. The original of this map, 

which measures about 12 inches on a side, was photographed 

at the Public Library of New South Wales in Sydney, Australia. 
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the feminine ones of compassion and 
sensitivity. From a human standpoint, 
therefore, the ocean is only a half-world, 
and this fact has profoundly affected 
men's relationships to the sea. 

To sense the character of life at sea un-
der sail one must listen to the chan

teys sailors sang to help haul in heavy 
lines and the "forecastle songs" that 
whiled away the dogwatch hours in the 
evening. In these days of disciplined la
bor workmen toil in concentrated si
lence. Seamen on the old sailing ships 
howled and yelled and sang at their 
work. As Richard Henry Dana wrote in 
Two Years before the Mast, "A song is 
as necessary to sailors as a drum and fife 
to soldiers. They can't pull in time or 
pull  with a will without it." There were 
the short drag chanteys: 

Haul on the bowline, our bully ship's 
a-rolling, 

Haul on the bowline, the bowline haul! 

Halyard chanteys were for hOisting 
the sail and catting the anchor: 

o blow the man down, bullies, 
Blow the man down! 
To me way-aye, blow the man down ... 
Give me some time to 
Blow the man down! 

Capstan chanteys were for steady 
pushing on the capstan bars when the 
anchor was being weighed or the ship 
warped: 

Oh say was you ever in Rio Grande? 
Way, you Rio! ... 
Sing fare ye well, my pretty young girls, 
For we're bound to the Rio Grande. 

Forecastle songs were often ballads, 
as familiar on the land as on the sea. 
Among them is "The High Barbaree," 
which tells how a British ship sank a 
pirate: 

Blow high, blow low, 'cause slow 
sailed we, 

Look ahead, look astern, look 
to windward and to lee 

Cruising down along the coast 
of the High Barbaree. 

The relationship between nations and 
the sea has often been described in terms 
of national sea power. The American na
val theorist Alfred Thayer Mahan, in his 
classic work The Influence of Sea Power 
upon History, 1660-1783, held that the 
sea power of a state rested on three 
things: the production of manufactured 

MANILA GALLEON was a remarkably seaworthy ship that for 250 years (from 1565 to 

1815) was used to make round-trip voyages between the Spanish colonies in Mexico and 

the Philippines_ Curiously the Spaniards never discovered the Hawaiian Islands, although 
they sailed both north and south of them. Hawaii was finally discovered by Cook in 1778. 

goods in the home country for overseas 
trade, commerce across the seas in its 
own ships, and colonies or dependent 
states on the farther shore to provide 
safe ports and goods for exchange, usu
ally raw materials to be brought back to 
the home country for fabrication into 
finished products. The function of a navy 
was to advance all three elements of sea 
power. By dominating the sea the navy 
protected the homeland from invasion 
and ensured that wars would be fought 
on other people's territory, while produc
tion proceeded unimpeded at home. The 
navy guarded the nation's merchant 
ships and drove the ships of other na
tions off the ocean. It helped in the ac
quisition of colonies and ensured their 
subsequent dOcility by transporting and 
supplying troops and administrators and 
by preventing other states from interfer
ing in these activities. 

The Battle of Salamis is a famous ex
ample of naval protection of the home 
country. Greece was saved from Persian 
conquest by the "wooden walls" of Ath
ens, and Xerxes flogged the sea that had 
betrayed him. The subsequent organiza
tion at Athens of the Delian league 
(through which many of the Greek is
lands and maritime cities at first contrib
uted to a common treasury on the sacred 
island of Delos and were later forced to 
submit to Athenian rule) illustrates the 
use of a navy to acquire and control over
seas dependencies. At the same time 

Athens greatly expanded her commerce 
throughout the Mediterranean world, 
thus developing the second of Mahan's 
three elements of sea power, and for a 
few decades she enjoyed a golden age. 

The tragedy of the Carthaginian 
brothers Hannibal and Hasdrubal was 
chosen by Mahan to illustrate the protec
tive role of sea power. At the time of the 
Second Punic War between Rome and 
Carthage, although the Mediterranean 
Sea had not yet become the Roman mare 
nostrum, Roman fleets had effective con
trol of the Adriatic, Tyrrhenian and Sar
dinian seas, of the eastern coast of Spain 
as far south as the mouth of the Ebro 
and of the northern and eastern coast of 
Sicily as far down as Syracuse. Hanni
bal's fleet was not strong enough to en
able him to invade Italy by sea. From 
Carthage through his supply base in 
southern Spain he launched his forces 
overland across Gaul and the Alps. On 
this march he lost 33,000 of the 60,000 
veteran soldiers with whom he started. 

In spite of these losses Hannibal man
aged to score a series of brilliant military 
successes in Italy, but his army slowly 
wasted away because the Roman control 
of the sea denied him replacements. His 
ally Philip of Macedon was unable to 
land any soldiers in Italy, and Carthage 
could provide only occasional support 
by sea. Finally Hasdrubal managed to 
cross the Pyrenees at their extreme west
ern end and to press on through Gaul 
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SEISMIC PROFILE on the following six pages shows a continuous 

cross·sectional view of the geological structure of the deep·ocean 

floor in the vicinity of the mid·Atlantic rise between South Ameri· 

ca and Africa. The profile was obtained by means of a seismic re

cording system carried on hoard the Teledyne Exploration Com· 

pany's research vessel Stranger during a west·east traverse between 

Trinidad, B.W.I., and Monrovia, Liberia, in June, 1967. The Tele· 

dyne "super sparker" system consists of several banks of high. 

voltage capacitors, which discharge into the seawater at intervals 

of a few seconds, generating e�ough steam bubbles to simulate a 

gaseous explosion. The resulting acoustical impulse is transmitted 

through the water and into the sea floor, where seismic reflections 

are produced by geological structures as deep as two miles below 

the sea floor. The reflected signals return to the surface of the 

ocean, where they are detected by an array of hydrophones trailed 

behind the ship and recorded on continuously moving paper tape. 

The vertical·to·horizontal-scale ratio of the resulting profile is 8 : l. 
The segment of the profile shown on this page shows a portion of 

the western abyssal plain near the base of the mid·Atlantic rise. 

In this region the sediments are comparatively flat and uniform; 

they are estimated to be from 1,000 to 1,500 meters thick. Although 

the basement complex underlying the sedimentary layers is quite 

irregular, within the sediments themselves there is little evidence 

of recent faulting. The water depth at this point is about 5,300 
meters. At the beginning of the mid-Atlantic rise (pages 61 to 63) 
the crystalline basement structures rise abruptly above the level 

of the mean sea floor. In this region �ediments exist only in small 

basins over the basement complex. As one approaches the crest of 

the mid·Atlantic rise (pages 64 and 65) there is no longer evidence 

of sediments even in the basins. Individual peaks and ridges rise 

as much as 1,700 meters ahove the mean sea floor near the crest. 

The nature of the seismic reflections in this region suggests reo 

cent as well as ancient tectonic activity. The entire section of pro· 

file reproduced on these six pages covers a distance of about 

240 miles centered approximately 1,000 miles east of Trinidad. 

The mid·Atlantic rise is roughly 150 miles wide at this latitude. 

and over the Alps in an attempt to re
inforce his brother. Roman sea power 
countered this move by transporting 1 1,-
000 men in ships from the Roman base 
in Spain back to Italy. These reinforce
ments, together with the Roman troops 
positioned between Hannibal and Has
drub aI, fell in overwhelming numbers on 
the younger brother at the river Metau
rus. Hannibal's first news of the battle 
came when his brother's head was 
thrown into his camp. He cried out in 
despair that Rome would now be mis
tress of the world. 

The importance of production in the 
home country for the development of 
sea power is shown in a negative way by 
the later history of Portugal. This small 
nation was the first in Europe to commit 
her fortunes to the sea and to trade with 
distant lands, but as Mahan writes: "The 
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mines of Brazil were the ruin of Portu
gal. . . .  All manufactures fell into insane 
contempt; ere long the English supplied 
the Portuguese not only with clothes but 
with all merchandise, all commodities, 
even to salt, fish and grain. After their 
gold, the Portuguese abandoned their 
very soil. The vineyards of Oporto were 
finally bought by the English with 
Brazilian gold, which had only passed 
through Portugal to be spread through
out England. In fifty years the Brazilian 
mines yielded $500 million worth of gold 
to Portugal but at the end of that time 
Portugal had only $25 million left. " 

The Spanish galleons that plied be
tween Mexico and the Philippines fur
nish a Similarly negative illustration. In 
the annals of the conquest of the "perils 
and hazards of the sea " the story of these 
galleons is a remarkable one. Every year 

for 250 years-from 1565 to 1 8 15-the 
Spanish governors in Mexico sent out 
well-armed ships from Acapulco across 
the longest stretch of water in the world, 
carrying Mexican silver to the colony of 
Manila in the Philippines. There the 
money was exchanged for Chinese silks, 
porcelains, ladies' combs and other lux
ury goods, and the galleons laden with 
these commodities sailed eastward again 
to Mexico. Throughout the 250 years 
only four galleons were captured, one in 
1587 by a gentleman privateer, Thomas 
Cavendish, and three in the 1 8th cen
tury during the worldwide wars in which 
Britain won her empire by achieving 
primacy at sea. 

Because the trade was primarily in 
consumer goods and in silver, however, 
the Manila colony never became much 
more than an entrepot for the transship-
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ment of Chinese luxuries. It developed 
no industrial or commercial life of its 
own, and neither Mexico nor Spain 
gained long-run benefits to their econo
mies. Anglo-Saxon historians are fond of 
belittling the maritime skills of Spain. 
As the history of the Manila galleons 
shows, however, the Spaniards lacked 
neither seamanship nor naval prowess. 
Their failure resulted from a lack of in
terest and skill in manufacturing and 
trade. 

Throughout the 17th and 18th cen
turies England pursued all the elements 
of sea power with a ruthless aggressive
ness and self-confident arrogance that is 
hard to believe today. Even Charles II, 
who depended on subsidies from Louis 
XIV, told the Sun King when a dispute 
arose about the command of the com
bined French and English Reets against 
the Dutch Republic, "It is the custom of 
the English to command at sea." The 
wars of the 18th century impoverished 
France because of the enormous cost of 
her armies, while England got rich 
through overseas trade, supported by 
manufacturing at home and protected 
by her mastery of the seas. 

In the long periods of maritime peace 
imposed by the supremacy of Roman 
and English sea power, the sea became 
a medium for unifying civilization. As 
Sir Kenneth Clark has observed, if you 
had visited the public square of any 
Mediterranean town in the first century 
A.D.-in Greece, Italy, France, Asia Mi
nor or North Africa-you would hardly 
have known where you were, any more 

than you would in a modern airport. 
Thus in the 18th and 19th centuries did 
English sea power protect the develop
ment of a new civilization around a larg
er ocean-the Atlantic civilization, which 
we are still building today. 

What meaning does sea power hold 
for the modern world? Mahan's 

concepts seem outmoded in an age when 
superpowers can destroy each other by 
pushing the right buttons, when colonies 
have disappeared and when the North 
Vietnamese can laugh in the teeth of the 
most expensive navy the world has ever 
seen. 

A new kind of sea power, which 
Mahan would scarcely recognize, now 
holds the center of the stage. The grow
ing vulnerability of land-based intercon
tinental ballistic missiles under the im
pact of new weapons developments [see 
"Military Technology and National Se
curity," by Herbert F. "¥ork; SCIENTIFIC 
Al<1ERICAN, August] makes mutual deter
rence in the balance of nuclear terror 
hinge increasingly on the atomic-pow
ered submarines, armed with ballistic 
missiles, with which the U.S.S.R. and the 
U.S. confront each other under the seas. 
In part because of the effectiveness of 
this deterrent, the traditional uses of sea 
power appear to have become obsolete. 

For the foreseeable future a general 
war in Europe, which would require the 
U.S. Navy to protect vast ocean ship
ments of men and materials, seems the 
unlikeliest of possibilities. Navies, if they 
are to be for other purposes, will be em-
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ployed only in small wars, of which un
happily there seems to be an abundance 
in this bitter second half of the 20th cen
tury, and to maintain the peace, wher
ever possible, along the coastlines of the 
world. These would both be major tasks 
but they require a radical rethinking of 
our inherited concepts of sea power. 

The ocean first became one ocean in 
the consciousness of man during the 

age of discovery. 11an's venture into the 
unknown was first carried past the point 
of no return by the Portuguese. The In
fante Dom Henrique, who is called 
Prince Henry the Navigator by Anglo
Saxon writers, was the epitome of the 
spirit of this age. He made his headquar
ters at Sagres on Cape St. Vincent, the 
southwestern promontory of Europe. 
Here he built a kind of academy for sea
faring in unknown oceans; he collected 
all the charts and sailing directions he 
could find, and he employed mathemati
cians and geographers to decipher them 
and to make new ones. The most daring 
and competent master mariners from 
Italy, Spain and Portugal entered his 
service. He sent them out each year far
ther and farther into the western ocean 
and down the coast of Africa. Searching 
for the mythical Isles of St. Brendan (a 
seagoing Irish saint whose largely imagi
nary sea stories were popular through
out the Middle Ages), his captains found 
the Azores. 

Prince Henry's great objective, how
ever, was to send his ships down the 
coast of Africa beyond Cape Bojador, 
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and if possible around the southern point 
of that continent on a new route to the 
Indies. This was a fearful challenge. Be
yond the cape, according to ancient lore, 
lay the impassable Tropical Zone, with 
water temperatures that reached the 
boiling point at the Equator. Equally se
rious was the undoubted fact that both 
the wind and the current were dead 
ahead whenever the Portuguese caravels 
tried to lay a course for their return voy
age home. Cape Bojador was finally 
rounded in l434, and by the year of 
Prince Henry's death (1460) the Portu
guese had reached within 10 degrees of 
the Equator. Then they swept rapidly 
onward; only 28 years later Bartholomeu 
Diaz sailed to the southernmost point 
of Africa, which he called the Cape of 
Storms. The Portuguese king renamed 
it the Cape of Good Hope, in joyful an
ticipation of Vasco da Gama's shortly to 
be accomplished voyage to Calicut. 

For 100 years after Prince Henry's 
death Portugal, which was called Lusi
tania by the Romans, merited Camoens' 
splendid boast in the "Lusiads," the epic 
poem that celebrates Vasco da Gama's 
expedition: 

Behold her seated here, both head and 
key 

Of Europe all, the Lusitanian queen; 
Where endeth land and where beginneth 

sea; 
Where Phoebus goeth daten in ocean 

green. 

The path had been laid to the treasures 
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of the East and to an empire whose be
draggled and unhappy remnants still 
exist. 

prince Henry compels our admiration 
for his vision and leadership. His 

world of faith and terrors was so differ
ent from our own, however, that we have 
difficulty visualizing it. In contrast Cap
tain James Cook is almost a contempo
rary. He would have felt at home on a 
modern oceanographic expedition into 
the deep Pacific and would have ap
proved its objectives. 

Cook's journals are models of modest 
and clear writing. Like all good marine 
surveyors he also made painstakingly ac
curate sketches and maps of the islands 
and shorelines he visited. He had the eye 
of an artist, seeing many things other 
men did not see, and the curiosity and 
powers of logical thought of a scientist. 

Of Cook's two great discoveries, one 
was negative. This was the nonexistence 
of Terra Australis, a huge imaginary con
tinent that for hundreds of years had 
been thought to cut off the Southern 
Ocean beyond about 50 degrees south 
latitude. Between 1768 and 1775 Cook 
twice sailed around the world in his 
small ships Endeavour, Resolution and 
Adventure, crisscrossing many times the 
"roaring forties" and the "howling fifties" 
and finding no land. He noticed, how
ever, that the icebergs he encountered 
near the southern limits of his track were 
free of salt. He deduced that they must 
have broken off from huge glaciers on a 
land mass beyond the Antarctic Circle. 

In these high southern latitudes Cook 
also noted the presence of numerous 
albatrosses and stOlmy petrels. This 
seemed independent proof of a large 
land mass to the south, where these birds 
could nest. Thus in his mind's eye Cook 
saw Antarctica, although that continent 
was not actually discovered for another 
50 years. 

Cook's discovery of the Hawaiian Is
lands, the largest of the Polynesians and 
the islands farthest from any continent, 
was an accident. Cook found them on 
his way to Alaska and the Arctic Ocean 
in search of a northwest passage be
tween Europe and Asia. He was as as
tonished as we are today that the Span
ish Manila galleons had never found 
them. 

It has been said that Cook's epitaph 
is the map of the Pacific, almost as we 
now know it. If you are planning a cruise 
to the South Sea Islands, many of the 
charts you will obtain from the Naval 
Oceanographic Office will bear this nota
tion: "From an Admiralty Survey in 
1769" (or some other date from 1768 to 
1777). The survey was made by Cook. 

Cook mapped Palmers ton Atoll, a 
lonely speck halfway between Samoa 
and Tahiti in the archipelago named 
after him, in 1774. He made a note of 
strong currents around the atoll. On the 
Capricorn Expedition of the Scripps In
stitution of Oceanography we had the 
great satisfaction of proving that he had 
made one of his rare mistakes. Without 
benefit of echo-sounding gear, Cook had 
evidently become confused in his sextant 
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fixes on the low, almost indistinguishable 
landmarks around the atoll. As a result 
his survey had failed to close by about 
two miles. He concluded that this was 
due to currents that retarded the ship. 
Actually the atoll is two miles longer 
.than he thought it was, and the currents 
do not exist. 

From a scientific point of view there 
are many properties of the oceans and 

of seawater that combine to determine 
the relationships between man and the 
sea. The most obvious are the oceans' 
vast area, great depth and huge volume. 
Seawater is the most abundant substance 
accessible to man, and all the continents 
are islands in the midst of the world
girdling sea. The periphery, or shoreline, 
of the oceans is several times longer than 
it would need to be if the waters were 
contained in a simple circular basin. This 
long shoreline gives many peoples access 
to the sea and enables them to enjoy its 
benefits. More important, the shoreline 
allows relatively easy access to vast areas 
of the land. In the words of Mahan, "the 
powers ruling the sea are always near 
any country whose ports are open to 
their ships." 

Because of the complex shape of the 
boundaries between the land and the 
sea, certain smaIl parts of the oceans 
have an importance that far outweighs 
their area. These are the narrow seas, 
the straits and passages between the 
land that lie athwart the well-traveled 
trade routes of nations. They are the 
best-known places in the sea, as is easily 

seen by reciting some of their names: 
Bosporus and Dardanelles, Kattegat and 
Skagerrak, Gibraltar and Bab el Man
deb, Florida and Torres, Tsushima and 
Malacca, the St. George Channel and the 
Strait of Dover. To these must be added 
the narrow isthmuses that join the con
tinents, Panama and Suez. 

The fluid character of water on our 
planet is the miracle that makes life pos
sible, but it also means that the oceans 
fill all the low places of the earth. Be
cause of this geographical fact the 
oceans are the ultimate receptacle of 
the wastes of the land, including the 
wastes that are produced in ever increas
ing amounts by human beings and their 
industries. 

The relatively high density and low 
viscosity of seawater are the essential 
qualities that make the sea surface a 
broad and easily traveled highway. In 
technical terms the water provides a 
high lift-drag ratio to the ships that float 
on it; consequently large ships and heavy 
cargoes can be moved fairly rapidly 
across the ocean with comparatively lit
tle motive power. Maritime commerce 
would be impossible if seawater were as 
viscous as molasses, and the fuel re
quired to carry the huge cargoes of mod
ern ships would be prohibitively expen
sive if the water were as light as air. At 
the same time the combination of low 
viscosity and high density gives rise to 
the principal hazard of the sea, the giant 
wind-waves caused by storms that crush 
small ships and fiercely attack coastal 
structures. If the water were much more 

viscous, the wind could not build up 
high, steep waves, and if it were much 
lighter, the wave force would be insig
nificant. 

The high surface tension of seawater, 
although not of fundamental impor
tance, is a matter of considerable con
venience to human beings because it 
means that the water does not stick to 
surfaces with which it comes in contact 
but runs off eaSily and leaves them rela
tively dry. SeagOing would be a messy 
business if the oceans consisted of oil. 
The high density and fluidity of the wa
ter create a serious difficulty when men 
attempt to lower themselves or their 
equipment deep below the surface: the 
enormous hydrostatic pressure at great 
depths, which crushes all but the strong
est vessels, forms air pockets in subma
rine cables and produces high stresses in 
equipment made of materials with differ
ent compressibilities. 

From the human standpOint the salti
ness of seawater is its most undesirable 
quality. Because of its high salt content 
men can neither drink it nor use it to 
water their crops. The ionized salts make 
the water a good conductor of electricity, 
with the result that the ocean can be 
penetrated for only a short distance by 
radio waves, and electrolytic reactions 
between dissimilar metals or compounds 
proceed very rapidly. The salts plus dis
solved oxygen cause seawater to be a 
highly corrosive substance for most man
made objects. When immersed in the sea, 
the works of man soon suffer a sea 
change into something that may be rich 
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and strange but is usually useless for 
human purposes. This quality of seawa
ter makes research in materials a strate
gic salient in the progress of ocean 
technology [see "Technology and the 
Ocean," by Willard Bascom, page 198] . 

Seawater is much less b'ansparent to 
visible light than air is, but it is more 
transparent than most other substances. 
This intermediate transparency, com
bined with a high heat capacity and a 
high heat of vaporization, makes the 
ocean the regulator in the great thermal 
engine of the ocean and the abnosphere 
[see "The Atmosphere and the Ocean," 
by R. W. Stewart, page 76] . Most of the 
energy of sunlight passes virtually un
impeded throughout the atmosphere into 
the ocean, where it is absorbed and 
transformed. Nearly a third of all solar 
energy reaching the earth's surface goes 
to evaporate seawater. The thermal in
ertia of the sea, the circulation of the 
water and the geographic distribution of 
ocean and land profoundly influence our 
planet's weather and climate. 

The moderate transparency and high 
density of seawater, and the great 

depth of the ocean, give life in the sea 
a very different character from that on 
land [see "The Nature of Oceanic Life," 
by John D. Isaacs, page 146] . Photosyn
thesis can take place only in the waters 
near the surface where bright sunlight 
penetrates, and consequently marine 
plants in the open ocean cannot support 
themselves on solid ground. Most ma
rine plants have solved this problem by 
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being extremely small, so that they have 
a large surface-to-volume ratio and sink 
or rise slowly through the water. To 
maintain their small size they have a 
short life-span, measured in hours or 
days rather than in the seasons or cen
turies that characterize land plants. Con
sequently, although the total production 
of organic matter in the most fertile re
gions of the ocean is higher than that in 
fertile land areas, the biomass of marine 
plants at any one time is small. 

The animals of the sea have been 
forced to adjust themselves to this re
gime of the plants, with the result that 
the food web in the sea is much more 
complex than on land, and the animals 
that can be utilized by man make up 
only a small part of the organic produc
tion of the ocean. The plants themselves 
are present in such low concentration 
that they cannot be economically har
vested. The potential harvest of human 
food from the sea is still far from being 
realized by human beings. Yet, as S .  J .  
Holt shows [see "The Food Resources of 
the Ocean," page 178 ] ,  it will never be 
possible for men to obtain more than a 
fraction of their food requirements from 
the ocean. 

From the biologist's point of view one 
of the most important characteristics of 
the ocean is its great age, even on a geo
logic time scale. Time has been available 
for the evolution of many different forms 
of life. As a result living things in the sea 
present an incredible diversity. Some 
200,000 species have already been iden
tified and new ones are found on every 

oceanographic expedition. Some of these 
are "living fossils" from the ancient past 
and others have evolved recently. 

In former times men were chiefly con
cerned with the surface of the sea, to
gether with the near-surface waters and 
shallow seabed that were accessible to 
fishermen. As our technology advances, 
however, our ability to penetrate and use 
the entire huge volume of the ocean and 
to explore and exploit the seabed, even 
to the greatest depths, is rapidly increas
ing. The shape of the sea floor, the prop
erties of the deep waters and the dis
tribution of deep-sea resources have thus 
become of much greater interest than 
previously. As K. O. Emery and Edward 
Wenk, Jr. ,  set forth at greater length [ see 
"The Continental Shelves," page 106, 
and "The Physical Resources of the 
Ocean," page 1 66 ] ,  the margins of the 
oceans surrounding the continents, con
taining the continental shelves and 
slopes and the deeper continental rise, 
are probably the principal location for 
the most important mineral resources un
derneath the sea : petroleum and natural 
gas. The living resources seem to exist 
almost entirely in the upper 1 ,500 me
ters, and like the fossil fuels they are 
most concentrated over the continental 
shelves and slopes. 

Submarine vehicles for both military 
and peaceful purposes are a spectacular 
element of the new marine technology. 
From a military point of view the great 
advantage of submarines rests on the 
low transparency of seawater for visible 
light and radio waves. A deeply sub-
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merged submarine can neither be seen 
visually nor be detected by radar . The 
submarine itself would be equally blind 
were it not for one of the most remark
able qualities of the ocean : its capacity 
to transmit low-frequency sounds over 
great distances. 

The explosion of a one-pound block 
of dynamite in the air can be heard for 
about half a mile . Such an explosion at 
mid-depths in the ocean can be heard 
for many thousands of miles. The ocean 
is far from being a perfect acoustical 
transmitter, however. It is full of back
ground noises made by animals and 
volcanoes; the surface and the bottom 
scatter and absorb sound; variations in 
temperature and density bend and dis
tort sound waves in complicated ways, 
and the ocean rings with echoes like a 
badly designed auditorium. To elucidate 
and overcome these imperfections in 
sound propagation is one of the major 
problems of marine technology. 

We may confidently expect that the 
ocean will be far more important to 

mankind in the future than it has ever 
been in the past.  Recognition of the new 
opportunities in the ocean has brought a 
widening realization that the organiza
tion of human society into national 
s tates, which works, however imperfect
ly, on the land, is not well suited to the 
optimum utilization of the sea . A new 
kind of regime is needed in which the 
interests of all states are protected but 
those of humanity as a whole are para
mount. The possible nature of such a re-

gime is now being widely discussed in 
the United Nations and other interna
tional forums. It is too early to forecast 
what may emerge. Nevertheless, it can 
be hoped that agreement will be reached 
on a set of principles somewhat as fol
lows: 

1 .  The resources of the high seas and 
the underlying seabed, outside those 
areas adjacent to the coasts in which the 
coastal states exercise certain exclusive 
rights, are the common heritage of man
kind and shall be used and conserved 
in the common interest of all men . All 
countries shall participate in an equi
table manner in the benefits gained from 
these resources . Individual states shall 
not appropriate any part of the high seas 
or of the underlying seabed . 

2. The areas adjacent to the coasts in 
which coastal states exercise certain ex
clusive rights shall be as small as feasi
ble, and the outer limits of these areas 
shall be fixed by a definite depth or dis
tance from shore or by a formula involv
ing both depth and distance . This outer 
boundary, together with the nature of 
the exclusive rights to be exercised, 
should be determined by international 
agreement as soon as possible . 

3. Internationally coordinated action 
must be taken to prevent pollution of 
the ocean, including control of pollutants 
coming from the land or the air, such as 
pesticides, radioactive substances, poi
sonous chemicals and sewage; from 
ships, submarines or other equipment 
used at sea, and from exploitation of 
marine resources, for example ex pI ora-

tion, production, storage and transpor
tation of oil and gas . 

4. The freedom of scientific research 
in the ocean shall be kept inviolate . The 
exclusive rights granted to the coastal 
states shall not include the right to in
terfere with scientific research, provided 
that the coastal state is given prior notifi
cation of the plan to conduct the re
search, has full opportunity to partici
pate in it and has access to all the data 
obtained and samples collected, and pro
vided that the research does not deleteri
ously affect marine resources or other 
uses of the sea . 

S. Greatly intensified international 
cooperation and coordination in all 
peaceful uses of the ocean is needed to 
encourage and advance beneficial exploi
tation of marine resources and techno
logical developments for this purpose, 
to ensure the conservation and rational 
use of resources, and to minimize inter
ference among uses of different resources 
and among different uses of the same 
resource . 

6. The military uses of the ocean floor 
shall be as limited as practicable; in par
ticular, no nuclear weapons shall be 
planted on it . 

Agreement on these principles and on 
creation of an international regime to 
secure them depends largely, although 
by no means entirely, on the U.S.  It is to 
be hoped that our government and peo
ple will be farsighted enough to see that 
their own long-range interests lie in a 
generous approach to the new age of the 
oceans. 

6S 
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The Origin of the Oceans 
In recent years it has become increasingly apparent that the floor 

of the deep ocean is remarkably young. It is growing outward from 

mid-ocean ridges, pushing most of the continents apart as it does 

The earth is uniquely favored 
among the planets: it has rain, 
rivers and seas. The large planets 

(Jupiter, Saturn, Uranus and Neptune) 
have only a small solid core, presum
ably overlain by gases liquefied by pres
sure; they are also surrounded by enor
mous atmospheres. The inner planets 
are more like the earth. Mercury, how
ever, has practically no atmosphere and 
the side of the planet facing the sun is 
hot enough to melt lead. Venus has a 
thick atmosphere containing little water 
and a surface that, according to recent 
measurements, may be even hotter than 
the surface of Mercury. Mars and the 
moon appear to show us their primeval 
surfaces, affected only by craters formed 
by the impact of meteorites, and perhaps 
by volcanoes. Only on the earth has the 
repetition of erosion and sedimentation 
-"the colossal hour glass of rock de
struction and rock formation"-run its 
course cycle after cycle and produced 
the diverse surface that we see. The 
mountains are raised and then worn 
away by falling and running water; the 
debris is carried onto the lowlands and 
then out to the ocean. Geologically 
speaking, the process is rapid. The great 
plateau of Africa is reduced by a foot 
in a few thousand years, and in a few 
million years it will be near sea level, 
like the Precambrian rocks of Canada 
and Finland. All trace of the original sur
face of the earth has been removed, but 
as far back as one can see there is evi
dence in rounded, water-worn pebbles 
for the existence of running water and 
therefore, presumably, of an ocean and 
of dry land. 

The obvious things that no one com
ments on are often the most remarkable; 
one of them is the constancy of the total 
volume of water through the ages. The 
level of the sea, of course, has varied 
from time to time. During the ice ages, 
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by Sir Edward Bullard 

when much water was locked up in ice 
sheets on the continents, the level of the 
sea was lower than it is at present, and 
the continental shelves of Europe and 
North America were laid bare. Often the 
sea has advanced over the coastal plains, 
but never has it covered all the land or 
even most of it. The mechanism of this 
equilibrium is unknown; it might have 
been expected that water would be 
expelled gradually from the interior of 
the earth and that the seas would grow 
steadily larger, or that water would be 
dissociated into hydrogen and oxygen in 
the upper atmosphere and that the hy
drogen would escape, leading to a grad
ual drying up of the seas. These things 
either do not happen or they balance 
each other. 

The mystery is deepened by the al
most complete loss of neon from the 
earth; in the sun and the stars neon is 
only a little rarer than oxygen. The neon 
was presumably lost when the earth was 
built up from dust and solid grains be
cause neon normally does not form com
pounds, but if that is so, why was the 
water not lost too? vVater has a molecu
lar weight of 18, which is less than the 
atomic weight of neon, and thus should 
escape more easily. It looks as if the 
water must have been tied up in com
pounds, perhaps hydrated silicates, un
til the earth had formed and the neon 
had escaped. Water must then have been 
released as a liquid sometime during the 
first billion years of the earth's history, 
for which we have no geological record. 
The planet Mercury and the moon would 
have been too small to retain water after 
it was released. Mars seems to have been 
able to retain a trace, not enough to 
make oceans but enough to be detect
able by spectroscopy. 

These speculations about the early 
history of the earth are open to many 
doubts. The evidence is almost non-

existent, and all one can say is, "It might 
have been that. ... " The great increase in 
understanding of the present state and 
recent history of the ocean basins that 
we have gained in the past 20 years is 
something quite different. For the first 
time the geology of the oceans has been 
studied with energy and resources com
mensurate with the tremendous task. It 
turns out that the main processes of ge
ology can be understood only when the 
oceans have been studied; no amount of 
effort on land could have told us what 
we now know. The study of marine ge
ology has unlocked the history of the 
oceans, and it seems likely to make in
telligible the history of the continents as 
well. We are in the middle of a rejuve
nating process in geology comparable to 
the one that physics experienced in the 
1890's and to the one that is now in 
progress in molecular biology. 

The critical step was the realization 
that the oceans are quite different 

from the continents. The mountains of 
the oceans are nothing like the Alps or 
the Rockies, which are largely built from 
folded sediments. There is a world-en
circling mountain range-the mid-ocean 
ridge-on the sea bottom, but it is built 
entirely of igneous rocks, of basalts 
that have emerged from the interior of 
the earth. Although the undersea moun
tains have a covering of sediments in 

RED SEA and the Gulf of Aden represent 

two of the newest seaways created by the 

worldwide spreading of the ocean floor. In 

this photograph, taken at an altitude of 390 

miles from the spacecraft Gemini 11 in Sep. 

tember, 1966, the Red Sea separates Ethiopia 

(at left) from the Arabian peninsula (at 
right). The Gulf of Aden lies between the 

southern shore of Arabia and Somalia. The 

excellent fit between the drifting land masses 

is depicted in the illustrations on page 69. 
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many places, they are not made of sedi
ments, they are not folded and they have 
not been compressed. 

A cracklike valley runs along the 
crest of the mid-ocean ridge for most of 
its length, and it is here that new ocean 
Roar is being formed today [see illustra
tion on next two pages]. From a study of 
the numerous earthquakes along this 
crack it is clear that the two sides are 
moving apart and that the crack would 
continually widen if it were not being 
filled with material from below. As the 
rocks on the two sides move away and 
new rock solidifies in the crack, the 
events are recorded by a kind of geolog
ical tape recorder: the newly solidified 
rock is magnetized in the direction of the 
earth's magnetic field. For at least the 
past 10,000 years, and possibly for as 
long as 700,000 years, the north mag
netic pole has been close to its present 
location, so that the magnetic field is to 
the north and downward in the Northern 
Hemisphere, and to the north and up
ward in the Southern Hemisphere. As 
the cracking and the spreading of the 
ocean floor go on, a strip of magnetized 
rock is produced. Then one day, or rath
er in the course of several thousand 
years, the earth's field reverses, the next 
effusion of lava is magnetized in the re
verse direction and a strip of reversely 
magnetized rocks is built up between the 
two split halves of the earlier strip. The 
reversals succeed one another at widely 
varying intervals; sometimes the change 
comes after 50,000 years, often there is 
no change for a million years and occa
sionally, as during the Permian period, 
there is no reversal for 20 million years. 
The sequence of reversals and the prog
ress of spreading is recorded in all the 
oceans by the magnetization of the rocks 
of the ocean Roor. The message can be 
read by a magnetometer towed behind 
a ship. 

We now have enough examples of 
these magnetic messages to leave no 
doubt about what is happening. It is a 

PROBABLE ARRANGEMENT of conti· 

nents before the formation of the Atlantic 

Ocean was determined by the author with 

the aid of a computer. The fit was made not 

at the present coastlines but at the true edge 

of each continent, the line where the con· 

tinental shelf (dark brown) slopes down 

steeply to the sea floor. Overlapping land 

and shelf areas are reddish orange; gaps 

w
'
here the continental edges do not quite 

meet are dark blue. At present the entire 

western Atlantic is moving as one great plate 

carrying both North America and South 

America with it. At an earlier period the two 

continents must have moved independently. 

truly remarkable fact that the results of 
magnetic surveys in the South Pacific 
can be explained-indeed predicted
from the sequence of reversals of the di
rection of the earth's magnetic field 
known from magnetic and age measure
ments, made quite independently on 
lavas in California, Africa and elsewhere. 
The only adjustable factor in the calcu
lation is the rate of spreading. Such 
worldwide theoretical ideas and such 
detailed agreement between calculation 
and theory are rare in geology, where 
theories are usually qualitative, local and 
of little predictive value. 

The speed of spreading on each side 
of a mid-ocean ridge varies from less 
than a centimeter per year to as much 
as eight centimeters. The fastest rate is 
the one from the East Pacific Rise and 
the slowest rates are those from the Mid
Atlantic Ridge and from the Carlsberg 
Ridge of the northwest Indian Ocean. 
The rate of production of new terrestrial 
crust at the central valley of a ridge is 
the sum of the rates of spreading on 
the two sides. Since the rates on the two 
sides are commonly almost equal, this 
sum is twice the rate on each side and 
may be as much as 16 centimeters (six 
inches) per year. Such rates are, geologi
cally speaking, fast. At 16 centimeters 
per year the entire Roar of the Pacific 
Ocean, which is about 15,000 kilometers 
(10,000 miles) wide, could be produced 
in 100 million years. 

When the mid-ocean ridges are ex
amined in more detail, they are found 
not to be continuous but to be cut into 
sections by "fracture zones" [see top 
illustration on page 72]. A study of the 
earthquakes on these fracture zones 
shows that the separate pieces of ridge 
crest on the two sides of a fracture zone 
are not moving apart, as might seem like
ly on first consideration. The two pieces 
of ridge remain fixed with respect to 
each other while on each side a plate of 
the crust moves away as a rigid body; 
such a fracture is called a transform 
fault. The earthquakes occur only on the 
piece of the fracture zone between the 
two ridge crests; there is no relative mo
tion along the parts outside this section. 

If two rigid plates on a sphere are 
spreading out on each side of a ridge 
that is crossed by fracture zones, the 
relative motion of the two plates must 
be a rotation around some point, termed 
the pole of spreading. The "axis of 
spreading," around which the rotation 
takes place, passes through this pole and 
the center of the earth. The existence of 
a pole of spreading and an axis of 
spreading is geometrically necessary, as 
was shown by Leonhard Euler in the 
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RUPTURE OF MIDDLE EAST is being 

caused by the widening of the Red Sea and 

the Gnlf of Aden. Some 20 million years ago 

the Arabian peninsula was joined to Africa, 

as evidenced by the remarkable fit be· 

tween shorelines (see illustration below).' 

The area within the Gemini 11 photograph 

on page 67 is shown by the broken lines. 

FIT OF SHORELINES of Arabia and Africa 

works out most successfully if the African 

coast ( black) is left intact and if the Arabian 

coast (color) is superposed in two separate 

sections. In the reconstruction a corner of 

Arabia overlaps the "Afar triangle" in north· 

ern Ethiopia, an area that now has some 

of the characteristics of an ocean floor. 
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18th century. If the only motion on the 
fracture zones is the sliding of the two 
plates past each other, then the fracture 
zones must lie along circles of latitude 
with respect to the pole of spreading, 
and the rates of spreading at any point 
on the ridge must be proportional to the 
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perpendicular distance from the point to 
the axis of spreading [see bottom illustra
tion on page 72]. 

All of this is well verified for the 
spreading that is going on today. The 
rates of spreading can be obtained from 
the magnetic patterns and the dates of 

90 

the reversals. The poles of spreading can 
be found from the directions of the frac
ture zones and checked by the direction 
of earthquake motions. It turns out that 
the ridge axes and the magnetic pattern 
are usually almost at right angles to the 
fracture zones. This is not a geometrical 
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OCEANIC GEOLOGY has turned out to be much simpler than the 

geology of the continents. New ocean bottom is continuously being 

extruded along the crest of a worldwide system of ridges (thick 

70 

black lines). The present position of material extruded at intervals 

of 10 million years, as determined by magnetic studies, appears as 

broken lines parallel to the ridge system, which is offset by fracture 
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necessity, but when it does happen it 
means that the lines of the ridge axes 
and of the magnetic pattern must, if they 
are extrapolated, go through the pole of 
spreading. If the ridge consists of a num
ber of offset sections at righ t angles to 
the fracture zones, the axes of these 

150 120 

sections will converge on the pole of 
spreading. It is one of the surprises of 
the work at sea that this rather simple 
geometry embraces so large a part of the 
facts. It seems that marine geology is 
truly simpler than continental geology 
and that this is not merely an illusion 
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based on our lesser knowledge of the 
oceans. 

The regularity of the magnetic pattern 
suggests that the ocean floor can move 
as a rigid plate over areas several thou
sand kilometers across. The thickness of 
the rigid moving plate is quite uncertain, 

60 

30 

o 

zones (thill black lines l. Earthquakes (black dots) occur along 

the crests of ridges, on parts of the fracture zone and along deep 

trenches. These trenches, where the ocean floor dips steeply, are 

represented by hatched bands. At the maximum estimated rate of 

sea·floor spreading, about 16 centimeters a year, the entire floor of 

the Pacific Ocean could be created in perhaps 100 million years. 
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FRACTURE ZONE 
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FRACTURE ZONE 

MOTION AT AXIS OF RIDGE consists of an opening of an axial crack (vertical bands) 

where two plates separate (arrows). Often the ridge is offset by a fracture zone, making a 

transform fault where one plate slips past another. The motion must be parallel to the frac· 

ture zone. It is usually at right angles to the ridge (upper left) but need not be (lower right). 

POLE OF POLE OF 
SPREADING 

MOTION OF RIGID PLATES on a sphere requires that the plates rotate around a "pole 

of spreading" through which passes an "axis of spreading." Plates always move parallel to 

the fracture zones and along circles of latitude perpendicular to the axis of spreading. The 

rate of spreading is slowest near the pole of spreading and fastest 90 degrees away 

from it. The spreading pole can be quite remote from the sphere's pole of rotation. 
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but a value between 70 and 100 kilome
ters seems likely. If this is so, the greater 
part of the plate will be made of the 
same material as the upper part of the 
earth's mantle-probably of peridotite, a 
rock largely composed of olivine, a sili
cate of magnesium and iron, (Mg, Fe)�
Si04• The basaltic rocks of the oceanic 
crust will form the upper five kilometers 
or so of the plate, with a veneer of sedi
ments on top. 

What happens at the boundary of an 
ocean and a continent? Sometimes, as 
in the South Atlantic, nothing happens; 
there are no earthquakes, no distortion, 
nothing to indicate relative motion be
tween the sea floor and the bordering 
continent. The continent can then be 
regarded as part of the same plate as the 
adjacent ocean floor; the rocks of the 
continental crust evidently ride on top 
of the plate and move with it. In other 
places there is another kind of coast, 
what Eduard Suess called "a Pacific 
coast." Such a coast is typified by the 
Pacific coast of South America. Here the 
oceanic plate dives under the continent 
and goes down at an angle of about 45 
degrees. On the upper surface of this 
sloping plate there are numerous earth
quakes-quite shallow ones near the 
coast and others as deep as 700 kilo
meters inland, under the continent. The 
evidence for the sinking plate has been 
beautifully confirmed by the discovery 
that seismic waves from shallow earth
quakes and explosions, occurring near 
the place where the plate starts its dive, 
travel faster down the plate than they 
do in other directions. This is expect
ed because the plate is relatively cold, 
whereas the upper mantle, into which 
the plate is sinking, is made of similar 
material but is hot. 

Little is known of the detailed be
havior of the plate; further study is vital 
for an understanding of tlle phenomena 
along the edges of continents. Near the 
point where the plate turns down there 
is an ocean deep, whose mode of forma
tion is not precisely understood, but if 
a plate goes down, it is not difficult to 
imagine ways in which it could leave a 
depression in the sea floor. It is probable 
that, as the plate goes down, some of the 
sediment on its surface is scraped off 
and piled up in a jumbled mass on the 
landward side of the ocean deep. This 
sediment may later be incorporated in 
tile mountain range that usually appears 
on the edge of the continent. The moun
tain range bordering the continent com
monly has a row of volcanoes, as in the 
Andes. The lavas from the volcanoes are 
frequently composed of andesites, which 
are different from the lavas of the mid-
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ocean ridges in that they contain more 
silica. It may reasonably be supposed 
that they are formed by the partial melt
ing of the descending plate at a depth of 
about 150 kilometers. The first material 
to melt will contain more silica than the 
remaining material; it is also possible 
that the melted material is contaminated 
by granite as it rises to the surface 
through the continental rocks. 

In many places the sinking plate goes 
down under a chain of islands and not 
under the continent itself. This happens 
in the Aleutians, to the south of Indo
nesia, off the islands of the Tonga group, 
in the Caribbean and in many other 
places. The volcanoes are then on the 
islands and the deep earthquakes occur 
under the almost enclosed sea behind 
the chain or arc of islands, as they do in 
the Sea of Japan, the Sea of Okhotsk 
and the Java Sea. 

The destruction of oceanic crust ex
plains one of the great paradoxes of 
geology. There have always been oceans, 
but the present oceans contain no sedi
ment more than 150 million years old 
and very little sediment older than 80 
million years. The explanation is that the 
older sediments have been carried away 
with the plates and are either piled up at 
the edge of a continent or are carried 
down with a sinking plate and lost in the 
mantle. 

The picture is simple: the greater part 
of the earth's surface is divided into six 
plates [see illustration on next two 
pages]. These plates move as rigid 
bodies, new material for them being pro
duced from the upper mantle by lava 
emerging from the crack along the crest 
of a mid-ocean ridge. Plates are de
stroyed at the oceanic trenches by plung
ing into the mantle, where ultimately 
they are mixed again with the material 
whence they came. The scheme is not yet 
established in all its details. Perhaps the 
greatest uncertainty is in the section of 
the ridge running south of South Africa; 
it is not clear how much of this is truly a 
ridge and a source of new crust and how 
much is a series of transfOtID faults with 
only tangential motion. It is also 'uncer
tain whether the American and Eurasian 
plates meet in Alaska or in Siberia. It 
appears certain, however, that they do 
not meet along the Bering Strait. 

A 
close look at the system of ridges, 
fracture zones, trenches and earth

quakes reveals many other features of 
great interest, which can only be men
tioned here. The Red Sea and the Gulf 
of Aden appear to be embryo oceans 
[see illustration on page 67]. Their floors 
are truly oceanic, with no continental 

rocks; along their axes one can find off
set lengths of crack joined by fracture 
zones, and magnetic surveys show the 
worldwide magnetic pattern but only 
the most recent parts of it. These seas 
are being formed by the movement of 
Africa and Arabia away from each other. 
A detailed study of the geology, the 
topography and the present motion sug
gests that the separation started 20 mil
lion years ago in the Miocene period and 
that it is still continuing. If this is so, 
there must have been a sliding move
ment along the Jordan rift valley, with 
the area to the east having moved about 
100 kilometers northward with respect 
to the western portion. There must also 
have been an opening of the East Afri
can rift valley by 65 kilometers or so. 

The first of these displacements is well 
established by geological comparisons 
between the two sides of the valley, 
and it should be possible to verify the 
second. The reassembly of the pieces 
requires that the southwest corner of 
Arabia overlap the "Afar triangle" in 
northern Ethiopia [see bottom illustra
tion on page 69]. This area should there
fore be part of the embryo ocean. The 
fact that it is dry land presented a sub
stantial puzzle, but recently it has been 
shown that the oceanic magnetic pattern 
extends over the area; it is the only land 
area in the world where this is known to 
happen. It seems likely that the Afar 
triangle is in some sense oceanic. The 
results of gravity surveys, seismic mea
surements and drilling will be awaited 
with interest. On this picture Arabia 
and the area to the north comprise a 
small plate separate from the African 
and Asian plates. The northern bound
ary of this small plate may be in the 
mountains of Iran and Turkey, where 
motion is proceeding today. 

A number of other small plates are 
known. There is one between the Pacific 
coast of Canada and the ridge off Van
couver Island; it is probable that this 
is being crumpled at the coast rather 
than diving under the continent. Farther 
south the plate and the ridge from which 
it spread may have been overrun by the 
westward motion of North America. The 
ridge appears again in the Gulf of Cali
fornia, which is similar in many ways to 
the Red Sea and the Gulf of Aden. From 
the mouth of the Gulf of California the 
ridge runs southward and is joined by 
an east-west ridge running through the 
Galapagos Islands. The sea floor bound
ed by the two ridges and the trench off 
Central America seems to constitute a 
separate small plate. 

For the past four million years we 
can date the lavas on land with enough 
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REVERSALS of the earth's magnetic field 

can be traced back more than 70 million 

years using magnetic patterns observed on 

the sea floor. The timetable of reversals for 

the most recent four million years was ob

tained by dating reversals in lava flows on 

land. Extrapolations beyond that assume 

that the sea floor spread at a constant rate. 

Colored bars show periods when the direc

tion of the magnetic field was as it is now. 
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accuracy to give a timetable of magnetic 
reversals that can be correlated with the 
magnetic pattern on the sea bottom. For 
this period the rates of spreading from 
the ridges have remained constant. Fur
ther back we have a long series of re
versals recorded in the ocean floor, but 
we cannot date them by comparison 
with lavas on land because the accuracy 
of the dates is insufficient to put the 
lavas in order. A rough guess can be 
made of the time since the oldest part of 
the magnetic pattern was formed by as
suming that the rates have always been 
what they are today. This yields about 
70 million years in the eastern Pacific 
and the South Atlantic. In fact the spac
ings of the older magnetic lineations are 
not in a constant proportion in the dif
ferent oceans. The rates of spreading 
must therefore vary with time when long 
periods are considered. Directions of 
motion have also changed during this 

,/ 
/' 

period, as can be seen from the depar
ture of the older parts of some of the 
Pacific fracture zones from circles of lat
itude around the present pole of spread
ing. A change of direction is also shown 
by the accurate geometrical and geo
chronological fit that can be made be
tween South America and Africa [see il
lustration on page 68]. A rotation around 
the present pole of spreading will not 
bring the continents together; it is there
fore likely that in the early stages of the 
separation motion was around a point 
farther to the south. 

T 
he ideas of the development of the 
earth's surface by plate formation, 

plate motion and plate destruction can 
be checked with some rigor by drilling. 
If they are correct, drilling at any point 
should show sediments of all ages from 
the present to the time at which this part 
of the plate was in the central valley of 

the ridge. Under these sediments there 
should be lavas of about the same age 
as the lowest sediments. From prelim
inary reports of the drilling by the 
JOIDES project. (a joint enterprise of 
five American universities) it seems that 
this expectation has been brilliantly veri
fied and that the rate of spreading has 
been roughly constant for 70 million 
years in the South Atlantic. Such studies 
are of great importance because they 
will give firm dates for the entire mag
netic pattern and provide a detailed 
chronology for all parts of the ocean 
floor. 

The process of consumption of ocean
ic crust at the edge of a continent may 
proceed for tens of millions of years, but 
if the plate that is being consumed car
ries a continental fragment, then the 
consumption must stop when the frag
ment reaches the trench and collides 
with the continent beyond it. Because 

AMERICAN 

PACIFIC 

-
A NTARCTIC· 

SIX MAJOR PLATES are sufficient to account for the pattern of 

continental drift inferred to be taking place today. In this model 

the African plate is assumed to be stationary. Arrows show the di· 

rection of motion of the five other large plates, which are general. 

ly bounded by ridges or trenches. Several smaller plates, unnamed, 

also appear. In certain areas, particularly at the junction of 
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AFRICAN 

the fragment consists of relatively light 
rocks it cannot be forced under a con
tinent. The clearest example is the col
lision of India with what was once the 
southern margin of Asia. Paleomagnetic 
work shows that India has been moving 
northward for the past 100 million years. 
If it is attached to the plate that is 
spreading northward and eastward from 
the Carlsberg Ridge (which runs down 
the Indian Ocean halfway between 
Africa and India), then the motion is 
continuing today. This motion may be 
the cause of the earthquakes of the 
Himalayas, and it may also be connected 
with the formation of the mountains and 
of the deep sediment-filled trough to the 
south of them. The exact place where 
the joint occurs is far from clear and 
needs study by those with a detailed 
geological knowledge of northern India. 

It seems unlikely that all the conti
nents were collected in a single block for 

EURASIAN 

/ 

? 

the American and Eurasian plates and in 

the region south of Africa, it is hard to say 

just where the houndaries of the plates lie. 

4,000 million years and then broke apart 
and started their wanderings during the 
past 100 million years. It is more likely 
that the processes we see today have al
ways been in action and that all through 
geologic time there have been moving 
plates carrying continents. vVe must ex
pect continents to have split many times 
and formed new oceans and sometimes 
to have collided and been welded to
gether. We are only at the beginning of 
the study of pre-Tertiary events; any
thing that can be said is speculation and 
is to be taken only as an indication of 
where to look. 

It is virtually certain that the Atlantic 
did not exist 150 million years ago. Long 
before that, in the Lower Paleozoic, 650 
to 400 million years ago, there was an 
older ocean in which the sediments now 
in the Caledonian-Hercynian-Appala
chian mountains of Europe and North 
America were laid down. Perhaps this 
ocean was closed long before the present 
Atlantic opened and separated the Ap
palachian Mountains of eastern North 
America from their continuation in 
northwestern Ew·ope. 

The Urals, if they are not unique 
among mountain ranges, are at least ex
ceptional in being situated in the middle 
of a continent. There is some paleo
magnetic evidence that Siberia is a mo
saic of fragments that were not original
ly contiguous; perhaps the Urals were 
once near the borders of an ocean that 
divided Siberia from western Russia. 
Similarly, it is desirable to ask where the 
ocean was when the Rockies were being 
formed. A large part of California is 
moving rapidly northward, and the en
tire continent has overrun an ocean 
ridge; clearly the early Tertiary geogra
phy must have been very different from 
that of the present. Such questions are 
for the future and require that the ideas 
of moving plates be applied by those 
with a detailed knowledge of the various 
areas. 

A history of the oceans does not nec-
essarily require an account of the 

mechanism behind the observed phe
nomena. Indeed, no very satisfactory ac
count can be given. The traditional view, 
put forward by Arthur Holmes and Fe
lix A. Vening-Meinesz, supposes that the 
upper mantle behaves as a liquid when 
it is subjected to small forces for long 
periods and that differences in temper
ature under oceans and continents are 
sufficient to produce convection cells in 
the mantle-with rising currents under 
the mid-ocean ridges and sinking ones 
under the continents. These hypothetical 
cells would carry the plates along as on 

a conveyor belt and would prOVide the 
forces needed to produce the split along 
the ridge. This view may be correct; it 
has the advantage that the currents are 
driven by temperature differences that 
themselves depend on the position of 
the continents. Such a back-coupling can 
produce complicated and varying mo
tions. 

On the other hand, the theory is im
plausible in that convection does not 
normally happen along lines. It certainly 
does not happen along lines broken by 
frequent offsets, as the ridge is. Also it is 
difficult to see how the theory applies to 
the plate between the Mid-Atlantic 
Ridge and the ridge in the Indian 
Ocean. This plate is growing on both 
sides, and since there is no intermediate 
trench the two ridges must be moving 
apart. It would be odd if the rising con
vection currents kept exact pace with 
them. An alternative theory is that the 
sinking part of the plate, which is dens
er than the hotter surrounding mantle, 
pulls the rest of the plate after it. Again 
it is difficult to see how this applies to 
the ridge in the South Atlantic, where 
neither the African nor the American 
plate has a sinking part. 

Another possibility is that the sinking 
plate cools the neighboring mantle and 
produces convection currents that move 
the plates. This last theory is attractive 
because it gives some hope of explain
ing the almost enclosed seas, such as the 
Sea of Japan. These seas have a typical 
oceanic floor except that the floor is over
lain by several kilometers of sediment. 
Their floors have probably been sinking 
for long periods. It seems possible that 
a sinking current of cooled mantle ma
terial on the upper side of the plate 
might be the cause of such deep basins. 
The enclosed seas are an important fea
ture of the earth's surface and urgently 
require explanation; in addition to the 
seas that are developing at present be
hind island arcs there are a number of 
older ones of pOSSibly similar origin, such 
as the Gulf of Mexico, the Black Sea 
and perhaps the North Sea. 

The ideas set out in this attempt at 
a history of the ocean have developed 
in the past 10 years. What we have is 
a sketch of the outlines of a history; a 
mass of detail needs to be filled in and 
many major features are quite uncertain. 
Nonetheless, there is a stage in the de
velopment of a theory when it is most 
attractive to study and easiest to explain, 
that is while it is still simple and suc
cessful and before too many details and 
difficulties have been uncovered. This 
is the interesting stage at which plate 
theory now stands. 
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The Atmosphere and the Ocean 

The two are inextricably linked. The ocean's circulation lS driven 

by wind and by density differences that largely depend on the alr. 

The atmospheric heat engine, in turn, lS largely driven by the sea 

T
he atmosphere drives the great 
ocean circulations and strongly 
affects the properties of seawater; 

to a large extent the atmosphere in turn 
owes its nature to and derives its energy 
from the ocean. Indeed, there are few 
phenomena of physical oceanography 
that are not somehow dominated by 
the atmosphere, and there are few atmo
spheric phenomena for which the ocean 
is unimportant. It is therefore hard to 
know where to start a discussion of the 
interactions of the atmosphere and the 
ocean, since in a way everything de
pends on everything else. One must 
break into this circle somewhere, and 
arbitrarily I shall begin by considering 
some of the effects of wind on ocean 
water. 

When wind blows over water, it exerts 
a force on the surface in the direction of 
the wind. The mechanism by which it 
does so is rather complex and is far from 
being completely understood, but that it 
does it is beyond dispute. The ocean's 
response to this force is immensely com
plicated by a number of factors. The fact 
that the earth is rotating is of overriding 
importance. The presence of continental 
barriers across the natural directions of 
flow of the ocean complicates matters 
further. Finally there is the fact that wa
ter is a fluid, not a solid. 

To simplify the picture somewhat, let 
us start by looking at what would hap
pen to a slab of material resting on the 
surface of the earth. Let us further as
sume that the slab can move without 
friction. Consider the result of a sharp, 
brief impulse that sets the slab moving, 
say, due north [ see top illustration on 
page 80]. Looked at by an observer on a 
rotating earth, any moving object is sub
ject to a "Coriolis acceleration" directed 
exactly at a right angle to its motion. The 
magnitude of the acceleration increases 
with both the speed of the object's mo-
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tion and the vertical component of the 
earth's rotation, and in the Northern 
Hemisphere it is directed to the right 
of the motion. An acceleration at right 
angles to the velocity is just what is re
quired to cause motion in a circle, and 
in the illustration the center of the circle 
is due east of the original position of the 
slab. A circular motion of this kind is 
called an inertial oscillation, and some
thing of this nature may sometimes hap
pen in the ocean, since inertial oscilla
tions are frequently found when careful 
observations are made with current 
meters. 

k inertial oscillation requires exactly 
half a pendulum day for a full circle. 

(A pendulum day is the time required 
for a complete revolution of a Foucault 
pendulum. Like the Coriolis effect, it de
pends on the vertical component of the 
earth's rotation and therefore varies with 
latitude, being just under 24 hours at the 
poles and increasing to several days close 
to the Equator. To be precise, it is one 
sidereal-or star time-day divided by 
the sine of the latitude.) If there were a 
small amount of friction, the slab would 
gradually spiral to the center of the cir
cle. Pushing it toward the north thus 
causes it to end up displaced to the east 
[see bottom illustration on page 80]. 
More generally, in the Northern Hemi
sphere a particle is moved to the right of 
the direction in which it is impelled, and 
in the Southern Hemisphere it is moved 
to the left. 

Let us turn to what happens to our 
frictionless slab if, instead of giving it a 
short impulse, we give it a steady thrust. 
Again assume that the force is toward 
the north [see upper illustration on page 
81]. Under the influence of this force the 
slab accelerates toward the north, but 
as soon as it starts to move it comes un
der the influence of the Coriolis effect 

and its motion is deflected (in the North
ern Hemisphere) to the right-to the 
east. As long as the slab has at least some 
component of velocity toward the north 
the force will continue to add energy to 
it and its speed will continue to increase. 
After a quarter of a pendulum day, how
ever, it will be moving due east. In this 
position the applied force (which is to 
the north) is pushing at a right angle 
to the velocity (east), opposing the in
fluence of the Coriolis effect, which is 
now trying to turn the slab toward the 
south. 

If there has been no loss of energy be
cause of friction, the slab is moving fast 
enough so that the Coriolis effect domi
nates, and it turns toward the south. 
Now there is a component of velocity 
opposing the applied force, which acts 
as a brake and takes energy from the mo
tion. At the end of half a pendulum day 
the process has gone far enough to bring 
the slab to a full stop, at which point it is 
directly east of its starting point. If the 
force continues, it will again accelerate 
toward the north and the entire process 
is repeated, so that the slab performs a 
series of these looping (cycloidal) mo
tions, each loop taking half a pendulum 
day to execute. Overall, then, a steady 
force on a frictionless body resting on a 
rotating earth causes it to move at right 
angles to the direction of the force. \-\That 
is happening is that the force is bal
anced-on the average-by the Coriolis 
effect. 

Now let us look at the situation when 
there is a certain amount of friction be
tween the slab and the underlying sur
face [ see lower illustration on page 81]. 
Any frictional drag reduces the speed at
tained by the slab, reducing the Coriolis 
effect until it is no longer entirely able 
to overcome the driving force. As a re
sult if the force is toward the north, the 
slab will move in a more or less 110rth-
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OC EAN AND ATMOSPHERE, the two thin fluid films in which 

life is sustained and \\ hose nature and motion determine the en

vironment, dominate this color photo graph of the watery hemi

sphere of  the earth. The picture was made on January 21, 1968, by 
a spin-scan camera on NASA's Applications Technology Satellite 3, 

in synchronous orbit 22,300 miles above the Pacific O cean. The 

camera experiment was proposed and developed by Verner E. 

Suomi and Robert J. Parent of the University of Wiscon sin's Space 

Science and Engineering Center. As the camera Sl)ins it scans a 

2.2-mile-wide strip across the earth, then steps down in latitude and 

scans another strip; in about 25 minutes a 2,400-strip picture is 

completed. What the camera transmits to the earth is an electrical 

signal representing the amount of  green, red and blue light in each 

successive picture element, and from these signals a color negative 

is built up at the receivin g station .  Such photo graphs yield infor

mation on the interrelation of  atmospheric and o ceanic phenom

ena. In this picture, for example, the (:onvective pattern over the 

southeastern Pacific in dicates that air heated by the sea is rising_ 
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easterly direction-more northerly if the 
friction is large, more easterly if it is 
small. 

A body of water acts much like a set 
of such slabs, one on top of the other 

[ see illustration on page 82]. Each slab 
is able to move largely independently 
of the others except for the frictional 
forces among them. If the top slab is 
pushed by the wind, it will, in the North
ern Hemisphere, move in a direction 
somewhat to the right of the wind. It 
will exert a frictional force on the sec
ond slab down, which will then be set 
in motion in a direction still farther to 
the right. At each successive stage the 
force is somewhat reduced, so that not 
only does the direction change but abo 
the speed is a bit less. A succession 
of such effects produces velocities for 
which the direction spirals as the depth 
increases. It is known as the Ekman 
spiral, after the pioneering Swedish 
oceanographer V. Walfrid Ekman, who 
first discussed it soon after the beginning 
of the century. At a certain depth both 
the current and the frictional forces as
sociated with it become negligibly small. 
The entire layer above that depth, in 
which friction is important, is termed 
the Ekman layer. Since there is negligi
ble friction between the Ekman layer 
and the water lying under it, the Ekman 
layer as a whole behaves like the fric
tionless slab discussed above: its aver
age velOcity must be at a right angle to 
the wind. 

The frictional mechanism, which in
volves turbulence, has proved to be 
extraordinarily difficult to study either 
theoretically or through observations, 
and surprisingly little is known about it. 
The surface Bow does appear to be some
what to the right of the wind. Primitive 
theoretical calculations predict that its 
direction should be 45 degees from the 

EFFECT OF WIND on the surface of the 

sea is shown in a series of  photographs made 

by the Meteorological Service of C anada. 

Much of the wind's momentum goes into 

generatin g waves rather than d irectly into 

makin g currents. The change in the surface 

as the win d increases is primarily a change 

in scale, except for the effect of surface ten

sion: the waves break up more, makin g  

more whitecaps. F o r  each photograph the 

wind force is given accordin g to  the Beau

fort scale ; the win d  speed is given in meters 

per second, the wave period in seconds and 

the wave height in meters. (In the final 

photo g raph the waves are only about half 

as large as they might become if the force· 

10 w in d, which had blown for less than 

n ine hours, were to continue to blow.) 

wind, but this theory is certainly inap
plicable in detail. More complicated 
theoretical models have been attempted, 
but since almost nothing is known of the 
nature of turbulence in the presence of a 
free surface these models rest on weak 
ground. An educated guess, supported 
by rather Bimsy observational evidence, 
suggests that the angle is much smaller, 
perhaps nearer to 10  degrees. All that 
seems fairly certain is that the average 
Bow in the Ekman layer must be at a 
right angle to the wind and that there 
must be some kind of spiral in the cur
rent directions. We also believe the bot
tom of the Ekman layer lies 100 meters 
or so deep, within a factor of two or 
three. Of the details of the spiral, and of 
the turbulent mechanisms that deter
mine its nature, we know very little in
deed. 

This Ekman-layer Bow has some im
pOttant fairly direct effects in several 
parts of the world. For example, along 
the coasts of California and Peru the 
presence of coastal mountains tends to 
deBect the low-level winds so that they 
blow parallel to the coast. Typically, in 
each case, they blow toward the Equa
tor, and so the average Ekman Bow-to 
the right off California and to the left off 
Peru-is offshore. As the surface water is 
swept away deeper water wells up to 
replace it. The upwelling water is sig
nificantly colder than the sun-warmed 
surface waters, somewhat to the discom
fort of swimmers (and, since it is also 
well fertilized compared with the sur
face water, to the advantage of fisher
men and birds). 

1'he total amount of Bow in the direct-
ly driven Ekman layer rarely exceeds 

a couple of tons per second across each 
meter of surface. That represents a sub
stantial Bow of water, but it is much less 
than the Bow in major ocean currents. 
These are driven in a different way-also 
by the wind, but indirectly. To see how 
this works let us take a look at the North 
Atlantic [ see bottom illustration on page 
83].The winds over this ocean, although 
they vary a good deal from time to time, 
have a most persistent characteristic: 
near 45 degrees north latitude or there
abouts the westerlies blow strongly from 
west to east, and at about 15 degrees the 
northeast trades blow, with a marked 
east-to-west component. The induced 
Ekman Bow is to the right in each case, 
so that in both cases the water is pushed 
toward the region known as the Sargasso 
Sea, with its center at 30 degrees north. 
This "gathering together of the waters" 
leads not so much to a piling up (the sur
face level is only about a meter higher at 

the center than at the edges) as a pushing 
down. 

(If it were not for the continental 
boundaries, the piling up would be 
much more important. Because water 
tends to seek a level, the piled-up water 
would push north above 30 degrees and 
south below; the pushing force, like any 
other force in the Northern Hemisphere, 
would cause a Bow to its right, so that in 
the northern part of the ocean a strong 
eastward Bow would develop and in the 
southern part a strong westward one. On 
the earth as it now exists, however, these 
east-west Bows are blocked by the con
tinents; only in the Southern Ocean, 
around the Antarctic Continent, is such a 
Bow somewhat free. In the absence of 
the continents the oceans, like the atmo
sphere, would be dominated by cast
west motion. As it is, only a residue of 
such motion is possible, and it is the 
pushing down rather than the piling up 
of water that is important. ) 

The downward thrust of the surface 
waters presses down on the layers of wa
ter underneath [ see illustration on page 
84]. For practical purposes water is in
compressible, so that pushing it doml 
from the top forces it out at the sides. It 
must be remembered that this body of 
underlying water is rotating with the 
earth. As it is squeezed out laterally its 
radius of gyration, and therefore its mo
ment of inertia, increase, and so its rate 
of rotation must slow. If it slows, how
ever, the rotation no longer "fits" the 
rotation of the underlying earth. There 
are two possible consequences: either 
the water can rotate with respect to the 
earth or it can move to a diHerent lati
tude where its newly acquired rotation 
will fit. It usually does the latter. Hence 
a body of water whose rotation has been 
slowed by being squashed vertically will 
usually move toward the Equator, where 
the vertical component of the earth's ro
tation is smaller; on the other hand, a 
body whose rotation has been speeded 
by being bulged up to replace water that 
has been swept away from the surface 
will usually move toward the poles. 

In the band of water a couple of thou
sand miles wide along latitude 30 de
grees this indirectly wind-driven Bow 
moves water toward the Equator. Of 
course the regions of the ocean closer to 
the poles do not become empty of water; 
somewhere there must be a return Bow. 
The returning water must also attain a 
rotation that fits the rotation of the un
derlying earth. If it Bows north, it must 
gain counterclockwise rotation (or lose 
clockwise rotation). It does this by run
ning in a strong current on the westward 
side of the ocean, changing its rotation 
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CORIO LIS ACCELERATION, caused by the earth's rotation, affects any object moving 

on the eartb. It is directed at a right angle to the direction of m otion (to the right in the 

Northern Hemisphere). If  a frictionless slab is set in motion toward the n orth by a single 

impulse (black arrows), the Coriolis effect (colored arrows) m oves the slab in a circle. 
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by "rubbing its left shoulder" against 
the shore. The Gulf Stream is such a 
current; it is the return flow of water 
that was squeezed south by the wind
driven convergence of surface waters 
throughout the entire central North At
lantic. Most great ocean currents seem to 
be indirectly driven in this way. 

It is worth noting that these return 
currents must be on the western side of 
the oceans (that is, off the eastern coasts 
of the land) in both hemispheres and re
gardless of whether the flow is north
ward or southward. The reason is that 
the earth's angular velocity of rotation 
is maximum counterclockwise to an ob
server looking down at the North Pole 
and maximum clockwise at the South 
Pole. Any south-flowing return current 
in either hemisphere must gain clock
wise rotation (or lose counterclockwise 
rotation) if it is to fit when it arrives. It 
gains this rotation by friction on its right 
side, and so it must keep to the right
that is, to the west-of the ocean. On the 
other hand, a north-flowing return cur
rent must keep to the left-again the 
""est! 

This description of the general wind
driven circulation accords reasonably 
well with observations of the long-term 
characteristics of the ocean circulation. 
vVhat happens on a shorter term, in re
sponse to changes of the atmospheric 
circulation and the wind-force pattern 
that results? The characteristic time con
stant of the Ekman layer is half a pendu
lum day, and there is every reason to be
lieve this layer adjusts itself within a day 
or so to changes in the wind field. The 
indirectly driven flow is much harder to 
deal with. Its time constant is of the 
order of years, and we have no clear un
derstanding of how it adjusts; the indi
rectly driven circulation may still be 
responding, in ways that are not clear, 
for years after an atmospheric change. 

So far the discussion has been qualita-
tive. To make it quantitative we need 

to know two things: the nature of the 
wind over the ocean at each time and 
place and the amount of force the wind 
exerts on the surface. Meteorologists are 
getting better at the first question, al
though there are some important gaps 
in our detailed information, notably in 
the Southern Ocean and in the South 
Pacific. 

Investigation of the second problem, 
that of the quantitative relation between 
the wind flow and the force on the sur
face, is becoming a scientific discipline 
in its own right. Turbulent flow over a 

PRESENCE OF FRICTION causes the slab to slow d own, spiraling in toward the cen- boundary is a complex phenomenon for 
ter of the circle in the top illustration. A push to the n orth causes a spiral to the east. which there is no really complete theory 
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even in simple laboratory cases. Never
theless, a great deal of experimental data 
has been collected on Hows over solid 
surfaces, both in the laboratory and in 
nature, so that from an engineering point 
of view at least the situation is fairly 
well understood. The force exerted on a 
surface varies with the roughness of that 
surface and approximately with the 
square of the wind speed at some fixed 
height above it. A wind of 10  meters per 
second (about 20 knots, or 22 miles per 
hour) measured at a height of 10 meters 
will produce a force of some 30 tons per 
square kilometer on a field of mown 
grass or of about 70 tons per square 
kilometer on a ripe wheat field. On a 
really smooth surface such as glass the 
force is only about 1 0  tons per square 
kilometer. 

vVhen the wind blows over water, the 
whole thing is much more complicated. 
The roughness of the water is not a given 
characteristic of the surface but depends 
on the wind itself. Not only that, the 
elements that constitute the roughness
the waves-themselves move more or less 
in the direction of the wind. Recent evi
dence indicates that a large portion of 
the momentum transferred from the air 
into the water goes into waves rather 
than directly into making currents in the 
water; only as the waves break. or other
wise lose energy, does their momentum 
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become available to generate currents 
or produce Ekman layers. Waves carry 
a substantial amount of both energy and 
momentum (typically about as much as 
is carried by the wind in a layer about 
one wavelength thick), and so the wave
generation process is far from negligible. 
So far we have no theory that accounts 
in detail for what we observe. 

A violently wavy surface belies its ap
pearance by acting, as far as the wind 
is concerned, as though it were very 
smooth. At 10 meters per second, recent 
measurements seem to agree, the force 
on the surface is quite a lot less than the 
force over mown grass and scarcely 
more than it is over glass; some observa
tions in light winds of two or three me
ters per second indicate that the force on 
the wavy surface is less than it is on a 
surface as smooth as glass. In some way 
the motion of the waves seems to modify 
the airHow so that air slips over the sur
face even more freely than it would 
without the waves. This seems not to be 
the case at higher wind speeds, above 
about five meters per second, but the 
force remains strikingly low compared 
with that over other natural surfaces. 

One serious deficiency is the fact that 
there are no direct observations at all 
in those important cases in which the 
wind speed is greater than about 12 me
ters per second and has had time and 

fetch (the distance over water) enough to 
raise substantial waves. (A wind of even 
20 meters per second can raise waves 
eight or 1 0  meters high-as high as a 

three-story building. Making observa
tions under such circumstances with the 
delicate instruments required is such a 
formidable task that it is little wonder 
none have been reported.) Some indirect 
studies have been made by measuring 
how water piles up against the shore 
when driven by the wind, but there are 
many difficulties and uncertainties in the 
interpretation of such measurements. 
Such as they are, they indicate that the 
apparent roughness of the surface in
creases somewhat under high-wind con
ditions, so that the force on the surface 
increases rather more rapidly than as the 
square of the wind speed. 

Assuming that the force increases at 
least as the square of the wind speed, it 
is evident that high-wind conditions pro
duce effects far more important than 
their frequency of occurrence would 
suggest. Five hours of 60-knot storm 
winds will put more momentum into the 
water than a week of 1 0-knot breezes. If 
it should be shown that for high winds 
the force on the surface increases appre
ciably more rapidly than as the square 
of the wind speed, then the transfer of 
momentum to the ocean will turn out to 
be dominated by what happens during 
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STEA DY PUSH (black arrows), rather than a single impulse, is  

balanced, in the absence of friction, by the Coriolis effect (colored 
arrows), causing a series of loops. A steady force on a frictionless 

slab makes it move at a right angle to the direction of the force. 
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FRICTIONAL DRAG red uces the speed of the slab and thus of 

the C orioiis efl'ect, which can no longer balance the driving force, 
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and the amplitude of the loops is damped out gradually. A force 

toward the north therefore moves the slab toward the northeast. 
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the occasional storm rather than by the 
long-term average winds. 

It is tempting to try to infer high-wind 
behavior from what we know about low
er wind speeds. Certainly the shapes of 
wavy surfaces appear nearly the same 
notwithstanding the size of the waves
as long as one disregards waves less than 
about five centimeters long, which are 
strongly affected by surface tension. Yet, 
curious as it may seem, the only thing 
that makes one wind-driven wave field 
different in any fundamental way from 
another is surface tension, even though 
it directly affects only these very short 
waves. Indeed, surface tension is the 
basis of the entire Beaufort wind scale, 
which depends on the number and na
ture of whitecaps; only the fact that the 
surface tension is better able to hold the 
surface together at low wind speeds than 
at high speeds enables us to see a qualita
tive difference in the nature of the sea 
surface at different wind speeds [see il
lustration on page 78]. Otherwise the 
waves would look just the same except 
for a difference in scale. If we \vere sure 
we could ignore surface-tension effects, 
then we could calculate the force the 
wind would exert at high wind speeds 
on the basis of data obtained at lower 
speeds, but one should be extremely cau
tious about such calculations, at least 
until some confirming measurements are 
available. 

\Vhereas the ocean seems primarily to 
be driven by surface forces, the 

atmosphere is a heat engine that makes 
use of heat received from the sun to 
develop the mechanical energy of its 
motion. Any heat engine functions by ac
cepting thermal energy at a compar
atively high temperature, discharging 
some of this thelmal energy at a lower 
temperature and transforming the rest 
into mechanical energy. The atmosphere 
does this by absorbing energy at or near 
its base and radiating it away from much 
cooler high levels. A substantial propor
tion of the required heating from below 
comes from the ocean. 

This energy comes in two forms. If 

BODY OF WATER can be thought of as a 

set of slabs (a), the top one driven by the 

wind and each driving the one below it by 
friction. At each stage the speed of flow is 
reduced and (in the Northern Hemisphere) 

di rected more to the right. This "Ekman 

spiral" persists until friction becomes neg· 

l i gible. The "Ekman layer" in which this 

takes place (b) behaves like the frictionless 

slabs in the preceding i llustrations.  Its aver· 

age flow is at r ight an gle to wind driving it. 

cooler air blows over warmer water, 
there is a direct heat flow into fhe air. 
What is usually more important, though, 
is the evaporation of water from the sur
face into the air. Evaporation causes 
cooling, that is, it removes heat, in this 
case from the surface of the water. When 
the moisture-laden air is carried to a 
high altitude, where expansion under 
reduced atmospheric pressure causes it 
to cool, the water vapor may recondense 
into water droplets and the heat that was 
given up by the surface of the water is 
transferred to the air. If the cloud that 
is fOlmed evaporates again, as it some
times does, the atmosphere gains no net 
thermal energy. If the water falls to the 
surface as rain or snow, however, then 
there has been a net gain and it is avail
able to drive the atmosphere. Typically 
the heat gained by the atmosphere 
through this evaporation-condensation 
process is conSiderably more than the 
heat gained by direct thermal transfer 
through the surface. 

Virtually everywhere on the surface 
of the ocean, averaged over a year, the 
ocean is a net source of heat to the atmo
sphere. In some areas the effect is much 
more marked than in others. For exam
ple, some of the most important return 
currents, such as the Gulf Stream in the 
western Atlantic and the Kuroshio Cur
rent in the western Pacific off Japan, con
tain very \Valm water and move so rap
idly that the water has not cooled even 
when it arrives far north of the tropical 
and subtropical regions where it gained 
its high temperature. At these northern 
latitudes the characteristic wind direc
tion is from the west, off the continent. 
In winter, when the continents are cold, 
air blowing from them onto this abnor
mally warm water receives great quanti
ties of heat, both by direct thermal trans
fer and in the form of water vapor. 

The transfer of heat and water vapor 
depends on a disequilibrium at the inter
face of the water and the air. vVithin a 
millimeter or so of the water the air tem
perature is not much different from that 
of the surface water, and the air is nearly 
saturated with water vapor. The small 
differences are nevertheless crucial, and 
the lack of equilibrium is maintained by 
the mixing of air near the surface with 
air at higher levels, which is typically ap
preciably cooler and lower in water
vapor content. The mixing mechanism is 
a turbulent one, the turbulence gaining 
its energy from the wind. The higher the 
wind speed is, the more vigorous the tur
bulence is and therefore the higher the 
rates of heat and moisture h·ansfer are. 
These rates tend to increase linearly with 
the wind speed, but even less is known 
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about the details of this phenomenon 
than about the wind force on water. One 
source of complication is the fact that, as 
I mentioned above, the wind-to-water 
transfer of momentum is effected partly 
by wave-generation mechanisms. When 
the wind makes waves, it must transfer 
not only momentum but also important 
amounts of energy-energy that is not 
available to provide the turbulence 
needed to produce the mlxmg that 
would effect the transfer of heat and 
water vapor. 

At fairly high wind speeds another 
phenomenon arises that may be of con
siderable importance. I mentioned that 
when surface tension is no longer able to 
hold the water surface together at high 
wind speeds, spray droplets blow off the 
top of the waves. Some of these drops 
fall back to the surface, but others evap
orate and in doing so supply water vapor 
to the air. They have another important 
role: The tiny residues of salt that are 
left over when the droplets of seawater 
evaporate are small enough and light 
enough to be carried upward by the 
turbulent air. They act as nuclei on 
which condensation may take place, and 
so they play a role in returning to the 
atmosphere the heat that is lost in the 
evaporation process. 

The ocean's great effect on climate is il-
lustrated by a comparison of the tem

perature ranges in three Canadian cities, 
all at about the same latitude but with 
very different climates [see top illustra
tion at right]. Victoria is a port on the 
southern tip of Vancouver Island, on the 
eastern shore of the Pacific Ocean; vVin
nipeg is in the middle of the North 
American land mass; St. John's is on the 
island of Newfoundland, jutting into the 
western Atlantic. The most striking cli
matic difference among the three is the 
enormous temperature range at Winni
peg compared with the two coastal cit
ies. The range at St. John's, although 
much less, is still greater than at Victoria, 
probably because at St. John's the air 

usually blows from the direction of the 
continent and the effect of the water is 
somewhat less dominant than at Victoria, 
which typically receives its air directly 
from the ocean. St. John's is colder than 
Victoria because it is surrounded by cold 
water of the Labrador Current. 

The influence of the ocean is asso
ciated with its enormous thermal ca
pacity. Every day, on the average, the 
earth absorbs from the sun and reradi
ates into space enough heat to raise the 
temperature of the entire atmosphere 
nearly two degrees Celsius (three de
grees Fahrenheit). Yet the thermal ca-

MEAN JULY MAXIMUM 
-----

MEAN JANUARY MINIMUM 

WINNIPEG ST. JOHN'S 

18.5 

MODERATING EFFECT of the ocean on climate is i llustrated by a comparison of the 

temperature range (in de grees Fahrenheit) at three Canadian cities .  The range between 

minimums and maximums is much greater at Winnipeg than at coastal Victoria o r  St. John's. 

pacity of the atmosphere is equivalent to 
that of only the top three meters of the 
ocean, or only a few percent of the 100 
meters or so of ocean water that is heat
ed in summer and cooled in winter. (The 
great bulk of ocean water, more than 95 
percent of it, is so deep that surface 
heating does not penetrate, and its tem
perature is independent of season.)  If the 
ocean lost its entire heat supply for a day 
but continued to give up heat in a nor
mal way, the temperature of the upper 
100 meters would drop by only about a 
tenth of a degree. 

Compared with the land, the ocean 
heats slowly in summer and cools slowly 
in winter, so that its temperature is much 
less variable. Moreover, because air has 
so much less thermal capacity, when 
it blows over water it tends to come to 
the water temperature rather than vice 
versa. For these reasons maritime cli
mates are much more equable than con
tinental ones. 

Although the ocean affects the atmo-

SARGASSO SEA 

40° 

sphere's temperature more than the at
mosphere affects the ocean's, the ocean 
is cooled when it gives up heat to the 
atmosphere. The denSity of ocean water 
is controlled by two factors, temperature 
and 'salinity, and evaporative cooling 
tends to make the water denser by affect
ing both factors: it lowers the tempera
ture and, since evaporation removes wa
ter but comparatively little salt, it also 
increases the salinity. If surface water 
becomes denser than the water underly
ing it, vigorous vertical convective mix
ing sets in. In a few places in the ocean 
the cooling at the surface can be so in
tense that the water will sink and mix to 
great depths, sometimes right to the bot
tom. Such occurrences are rare both in 
space and in time, but once cold water 
has reached great depths it is heated 
from above very slowly, and so it tends 
to stay deep for a long time with little 
change in temperature; there is some 
evidence of water that has remained 
cold and deep in the ocean for more than 

20° 0° 

PREVAILING-WIND DIRECTIONS (black arrows) and the resulting Ekman-layer flows 

(colored arrows) in the North Atlantic drive water into the region of the Sargasso Sea. 
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1,000 years. With this length of resi
dence not much of the heavy, cold water 
needs to be produced every year for it to 
constitute, as it does, the bulk of the 
ocean water. 

The sinking of water cooled at the sur-
face is one aspect of another impor

tant feature of the ocean: the flow in
duced by differences in density, which 
is to say the flow induced principally by 
temperature and salt content. This ther
mohaline circulation of the ocean is in 
addition to the wind-driven circulation 
discussed earlier. 

In its thelmohaline aspects the ocean 
itself acts as a heat engine, although it is 

3 

4 
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far less efficient than the atmosphere. 
Roughly speaking, the ocean can be di
vided into two layers: a rather thin up
per one whose density is comparatively 
low because it is warmed by the sun, and 
a thick lower one, a fraction of a percent 
denser and composed of water only a 
few degrees above the freezing point 
that has flowed in from those few areas 
where it is occasionally created. Some
where-either distributed over the ocean 
or perhaps only locally near the shore 
and in other special places-there is mix
ing between these layers. The mixing is 
of such a nature that the cold deep 
water is mixed into the warm upper wa
ter rather than the other way around, 

that is, the cold water is added to the 
warm from the bottom [see upper illus
tration on page 86]. Once the water is in 
the upper layer its motion is largely gov
erned by the wind-driven circulation, al
though density differences still play a 
role. In one way or another some of this 
surface water arrives at a location and 
time at which it is cooled sufficiently to 
sink �gain and thus complete the cir
culation. 

This picture can be rounded out by 
consideration of the effects of the earth's 
rotation, which are in some ways quite 
surprising. The deep water that mixes 
into the upper layer must have a net 
upward motion. (The motion is far too 

MAJO R  CURRENTS are generated by a mechanism involving the 

Ekman-layer flow and the earth's rotation. The Ekman-layer in

flow shown in the preceding illustration (1) produces a down flow 

(2) that presses on the underlying water (3), squeezing it out

ward (4) and thus reducing its rate of rotation (curved black ar

row). There is a rate of rotation appropriate to each latitude, and 

when the rotation of a body of  water is reduced, it  must move 

(colored arrows) toward the Equator until its new rotation "fits" 

la). For this reason there is a general movement of water from 

the mid-latitudes toward the Equator (b). That water must be re

placed, and the water replacing it must have the proper rotation. 

This is accomplished by a return flow that runs along the west

ern shore of the ocean, changing its rotation by "rubbing its shoul

der" against the coast, as the Gulf Stream does in the Atlantic Ocean_ 
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small .to measure, only a few meters per 
year, but we infer its existence indirect
ly. ) To make possible this upward flow 
there must be a compensating lateral 
inflow. Remember that on the rotating 
earth this lateral inflow results in an in
crease in speed of rotation, and so for it 
to continue to fit the rotation of the un
derlying earth the water must move 
toward the nearest pole; it must flow 
away from the equatorial regions. Yet 
the source of this cold deep water is at 
high latitudes! How does it get near the 
Equator to supply the demand? 

The answer is similar to the one for 
the wind-driven circulation: The cold 
water must flow in a western boundary 
current, in order to gain the proper rota
tion as it moves [ see lou;el' illustration 
on next page J .  There is some direct evi
dence of the inferred concentrated west
ern boundary current in the North At
lantic, and there are hints of it in the 
South Pacific, but most of the rest is 

/ based on inference. There seems to be no 
source of cold deep water in the North 
Pacific, so that the deep water there must 
come from Antarctic regions. 

We have seen that the atmosphere 
drives the ocean and that heat sup

plied from the ocean is largely instru
mental in releasing energy for the atmo
sphere. There is a great deal of feedback 
between the two systems. The atmo
spheric patterns determine the oceanic 
flows, which in turn influence where
and how much-heat is released to the 
ahnosphere. Further, the atmospheric 
flow systems determine how much cloud 
cover there will be over certain parts of 
the ocean and therefore how much-and 
where-the ocean will be heated. The 
system is not a particularly stable one. 
Every locality has its abnormally cold 
or mild winters and its abnormally wet 
or dry summers. The persistence of such 
anomalies over several months almost 
certainly involves the ocean, because the 
characteristic time constants of purely 
atmospheric phenomena are simply too 
short. Longer-term climatological varia
tions such as the "little ice age" that last
ed for about 40 years near the beginning 
of the 19th century are even more likely 
to have involved changes in the ocean's 
circulation. And then there are the more 
dramatic events of the great Pleistocene 
glaciations. 

There are any number of theories for 
these events and, since experts disagree, 
it is incumbent on the rest of us to refrain 
from dogmatic statements. Nevertheless, 
it does not seem impossible that the 
ocean-atmosphere system has a number 
of more or less stable configurations. 

INFRARED IMAGERY delineates the temperature structure of bodies of water and is 

used to study currents and wave patterns.  This image of the shoulder of the Gul f Stream 

is from the Antisubmarine Warfare Environmental Prediction Services Project of the 

Naval Ocean o g raphic Office. It  was made by an airborne scanner at low altitude and shows 

several hundred yards of  the boundary between the warm current and cooler water off Cape 

Hatteras. The range is from about 13 to 21 degrees C elsius, with the warm water darker. 

SURFACE DETAILS are revealed by infrared images made by E. D .  McAlister and W. L. 

McLeish of the Scripps Institution of Oceanography. In these prints warm water is lighter 

in tone and cold water darker ; the general lightening that is noticeable at the top and bot· 

tom of  each strip is the result of  increased sky reflectivity at large angles from the vertical. 

The top print shows an o cean "front," a temperature discontinuity betw een warm water 

(left ) and colder water ( right ) .  The middle print shows a convective pattern.  The bottom 

print shows streaks of  cooler water that have become lined up in the direction o f  the wind.  
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That is, there may be a number of differ
ent patterns in which the atmosphere 
can drive the ocean in such a way that 
the ocean releases heat to the atmo
sphere in the right quantity and at the 
right places to allow the pattern to con
tinue. Of course the atmosphere is ex
tremely turbulent, so that its equilibrium 
is constantly being disturbed. If the sys
tem is stable, then forces must come into 
play that tend to restore conditions af-

P OL E  

< 

ter each such disturbance. If there are 
a number of different stable patterns, 
however, it is possible that a particularly 
large disturbance might tip the system 
from one stable condition to another. 

One can imagine a gambler's die lying 
on the floor of a truck running over a 
rough road; the die is stable on any of 
its six faces, so that in spite of bouncing 
and vibration the same face usually re
mains up-until a particularly big bump 

jars it so that it lands with a different 
face up, whereupon it is stable in its new 
position. It seems not at all impossible 
that the ocean-atmosphere system be
haves something like this. Perhaps in re
cent years we have been bouncing along 
with, say, a four showing. Perhaps 200 
years ago the die flipped over to three 
for a moment, then flipped back to four. 
It could one day jounce over to a snake 
eye and bring a new ice age! 

E Q U AT O r\  
� 

THERMOHALINE C I RCULATION, the flow induced by density 

rather than wind action, begins with the creation of dense, cold wa· 

ter that sinks to  great depths. Under certain conditions this deep 

water mixes upward into the warm surface layer ( color) as shown 

here. As it moves up, this water increases its rotation and so 

it must move generally from the Equator toward the two poles. 

COLD DEEP WATER must flow in western boundary currents in 

order t o  arrive at the Equator and thus be able t o  move poleward 

as it mixes upward. Details of  deep circulation are still almost un-
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known and the chart  is intended only t o  suggest its approximate 

directions. There is some evidence of such
' 
boundary currents in  

the North Atlantic and there are some hints  in the South Pacific.  
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A product worth feed ing to the pigs 

The pig is a l and animal . The arteries 
that bring human food calories from 
the country to the city would fail were 
it  not for the work of the pig in trans
forming the seeds of the l arge grass, 
corn, into tasty p rotein.  The most im
portant muscle involved in this work 
encloses the sow's uterus . It must be 
protected from atony. 

The general conception of the pig is 
depicted above . The picture is  not 
wholly l acking in truth . Pigs survive 
under inelegant conditions . They can 
be used for garbage disposal-in fact, 
were so used by bygone generations of 
men . It is  now hard to make money 
that way. ( Money has a vital but very 
complex part in the global ecosystem . )  

To make money on pigs today, the 

The Riverwood Culture 
Come M ay, the Genesee River in West
ern New York wil l  be flowing past 
three campuses within a very few mi les .  
The oldest houses a great university 
grown up from the 1 9th century idea 
of a l iberal education. The second 
springs from quite a d i ffe rent  1 9 th 
century tradition of education for plain 
people in the useful arts, to wh ich h ave 
long s ince been added fine arts and 
the humanities. The youngest will 
be our Marketing Education Center .  
Though no l e s s  dignified in appearance 
than the other two campuses, River
wood will be unabashed in its dedica
tion to commercialism, which, by the 
l ate 20th century, need not be con
sidered a taint. 

M arketing h as matured beyond old
fashioned salesmanship.  It consists of 

animal is  not permitted to waste time 
wal lowing. It is  encouraged by every 
means to concentrate on ingesting a 
most carefully designed diet. Corn, its 
major component, is rich in  polyun
saturated fats. Polyunsaturated fats are 
fine for man and beast, but they raise 
the need for the natural antioxidant, 
vitamin E. If that need is unmet, the 
sow's uterus will have lost its tone and 
will falter after having ejected but a 
few dozen piglets in her l ifetime. 

One of our functions in the econo
my is to manufacture vitamin E from 
certain natural oils .  We are pleased to 
report that the more efficient brands 
of pig feed now contain our product. 

Better than smoking 

For a very long time, the standard 
laboratory way to prepare a white sur
face for spectrophotometric or colori-

leading people to de
cide on the evidence 
that the benefits they 
foresee out of what you 
can provide are worth 
more than you are ask
ing. Affabi l ity doesn't 
h urt, but the more ex

pl icit the evidence, the sounder the sale . 
We p refer, for example, that a man 

who commits his organization to buy 
an information retrieval system from 
us do so on whol ly rational grounds . 
Therefore office managers and heads 
of information technology will come 
to R ive rwood for short courses in in
formation storage and retrieval .  Other 
rooms on the four-b uilding campus wil l  
be buzzing with talk and the practice 
of many other non-recreational appl i
cations of the photographic process : 
instrumentation, radiographic tech
nique, graphic a rts, engineering graph
ics, photography in education ( e . g . ,  the 
production of s ingl e-concept movies ) ,  
portrait and commercial photography, 
motion-picture technology for TV and 
processing laboratory, photofinishing, 
criminology, and even the serious busi-

metric purposes has 
been to burn some mag
nesium and catch the 
MgO smoke. A deposit of it can 
be considered white for hours after
wards, pa rticularly if the concept of 
whiteness is not stretched down into 
the UV below 3 80 nm. 

Now there is something better, a 
very special ly  purified BaS04 known 
as EASTMAN Wh ite Reflectance Stand-

Smoked Magnesium a.ide compared oqainsl 

Eastman While Refleclonce STandard 

t- freshly prepared 
2- alter 24 hr 
3- ofter 4 B hr 

"'" 600 
Wovelem�lh (nm) 

ard. Curves 1 ,  2, and 3 compare MgO 
smoke coatings with our product as 
represented by the 1 00 %  line. 

It is  difficult to imagine a closer ap
proach to perfection in a diffuse re
flector of l ight, UV, and IR over the 
span from 200 nm to 2500 nm than this 
powder. We also offer EAST MAN White 
Reflectance Holders, acrylic blocks in
to which to pack the powder to make 
2-inch standard pl aques and the same 
BaS04 embodied in EASTMAN White 
Reflectance Paint. Sprayed coatings of 
the paint l ikewise show essential ly no 
change in 6 months of exposure to 
"normal" atmosphere. 

Details from Marshall G un trll m ,  Eastman 
Kodak CompallY, Rochester, N. Y. 14650. 

ness of helping others find recreation 
in photography. 

The student body will include rela
tively few plotters of grand strategy 
and relatively many whose hour-to
hour and minute-to-minute dec is ions 
determine how well our products work. 
In such hands, therefore, rests the wel
fare of our enterprise. 

Some 1 65 different p rograms of in
struction are planned. Some will h ave 
to go so far beyond j ust the use of 
Kodak products that tuition will in fa ir
ness be charged . Al l  will constantly 
change in response to technology and 
human behavior .  They wi l l  teach a 
great many of our customers' better
motivated employees how to accom
plish a great many different tasks 
across a remarkab ly broad slice of the 
l ife of these times. 

In the anthropological sense, the 
R iverwood site along the Genesee 
R iver should prove quite an impo rtant 
focus of cultural diffusion. 

EASTMAN KODAK COMPANY 
An equa l -opportu n i ty emp l oyer 
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OUR CHIEF CONCERN 
IS THE DEVELOPMENT 

OF IMPROVED 
"TUBING METHODS" 

BEFORE YOU 

THEM! 

The vitality of TMI is directly linked 
with the pioneering spirit of this unique 
organization. That's perfect for our 
kind of customers! They appreciate the 
fact that we create new methods, build 
specialized equipment, think ahead so 
we can stay ahead in quality, ultra
tolerance cold-drawing. Better tubing 
methods is our watchword • • •  and has 
been since 1941. That's why customers 
like you bring their specialized tubing 
needs to people like us. Try TMI and 
see for yourself. 

TMI TUBING IS 
ALWAYS READY TO 

TAKE ON THE TOUGHEST 
QUALITY SPECIFICATIONS 

TUBE METHODS INC. 
BOX A, BRIDGEPORT, PENN
SYLVANIA 19405 -Specialists in 
cold drawn seamless and welded 
stainless steel and custom-engineered 
alloys in small diameter: .050" to 
1.250" OD. Worldwide distribution. 
Phone 215-279-7700 or Telex TWX 
510-660-0140 
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Apollo and the Mariners 

W
ithin a two-week period the 
round-trip Bight of Apollo 11 
to the moon and the five-month 

voyages of Mariner 6 and Mariner 7 to 
the vicinity of Mars provided a wealth 
of new information about the earth's 
nearest neighbors, one 240,000 miles 
away and the other 60 million miles. The 
lunar data came in a variety of forms: 
firsthand visual and tactile observation, 
television images, thousands of color 
photographs, readings from the seismom
eter left on the surface, laser signals re
turned from the reB ector placed there 
and, most precious of all, the 54 pounds 
of moon rock and soil that will be dis
tributed to more than 140 investigators 
around the world for close examination. 
The Mars data came in the form of 140 
television images taken at distances from 
l.1 million down to 93,000 miles as the 
craft approached the planet and another 
58 high-resolution pictures taken as close 
to the surface as 2,100 miles. In addition 
the Mariners made infrared and ultra
violet measurements and were aimed to 
pass behind the planet to determine how 
radio signals from the craft would be 
affected by the planet's atmosphere. 

Many months will be needed to an
alyze this huge mass of information ob
tained at such great cost ($24 billion for 
Apollo; about .5 percent of that amount 
for the Mariners). Even the immediate 
results, however, illuminate some .funda
mental problems. 

Neil A. Armstrong, the commander of 
Apollo 11 and the first man on the moon, 
and Edwin E. Aldrin, Jr., found that the 
moon's surface is remarkably firm but 

SCIENCE AND 
somewhat slippery. Their corrugated 
boots left hundreds of sharp imprints on 
the landing site in Mare Tranquillitatis 
[see illustration on page 96]. The pre
liminary examination of moon rocks and 
dust at NASA's receiving laboratory in 
Houston yielded three Significant find
ings. First, the rocks appear to be typical 
igneous rocks, indicating that they solidi
fied from the liquid state. They are fairly 
coarse-grained and have many small 
pores and cavities, comparable to earth 
rocks described as vesicular and scoria
ceous. "If found on the earth," said Paul 
W. Gast of the Lamont-Doherty Geologi
cal Observatory, a member of the study 
group, "there is no doubt they would be 
classified as igneous." This indicates ei
ther that the moon is now (or was once) 
hot enough below the surface to produce 
liquid silicates or that the rocks were 
liquefied by the heat of impact of a me
teorite. Further chemical studies should 
be able to distinguish between these two 
possibilities. 

The second major finding is that more 
than 50 percent of the material in the 
moon soil is in the glassy state, with 
much of the glass being in the form of 
tiny spherules. They are shiny, indicat
ing little abrasion, and have a refractive 
index covering a wide range, which 
shows that they vary Significantly in 
composition. The spherules are almost 
certainly produced by meteoritic impact, 
but their abundance is puzzling. The ex
istence of glass spheres on the moon had 
been predicted by Samuel Tolansky of 
the Royal Holloway College. He rea
soned that if glassy tektites, which on 
the earth are associated with large im
pact structures, acquire their aerody
namic shapes by high-speed passage 
through the atmosphere while still mol
ten, a similar process on the moon
where there is no atmosphere-should 
allow the liquid drops to harden into 
spheres. 

The third finding, based on emission 
spectroscopy, shows that the dust from 
Mare Tranquillitatis contains more ti
tanium and less sodium than is common
ly found in terrestrial samples. Thus the 
analYSis strikingly confirms one based on 
alpha-particle-scattering data provided 
by Surveyor 5, which also landed in 
Mare Tranquillitatis. The analysis, car
ried out under the direction of Anthony 
Turkevich of the University of Chicago, 
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THE CITIZEN MAN, the SEA 
had been greeted somewhat skeptically 
because of the unexpectedly high value 
for titanium. 

The seismometer package left on the 
moon by the astronauts began reporting 
tremors as soon as it was installed. The 
first signals were produced by Arm
strong and Aldrin as they walked about 
completing their tasks. The takeoH of 
the lunar module Eagle was also record
ed clearly. The instrument then sent 
three types of signals over the next 12 
days as it remained in sunlight, after 
which it was switched oH until the next 
lunar dawn. 

The first group of high-frequency 
events seemed mysterious, but they were 
finally attributed to various venting proc
esses going on in the section of the lunar 
module that was left on the surface. "We 
had no idea [the module 1 would be such 
a living, breathing monster," said Gary 
Latham of the Lamont-Doherty Obser
vatory, who designed the seismometer. 
The second group of events, totaling 
more than 200, eVidently represent rock 
sliding down the steep sides of craters 
located within a few miles of the instru-
ment. 

The final and most revealing class of 
events, more than 20 in all, are thought 
to be genuinely tectonic, meaning events 
caused by activity below the moon's sur
face. At least three of the largest events 
were almost certainly moonquakes at 
distances of 800 to 1,600 kilometers. 
Seismologists were surprised to find that 
the first waves to arrive were of high 
frequency and that the succeeding waves 
were of lower and lower frequency. The 
frequency dispersion of earthquakes is 
almost always the reverse. Moreover, the 
moonquakes were totally lacking in the 
vertical component of motion known as 
Rayleigh waves. On the earth Rayleigh 
waves are almost always present. 

The characteristics of the moonquake 
signals were so unexpected that seismolo
gists hesitated to propose a model of the 
moon's structure that would account for 
them. Provisionally they suggest a model 
in which a rigid crustal layer overlies a 
soft material, which Latham describes 
as "a mush." According to Latham, "our 
most fundamental finding so far is that 
the seismicity of the moon is very low. 
Unlike the earth, the moon cannot have 
convection cells and moving crustal 
plates. Or if such cells exist they must be 

and MISSISSIPPI 
@ 

MAN, the SEA and MISSISSIPPI ... with the newly formed Mississippi 
Marine Resources Council are proceeding vigorously to assume a 
commanding position in the vibrant fields of oceanographic study, 
exploration and development. 

Mississippi, the "State of the Future", cordially invites you to investigate 
the possibilities it offers in exploring and developing man's newest, and 
possibly, last frontier. 

If the future of your firm lies in the fields of Marine Sciences, contact 
Paul Fugate, Executive Secretary, Mississippi Marine Resources Council, 
Post Office Box 849, AC 601 0 354·6707, Jackson, Mississippi 39205. 

MAN, the SEA and MISSISSIPPI have combined to pilot you through 
this new and challenging era of exploration and profitable opportunity. 

MISSISSIPPI 
JOHN BELL WILLIAMS, GOVERNOR 0 BRAD DYE. JR .• DIRECTOR, MISSISSIPPI AGRICULTURAL 
AND INDUSTRI AL BOA RD 0 STATE OFFIC E  BUILDING 0 JA CKSON, MISSISSIPPI 
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very deep. But though the moon is seis
mically quiet it is not dead by any 
means." 

The quality of the pictures of Mars 
taken by Mariner 6 and Mariner 7 [see 
illustmtions on page 97] exceeded the 
expectations of the experimental group 
headed by Robert B. Leighton of the 
California Institute of Technology. On 
the basis of data returned from the first 
spacecraft the experimenters were able 
to modify the program followed by the 
second (which flew past Mars five days 
later). "This means," said Leighton, "that 
we acquired more than twice as much 
useful information as we could have ob
tained from either craft alone." 

Because Mars rotated more than five 
times while being photographed, virtual
ly every feature seen through earth
based telescopes was recorded and can 
be studied in pictures providing a reso
lution as much as 10 times better than 
that obtainable from the earth. For 
about 10 percent of the planet the new 
pictures provide a resolution about 100 
times better than pictures from the earth, 
and for selected areas within this 10 per
cent the close-ups have a resolution 
about 1,000 times better. 

No markings in any of the pictures 
resemble the long thin lines, often dou
ble, that appear as "canals" in maps 
drawn by early observers of Mars. The 
new pictures do, however, provide infor
mation about "clouds" and other transi
tory markings often seen over certain 
areas when it is afternoon on the planet. 
Whether the "snow" in the polar caps is 
water ice or dry ice (frozen carbon diox
ide) was not settled by the first analysis 
of the Mariner data. vVhatever it is, it 
seems to be centimeters thick, and per
haps meters thick, in some places. Spec
troscopic data indicate the presence of 
traces of methane and ammonia in the 
atmosphere near the south polar cap but 
no free nitrogen. "vVe can now begin to 
decide," said one member of the Mariner 
observing group, "whether Mars is like 
the moon with a little atmosphere or 
more like the earth with craters." 

Polywater 

The existence of a stable polymeric 
form of water with properties very 

different from those of ordinary water 
has been verified by a joint research 
group from the National Bureau of Stan
dards and the University of Maryland. 
The "new" substance, which has been 
given the name polywater, had first been 
reported in the early 1960's by Russian 
chemists, notably Boris V. Derjaguin and 
N. N. Fedyakin, who observed that wa-

ter condensed in fine capillary tubes 
displayed unusual properties. Several 
groups in both Europe and the U.S. un
dertook to study the anomalous water, 
but because of the minute amounts of 
the material prepared their results were 
inconclusive. 

Now what its authors call "over
whelming" evidence in favor of the ex
istence of polywater is presented in a 
recent article in Science by Ellis R. Lip
pincott, Robert R. Stromberg, Warren 
H. Grant and Gerald L. Cessac. The new 
evidence consists chiefly of the results of 
infrared and Raman spectroscopic stud
ies of anomalous water in and out of the 
capillaries in which it formed. 

The new findings indicate that poly
water is a stable polymer chain consist
ing of ordinary water molecules. In con
trast to normal water, which is thetmally 
stable up to 100 degrees Celsius, poly
water maintains its molecular structure 
up to about 500 degrees C. In addition 
polywater has been found to be about 40 
percent denser than normal water; the 
polymeric form has a lower vapor pres
sure, and it solidifies at -40 degrees C. 
or below into a glassy substance unlike 
ordinary ice. The spectroscopic studies 
also indicate that the bond between the 
water molecules in the polymer is much 
stronger than the bond between the mol
ecules in ordinary water. 

The polywater is prepared by the con
densation of water vapor in quartz or 
Pyrex capillary tubes about 10 micro
meters in diameter. The capillaries are 
suspended over distilled water in an 
evacuated and sealed system. After ap
prOXimately 18 hours the condensate in 
the tubes shows the characteristics of 
polymeric water. 

Several molecular structures have been 
proposed for polywater. Acco;'ding to 
one scheme the O-H-O structural units 
are arranged in a plane to form regular 
hexagonal rings. Another arrangement 
is typical of many long-chain "high" 
polymers: it consists of a linear chain of 
O-H-O units to which H20 monomer 
units are attached. 

The infrared and Raman spectral data 
for polywater, together with the sub
stance's unusual properties, indicate a 
type of molecular bonding that had not 
been recognized before in any substance 
containing only oxygen and hydrogen 
atoms. The strength and symmetry of 
these bonds are responsible for the un
usual but stable properties of polywa
ter. The investigators suggest that the 
bond change by which normal water be
comes polywater is affected by the condi
tions of the capillary surface. 

The remarkable properties of poly-
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Painting by Rene Magritte. Loan Collection. Institute of Art. Rice University. Houston. Tex. 

Preview of tomorrow 

In today's business world planning is the engineer 
of change. Today we must either march out to meet 
the future or be overwhelmed by it. Planning has 
helped Celanese to more than double its sales in the 
last five years, from $560 million to 1.3 billion, 
jumping from 165th to 70th on the Fortune list of 
leading corporations. It is one reason why we have 

expanded our activities from fibers, plastics. 

and chemicals into gas stations, paint, plastic 

pipe, petroleum products, nylon fiber, polyester 

fiber and film. To give us an even wider view of 

tomorrow, we've more than tripled our annual 

research and development budget during the past 

ten years. We won't allow the future to outpace us. 

CELANESE 
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Adrian Perry's company 
also teaches Accounting 

to 1,250 students. 
Adrian H. Perry is a vice president of LTV Aerospace 

Corporation. 

He's an authority on the Pacific Ocean. Other princi

pals in his company have other specialties: Computer 

science. Aerospace. Ground transportation. Education. 
Through a sharing process they call "technovation," 

they help each other get the most out of any given 
technology. 

Take the mini-submarine in the picture. It's the type 

used by Perry's people to recover objects from the floor 

of the Pacific. 

This is a difficult job to learn. It takes a lot of teaching. 

And Perry is good at teaching. 

He has trained his people to operate complex equip

ment in the most remote locations. 

They man one of NASA's largest tracking stations. 

They operate and maintain the Pacific Missile Range for 

the Navy. In fact, they are the leading technical support 

contractor in the whole Pacific area. 

Capitalizing on teaching experience like this, LTV Aero-

space has made it a business. 

A subsidiary company is building a family of business 

colleges that offer courses in everything from Accounting 

and Office Procedures to Data Processing and Electronics. 

The same company also teaches shop skills, manage

ment development and the methodology of cost reduction. 

This is the group the U. S. government chose to train 

and relocate some 700 Mexican-American farm workers 

from Texas' lower Rio Grande Valley to the big Dallas 

plant of LTV Aerospace. A subsidiary company in South

east Asia instructs some 2,000 Vietnamese in basic tech

nical skills. 

This is innovation by application: in this case, the ap

plication of teaching experience to new situations. Tech

novation for short. 

It's made LTV Aerospace a most useful company: one 

that's at home in many fields; one that extracts the maxi

mum usefulness out of new knowledge; one that will sell 

more than half a billion dollars worth of products and 

services this year. 

The Technovators. 

LTV A ER C::>SPA C: E  C: C::>RP C::>R AT/ C::>IV 

A quality company 01 Ltng-Temco-Vought. Inc. LTV 
DALLAS 

© 1969 SCIENTIFIC AMERICAN, INC



We're synergistic. Searching through 
mugsheets for a fingerprint or identifica
tion wastes time that can allow a crim
inal to get away. Our Remington Rand 
division manufactures the Remstar Video 
Lektriever System that can find the one 
right file out of millions in seconds. 

Sperry, our first n ame, is also t h e  
name o f  the automatic flight system that 
keeps more planes on course than any 
other. 

. 

We do a lot of things at Sperry 
Rand. And we do each one better be
cause we do all the rest. 

+SI::>E�Y �f\DTM 
Wait till you see 

what we do tomorrow. 
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water raise a number of unanswered 
questions : If polywater is so stable, why 
has it never been found in nature? Be
cause of its greater density, does it exist 
at the bottom of the ocean? Is this ma
terial found in the body, and if so, what 
is its role in life processes? How does it 
affect the choice of water as the standard 
liquid on which so many scientific mea
surements are based? What potential 
uses would there be for a stable polymer 
of water if it could be made in sufficient
ly large quantities? 

Gastrointestinal Gas 

"I n spite of its rank as one of the most 
common causes of physical distress," 

The New England Journal of Medicine 
editorializes, "the gastrointestinal gas of 
man has been studied in a limited and 
sporadic manner." The oversight is being 
remedied. A number of studies have 
confirmed a 100-year-old report that llU
man flatus contains a high concentration 
of hydrogen gas. Recent investigations 
show that the hydrogen level increases 
with the ingestion of certain foods, no
tably beans. In an article in The New 
England Journal of Medicine Michael 
D. Levitt of the University of Minnesota 
Hospital describes new techniques for 
measuring the production of hydrogen in 
the intestine and suggests that an abnor
mally high hydrogen concentration may 
be symptomatic of digestive malfunction. 

Levitt passed sets of tubes down 
through the digestive tract of his volun
teer subjects in order to introduce vari
ous substances and to collect gases. 
He found that hydrogen production de
pends primarily on the delivery of fer
mentable material to intestinal bacteria 
that are normally present only in the 
colon, or large intestine. In most sub
jects more than 99 percent of the hydro
gen was formed in the colon; only in the 
case of a postoperative patient who had 
excessive bacterial growth in the small 
intestine was an appreciable amount of 
hydrogen formed there. More hydrogen 
was formed 12 hours after a meal (.32 
milliliter per minute) than 24 hours after 
a meal (.047 milliliter) and much more 
was formed seven hours after a meal that 
included baked beans (1.3 milliliters per 
minute) . Half an hour after the infusion 
into the intestine of a small amount of 
lactose, a readily fermentable substrate, 
production rose to 1.6 milliliters per min
ute. About 14 percent of the hydrogen 
produced was absorbed by the blood, 

,
carried to the lungs and excreted in the 
breath; the rate of respiratory excretion 
correlated well with total intestinal pro-

duction, providing a convenient means 
of measuring total production. 

In a healthy person, Levitt suggests, 
the fermentable carbohydrate from 
which bacteria riroduce hydrogen may 
be certain complex sugars that are pres
ent in high concentration in legumes and 
are not absorbed in the small intestine. 
In some digestive disorders other carbo
hydrates are poorly absorbed, with the 
result that large quantities of ferment
able substrate reach the colon and ab
normally large amounts of hydrogen are 
produced. 

Superwing 

A new aircraft wing has been de
Signed that may enable subsonic jet 

aircraft to safely approach the speed of 
sound. 

Existing subsonic transports and mili
tary aircraft must fly no faster than 530 
miles an hour at an altitude of 35,000 
feet, or about 80 percent of the speed of 
sound. If an airplane exceeds this limit, 
air flows over its wings at supersonic 
speed and shock waves form in it. Tur
bulence also develops in the stream of 
air closest to the wing surface: the sur
face boundary layer. The shock waves 
and turbulence cause drag, shake the air
craft violently and can even threaten 
its stability. The supersonic airflow that 
causes these disturbances is created by 
the curved top of a conventional airfoil. 
Swept-back wings shed some of the 
shock waves and turbulence, but too 
much backsweep can affect an airplane's 
stability at low speed. 

The new wing, designed by Richard 
T. Whitcomb of NASA, represents a 
more successful solution to these prob
lems. Instead of having a rounded top 
surface the Whitcomb wing is quite flat, 
and its trailing edge curves downward. 
In a wind tunnel airflow over the wing 
remains smooth at speeds in excess of 95 
percent of the speed of sound. Large 
commercial transports equipped with 
the new wing might fly farther on a giv
en amount of fuel or carry less fuel 
and more payload. Such aircraft might 
also provide near-supersonic travel over 
continental areas without generating a 
boom. 

In about a year, when contract nego
tiations will have been completed with 
North American Rockwell and flight 
models will have been built, a Navy F-8 
fighter will be equipped with the wing 
to see if its performance under flying 
conditions matches its promise in the 
wind tunnel. 

(continued through page 102) 

research from 
island labs at 
PANAMA CITY 

FLORIDA 
Two Texas tower research plat

forms located offshore at Pan

ama City are equipped with 

oceanographic data collection 

systems which can measure 

and record, in computer com

patible format, 50 channels of 

data each sampled once per 

second. The Naval Ship Re

search and Development Lab

oratory can make these avail

able for your related work 

under certain conditions. That's 

just one reason why Panama 

City is Florida's largest center 

of marine technology. For new 

booklet on Panama City's 

oceanographic activity write 

Warfield Bennett, Panama City 

Committee of 100, Box 1850-

SA, Panama City, Florida 

32401 ,or callAC904 785-8732. 
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The Lunar Landing Point 

The last half-mile of the lunar module's 
path to the moon is shown by the 

broken line in this enlargement from a 
series of high-resolution images made 
two years ago by Lunar Orbiter Vat an 
altitude of 60 miles. The landing point 
is in the center of the circle, which is 200 

96 

feet in diameter. The entire scene would 
fit comfortably inside all but the small
est craters visible from the earth. The 
landing point was 21,910 feet west and 
4,430 feet south of the center of the tar
get ellipse. The crater 200 feet above and 
to the right of where the module landed 

is the most distant point to which Neil 
Armstrong walked. The large crater at 
right center is about 550 feet in diameter. 
It is the "football-field-sized crater with a 
large number of big rocks and boulders" 
that Armstrong had to avoid in the last 
few seconds before touching down. 
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The Snows of Mars 

The picture of Mars at the top of this 
page was taken by MarineI' 7 at a dis

tance of some 290,000 miles. Typical of 
the far-encounter views that provide a 
resolution up to 10 times better than 
earth-based photographs, it shows that 
the region slightly above and to the left 

of the middle of the planet, long familiar 
to astronomers as Nix Olympica, is actu
ally a giant crater some 300 miles in di
ameter, larger than any found on the 
moon. The picture also shows that the 
south polar cap has a serrated edge. In 
the close-up of the cap (bottom) Martian 

"snow" covers craters of all sizes. Be
cause infrared instruments gave ambigu
ous readings for the surface temperature, 
the nature of the "snow" is still unre
solved. The bottom view, taken by 
Mariner  7 at a distance of 3,100 miles, 
covers an area 550 by 1,100 miles. 
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The people 
most likely to 
appreciate the 
new Dual 1209 

are the least 
likely to 
need one. 

If you already own an earlier 
Dual automatic turntable, you're 
equipped to really appreciate the 
new Dual 1209. 

Be1:ause the 1209, just like your 
present Dual, offers flawless tracking 
and smooth, quiet performance that 
will be yours for'years to come. 

All Duals are made that way. 
And all recent ones have such 
exclusive features as pitch control 
that lets you "tune" your records by 
a semitone. No wonder so many hi-fi 
professionals use Duals in their 
personal stereo component systems. 

But the 1 209 does have some 
new refinements of more than 
passing interest: 

Its motor combines high starting 
torque with dead-accurate 
synchronous speed. Its anti-skating 
system is separately calibrated for 
elliptical and conical stylus types. 

The tonearm counterbalance has 
a click-stop for every hundredth-gram 
adjustment. The cue control is farther 
front, for greater convenience. And 
the styling is very clean. 

These refinements aren't likely to 
seduce you away from your present 
Dual. They're not intended to. But if 
you don't already own a Dual, 
perhaps it's time you talked with 
somebody who does. 

And whether or not you own a 
Dual now, you might enjoy a look 
at our literature about the 1209, at 
$119.50, and about other Duals 
from $79.50. 

United Audio Products, Inc., 
120 So. Columbus Ave., MountVernon, 
New York 10553' 111' 

I . 

The Low-Fat Diet 

It has long been assumed that a diet 
low in saturated fats (meaning mostly 

animal fats) can reduce the risk of cardio
vascular disease. Direct evidence for this 
assumption, however, has been scarce. 
Such evidence is now provided by a 
study made at a veterans' hospital in Los 
Angeles. The study shows that the inci
dence of cardiovascular disease in a 
group of 424 veterans with a diet high 
in unsaturated fats for eight years was 
31.3 percent, whereas a control group 
of 422 men with a normal diet high in 
saturated fats had a cardiovascular dis
ease rate of 47.7  percent. 

The study, conducted by Seymour 
Dayton, Morton Lee Pearce, Sam Ha
shimoto, Wilfrid J. Dixon and Uwamie 
Tomiyasu of the Wadsworth Hospital 
and the University of California at Los 
Angeles School of Medicine, is reported 
in a special supplement to Circulation. 
It brings together several lines of re
search indicating that saturated fats, 
blood cholesterol levels and cardiovas
cular disease are related. These earlier 
studies found (1) that foods containing 
saturated fats seem to produce a high 
level of cholesterol in the blood, (2) that 
people with high cholesterol levels are 
more likely to suffer from cardiovascular 
disease than those with low levels and 
(3) that cholesterol levels can be lowered 
by substantially reducing the amount of 
saturated fat in the diet. It remained to 
be shown that changes in diet could ac
tually forestall cardiovascular disease. 

Although several studies were made 
to test this assumption and found it to be 
correct, they were inconclusive. Some of 
the investigations did not follow double
blind procedures, others did not have 
carefully matched control groups and 
some did not monitor how faithfully the 
test subjects followed their diet. 

Dayton and Pearce and their col
leagues undertook to eliminate the 
sources of doubt. Volunteers for the 
study were carefully selected and ran
domly divided into a control group and 
an experimental group whose members 
matched each other in age (55 to 89), 
state of health, race and religion. Dou
ble-blind procedures were strictly fol
lowed; even the subjects did not know 
which diet they were receiving. 

Close monitoring of diet performance 
revealed that the members of the experi
mental group ate 49 percent of the un
saturated-fat meals available to them, 
and that the members of the control 
group took 56 percent of their meals. 
These comparatively low percentages 

are attributed to the discharge of sub
jects from the hospital, or simpty to their 
failure to attend meals. Nonetheless, the 
unsaturated-fat diet reduced the overall 
incidence of stroke, ruptured aneurysm 
and other vascular accidents in the ex
perimental group. The younger mem
bers in particular showed the lowest rate 
of cardiovascular disease when com
pared with the corresponding control 
group. The number of coronary attacks 
and sudden deaths from heart disease 
was approximately the same for both 
groups, but this is attributed to the fact 
that so many of the subjects were elderly. 

Erasable Hologram 

A major obstacle to achieving an opti-
cal computer memory based on the 

technique of holography (photography 
by wave-front reconstruction) has been 
the fact that the photographic plate nor
mally used to make holograms under
goes permanent chemical changes when 
it is exposed to light. As a consequence 
the information stored in such a holo
graphic memory can be changed or 
updated only by removing individual 
holograms and inserting new ones, a 
prohibitively slow process. 

Now a new technique for producing 
magnetic-film holograms that can be 
read out, erased and reused repeatedly 
has been developed at the RCA Labora
tories. It is estimated that an optical 
computer memory incorporating such 
holograms would be capable of storing 
up to 100 million "bits" of information 
on a piece of magnetic film one inch 
square. The information could be writ
ten into the film in 10 billionths of a sec
ond, and it could be erased in 20 mil
lionths of a second. 

According to Reuben S. Mezrich, who 
developed the new technique, the mag
netic-film holograms are produced on a 
special magnetic surface through the in
teraction of the heat and the light pro
duced by a laser beam. An extremely 
thin single-crystal film of manganese
bismuth is first deposited on a mica 
base. The film is then subjected to a 
strong magnetic field that forces its mag
netic atoms to line up with their north 
poles in one direction and their south 
poles in the other. 

Next the light from a pulsed ruby laser 
is split into two beams. One beam goes 
directly to the film and the other goes 
first to the "bit pattern" to be recorded 
and then to the film. At those points 
where the two beams interfere construc
tively the heat from the combined laser 
beams warms the magnetic film just 
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What good are 
clean ash trays when 
you can't get the car 

the ash trays come in 
even w�en you 

have a reservation 
and the reservation 

has been confirmed? 
For a long time now, there's been so little difference 
between car rental companies they argued publicly 
about who had the cleanest ash trays. Max has 
changed all that. 

Max is National Car's computer. He knows from 
minute to minute which of our cars are available. 

Wherever you are, anytime of the day or night, you 
can call National for a reservation toll-free at 
800-328-4567. And thanks to Max, we don't have 
to make any assumptions or blind promises 
like those New York outfits do. 

We just ask Max what's available, Max tells us, 
and we can guarantee you a car on the spot. 

National also features GM cars, gives S&H 
Green Stamps, and has 1800 locations. Second only 
to old what's-its-name. 

Now there are some differences you can sink your 
credit card into-any recognized credit card. 

We make the customer No.1 © NCR 1969 
In Canada and throughout the world it', TlLDENinterNA TlONAL 
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Time was when alphanumeric computer outputs chugged away 
on the line printer, line drawings zig-zagged on the pen plotter, 
and creative designs flickered momentarily on the scope face. In 

fact they still do chug, zig-zag, and flicker. 

Something better is called computergraphics, where the computer's 
tapes can be given to one peripheral that is fast enough, precise 
enough, and versatile enough to handle all kinds of outputs. 

Our FR-SO Film Recorder is a computergraphics system. Give it a 

personnel listing with corrections to merge and record in one pass. 
Or a digitized engineering drawing to be recorded and blown back 
to E-size from 35 mm film. Or a strip chart to be continuously 
recorded in abutting frames, perfectly registered. Or a directory to 
be set up in book-quality, like this ad. 

FR-SO not only does all of these things to higher accuracy than any 
other electro-optical system (resolution on 35 mm film: SO line 
pairs per mm), it does them in quick succession with a few seconds 
setup time, accepting tape formatted for any output device by any 
host computer. Because FR-SO is a programmable system, flexible, 
versatile, responsive to special graphic requirements, receptive 
to new methods. 

To put it another way, adaptable species flourish, while specialized 
forms die out. And FR-SO is thoroughly adapted to the age of 
computers and automation. 

Let us send you the complete story of FR-SO. 

Information International, 12435 West Olympic Boulevard, Los 
Angeles, California 90064, (213) 47S-257]; S9 Brighton Avenue, 
Boston, Massachusetts 02] 34, (617) 787-4700; 7SS0 Cool ridge 
Drive, Camp Springs, Mary]and 20031, (30 I) 449-424S. 

INFORMATION INTERNATIONAL 

Computergraphics have come a long way 
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MEANWHILE, 
BACK AT THE 
PFR-3 ... 
... we have further improved our 
Programmable Film Reader/Recorder 
to make it the most sophisticated image 
analyzer available. New software has 
been developed for these applications: 

Image Restoration - Using digital filter
ing, the PFR-3 reconstructs images that 
have been degraded by object motion, 
out of focus conditions, or atmospheric 
turbulence. ideal for such applications 
as biomedical X-rays and recognition 
of targets. 

Iso-Density Mapping -Continuous-tone 
photographs are converted to images 
with a contour-like effect having discrete 
bands shaded within themselves. Com
plex, amorphous shapes are more easily 
identified and studied. 

Spatial FilterinR -III-defined shapes in a 
photograph are given clean separation 
(high-frequency filtering). Unwanted 

separations, such as the raster lines in a 
television image, are filled in (low
frequency filtering). 

And PFR-3 is still interpreting and 
extracting information from oil well logs, 
oceanological charts, bacterial cultures, 
cine-theodolite film, displayed wave 
forms, and many other kinds of image -
all automatically. Write or call us if 
you'd like help on your application. 

INFORMATION INTERNATIONAL 

enough to enable its magnetic atoms to 
realign themselves, so that the north 
poles of those in the heated portions now 
point in the same direction as the south 
poles in the unheated portions. vVhere 
the two beams interfere destructively 
nothing happens. Thus a magnetic inter
ference pattern-a magnetic hologram
is created by the converging laser beams. 

The magnetic hologram can be read 
out in two ways: either by transmitting 
a continuous-wave laser beam through 
it or by reflecting such a beam from it. 
The hologram can be erased by agam 
subjecting the film to a strong magnetic 
field that forces all the magnetic atoms 
to return to their original position. 

The resolution of such holograms 
(2,000 lines per millimeter) is far greater 
than that of ordinary photographic holo
grams. In addition there is no indication 
so far that the process causes any ther
mal decay or other type of fatigue in the 
magnetic material. The write-erase cycle 
apparently can be repeated indefinitely. 
Because of the inherent redundancy of 
holographic information storage, dust or 
minor imperfections in the film do not 
seriously affect the hologram readout, 
which can be detected by a variety of 
light-sensitive devices, including the hu
man eye. 

Man among Men 

Two fragmentary human skulls re-
cently unearthed from a fossil forma

tion in Ethiopia's Omo Valley may 
upset a generally held belief with respect 
to man's evolution. They suggest that 
Homo el'ectus, whose era is usually 
thought to have ended some 500,000 
years ago, may have lived on in Africa 
for another 450,000 years or so in the 
presence or even in the company of his 
eventual successor, H. sapiens. The skull 
fragments were found by a team of in
vestigators led by L. S. B. Leakey's son, 
Richard Leakey of the Kenya National 
Museum, in two exposures of the same 
stratum less than two miles apart on op
posite sides of the Omo River. The stra
tum is at least 35,000 years old, and it 
may be twice as old, but even at its old
est it is recent in terms of evolutionary 
history. 

The first skull to be found, Omo I, is 
essentially identical with the skull of 
modern man. The second, Omo II, is 
much more rugged and primitive than 
would be expected of a contemporary of 
Omo I. Even though it too is representa
tive of H. sapiens, the skull has a low 
forehead, a flat top and a bun-shaped 
OCcipital region that are strongly remi-

In the fine print is where you often 

learn what others don't know. Example: 

There is a new source of unusual marine 

books. It is the International Marine 

Publishing Company at 21 Elm street, 

Camden, Maine 04643. Our catalog has a 

lot of interesting fine print if you like 

marine books. We'd be glad to send you 

one if you want it. We think two choicest 

titles in the whole catalog for readers 

of Scientific American are About Lobsters 

at $6.00 and Farming the Edge of the Sea 

at $10.95. We could send you those, too. 

AMATEUR 
TELESCOPE 
MAI(ING 

Edited by Albert G. Ingalls 

Book One 
497 pages, 300 illustrations 

$5.00 postpaid. $5.35 foreign 

Book Two 
650 pages, 361 illustrations 

$6.00 postpaid. $6.35 foreign. 

Book Three 
644 pages, 320 illustrations 

$7.00 postpaid. $7.35 foreign 
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(Rul<Unts of New York CUV please add 6% salts tax) 

(OIMr NY S residents please add 3 % stale sales 
tax plus local tax) 
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why not 
pick a 

winner? 

I 

"The Marine Technology Soc i ety takes great pleasure in presenting 
t h e  Compass I ndustr ial  Award for 1968 to the Sippican Corporation 
for their vision i n  recogn iz ing  the technical and economic feas ib i l ity 
of co l lect ing certain oceanograph ic  data with an expendable instru
ment system; the ir  commitment to the advancement of mar ine  tech
nology by a major investment of the ir  own resources i n  developing such 
a systemj and the i r  responsiveness to user requirements and sugges
t ions i n  successful ly produc ing  an  accurate, cost effective, expend· 
able bathythermograph i c  system." 

Recipient of 
The Marine Technology Society's 

Compass Industrial A ward for 1968. 

I 

Model MK·3 xor Digitizer 

The Sippican Expendable Bathythermograph ( XBT) System 
is a new and efficient means for obtaining ocean temperature 
data from a moving ship. The system has important applica

tions in oceanographic research, antisubmarine warfare, commerce and fisheries. 
To date, 280 ships of U.S.  and foreign registry are equipped. 

The latest extension of the system is the Sippican MK-3 Digitizer, which con
verts XBT data to a digital format and produces a complete bathy message on 
punched paper tape for use with radioteletype. 

The equipment automatically digitizes temperature da.ta in tens, units and 
tenths of degrees Fahrenheit, at 8-foot depth increments, and records it  on the 
tape. At the end of a BT drop, manually set time and location data are entered 
on the tape. The resulting output is a complete BT message, including ship and 
format identification in standard 5-level teletype code. 

For more information 
contact Marketing Manager, Oceanogra phic Systems Division, 

The Sippican Corporation, Marion, Massachusetts 02738, Tel:  (617) 748-1 160 

S I P P I C A N  
Advanced 

Instrumentation 
for Outer Space 

o Undersea 

niscent of the fossils from Solo in Java 
and Broken Hill in Rhodesia, hoth either 
identical with or only slightly evolved 
beyond H. erectus (see "Homo Erectus," 
by William W. Howells; SCIENTIFIC 
AMERICAN, November, 1966). Com
menting on the fossils in Nature, Mi
chael H. Day of the Middlesex Hospital 
Medical School observes that until more 
than preliminary studies have been com
pleted the relation of Omo II to other 
early representatives of H. sapiens and 
H. erectus will remain unclear. 

Hot Beetle 

The bombardier beetle Brachinus is 
well known for its ability to discharge 

a fine repellent mist, each discharge be
ing accompanied by an audible detona
tion that gives the insect its name. It has 
now been discovered that the repellent 
is the end product of complex chemical 
reactions that proceed with such inten
sity within the beetle's secretory organs 
that by the time the fluid is ejected it 
has reached the boiling point and some 
of it has vaporized. 

Writing in Science, Daniel . J. Ane
shansley, Thomas Eisner, Joanne M. 
Widom and Benjamin Widom of Cornell 
University report that they measured the 
temperature of several dozen discharges 
from nine bombardier beetles, directing 
the spray onto the sensing junction of a 
thermocouple. They found that the dis
charge temperature was consistently 100 
degrees Celsius. High-speed photogra
phy revealed that some of the repellent 
was ejected in the form of droplets; the 
remainder emerged as a turbulent vapor 
cloud. 

The investigators note that the chem
ical reaction is possible because the 
beetle's spray gland is a two-chambered 
organ: a reservoir and a vestibule. Be
fore a discharge the reservoir contains 
an aqueous solution that is 25 percent 
hydrogen peroxide and 10 percent mixed 
hydroquinones. The vestibule contains 
a mixture of enzymes (catalases and per
oxidases) secreted by cells in its wall. On 
stimulus the beetle squeezes some reser
voir fluid into the vestibule; the enzymes 
instantaneously decompose the hydro
gen peroxide and oxidize the hydro
quinones. The reactions release heat and 
the boiling fluid is expelled with a pop 
by the pressure of the accumulating free 
oxygen. The investigators point to a par
allel process used in some shaVing-cream 
dispensers that produce heated lather: 
the generation of heat depends on a cat
alytic process with hydrogen peroxide 
acting as the oxidant. 
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Today's p l anes a re r i veted , w e l d e d  a n d  b o l ted togeth e r  
p i ece b y  p i ece .  T h e re ' s  a l ot of  s k i l l ed (a n d  e x p e n s i ve ) 
h a n d  work i nvo lved . 

Most of tomo rrow's a i rc raft wi l l  p ro b a b l y  be wou n d  
i n  s i n g l e  u n its w i t h o u t  s e a m s  o r  faste n e rs . . .  f u s e l a g e ,  
w i n g s ,  tai l asse m b l y .  A c o m p u t e r  wi l l  h a n d l e  e a c h  
o p e rati o n  p re c i s e l y ,  a u t o m at i c a l l y .  

T h ese p rocesses of M o n santo's G o l d swo rthy E n g i 
n ee r i n g  s u bs i d i a ry a re c a l l ed F i l a m e n t-ta pe P l ac e m e n t  
a n d  F i l a m e n t  W i n d i n g .  S u p e r-stro n g ,  u n i q u e l y  r i g i d  fi l a
m e n ts of b o ro n ,  g ra p h i te o r  f i b e r  g l ass can be wou n d  

o r  p l aced onto a m a n d re l  i n  the s h a pe of a f u s e l a g e  . . .  
o r  w i n g ,  o r  ta i l .  A n d  because the re l at ive t h i c k n ess of 
each l ay e r  of  f i l a m e n ts i s  o n l y  a few t h o u s a n d t h s  of an 
i n c h ,  it 's poss i b l e  to m a ke any p a rt as t h i c k  or as t h i n  
a s  y o u  w a n t  at a n y  poi nt.  

The res u l t  i s  a n e w  k i n d  of tai l o r- m a d e  a i rfra m e  . . .  
po u n d  for  pou n d  m o re t h a n  twice as stro n g  a n d  st i ff 
as stee l .  

A t  M o n sa nto ,  we' re consta n t l y  s o l v i n g  p r o b l e m s  by 
e x p l o r i n g  the total s c i e n c e  spectru m .  M o n s a n to-w h e re 
s c i e n c e  a n d  resea r c h  a re wor k i n g  for  peo p l e .  

Monsanto Company, 800 N .  L indbergh B lvd . ,  St. Louis ,  M issour i  631 66 Monsanto 
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Fish used to be scared when we 
Not long ago, the oil industry usually 

looked for offshore oil with dynamite. They ex
ploded it underwater and recorded the telltale 
echoes on a seismograph. 

When carefully done, this did little or no 
harm to aquatic life. But fish were sometimes 
scared and fled to quieter waters. Fishermen 
frowned. They had to go farther to fish. 

Now, the Esso Production Research Com
pany (a jersey affiliate) has invented a substitute 

.. 

for dynamite. We have nicknamed it the popper 
and you can see one at the bottom of our pic
ture.It doesn't go bang like dynamite. It simply 
goes pop. 

The device is beautifully simple. A mix
ture of propane and oxygen is ignited by a 
spark plug inside a rubber sleeve. The pop 
inflates the sleeve like an instant balloon. 

This sudden expansion is fast enough to 
give a seismic echo, but not fast enough to 
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looked for oil. Now they seem interested. I 

scare away fish, porpoises or anything else. 
What's more, it has a snorkel. This allows 

burned gases to escape to the surface. So the 
water stays clean. 

But fishermen aren't the only people to 
cheer. 

Dynamite is often tricky stuff to handle. 
The popper is completely safe. Exploration 
crews have one less danger to contend with. 

And dynamite is also quite expensive. 

Fifteen dollars a shot. The popper costs a 
penny a pop and gives a better seismic picture 
in the bargain. At the rate the oil industry is 
exploring, it could literally save millions. 

Good news for people. Great news for fish. 
Quite an invention. 

Standard on Company 
(New Jersey) . .  

,. 
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THE CONTINENTAL SHELVES 

The shallow regions adjacent to the continents are equal in extent 

to 18 percent of the earth's total land area. They are alternately 

exposed and dro,vned as the continental glaciers advance and retreat 

T
he continental shclves were the 
first part of the sea floor that was 
studied by man, chiefly as an aid 

to navigation and fishing. Perhaps the 
earliest recorded observation was one 
made by Herodotus about 450 B.C. "The 
nature of the land of Egypt is such," he 
wrote, "that when a ship is approaching 
it and is yet one day's sail from the shore, 
if a man try the sounding, he will bring 
up mud even at a depth of 11 fathoms." 
A more recent example is found in the 
diary of a 19th-century seaman: "An old 
captain once told me to take a cast of the 
lead at 4 a.m. We were bound to Hull 
from the Baltic. He came on deck before 
breakfast and on showing him the arm
ing of the lead, which consisted of sand 
and small pebbles, I was surprised to see 
him take a small pebble and put it in his 
mouth. He tried to break it with his 
teeth. I was very curious and asked him 
why he did so. He told me that the small 
pebbles were called Yorkshire beans, and 
if you could break them you were toward 
the westward of the Dogger Bank; if 
you could not, you were toward the 
eastward." 

Fishing success often depends on 
knowledge of the kind of bottom fre
quented by particular fish and on the 
avoidance of rocky areas that can catch 
and tear nets. As a result governmental 
agencies routinely chart bottom topogra
phy and materials to aid the fishing 
industry, but the successful fisherman 

by K. O. Emery 

generally keeps much additional infor
mation to himself. Similarly, the produc
tion of oil and gas from the continental 
shelves during the past two decades 
has led governmental and international 
agencies to make broad geological sur
veys, which help to guide the oil indus
try to the areas of greatest economic 
promise. The oil companies make studies 
that are much more detailed and so ex
pensive that the results are considered 
proprietary, at least until after explOita
tion rights are secured. 

During World War II submarines 
took a large toll of the ships that crossed 
the continental shelves, mainly at the 
approaches of ports. The effectiveness 
of acoustical detection equipment on 
submarine hunting ships was much in
creased by a knowledge of bottom ma
terials and their effects: long ranges over 
sand, short ones over mud, confusing 
echoes over rock or coral. Accordingly 
charts of bottom sediments were com
piled by the American and German 
navies for many areas of the world. This 
problem had not arisen earlier because 
both submarines and the search gear of 
surface ships were too primitive during 
World War I, and it may not be impor
tant in the future owing to the greatly 
increased sophistication of submarines 
and to the different role they may play 
in any future war. 

The conflict between disseminating 
information and keeping it secret is 

CONTINENT AL SHELF in the Atlantic Ocean off Cape Hatteras is delineated by puffy 

clouds that show where cold surface water on the eastern edge of the shelf meets warmer 

surface water. The boundary is near the edge of the shelf, which at this point averages about 

120 meters in depth. The picture also shows turbid water moving from Pamlico Sound into 

the ocean, where it is carried northward by a fringe of the Gulf Stream that lies atop the 

shelf. The photograph was taken from Apollo 9 on March 12 of this year, at an altitude 

of 134 statute miles; the view extends 175 miles in the north·south direction. The astro

nauts on this mission were James A. McDivitt, David R. Scott aud Russell L. Schweikart. 

about what one would expect in an en
vironment that is both economically and 
militarily important. The recent political 
interest in the sovereignty of the ocean is 
also to be expected, considering the way 
the economic potential of the shelves has 
often been exaggerated in recent years. 
Thus it is not surprising that there have 
been a number of proposals to redefine 
the continental shelf so as to extend it 
seaward to whatever distance and to 
whatever depth are necessary to give a 
nation access to the resources presum
ably lying or hidden there. In 1953, be
fore the world developed its present 
large appetite for seafood and minerals, 
an international commission defined the 
continental shelf, shelf edge and conti
nental borderland as: "The zone around 
the continent extending from the low
water line to the depth at which there is 
a marked increase of slope to greater 
depth. Where this increase occurs the 
telm shelf edge is appropriate. Conven
tionally the edge is taken at 100 fathoms 
(or 200 meters), but instances are known 
where the increase of slope occurs at 
more than 200 or less than 65 fathoms. 
When the zone below the low-water line 
is highly irregular and includes depths 
well in excess of those typical of conti
nental shelves, the term continental bor
derland is appropriate." 

Somewhat similar, but shorter, defini
tions are presented by most textbooks of 
geology. Where a depth limit is given it 
is 100 fathoms, an inheritance from the 
time when navigational charts had only 
three depth contours: 10, 100 and 1,000 
fathoms. On a global basis the edge of 
the continental shelf ranges in depth 
from 20 to 550 meters, with an average 
of 133 meters; the shelf ranges in width 
from zero to 1,500 kilometers, with an 
average of 78 kilometers [see illustration 
on next two pages]. 
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The continental shelves underlie only 
7.5 percent of the total area of the 
oceans, but they are equal to 18 percent 
of the earth's total land area. A geologi
cal understanding of this huge region 
requires a knowledge of its topography, 
sediments, rocks and geologic structure. 
For nearly all shelves there is some in
formation about topography; for perhaps 
a fourth of them something can be said 
about the surface sediments, but the 
rocks and geologic structure are known 
for less than 10 percent. Detailed knowl
edge is far less available. The best
known large areas are the ones off the 
U.S.,  eastern Canada, western Europe 
and Japan-in short, the shelves next to 
countries where scientific knowledge is 
well developed and freely disseminated. 
Smaller areas of knowledge are found 
where oil companies have worked (such 
as parts of northern South America, parts 
of Australia and the Persian Gulf) and 
where oceanographic institutions have 
conducted repeated operations (north
western Alaska, the Gulf of California, 
northwestern Africa, the shelf off Ar
gentina, the Red Sea and the Yellow 
Sea). Recently some developing coun
tries have effectively closed their shelves 
to foreign scientific studies; these areas 
are fated to remain unknown and unex
plaited for the foreseeable future. 

The information that is most costly 
and most difficult to obtain concerns 

the underlying rocks and the structural 
geology of the continental shelves. This 
information is essential for understand
ing the origin and most of the history 
of the shelves. Data about the surface 
topography and sediments, which are 
readily accessible, tell only the late his
tory. 

Samples of bedrock have been 
dredged from the surface of many 
shelves, mainly from the top of small 
projecting hills and the sides and heads 
of submarine canyons that incise the 
shelves. Additional rock samples have 
come from the top of the adjacent con
tinental slopes. Care must be taken in 
deciding whether the rock samples are 
from outcrops, whether they are loose 
pieces that were deposited by ancient 
streams or glaciers, or whether they 
were rafted to their present location by 
ice, kelp, mqrine animals or man. The 
decision is usually based on the size of 
the piece, on the presence or absence of 
fresh fractures, on the similarity of litho
logic types within a given dredging area 
or between adjacent dredging areas, and 
on the amount of tension of the dredge 
cable. It is helpful to have submarine 
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photographs, which may reveal rock 
outcrops in the dredging area. Rock also 
can be sampled by coring: by dropping 
or forcing a heavily weighted pipe into 
the bottom. This method can show the 
dip of the strata, and it can sample rock 
that is covered by sediments if the sedi
ment is thin or if it is first removed by 
hydraulic jetting. A better but mure ex
pensive method of rock sampling is pro
vided by well-drilling methods. Many 
holes have been drilled for geological ill
formation in shelf areas of structural in
terest; they provide good information un 
the sequence and depth of strata, the 
date of original deposition and geolngic 
structure. In addition several thousand 
oil wells have heen sunk .into shelves, 

but most have been drilled in abnormal 
geologic structures such as salt domes 
and folds. 

Geophysical methods provide excel
lent, although indirect, data from which 
geological cross sections can be con
structed. These methods include seismic 
reflection and refraction, as well as mea
surements of geomagnetism and gravity. 
Each method has its advantages, but the 
most generally successful one is seismic 
reflection. In practice a ship traverses 
the shelf and produces a loud acoustical 
signal in the water at intervals vf a few 
seconds. The chief source of sound en
ergy a few years ago was a chemical ex
plosive, U Ilally dynamite; other sources 
are now preferred because thf'y are 

CO TIN ENTAL SHELVES underlie about 7.5 percent of the total ocean; all together they 

occupy an area roughly equal to that of Europe and South America combined, or some 10 

million sqnare miles. Tbe shelf is defined as the zone around a continent extending from 
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cheaper, easier to trigger accurately and 
greatly reduce the danger both to the 
operators on the ship and to the fish in 
the sea. These newer energy sources in
clude electric spark, compressed air and 
propane gas. Although part of the sound 
energy is reHected from the sea Hoor, 
much of it enters the bottom to be re
Hected upward from various layers of 
rock under the bottom. The reHected en
ergy is received by hydrophones trailed 
behind the ship; the Signal is ampli
fied, filtered and recorded on continu
ously moving paper tapes. This method, 
termed continuous seismic-reHection pro-

- filing, is rapid and can yield information 
from depths of several kilometers under 
the sea Hoor, making it possible to con-

struct geological cross sections. When 
the interpretations are supplemented by 
dredging or drilling, they provide the 
best infOlmation now available about the 
structure of continental shelves. 

When existing geological and geo-
physical information is assembled 

on a worldwide basis, it shows that con
tinental shelves can be classified into 
two main types by composition: those 
that are underlain by sedimentary strata 
and those underlain by igneous and 
metamorphic rocks. A large majority of 
the world's continental shelves mark the 
top surface of long, thick prisms of sedi
mentary strata [see illustration on next 
two pages]. Many of the prisms are 

held in position against the continents 
by long, narrow fault blocks. Such is true 
of almost the entire perimeter of the Pa
cific Ocean, where tectonic activity has 
also produced deep trenches that are 
parallel to the base of the continental 
slope. In some areas, such as the West 
Coast of the U.S., a single geologic dam 
is known to have extended for thousands 
of kilometers along the coast. Locally 
part of the dam rises above sea level to 
form the granitic Faral10n Islands that 
lie immediately off San Francisco . These 
rocks are some 100 million years old, but 
they were thrust up to form the dam 
only about 25 million years ago. Else
where, as in the Yellow Sea of Asia, half 
a dozen such fault dams or fold dams 

BEST KNOWN 

MODERATELY 
KNOWN 

POORLY KNOWN 

" . 

the low-water line to the depth at which the ocean bottom slopes 

markedly downward. Conventionally the edge of the shelf is taken 

to lie at 100 fathoms, or 200 meters, but a more accurate average 

value for all continents is about 130 meters. Worldwide the shelf 

has an average width of 78 kilometers. The illustration indicates the 

present state of knowledge of the continental shelves of the world. 
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have risen in the last 500 million years 
or so, each dam in turn causing the pond
ing of sediments from the land. There 
was a similar dam off the entire length of 
the East Coast of the U.S. between 270 
and 60 million years ago; in time the 
trench on its landward side was filled 
with sediments that subsequently spilled 
over the former dam to build a continen
tal slope that is held in place only by the 
angle of rest of the sediments. That this 
angle is unstable is shown by numerous 
landslides and erosion features recorded 
in seismic profiles across the continental 
slope and rise. 

The continental shelf off the western 
part of the Gulf Coast of the U.S. is held 
in place by a diapir dam: a dam formed 
by the upward movement of salt from 
a bed that is buried several kilometers 
deep and is about 150 million years old. 
Seismic profiles and dredgings show the 
presence of still another kind of dam in 

.... . 

• � ' .\.� .. < 
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the eastern Gulf of Mexico and off the 
southeastern coast of the U.S. This is an 
algal reef that dates from 130 million 
years ago and was succeeded by a coral. 
reef off Florida at some time before 25 
million years ago; even today the Florida 
keys are bordered by a living coral reef. 
Similar tectonic and biogenic dams else
where in the world have trapped huge 
quantities of sediments in the geological 
past. 

Shelf areas underlain by igneous and 
metamorphic rocks are found on top of 
the tectonic dams. Off Maine, however, 
glacial erosion has removed the sedi
mentary rocks that once covered such a 
dam [see illustration on pages 112 and 
113]. Other shelves underlain by igneous 
and metamorphic rocks are known, but 
most of them appear to be at high lati
tudes where glacial erosion has been ef
fective. Nevertheless, even at high alti
tudes probably most of the shelves are 

underlain by sedimentary rock. In a 
sense we can consider the shelves whose 
shape is chiefly due to glacial or wave 
erosion as youthful ones (or rejuvenated 
ones); the shelves that are mainly depo
sitional, with a thick prism of sediments 
on top of igneous and metamorphic 
rocks, can be regarded as mature ones. 
The sediments have built the shelves 
upward during the concurrent sinking of 
the edges of the continents. Perhaps 
more important from the viewpoint of 
real estate, these sediments have in
creased the size of the continents, wid
ening them as much as 800 kilometers 
in areas where rivers have brought much 
sediment from the land and where tec
tonic or other dams effectively prevent 
the escape of the sediment to the ocean 
basins. This dammed sediment, as well 
as the sediment held only by its angle of 
rest, has an estimated average thickness 
of about two kilometers, yielding a total 

CHARACTER OF CONTINENTAL SHELF depends largely on 

how the shelf was formed. Six types of shelf, classified by origin, 

are indicated in this worldwide map. Many shelves are de· 

posited behind three kinds of dams: tectonic dams, formed by geo· 

logical uplift or upwelling of lava; reef dams, created by marine or· 

ganisms, and diapir dams, which are pushed upward by salt domes. 
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volume of sedimentary slrala under con
tinental shelves of about 50 million cubic 
kilometers. 

perhaps the most dramatic period in 
the history of the continental shelves 

was the million-year passage of the 
Pleistocene epoch when the sea level 
changed in response to the waxing and 
waning of the continental glaciers. At 
their maximum the glaciers appear to 
have been so extensive as to have stored 
in the fOlm of ice enough water to lower 
the surface of the ocean nearly 150 me
ters below the present level. Four major 
lowerings of the sea level were produced 
by the four main glaciations, with minor 
lowerings caused by secondary fluctua
tions of climate and ice volume. Limit
ed investigations with special seismic 
equipment off the East Coast of the U.S. 
show four or five somewhat irregular 
acoustical reflecting surfaces near the top 

of the shelf sediments. These reflecting 
surfaces probably can be explained by 
erosion and sand deposition at stages of 
low sea level. Cores from these beds 
probably would provide much interest
ing information about Pleistocene cli
mates and Pleistocene chronology. For 
the present, however, our data for gla
cial effects on the continental shelf are 
restricted largely to surface sediments 
and topography. 

About 50 years ago most textbooks of 
geology led the reader to believe that 
sediments became progressively finer in 
texture with distance from shore: gravel 
and sand at the shore, coarse sand grad
ing to fine sand across the shelf, and 
finally silt and clay (the "mud line") at 
the shelf edge. Bottom-sediment charts 
compiled during World War II, how
ever, showed that this simple pattern is 
very rare, and that the size of sediment 
grains is unrelated to the distance from 

shore. The examination of actual sam
ples showed that most of the shelves are 
floored with coarse sands that common
ly are stained by iron and contain the 
empty shells of mollusks that live only 
close to shore in shallow depths. Broken 
shells or shell sand are particularly abun
dant at the outer edge of the shelf and 
on small submerged hills that are rela
tively inaccessible to detrital sediments. 
Some of these same areas contain glau
conite and phosphorite, minerals that are 
precipitated from seawater, but so slow
ly that they are obscured or diluted 
beyond recognition where detrital min
erals are present. The only areas that 
exhibit a consistent seaward decrease of 
grain size are those between the shore 
and depths of 10 or 20 meters-in short, 
whatever areas are shallow enough to be 
ruled by the waves. At greater depths 
the sediments are too deep to be reached 
by new supplies of sand. These sections 
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of the shelves are also bypassed by con
temporary silts and clays that remain in 
suspension en route to deeper or quieter 
waters. 

The sediments on about 70 percent of 
the world's continental-shelf area have 
been laid down in the past 15,000 years, 
since the last glacial lowering of the sea 
level. The rest of the shelf is floored by 
silts at the mouths of large rivers, in 
quiet waters behind barriers and in shelf 

I 
tL w 
o 

basins, by recent shell debris and 
by chemically deposited minerals. This 
means that when the sea level was low, 
the entire shelf was exposed and the riv
ers deposited sands on the then broader 
coastal plain and transported their silts 
and clays to the ocean. At that time 
ocean waves, with no shelf to reduce 
their height, were probably higher at the 
shore than they are today, with the re
sult that shore sediments were probably 

coarser. The broad expanse of . lowland 
favored the development of ponds and 
marshes, which were partly filled with 
debris from the forests and meadows 
that extended unbroken from the inland 
areas across what is now the sea floor. 
Freshwater peat now submerged in the 
ocean has been sampled at 10 sites off 
the eastern U.S. and at many other sites 
on the shore; similar peats have been 
found off Europe, Japan and elsewhere. 

ICE-ERODED SHELF about 100 kilometers off the roast of Maine, 

landward of Georges Bank, is shown in this seismic-reflection record. 

The deep trough was gouged out of the basement rock by ice some 

15,000 years ago during the last glaciation. Subsequently the trough 
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Pollen analysis shows a succession from 
tundra to boreal spruce and pine some 
12,000 years ago, followed by oak and 
other Temperate Zone deciduous b'ees 
about 8,500 years ago; the deciduous 
trees flourished until the site was sub
merged. Birds once flew among the trees 
in many areas where fish now swim. 

The vegetation attracted many ani
mals, but only their heavier bones are 
preserved or are readily detected by 

.. 

dredging. Nearly 50 teeth of mammoths 
and mastodons have been collected off 
the East Coast of the U.S., along with 
the bones of the musk ox, giant moose, 
horse, tapir and giant ground sloth. Sim
ilar finds have been reported off Europe 
and Japan. 

Carbon-14 dates have been obtained 
for more than 50 samples of shal

low-water material from the shelf off the 

'. "'-
, ( ·.ila 

East Coast of the U.S. The materials 
include salt-marsh peat, oolites (concen
trically banded calcium carbonate pel
lets that typically form only in warm, 
shallow, agitated seawater) and the 
shells of oysters and other mollusks 
(which live in only a few meters of water 
but whose empty shells are found as 
deep as 130 meters). The dates and 
depths make it possible to draw a curve 
showing the changes of sea level in an-

herame filled with sediments about 30 meters thick. The recording 

was made this past July with high·frequency seismic equipment 

aboard the Dolphin, a vessel operated by the U.S. Geological Sur

vey in cooperation with the Woods Hole Oceanographic Institution. 
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ATLANTIC COAST SHORELINE has varied greatly in the past and will undoubtedly con

tinue to in the future_ This illustration compares the shoreline of 15,000 and 11,000 years 

ago with the probable shoreline if all the ice at the poles were to melt. Confirmation that 

the continental shelf was once laid bare is found in discoveries of elephant teeth (tri

angles), freshwater peat (dots) and the shallow-water formations called oolites (circles)_ 
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WORLDWIDE CHANGES IN SEA LEVEL can be inferred from the radiocarbon ages of 

shallow-water marine organisms and the depth at which they were recovered. Samples are 

from the Atlantic shelf of North America, the Texas shelf and other parts of the world. The 

depth inconsistency of the Texas samples implies that the shelf there has been uplifted_ 
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cient times [see bottom illustration at 
left]. 

. 

Apparently the sea was near its pres
ent level about 35,000 years ago and 
began to recede about 30,000 years ago. 
The level dropped by 130 meters or 
more 15,000 years ago; then it rose rath
er rapidly to within about five meters of 
the present level 5,000 years ago. The 
slow rise during the past 5,000 years has 
been documented by perhaps 100 car
bon-14 dates for peat under existing salt 
marshes. Less complete sequences of 
dates for similar samples from elsewhere 
in the world show a sea-level curve re
sembling the one for the East Coast. 
Only the samples from the shelf in the 
western Gulf of Mexico provide a differ
ent curve, which suggests that this part 
of the gulf shelf was uplifted about 40 
meters during the past 10,000 years. 

Early men of the Clovis culture (char
acterized by fluted stone projectile 
pOints) appeared in North America some 
12,000 years ago, when the sea level was 
still very low. What is more reasonable 
than to suppose such men ranged over 
the forested lowland that is now con
tinental shelf? Game, fish and oysters 
were abundant. How were they to know 
or care that in a few thousand years the 
area was to be drowned by the advanc
ing sea, any more than New Yorkers 
know or care that when the remaining 
glaciers melt, the ocean will rise to the 
20th story of tall buildings? [see top 
illustration at left]. The search for traces 
of early man far out on the shelf began 
with the discovery of what may be the 
remains of an oyster dinner on a former 
beach off Chesapeake Bay, a site that is 
now 43 meters below sea level. This dis
covery was made from the Woods Hole 
Oceanographic Institution's research 
submarine Alvin; many similar discover
ies will probably be made during the 
next decade. 

Submerged barrier beaches are com
mon on the continental shelf, but they 
are easily confused with the sand waves 
that are fOimed by strong currents. More 
spectacular and of certain origin are the 
submerged sea cliffs and terraces that 
mark the temporary stillstands of the 
sea level. Most of the shelves that have 
been studied have four to six such ter
races, but the recognition of the terraces 
depends on their width and sharpness. 
On gently sloping shelves the terra
ces are almost imperceptible; on steep 
shelves they are narrow or absent; on 
shelves receiving a large supply of sedi
ment they are buried. Variation in depth 
is to be expected in view of the large 
variation in depth of the most prominent 
terrace of all-the edge of the shelf. Pass-
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We're more than a linle interested in electronics 
It figures. Electronics has an exciting poten
tial; our involvement in this field gives our 
sales an exciting potential. 

Our involvement? Electrical alloys by 
Allegheny Ludlum for a range of electronic 
and electrical applications. Vanadium-cobalt 
discs, miniature toroidal cores, transformer 
laminations by Arnold Engineering. Magnetic 
field instrumentation for microwave tube test

better products. 
Don't be misled. We plan to continue as 

the largest producer of specialty metals in 
the world. But we have other plans, too, in this 
electronics pushbutton world. So, push the 
button gently-we're behind it. 

Allegheny Ludlum, Dept. A-2, Oliver Bldg., 
Pittsburgh, Pennsylvania 15222. 

ing by F. W. Bell. Vacuum-melted electronic B h alloys by Special Metals. Plus contributions ull en by other A-L member companies, each call-
ing on the pooled technology of all to make 

Alleghenv Ludlum is more thaI a steel compalJ 
115 

© 1969 SCIENTIFIC AMERICAN, INC



ing through the terraces are channels cut 
bv streams that flowed across the shelf 
,;hen the sea level was low. Most of 
these channels have been filled by sedi
ment; they can be recognized only by 
seismic profiling and by drilling on the 
shore at the mouths of stream valleys. 
Probably hundreds of channels cross the 
continental shelves of the U.S., but only 
a dozen are known. One channel, the 
one cut by the Hudson River off New 
York, is so large it is not yet filled with 
sediment. 

At the seaward end of the channels, 
near the edge of the shelf, the channels 
are replaced by the heads of submarine 
canyons that continue down the conti
nental slope to depths of several kilome
ters. The continuation of the submarine 
canyons to depths far below the maxi
mum probable lowering of the sea level 
means that the canyons must have been 
formed by some process that operates 
under the ocean surface. Although the 
matter is still the subject of debate, most 
of the evidence favors the view that the 
canyons were excavated by turbidity 
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currents: currents that arise when sedi
ment slips down a slope and becomes 
mixed with overlying water, thereby in
creasing its density so that it continues 
down the slope, often at high speed, 
Today the shelf off the East Coast of the 
U.S. is only slightly modified by sub
marine canyons; only the heads of the 
canyons indent the shelf edge. When the 
sea level was at its lowest, the canyons 
were probably important factors in sedi
mentation. The shelf off the West Coast 
of the U.S. is so narrow that the heads of 
many canyons reach almost to the shore. 
In those areas the canyons serve to trap 
and divert sand that is moved along in 
the shore zone under the influence of 
wind-driven waves and their associated 
currents. As a result the sand that is 
brought to the shore by streams and cliff 
erosion is only temporarily added to the 
beaches; eventually it moves seaward 
through the canyons in the form of slow 
sand glaciers or rapid turbidity currents. 

The water above the continental 
shelves is complex in composition and 
movement because it is shallow and 

close to the land. Large rivers contrib
ute so much fresh water that they dilute 
the ocean, but they also increase the 
local concentration of calcium, phos
phate, silica and nitrate-precisely those 
elements and compounds that elsewhere 
in the ocean have been reduced to low 
concentration by incorporation into ma
rine plants and animals. Continental
shelf waters that are distant from river 
mouths are sometimes saltier than the 
open sea because their rate of evapora
tion is high. Local variations in salinity 
(and therefore density) control the direc
tion of currents on the shelf. For exam
ple, the low salinity at the mouth of a 
river means a higher sea level near the 
shore than farther out on the shelf, lead
ing to a flow toward the right (when one 
is facing the ocean in the Northern Hem
isphere), 

Just at the shore, however, the long
shore currents are mainly controlled 

by the angle at which waves intersect 
the beach, which in turn is a function of 
the wind direction. As a result the cur-
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SHELF OFF JACKSONVILLE, FLA., has been studied by two geo· 

physical methods: seismic reflection (top) and drilling (bottom). 

Seismic studies can show only the general nature of the stratig. 

raphy. Cores obtained by the JOIDES project, a drilling study con· 

ducted by a consortium of institutions, made it possible to map the 
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stratigraphy in considerable detail. The vertical scale is exagger· 

ated 67 times. The approximate termination dates for the various 

geologic periods are as follows: Miocene, 10 million years ago; 

Oligocene, 25 million years ago; Eocene, 40 million years ago; 

Paleocene, 55 million years ago; Cretaceous, 65 million years ago. 
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If Custer had 
General Electric Computer 
Time-Sharing Service ... 

. . . it might have 
been Sitting Bull's 
last Stand. 

World Leader 
In Time-Sharing 

Service 

With a terminal in his orderly room (you can put one anywhere), he 
could have foreseen the disaster on paper and achieved a real 
victory. Too bad he risked all on instinct alone. Fortunately, you 
don't have to take chances when you solve your business problems. 

Whether your job is risk analysis (like Custer's), product design, 
sales forecasting or market research, if it involves tedious and costly 
calculations, GE Time-Sharing Service can help you get the right 
answers faster and easier than any other method. How? By offering 
you immediate access to a problem-solving computer. 

... It's easy to learn (GE does the training). It grows with you (we 
have hundreds of ready-to-use computer programs). It's inexpensive 
(you only pay when you use the service). And, it is from General 

Electric, world leader in Time-Sharing Service, 
already serving over 100,000 people like you. 

More facts? Write General Electric Company, 
Section 291-49A, Schenectady, N. Y. 12305. 
Outside U.S.A., write: Canadian GE Information 
Systems Dept., 214 King Street West, Toronto 1, 
Ont.! Australian GE Pty. Ltd., 103 York Street, 
Sydney, NSW 2000/European Information Service 
Operation, G.E.T.S. Co., 42 Avenue Montaigne, 
Paris 8e, France. 

GENERAL e ELECTRIC 
1 17 

© 1969 SCIENTIFIC AMERICAN, INC



rent in the wave zone may be northward, 
the current on the inner half of the shelf 
may be southward and the current on 
the outer shelf may be northward again 
(for example where an oceanic current 
such as the Gulf Stream runs along the 
edge of the shelf). Where rivers bring 
water to the ocean there must be a gen-
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era I current component toward the ocean 
at the surface; this induces a return flow 
toward the land at the bottom [see top 
illustration on page 120]. Thus the sedi
ment on the sea floor may be moved 
landward, often working its way into the 
mouths of estuaries. This means estu
aries are truly ephemeral features, re-

celvmg sediments from both rivers and 
the open shelf. 

Temperature zones on land are main
ly a function of latitude, with second
ary modifications resulting from winds 
whose direction may change seasonally 
or may be controlled by topography. 
Similarly, ocean water is cooled at high 

SALT DOME bulging upward into the continental shelf about 10 

miles south of Galveston in the Gulf of Mexico is shown in this seis

mic record. The water is so shallow (between 10 and 20 meters) 

that the reflection from the surface of the shelf is virtually at the 

top of the recording. Geologists can discern significant features in 

such a record down to a depth of about 3,000 meters. The record 

was made by the Teledyne Exploration Company. The salt dome 

was subsequently drilled and was found to contain hydrocarbons. 
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One-Source-Responsibility 
makes IICCD®your ideal source for 
Oceanographic Handling Systems 

Oceanographic research scientists find in Acco's 
experience the unique qualifications necessary 

for the manufacture of a wide range of products 

for hydrospace exploration. 

Whether requirements call for highly specialized 

application or more conventional use, Acco's 
one-source-responsibility for the complete han

dling package assures top-notch performance 

under all conditions. 

AI-u-flex® aluminized wire rope, for instance, 

combines the strength of steel with the corro

sion-resistance of aluminum; Tensile Communi

cation Line combines electrical conductivity with 

high tensile strength; Magnetometer, Bathyther

mograph, Sound Velocity, and Current Meter 

Winches, as well as Automatic Payout Anchoring 

Systems-all facilitate the handling of scientific 

equipment. 

For more detailed information, contact V. C. Peterson, Acco, 
Box 8, West Pitston, Pa. 18643 

A IImeRlcan CHain E caBle co. 
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JERSEY 

BOTTOM CURRENTS, indicated by arrows, can be traced with 

the help of simple plastic devices called bottom-drifters. The gray 
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band marks the boundary between landward flow and seaward 

flow. The broken line represents the edge of the continental shelf. 
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EQUATOR 

CHARACTER OF SHELF SEDIMENTS around an ocean basin, 

shown here schematically, is heavily influenced by oceanic cur

rents. The rotation of the earth produces a clockwise flow in the 

Northern Hemisphere, so that the western edge of the basin, up to 

a certain latitude, is warmer than the eastern edge. Thus biogenic 
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sediments extend farther north on the west than on the east. The 

effect would be greater except for a counterflow of arctic water on 

the western side of the basin. Detrital sediments are the typical out

wash of continents. Authigenic sediments are minerals that come 

out of solution under suitable conditions and fall to the ocean floor. 
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latitudes and heated at low ones. At the 
same time, however, the pattern of cur
rents in the open ocean displaces the 
climatic zones in a clockwise direction 
in the Northern Hemisphere and coun
terclockwise in the Southern Hemi
sphere. The displacement causes the 
water above the shelf at middle latitudes 
to be walmer on the western side of an 
ocean than on the eastern side [see bot
tom illustration on opposite page]. At 
high latitudes the flow of arctic water 
makes the shelf colder on the western 
side than on the eastern one. As a result 
the correlation of animal species with 
shelf latitude shovvs a displacement on 
the opposite sides of oceans. Moreover, 
temperature zones are compressed on 
the western side and expanded on the 
eastern. The movements of currents, 
waves and tides above the shelves are 
so complex that they have received little 
study compared with those of the deep 
ocean. Much fieldwork is needed. 

T·he present great interest in exploring 
the world's continental shelves flows 

from their potential economic exploita
tion. About 90 percent of the world's 
marine food resourres, now extracted at 
the rate of $8 billion per year, comes 
from the shelves and adjacent bays [ see 
"The Food Resources of the Ocean ," by 
S. J. Holt, page 178]. Most of this is fish 
for human and animal consumption; the 
remainder is largely used for fertilizer. 

Second in economic importance is pe
troleum and natural gas from the shelI; 
their present a-nnual value is about $4 
billion, representing nearly a fifth of the 
total world production of thesG sub
stances [see "The Physical Resources of 
the Ocean," by Edward Wenk, Jr., page 
166]. Currently about $ 1  billion worth 
of oil and gas a year is extracted from 
the shelves off the U.S., and much of the 
rest was developed by American com
panies with interests abroad. It is safe to 
predict that the future production from 
the world's continental shelves will in
crease at a greater rate than production 
from wells drilled on land. 

The third marine resource in terms of 
present annual production and future 
potential is lowly sand and gravel. At 
present about $200 million worth per 
year is mined for landfill and road con
struction in the U.S., for concrete aggre
gate in Britain and for both purposes 
elsewhere. As cities and megalopolises 
continue to grow and show a preference 
for the coastal regions, and as readily 
available stream deposits are exhausted 
or are overlain by houses, there is every 
prospect that the offshore production of 
sand and gravel will increase greatly. 

WHATEVER YOUR NEEDS are for drydocking, transferring, 
or launching vessels, our engineers will help determine the 
best answers to those needs ... will prepare estimates ... 
even visit your yard, anywhere in the world, at no cost 
or obligation. Write today for literature: 
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T h e  s u c cess of m a n ' s  futu re fo r expo it
ing the ocean d e p t h s  d e pen d s  l a rg e l y  
u po n  c o m m u n i ca t i o n s .  Safe r o p e ra t i o n s  
a re assu red fo r t h i s  c r i t i c a l  aspect  o f  d i v
i n g  by t h e  u s e  of I E C ' s  D i v e r  C o m m u n i c a
t i o n  Syste m .  

U n its h a v e  b e e n  tested fo r ove r 2 , 000 
h o u rs at v a r i o u s  d e pt h s  down to 1 , 000 
feet i n  c h a m be rs a n d  h a rd - h ats.  The sys
tem i s  c u rre n t l y  i n  use by the U n ited 
States N avy and c o m m e r c i a l  i n d u s t ry in  
t h e  G u l f  o f  M e x i c o ,  o n  both t h e  east and 
west coasts,  and i n  fore i g n  a reas.  The 
syste m p rov ides n o r m a l  a s  we l l  as h e l i u m  
vo ice p rocess i n g  capab i l i t ies .  

I EC p l a n s  to i n c o rpo rate i n to its p res
e n t  syste m a c a b l e less TV system w h i c h  
w i l l  p ro v i d e  a c o m p l ete u n d e rwate r. a u d io
v isual  co m m u n i cat ion c a pa b i l i ty.  

D I R ECT ALL I N Q U I R I E S  TO: 
JACK H.  Y O U N G ,  

Director of Marketing & Sales 

In planning its future as a 
diversified company, IEC has 

chosen other areas for expansion, 
Including the fol/owing: 

• Educational  A i d s ;  Speed Readers 

INTEGRATED ELECTRONICS a n d  R e a d i n g  Testers. 
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We read much about the. possibility 
of economic exploitation of valuable 
heavy minerals from the sea floor, name
ly ilmenite, rutile, zircon, tin, monazite, 
iron, gold and diamonds. The total pro
duction of these minerals from below the 
sea is now less than $50 million per year. 
Production may increase, particularly in 
the case of tin, but it is decreasing for 
iron. Prospects for gold are not very 
hopeful, and diamonds have never been 
mined profitably from the sea floor. The 
basic problem is that economic placer 
deposits of tin and gold are found only 
within a few kilometers of the original 
igneous sources, and few continental 
shelves contain metalliferous igneous 
sources. Similarly, ilmenite, rutile, zircon 
and monazite require the high-energy 
wave environment of beaches to form 
deposits that are concentrated enough 
and large enough to be mined at a profit. 
When ancient beach deposits are sub
merged, even if they are not buried un
der worthless sediment or mixed with it, 
the cost of mining increases substantially. 
They will probably be mined in the fu
ture but not until they are economically 
competitive with shoreline deposits . This 
could come about either through a rise 
in prices, resulting from a diminution of 
known deposits on land, or when more 
efficient mining and separation methods 
are devised for the marine environment. 

Phosphorite is present in large quan
tities on shelves off southern California, 
Peru, southeastern Africa, northeastern 
Africa and Florida. It can be mined off 
the U.S., but it has to compete with 
high-grade land deposits in Florida, 
Montana, Idaho and Wyoming (where 
there is about a 1,000-year supply at 
present rates of mining). Most investiga
tors have concluded that the cost of min
ing at sea exceeds the cost of mining on 
land plus the costs of land transporta
tion. Some deposits far from the U.S., 
however, may justify mining, particular
ly because some of them may be near 
places where there is a great need for 
fertilizer, such as India. Unfortunately 
the distribution of phosphorite in these 
areas is poorly known, and little or no 
effort is currently being expended on 
their investigation. 

The would-be exploiter of the ocean 
will do well to remember the words of 
the old Newfoundland skipper, "We 
don't be takin' no thin' from the sea. We 
has to sneak up on what we wants and 
wiggle it away." Nevertheless, the con
tinental shelves, when they are properly 
investigated, promise to greatly increase 
our knowledge of the earth's history and 
to become a steadily more important 
source of food and raw materials. 
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IBM's Ed Coughran goes to sea 
with a computer to study the unknown 
ways and whims of the ocean's deep. 

" For centuries , the oceans have been a good friend to man , "  says 

oceanographer Coughran . " They have been his highway , hunt

ing ground ,  battleground ,  playground and ,  unfortunately, his 

dumping ground .  But how they behave is something we know 

very little about . The j ob of the oceanographer is to try to under

stand them better, and pass the information along to others . 

" Of course,  there 's  a lot we do know about oceans . But 

our present body of knowledge doesn 't give us a true insight 

into the fundamental nature of the sea.  Why does it move in 

different ways at different levels ? How will mid-ocean tempera

ture changes affect our weather ? How much water actually 

flows from one body to another ? How long can it withstand the 

debris we pump into it ? There are thousands of secrets we 'd 

like to pry from the sea . 

"We conduct our research experiments on lonely , unex

plored stretches of ocean , hoping to come up with small truths 

we never knew before . The bits of information we get are run 

through our seagoing computers . What oceanographers hope 

to do with computers is  build a mathematical picture of the 

oceans themselves , to predict their future behavior . 

l i The seas give up their secrets grudgingly , challenging 

men to get what they can , almost drop by drop . But this is the 

kind of challenge I like . It  may take many years IBM of work , but some day we may truly know how 

to use and conserve the oceans of our world . "  ® 
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THE DEEP-OCEAN FLOOR 

The discovery that it is gro'wing out"rard fron1 the mid-ocean 

ridges has suggested that it is formed In huge plates that 

act as unIts In the dynaluic processes of the earth's crust 

O
ceanic geology is in the midst of a 
revolution. All the data gathered 
over the past 30 years-the sound

ings of the deep ocean, the samples and 
photographs of the bottom, the measure
ments of heat flow and magnetism-are 
being reinterpreted according to the con
cept of continental drift and two new 
concepts: sea-floor spreading and plate 
tectonics ( the notion that the earth's 
crust consists of plates that are created 
at one edge and destroyed at the other) . 
Discoveries are made and interpretations 
developed so often that the scientific lit
erature cannot keep up with them; they 
are reported by preprint and wandering 
minstrel . At such a time any broad syn
thesis is likely to be short-lived, yet so 
many diverse observations can now be 
fitted into a coherent picture that it 
seems worthwhile to present it. 

Before continental drift, sea-floor 
spreading and plate tectonics captured 
the imagination of geologists, most of 
them conceived the earth's crust as being 
a fairly stable layer enve�oping the 
earth's fluid mantle and core. The only 
kind ot motion normally perceived in 
this picture was isostasy: the tendency 
of crustal blocks to float on a plastic man
tle. The horizontal displacement of any 
geologic feature by as much as 100 ki
lometers was considered startling. This 

PILLOW LA VA assumes its rounded shape 

because it cools rapidly in ocean water. This 

flow lies on the western slope of the mid· 

ocean ridge in the South Atlantic at a depth 

of 2,650 meters. Such flows erupt from the 

many volcanic vents and fissures that are 

created as the ocean floor spreads <Jut from 

the mid·ocean ridges in the form of vast 

crustal plates. The photograph was made 

under the direction of Maurice Ewing of 

the Lamont.Doherty Geological Observatory. 

by II. W. Menard 

view is no longer consistent with the ge
ological evidence. Instead each new dis
covery seems to favor sea-floor spread
ing, continental drift and plate tectonics.  
These concepts are described elsewhere 
in this issue [see "The Origin of the 
Oceans," by Sir Edward Bullard, page 
66]. Here I shall recapitulate them brief
ly to show how they are related to the 
actual features of the deep-ocean floor. 

kcording to plate tectonics the earth's 
crust is divided into huge segments 

afloat on the mantle. When such a plate 
is in motion on the sphere of the earth, 
it describes a circle around a point 
termed the pole of rotation (not to be 
confused with the entire earth's pole of 
rotation) . This motion has profound geo
logical effects . When two plates move 
apart, a fissure called a spreading center 
opens between them. Through this fis
sure rises the hot, plastic material of the 
mantle, which solidifies and joins the 
trailing edge of each plate. Mean-while 
the edge of the plate farthest from the 
spreading center-the leading edge
pushes against another plate. Where 
that happens, the leading edge may be 
deflected downward so that it sinks into 
a region of soft material called the as
thenosphere, 100 kilometers or more be
low the surface. This process destroys 
the plate material at the same rate at 
which it is being created at its trailing 
edge. Many of the fissures where plate 
material is being created are in the mid
dle of the ocean floor, which therefore 
spreads continuously from a med:an line. 
Where the plates float apart, the conti
nents, which are embedded in them, 
also drift away from one another. 

The most obvious consequence of this 
process on the ocean floor is the sym
metrical seascape on each side of a 
spreading center. As two crustal plates 

move apart (at a rate of one to 10 centi
meters per year), the basaltic material 
that wells up through the spreading cen
ter between them splits down the mid
dle. The upwelling in some way pro
duces a ridge, flanked on each side by 
deep ocean basins and capped by long 
hills and mountains that run parallel to 
the crest .  The flow of heat from the 
earth's interior is generally high along 
the crest because dikes of molten rock 
have been injected at the spreading cen
ter. A spreading center may also open 
under a continent. If it does, it produces 
a linear deep such as the Red Sea or the 
Gulf of California. If it continues to 
spread, or if the spreading center opens 
in an existing ocean basin, the same sym
metrical seascape is ultimately formed. 

This symmetry extends to less tangible 
features of the ocean floor such as the 
magnetic patterns in the basalt of the 
slopes on either side of the mid-ocean 
ridge. As the plastiC material reaches the 
surface and hardens, it "freezes" into it 
the direction of the earth's magnetic 
fie;d. The earth's magnetic field reverses 
from t:me to time, and as each band of 
new material moves outward across the 
ocean floor it retains a magnetic pattern 
shared by a corresponding band on the 
other side of the ridge. The result is a 
matching set of parallel bands on both 
sides. These patterns provide evidence 
of symmetrical flows and make it pos
sible to date them, since they correspond 
to s:milar patterns on land that have 
been reliably dated by other means.  

The steepness of the mid-ocean ridge 
is determined by a balance betvveen the 
rate at which material moves outward 
from the spreading center and the rate 
at which it sinks as it ages after solidify
ing. The rate of sinking remains fairly 
constant throughout the ocean basin, 
and it seems to depend on the age of the 
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FAST SPREADING of the sea floor is revealed by gentle slopes. 

The sea floor is created at a spreading center that leaks molten 

rock from several dikes intruding from a pool in the low·density 

mantle (light shading). As the molten rock emerges it cools and 

adheres to the crust sliding away on each side of the fissure. If the 

crust moves at more than three centimeters per year, the slopes are 
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gradua� because spreading, which is horizontal, is rapid compared 

with the sinking of the crust. The balance between the two de

termines the steepness of the slope. Fast spreading also produces 

a thin volcanic layer because material moves so quickly from the 

fissure that it cannot accumulate. Islands built by eruptions are 

distant from the center because they grow on rapidly moving crust. 
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SLOW SPREADING produces steep slopes. Here the crust moves 

less than three centimeters per year; consequently sinking domi· 

nates the slope-forming process and produces steep escarpments. 

The volcanic layer is thicker at a slow center because material has 

time to accumulate. Mountains and volcanoes are high near the 

spreading center because the crust moves so slowly that the lava 

128 

SEDIMENT 
....... ,:.: .... ;; ..... 

,MANtLE 
% " 

1,000 2,000 

piles up. After 100 million years crust produced from a slow spread· 

ing center has strong similarity to crust from a fast center. Both 

kinds of crust have sunk to a depth of five kilometers. The oceanic 

layer is about five kilometers thick. Both fast- and slow·spreading 

crust are covered by the same kind of sediment. Slow spreading 

occurs mainly in the Pacific, fast spreading in the Atlantic. 
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crust. It can be calculated if the age of 
the oceanic crust (as indicated by the 
magnetic patterns) is divided into the 
depth at which a particular section lies . 
Such calculations show that the crust 
sinks about nine centimeters per 1,000 
years for the first  10 million years after 
it forms, 3.3 centimeters per 1,000 years 
for the next 30 million years, and two 
centimeters per 1,000 years thereafter. 
Not all the crust sinks : on the southern 
Mid-Atlantic Ridge the sea floor has re
mained at the same level for as long as 
20 million years . 

The rate at which the sea floor 
spreads varies from one to 10 centimeters 
per year. Therefore fast spreading builds 
broad elevations and gentle slopes such 
as those of the East Pacific Rise.  The 
steep, concave flanks of the Mid-Atlantic 
Ridge, on the other hand, were formed 
by slow spreading. 

vVhether the slopes are steep or gen
tle, the trailing edge of the plate at the 
spreading center is about three kilome
ters higher than the leading edge on the 
other side of the plate. The reason for 
this difference in elevation is not known. 
Heating causes some elevation and cool
ing some sinking, but the total relief ap
pears much too great to be attributed to 
thermal expansion. Cooling m ight ac
count for the relatively rapid s inking ob
served during the first 10 million years, 
but continued sinking remains a puzzle. 

A decade ago scanty information sug
gested that the mid-ocean ridge in both 
the Atlantic and Pacific was continuous, 
with a few branches.  More complete 
surveys have revealed that crustal plates 
have ragged edges.  Instead of extending 
unbroken for thousands of kilometers, a 
mid-ocean ridge at the trailing edges of 
two crustal plates fOlms a zigzag line 
consisting of many short segments con
nected by fracture zones to other ridges, 
trenches, young mountain ranges or 
crustal sinks. The fracture zones con
necting the ridge segments are associat
ed with what are called "transfOlm" 
faults . They provide important clues to 
the history of a plate. Because they fOlm 
some of the edges of the plate, they de
lineate the circle around its pole of rota
tion, thereby indicating the direction in 
which it has been moving. 

From what has been said so far it 
might appear that the spreading cen

ters are fixed and stationary. The con
stantly repeated splitting of the new 
crust at the spreading center produces 
symmetrical continental margins, sym
metrical magnetic patterns on the ocean 
floor, symmetrical ridge flanks and even 

ASTHENOSPH ERE 

TRENCH IS CREATED where the leading edge of a plate that emerges from a fast spread· 

ing center collides with another plate. Because the combined speed of the two is more than 

six centimeters per year neither can absorb the impact by buckling. Instead one crustal 

plate (in lithosphere) plunges under the other to be destroyed in the asthenosphere, a 

hot, weak layer below. The impact produces volcanoes, islands and a deep, such as the 

Tonga Trench. Beside a trench are cracks that are produced by bending of the crust. 

YOUNG MOUNTAINS 

MOUNT AIN RANGE IS FORMED when the leading edges of two' plates come together at 

less than six centimeters per year. Instead of colliding catastrophically, so that one plate 

slides under the other, both plates buckle, raising a young mountain range between them. 

The range consists of crustal material that folds upward under the compression exerted by 

the two plates (and also downward, forming the root of the mountain). Such ranges can be 

identified because they contain cherts and other material typical of the ocean bottom. 
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symmetrical mountain ranges.  More 
often than not, however, it has been 
found that the spreading center itself 
moves.  Oddly enough such movement 
gives rise to the same symmetrical geol
ogy. All that is required in order to main
tain the symmetry is that the spreading 
center move at exactly half the rate at 
which the plates are separating. If it 
moved faster or slower, the symmetry 
of the magnetic patterns would be de
stroyed. 

Imagine, for instance, that the plate 
to the east of a spreading center remains 
stationary as the plate to the west moves . 
Since the material welling up through 
the fissure splits down the middle, half 
of it adheres to the stationary plate and 
the other half adheres to the moving 
plate. The next flow of material to well 
up through the split thus appears half 

1 

2 

3 

the width of the spreading center away 
from the stationary plate. The flow after 
that appears a whole width of the 
spreading center away from the station
ary plate, and so on. In effect the spread
ing center is migrating away from the 
stationary plate and following the mov
ing one. If the speed of the spreading 
center exceeded half the speed of the 
migrating plate, however, a kind of geo
logical Doppler effect would set in: the 
bands of the magnetic pattern would be 
condensed in the direction of the moving 
plate, and they would be stretched out 
in the direction of the stationary plate 
[see illustration below]. 

It might seem unlikely that the 
spreading center would maintain its even 
rate of speed and remain exactly be
tween the two plates. W. Jason Morgan 
of Princeton University observes, how-

> 

> 

SPREADING CENTER MOVES, yet it can still leave a symmetrical pattern of magnetized 

rock. The molten material emerging from a spreading center becomes magnetized because 

as it cools it captures the prevailing direction of the earth's periodically changing magnetie 

field. In the instance illustrated here the right·hand plate moves out to the right while the 

left·hand plate remains stationary. In 1 hot material from a dike arrives at the surface, 

cools and splits down the middle. In 2 the next injection of material arrives in the 

crevice between the two halves of the preceding mass of rock. The new mass is therefore 

half the width of the preceding mass farther from the stationary plate than the preceding 

mass of material itself was. In 3 the new material has cooled and split in its turn and 

another mass has appeared that is a whole width farther from the left·hand plate. As long 

as the center moves at half the speed at which the right·hand plate moves away the magnetic 

bands remain symmetrical. If plate moved faster or more slowly, they would be jumbled. 
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ever, that there is no impediment to such 
motion, prOVided only that the crust 
splits where it is weakest (which is where 
it split before, at the point where the 
hot dike was originally injected) . As a 
result the spreading center is always ex
actly between two crustal plates whether 
it moves or not. 

Moving spreading centers account for 
some of the major features of the ocean 
floor. The Chile Rise off the coast of 
South America and the East Pacific Rise 
are adjacent spreading centers . Since 
there is no crustal sink between them, 
and new plate is constantly being added 
on the inside edge of each rise, at least 
one of the centers must be moving, oth
ervvise the basin between them m ight 
fold and thrust upward into a mountain 
range or downward into a trench. Sim
ilarly, the Carlsberg Ridge in the Indian 
Ocean and the Mid-Atlantic Ridge are 
not separated by a crustal sink and 
hence one of them must be moving. 

A moving center may have created 
the ancient Darwin Rise on the western 
edge of the Pacific basin and also the 
modern East Pacific Rise.  As in the case 
of the Carlsberg Ridge and the Mid-At
lantic Ridge, the existence of two vast 
spreading centers on opposite sides of 
the ocean with no intervening crustal 
sink has puzzled geologists . If such cen
ters can move, however, it  is possible 
that the spreading center in the western 
Pacific merely migrated all the way 
across the basin, leaVing behind the 
ridges of the Darwin Rise.  In this way 
one rise could simply have become the 
other. Many other examples exist, and 
Manik Talwani of the Lamont-Doherty 
Geological Observatory proposes that all 
spreading centers move. 

k a plate forms at a spreading center 
it consists of two layers of material, 

an upper "volcanic" layer and a lower 
"oceanic" one. Lava and feeder dikes 
from the mantle fOlm the volcanic layer; 
its rocks are oceanic tholeiite (or a m eta
morphosed equivalent) , which is rich in 
aluminum and poor in potassium . The 
oceanic layer is also some form of mantle 
material, but its precise composition, 
denSity and condition are not known. 
Farther down the slope of the ridge the 
plate acquires a third layer consisting of 
sediment.  

The sediment comes from the conti
nents and sifts down on all parts of the 
basin, accumulating to a considerable 
depth. It is mixed with a residue of the 
hard parts of microorganisms that is 
called calcareous ooze. Below a certain 
depth (which varies among regions) this 
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material dissolves, and only red clay and 
other resistant components remain. 

For reasons .only partly known the 
sediment is not uniformly distributed. 
At the spreading center the newly cre
ated crust is of course bare of sediment, 
and within 100 kilometers of such a cen
ter the calcareous ooze is rarely thick 
enough to measure. The ooze accumu
lates at an average rate of 10 meters for 
each million years, during which time 
the plate moves hOrizontally from 10,000 
to 100,000 meters and sinks 100 meters . 
\Vhere the red clay appears, it accumu
lates at a rate of less than one meter per 
million years . 

The puzzle deepens when one consid
ers that sediment on oceanic crust o lder 
than 20 million years stops increasing 
in thickness after it sinks to the depth 
where the calcareous ooze dissolves . In
deed, in many places the age of the old
est sediment is about the same as the 
volcanic layer on which it lies .  It would 
therefore seem that almost all the deep
ocean sediment accumulates in narrow 
zones on the flanks of the mid-ocean 
ridges . If this is correct, it has yet to be 
explained. 

The volcanic layer forms mainly at 
the spreading center. Volcanoes and 
vents on the slopes of the mid-ocean 
ridge contribute a certain amount of 
oceanic tholeiite to it. It can be said in 
general that the thickness of the volcanic 
layer decreases as the spreading rate in
creases. If the crust spreads slowly, the 
material has time to accumulate. Fast 
spreading reduces this time and there
fore the accumulation. The conclusion 
can be drawn that the rate at which the 
volcanic-layer material is discharged is 
nearly constant. These relations are 
based on only 10 observations, but they 
apply to spreadin g rates from 1.4 centi
meters to 12 cell timeters per year, and 
to thicknesses from .8 kilometer to 3.8 
kilometers. 

The total flow of volcanic material 
from all active spreading centers is 

about four cubic kilometers per year
four times the flow on the continents. 
Not the slightest sign of this volcanism 
on the ocean bottom can be detected at 
the surface of the ocean, with one pos
sible exception: late in the 19th century 
a ship reported seeing smoke rising from 
the waters above the equatorial Mid-At
lantic Ridge. The British oceanographer 
Sir John Murray remarked that he hoped 
the smoke signified the emergence of an 
island, s ince the Royal Navy needed a 
coaling station at that point. 

Like the volcanic layer, the oceanic 
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( ) 
NEW SPREADING DIRECTION 

( ) 
SPREADING DIRECTION 

HOW A PLATE MOVES is revealed by the patterns of magnetic bands (time of formation 

is indicated by numbers) and by the relation between ridges and faults in the northeastern 

Pacific. At the time illustrated in 1 material from the Murray fault and other faults con

nected segments of the ridge (indicated by letters) offset from one another by plate mo

tion. At the time shown in 2 the spreading direction changed. The readjustment of the 

plates has shortened the Pioneer-Mendocino ridge segment (8 J wliile lengthening and re

orienting the Pioneer, Mendocino and Molokai transform faults. In 3 the Mendocino fault 

remains the same length, but between most of the other ridges faults have been short

ened or have almost disappeared as ridge segments tended to rejoin one another. Between 

Murray and Molokai faults ridge has jumped eastward, and one segment CD J has vanished. 
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Antarctica and the Sub-Antarctic Islands. 
Voyage to a continent few people have 
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cluding air transportation. 
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Dept. SA, LINDBLAD TRAVEL, INC. 
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133 E. 55th Street, New York, N.Y. 10022 
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layer forms at the spreading center. 
Acoustical measurements of the thick
ness of this layer at spreading centers, 
on the Ranks of mid-ocean ridges and on 
the deep-ocean Roar show, however, that 
at least part of the oceanic layer evolves 
slowly from the mantle rather than so
lidifying quickly and completely at the 
spreading center. At the spreading cen
ter the thickness of the layer depends on 
how fast the ocean Roar moves . In re
gions such as the South Atlantic, where 
the Roar spreads at a rate of two centi
meters per year, no oceanic layer forms 
within a few hundred kilometers of the 
spreading center. Farther away from 
the spreading center the oceanic layer 
accumulates rapidly, reaching a nOlmal 
thickness of four to five kilometers on the 
Rank of the mid-ocean ridge. A spread
ing rate of three centimeters per year is 
associated with an oceanic layer roughly 
two kilometers deep at the center that 
thickens by one kilometer in 13 million 
years . A plate with a spreading rate of 
eight centimeters per year is three kilo
meters deep at the center and thickens 
by one kilometer in 20 million years.  
Thus the thinner the initial crust is,  the 
faster the thickness increases as the crust 
spreads . 

As a plate Rows continuously from 
the spreading center, faulting, volcanic 
eruptions and lava Rows along the length 
of the mid-ocean ridge build its moun
tains and escarpments . This process can 
be most easily observed in Iceland, a 

part of the Mid-Atlantic Ridge that has 
grown so rapidly it has emerged from 
the ocean. A central rift, 45 . kilometers 
wide at its northern end, cuts the island 
parallel to the ridge. The sides of the 
rift consist of active, steplike faults. 
There are other step faults on the rift 
Roar, which is otherwise dominated by 
a large number of longitudinal fissures . 
Some of these fissures are open and 
filled with dikes . Fluid lava wells up 
from the fissures and either buries the 
surrounding mountains, valleys and 
faults or forms long, low "shield" vol
canoes. Two hundred such young volca
noes, which have been erupting about 
once every five years over the past 1,000 
years, dot the Roar of the rift. Thirty of 
them are currently active . 

Just as a balance between spreading 
and sinking shapes the slopes of the mid
ocean ridges, so does a balance between 
lava discharge and spreading build un
dersea mountains, hills and valleys .  High 
mountains normally form at slow centers 
where spreading proceeds at two to 3.5 
centimeters per year. In contrast, a 
spreading center that opens at a rate of 
five to 12 centimeters per year produces 
long hills less than 500 meters high. This 
relationship is a nat\lral consequence of 
the long-term constancy of the lava dis
charge. Over a short period of time, how
ever, the lava discharge may Ructuate 
or pulsate, a picture suggested by the 
fact that the thick volcanic layer asso
ciated with slow spreading can consist 

RIDGE-RIDGE TRANSFORM FAULT appears between two segments of ridge that are 

displaced from each other. Mountains are built, earthquakes shake the plate edges and 

volcanoes erupt in such an area because of the forces generated as plates, formed at the 

spreading centers under the ridges, slide past each other in opposite directions. On outer 

slopes of the mid·ocean ridges, however, this intense seismic activity appears to subside. 
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of volcanic mountains (which represent 
copious flow) separated by valleys cov
ered by a thinner volcanic layer. 

The volcanic activity and faulting that 
first appear near the spreading centers 
decrease rapidly as the plate ages and 
material moves toward its center, but 
volcanic activity in some form is never 
entirely absent. Small conical volcanoes 
are found on crust only a few hundred 
thousand years old near spreading cen
ters, and active circular volcanoes such 
as those of Hawaii exist even in the mid
dle of a plate. It  would appear that the 
great cracks that serve as conduits for 
dikes and lava flows are soon sealed as a 
plate ages and spreads.  Volcanic activity 
is then concentrated in a few central 
vents, created at different times and 
places . 

Many of these vents remain open for 
tens of millions of years, judging by 
the size and distribution of the different 
classes of marine volcanoes .  First, the 

==-

PACIFIC OCEAN 

biggest volcanoes are .increasingly big 
at greater distances from a spreading 
center, which means they must continue 
to erupt and grow as the crust ages and 
sinks, even when the age of the crust 
exceeds 10 million years . In most places, 
in fact, a volcano needs at least 10 mil
lion years in order to grow large enough 
to become an island. Volcanoes that dis
charge lava at a rate lower than 100 cu
bic kilometers per million years never 
become islands because the sea floor 
sinks too fast  for them to reach the sea 
surface. 

Other volcanoes drifting with a 
spreading ocean floor may remain ac
tive or become active on crust that is 
100 million years old (as the volcanoes 
of the Canary Islands have) . Normally, 
however, volcanoes become inactive by 
the time the crust is 20 to 30 million 
years old. This is demonstrated by the 
existence of guyots, drowned ancient 
island volcanoes that were submerged 

by the gradual sinking of the aging crust. 
Guyots are found almos t  �mtirely on 
crust that is more than 30 million years 
old, such as the floor of the western 
equatorial Pacific. 

Traditionally it has been thought that 
marine volcanoes spew lava from a 

magma chamber located deep in the 
mantle . Some volcanoes have a top com
posed of alkali basalt, slopes with transi
tional basalt outcrops and a base of oce
anic tholeiite, and it  was therefore 
assumed that the lava in the magma 
chamber became differentiated into com
ponents that, rather like a pousse-cafe, 
separated into several layers of different 
kinds of material, each of which followed 
the layer above it  up the spout. The 
emergence of plate tectonics and conti
nental drift as respectable concepts have 
now brought this view of volcanic action 
into question. 

It remains perfectly possible for a 

MAGNETIC PATTERNS reveal how the plate forming the floor of 

the northeastern Pacific has moved. Its active eastern edge now 

stretches from Alaska through California (where it forms the San 

Andreas fault) to the Gulf of California. In the gulf spreading 

centers break into short segments joined by active faults. Plate 

motion is opening the gulf and moving coastal California in the 

direction of the Aleutians. To the south lies the Great Magnetic 

Bight, formed by three plates that spread away from one another. 
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volcano to drift for tens of millions of 
years over hundreds of kilometers while 
tapping a single magma chamber em
bedded deep in the mantle. The motion 
of the plates, however, suggests another 
hypothesis. According to this view, the 
volcano and its conduit drift along with 
the crust as the conduit continually taps 
different parts of a relatively stationary 
magma that is ready to yield various 
kinds of lava whenever a conduit ap
pears. In actuality the composition of the 
lava usually changes only slightly after 
the first 10 to 20 kilometers of drifting. 
Although the older hypothesis is still rea
sonable, the newer one must also be con
sidered because it explains the facts 
equally well. 

In addition to their characteristic vol
canoes and mountains, spreading cen
ters are marked by median valleys, 
which in places such as the North At
lantic or the northwestern Indian Ocean 

are deeper than the surrounding region . 
These rifts are commonly found in cen
ters opening at a rate of two to five centi
meters per year. The deepest rifts, which 
may go as deep as 1,000 to 1,300 meters 
below the surrounding floor, are asso
ciated with spreading at three to four 
centimeters per year. Only one valley is 
known to be associated with spreading 
at five to 12 centimeters per year. Al
though rifts are not found in all spread
ing centers, they usually do appear in 
conjunction with a slow center. Both of 
these features are also associated with 
volcanic activity. 

The mid-ocean ridges, as we have 
noted, seldom run unbroken for more 
than a few hundred kilometers. They are 
interrupted by fracture zones, and the 
segments are shifted out of line with 
respect to one another. These fracture 
zones run at right angles to the ridge and 
connect the segments. Where they lie be-

tween the segments they are telmed 
ridge-ridge transform faults, �hich are 
the site of intense geological activity. As 
the two edges of the fault slide past each 
other they rub and produce earthquakes. 
The slope of a transform fault drops 
steeply from the crest of one ridge seg
ment to a point halfway between it and 
the adjacent segment and then climbs to 
the top of the adjacent segment, reflect
ing the fact that the crust is elevated 
at the spreading center and subsides at 
some distance from it [see illustration on 
page 132]. 

Like spreading centers, fracture zones 
have their own complex geology. In these 
areas the ridges stand as much as several 
kilometers high, and the troughs are 
equally deep. It appears that the same 
volcanic forces that shape the main 
ridges produce the mountains and val
leys of the faults. As fracture zones open 
they slowly leak lava from hot dikes. At 
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TIME (MILLIONS OF YEARS) 
UNDERSEA VOLCANOES normally he gin to rise near spreading 

centers. Then they ride along on the moving plate as they grow. If 

a volcano rises fast enough to surmount the original depth of the 

water and the sinking of the ocean floor, it emerges as an island 
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such as St. Helena in the South Atlantic. To rise ahove the water 

an undersea volcano must grow to a height of about four kilometers 

in 10 million years. Island volcanoes sink after 20 to 30 million 

years and become the sediment·capped seamounts called guyots. 
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Basic Research at Honeywell 
Research Center 

Hopkins, Minnesota 

Investigations of Passive Materials 
for Sonar Devices 

Use of new combinations of materials in sonar trans
ducers should make greater ocean depths accessible for 
investigation and exploitation. 

A critical obstacle to full exploitation of 
ocean resources for both military and com
mercial applications is the lack of equip
ment for communication at depths greater 
than about 2,000 feet. Currently sonar is 
the only means of communicating under
water, since electromagnetic radiation does 
not penetrate the sea significantly, and the 
use of lasers, so far, is strictly experimental. 
The fundamental limitation on sonar equip
ment focuses on the materials used within 
the transducer. These materials must be 
responsive to slight changes in sound ener
gy, while at the same time resisting the 
enormous hydrostatic pressures found at 
increasing depths. 

Sonar devices have two main parts - the 
active element which converts sound en
ergy into measurable electrical signals, or 
vice versa, and the inactive elements which 
control the paths sound can travel in the 
transducer. This directivity pattern of a 
transducer is especially critical to its proper 
functioning; it enables the transducer to 
distinguish sounds from one specific direc
tion from other sounds in the ocean, and 
to transmit sounds in a given direction. 

Thus, transducers are used either as 
projectors (for active sonar) or as hydro
phones (for receivers, or passive sonar). 
In each type, inactive materials 
are selected to match or mis-
match the characteristic im-
pedance (product of density , 
and sound velocity), of the ac- � l.0 
tive materials. Matching mate
rials include those that are 
transparent, refracting and ab
sorbing; mismatching materials 
include those that reRect and 
decouple. 
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pressure up to 10,000 psi, while having 
adequate absorption over the frequency 
range from 1 KHz to 300 KHz. It is "physi
cally impossible" for a single material to 
meet all these conflicting requirements, but 
a compromise is feasible. 

Absorber materials with high absorption 
coefficients at shallow depths in the ocean 
depend upon air cells to scatter the sound 
back and forth on a low absorbing matrix 
material. As the pressure increases, these 
air cells disappear and so does the attenu
ation. Other damping materials have been 
tried using trial-and-error testing in the 
sonar design. However, most of these 
materials have little or no attenuation or 
function poorly as the hydrostatic pressure 
increases. 

Believing that detailed descriptions of 
acoustic and mechanical properties would 
be valuable for future sonar design, Hon
eywell scientists have been investigating a 
wide variety of passive materiab in the 
hope that identification of desirable fea
tures of absorbers successful at sea level or 
slightly higher pressures would help in the 
development of newer, stabler materials. 

Using an impedance tube with an RF 
pulse generation system and small samples, 
measurements were made of a number of 

f=100 KHz 
T=12° C 
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passive materials now in use. Comparing 
transmitted energy (I) and incident energy 
( 10) by means of Lambert's (or Bouquer's) 
Law I=Ioe-2",d, changes in the absorption 
coefficient, "', with varying frequencies of 
sound waves and hydrostatic pressure were 
noted. 

Results suggested that combining mate
rials could be one way to maximize absorp
tive properties. Honeywell has fabricated 
composite materials that have greater 
acoustic attenuation than possible in pure 
materials at the same frequency, and other 
materials which function in frequency 
ranges where pure materials have no mea
surable absorption. Some promising new 
materials are combinations of metals and 
polyurethane rubbers. The metals, rather 
than air, scatter or reflect the energy back 
and forth through the polyurethane matrix, 
causing high sound attenuation. The 
amount of attenuation is varied by chang
ing the composition and the components. 
In some cases as much as 90% of the sound 
is absorbed in one pass through an absorber 
of 1 cm length. Even more important, the 
absorption coefficient is constant as high 
as 2,000 psi, which represents a depth of 
more than 4,000 feet. 

Ongoing investigations will evolve more 
complete descriptions of properties of inac
tive materials. Future development and 
fabrication of new materials, particularly 
combinations of two and conceivably three 
materials, are aiming for stability at 30,000 
feet and below. 

If you are working in the area of mate-
rials for sonar transducers and want to 

know more about Honeywell's 
investigations of passive mate
rials, please contact Dr. Ron
ald W. Higgs, M.S. C1221, 
Honeywell Corporate Research 

1.0 

Center, Hopkins, Minnesota 
55343. If you have an ad
vanced degree and are inter
ested in a career in research at 
Honeywell, please contact Dr. 
John N. Dempsey, Vice Presi
dent Science and Engineering, 
M.S. G5208, Honeywell Inc., 
2701 4th Avenue South, Min
neapolis, Minnesota 55408. 

Honeywell 
A U TO M A TIO N 

A satisfactory absorptive 
material, for example, should 
have impedance equal to that 
of the active element so the 
sound will enter the material. 
The material must neither re
Rect nor transmit sound; must 
be chemically stable in sea wa
ter, and must be unaffected by 
temperature changes from O· 
to 30·C. Above all, it must re
main stable against changes in Absorption coefficients of various combinations of metal and polyurethane rubber. 
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the same time the crust . sinks away from 
the fault line, and this balance produces 
high mountains. 

Beyond the spreading centers the frac
ture zones become the inactive remains 
of earlier faulting. The different rates at 
which these outer flanks of the mid-ocean 

ASTHENOSPHERE 

- - - - - - - - - - - - - - - - - ,  UNDERSEA ERUPTIONS can be explained 

Theg; �Orga n Corp., Dept. SA· l l  in two ways, both consistent with observed 
43 West 61st Street, New York, N.Y. 10023 facts. Since a volcano consists of different 
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up from a magma chamber 50 kilometers or 

more down in the mantle. Now that crustal 

plates have been found to move, another 

theory must be considered. According to this 

idea, the conduit reaches through the mantle 

and taps several different kinds of magma 

at different places in the asthenosphere. 

ridge sink do produce some vertical mo
tion as the scarps of the fracture zone 
decay. This may account f�r th� few 
earthquakes in these areas. I should 
emphasize that it is not known if hor
izontal motion is also absent from such 
dead fracture zones. It is not necessary, 
however, to postulate such motion in 
order to explain existing observations. 

A fracture zone can become active 
again at any time, but if it does so, it be
comes the side of a smaller new plate 
rather than part of the trailing edge of an 
old one. If the flank fracture zones are as 
quiescent as they appear to be, then the 
plates forming the earth's crust are large 
and long.lived. If these fracture zones 
were active, on the other hand, it could 
only be concluded that each one marked 
the flank of a small, elongated plate. 

The direction the plate is moving can 
be deduced from the magnetic pat

tern that runs at right angles to the frac
tures in the fracture zone . \'\Then the 
direction of plate motion changes, the di
rection in which the fracture zone moves 
also changes. This change in direction 
can be most clearly seen in the northeast
ern Pacific, where our knowledge is most 
detailed. On this part of the ocean floor 
the changes of direction have taken 
place at the same time in many zones, 
indicating that the entire North Pacific 
plate has changed direction as a unit [see 
illustration on page 134]. 

On the bottom of the Pacific and the 
North Atlantic the magnetic patterns are 
sometimes garbled. Old transfOlm faults 
may have vanished if short segments of 
spreading center have been united by 
reorientation. By the same token new 
transform faults may have formed if the 
change in plate motion has been too 
rapid to be accommodated by existing 
motions. Thus fracture zones may be dis· 
continuous. They may start and stop ab
ruptly, and the offset of the magnet
ic patterns may change from place to 
place along them without indicating any 
activity except at the former edges of 
plates. 

Some patterns are even harder to in
terpret. Douglas J .  Elvers and his col
leagues in the U . S .  Coast and Geodetic 
Survey discovered an abrupt boomerang
shaped bend in the magnetic pattern 
south of the Aleutians. The arms of this 
configuration, which Elvers calls the 
Great Magnetic Bight, are offset by frac
ture zones at right angles to the magnetic 
pattern. The Great Magnetic Bight seems 
to have required impossible forms of sea
floor spreading and plate movement. 
However, Walter C. Pitman III and 
Dennis E. Hayes of the Lamont-Doher-
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ty Geological Observatory, among oth
ers, have been able to sh�w that the 
configuration is fully understandable if 
it  is assumed that the trailing edges of 
three plates met and formed a Y. Simi
lar complex patterns have now been 
found in the Atlantic and the Pacific. 
Indeed, if the transform faults are per
pendicular to the spreading centers and 
two spreading rates are known, both the 
orientation and the spreading rate of the 
third spreading center can be calculated 
even before it is mapped. One can also 
calculate the orientation and spreading 
rate for a third center that  has already 
vanished in a trench. 

.N. a crustal plate grows, its leading 
edge is destroyed at  an equal rate. 

Sometimes this edge slides under the on
coming edge of another plate and returns 
to the asthenosphere. When this h ap
pens, a deep trench such as the Mariana 
Trench and the Tonga Trench in the Pa
cific is formed. In other areas the move
ment of the crust creates young moun
tain ranges.  Xavier Le Pichon of the 
Lamon t -Doherty Geolo gical Observa tory 
concludes that the occurrence of one 
event or the other is a function of the 
rate at which plates are moving togeth
er. If the rate is less than five to six 
centimeters per year, the crust can ab
sorb the compression and buckles up into 
large mountain ranges such as the Him
alayas.  In these ranges folding and over
thrusting deform and shorten the crust. 
If the rate is higher, the plate breaks free 
and sinks into the mantle, creating an 
oceanic trench in which the topography 
and surface structure indicate tension. 

Several crustal sinks are no longer ac
tive. Their past, however, can be de
duced from their geology. Large-scale 
folding and thrust-faulting can be taken 
as evidence of the fOimer presence of a 
crustal sink, although such deformation 
can also arise in other ways . Certain 
types of rock may also indicate the for
mation of a trench. The arcs of islands 
that lie parallel to trenches, for instance, 
are characterized by volcanoes that pro
duce andesitic lavas, which are quite 
different from the basaltic lavas of the 
ocean floor. The trenches themselves, 
and the deep-sea floor in general, are 
featured by deposits of graywackes and 
cherts . These rocks are commonly found 
exposed on land in the thick prisms of 
sediment that lie in geosynclines : large 
depressed regions created by horizontal 
forces resembling those generated by a 
drifting crustal plate. Thus the presence 
of some or all of these types of rock may 
indicate the former existence of a crustal 
sink. This linking of marine geology at 
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Besides abyssal 
oceanography, the N aval 
Oceanog raph ic  Off ice is 
wo rk i n g ,  with the space 
age ncy, to deve lop syste m s  
fo r m a k i n g  ocean stud ies  from 
space. This  effort paral l e l s  and 
extends our  ongoing work in 
ai rborne oceanography, and in 
sate l l ite transm ission 
techn iques for fast re l ay of 
synoptic ocean data. 

We ' re p u rs u i n g  special  
stud ies  i n  A rctic 
oceanog raphy, mar ine 
g ravimetry,  mar ine geode sy. 
We've mou nted g l obal 
bathymetric and ocean-f loor 
analysis prog rams.  We 
continue o u r  advanced work in 
wave dynam ics,  i n  underwate r 
sound p ropagation, i n  chem ical 
oceanog raphy and b io log ical  
oceanog raphy. 

In P roject Magnet, we are 
conti n u i n g  a g lobal  study of 
m ag n etic p rope rt ies and 
anomal ies .  

O u r  Project Harsap 
disse m i n ates e n g ineer ing  
expert ise to  u n d e rdeve loped 
countr ies,  act ively ass ist ing  
such cou ntr ies i n  the i r  harbor
deve lopment programs. 

Naval Oceanograph ic  Office 
also sponsors the deve lopment 
of new i nstru m entat ion and 
oceanog raph ic  systems,  works 
with the data�processor 
techno logy i n  apply ing 
compute rs to the needs of 
oceanog raphy, and i n  g e n e ral 
see ks g reate r effic iency i n  
ocean-study tec h n i q ues. 

The Abyss . . .  is only one of 
the oceanic regions which we 
are investigating. 

The U.S. Naval 
Oceanographic Office 
operates all  along this nation's 
latest and most challenging 
frontier, doing the most 
advanced and absorbing work 
in al l  the ocean disciplines, 
with the best methods and 
the best systems. 

And, of course, the best 
people. You may be one. 
If so, perhaps you should be 
working with us. 

We need the best. 
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spreading centers with land geology at 
crustal sinks is becoming one of the most 
fruitful aspects of plate te�tonics . Still, 
crustal sinks are by no means as infOlma
tive about the history of the ocean floor 
as spreading centers are, because in such 
sinks much of the evidence of past events 
is destroyed. Even if the leading edge of 
a plate was once the side of a plate (or 
vice versa), there would be no way to 
tell them apart. 

At the boundary between the land and 
the sea a puzzle presents itself. The sides 
of an oceanic trench move together at 
more than five centimeters per year, and 
it would seem that the sediment sliding 
into the bottom of the trench should 
be folded into pronounced ridges and 
valleys . Yet virtually undeformed sedi
ments have been mapped in trenches by 
David William Scholl and his colleagues 
at the U . S .  Naval Electronics Laborato
ry Center. Furthermore, the enormous 
quantity of deep-ocean sediment that 
has presumably been swept up to the 
margins of trenches cannot be detected 
on sub-bottom profiling records.  There 
are many ingenious (but unpublished) 
explanations of the phenomenon in 
terms of plate tectonics .  One of them 
may conceivably be correct. According 
to that hypothesis, the sediments are in
tricately folded in such a way that the 
slopes and walls of trenches cannot be 
detected by normal survey techniques, 
which look at the sediments from the 
ocean surface and along profiles perpen
dicular to the slopes .  This kind of fold
ing could be detected only by h'awling 
a recording instrument across the trench 
much closer to the bottom or by crossing 
the slope at an acute angle. 

The concepts of sea-floor spreading 
and plate tectonics allow a quantita

tive evaluation of the interaction of many 
important variables in marine geology. 
By combining empirical observation with 
theory it is possible not only to explain 
but also to predict the thickness and age 
of sediments in a given locality, the scale 
and orientation of topographic relief, the 
thickness of various crustal layers, the 
orientation and offsetting of magnetic 
patterns, the distribution and depth of 
drowned ancient islands, the occurrence 
of trenches and young mountain ranges, 
the characteristics of earthquakes, and 
many other previously unrelated and un
predictable phenomena. This revolution 
in marine geology may take some years 
to run its course. Ideas are changing, 
and new puzzles present themselves 
even as the old ones are solved. The only 
certainty is that the subject will never be 
the same again. 
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Its electronic flash makes 
exposures at 111000 second 
to freeze action. 

The Polaroid Model 360 Land 
camera does more for itself (and 
more for you) than any other camera 
in the world .  

A lot  of what it does, it does with 
its electronic flash unit. 

Even attaching the fl ash i s  m ade 
easy : sim ply s l ide it on t i l l  it clicks 
into position. 

Snap on the switch , and a soft 
whine, followed by the blinking of a 
ready light, tells you it 's  set to go. 
Snap the shutter, and the fl ash emits 
a bril l iant burst of light for 1 / 1000 
of a second to expose the film . 

At that speed, you eliminate sub
ject blurring in all but the fastest 
action. And, at the same time, you do 
away with the worry of blurring from 
camera movement. 

You don't get too much light. Or 
too little. Because ,  as you focus, 
louvers in front of the fl ash tu be ad
just autom atically to vary the l ight 
accord ing to subject distance. 

(If the light on the background h ap
pens to be much brighter th an light 
on the subject, you can combine the 
electronic fl ash with the am bient light 
exposure system. The addition offlash 
to i l lumin ate the foregroun d  whi le  
automatically measuring background 
light with the electric eye gives a pic
ture which is  correctly exposed both 
in brightly l it and sh aded areas .)  

Po l a ro id® 

Its flash can't run out of bulbs. 
And it recharges on house 
current. 

The Model 360 flash unit can't 
run out of bulbs because it doesn 't  
use them . It 's  an electronic strobe 
with a xenon light tube that's pow
ered by two 2 .4-volt nickel cadmium 
batteries .  

The efficient circuit converter in 
this unit raises the 2 .4-volt output 
of these batteries to 360 volts and 
stores 80 watt-seconds of energy in a 
capacitor. 

When the shutter is  activated, the 
capacitor dumps 80,000 watts in 1 
milli second .  (Twice as much as other 
units of the same size . )  

And the  light output i s  so stable 
that it varies less than 1/10 of an f
stop from one exposure to the next. 
(Other strobes may vary as much as 
a full f-stop, or more . )  This  means 
th at even while our batteries are ex
pending their energy, they provide 
virtually the same light output for 
each picture instead of gradually 
lessening the light as many other 
flashes do. 

After each shot, the flash recycles 
to full capacity in only 20 to 25 
seconds .  

And, after 40 shots, the unit can 
be completely rech arged in approxi
mately 1 hour (compared with 16 to 
20 hours for most other rech argeable 
flash units) . 

Our fl ash is the first fast ch arging 
appli ance in the photographic indus
try. (A special sensing unit in the 
ch arger keeps an overcharge from 
damaging the batteries .) 

The entire unit is  designed for a 
life expectancy of 10 years. 

o 

Its electric eye/electronic 
shutter gives correct exposures 
automatically. 

You don't h ave to bother with 
complicated lens and shutter set
tings. Because the Model 360 meas
ures light so accurately that it can 
make correct am bient light exposures 
from 1/ 1000 second to 3 minutes for 
co lor  o r  b l ack-an d-wh ite  p r i n t s .  
Automatically. 

The ambient light exposure sys
tem consists of an electric eye and a 
trans i storized e lectron ic  sh u tter .  
Here's the way it works : 

When you press the shutter re
lease button to take the picture, an 
electronic circuit is  activated by a 
switch, and current flows from bat
teries in the camera body. It ener
gizes an electrom agnet which holds 
back one of two shutter blades (the 
closing blade) . 

At this point, the first blade (the 
opening blade) is  released, allowing 
light to pass through the lens aper
ture and strike the film. Instanta
neously, another switch sends current 
through the electric eye to ch arge a 
capacitor. 

These events h ave taken place 
within milliseconds and the im age is 
now being recorded on the film . 

When the capacitor is charged to 
a voltage level corresponding to the 
optimum amount of light to expose 
the picture, a transistorized switch
ing circuit is  activated.  This 8-tran
sistor integrated circuit cuts off the 
power to the electromagnet. Which , 
in turn, releases the second blade 
and closes the shutter. 
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Its electronic audio-visual signal 
tells you the instant the picture 
is perfectly developed. 

Another thing you don't h ave to 
do with the Model 360 is time your  
picture development. The camera 
does it for you . 

Simply set the electronic timer to 
the correct developing time. Snap 
the picture. Pull  out the film packet. 
And a small light goes on. When the 
light goes off, an electronic "beep" 
signal tells you that it 's time to peel 
your picture. 

With the Model 360, you 'll never 
h ave a great picture ruined because 
something distracted you while you 
were timing it .  (The timer's not dis
tractable and it calls you on time. 
Every time.) 

For maximum efficiency and reli
abil ity, and for minimum bulk, the 
circuitry for the timer (and for the 
flash and shutter as well) has been 
miniaturized from the size of a pack 
of cigarettes down to an integrated 
circuit on a plastic-covered silicon 
chip less than 1/ 32  of an inch square. 

It develops the fmished print in 
seconds. 

One of the most  se lf- suffic ient  
things about th i s  camera is  the  fact 
that it develops its own pictures. Or, 
rather, it permits them to develop 
in your h and .  Even in bright sun
light .  Without fogging. 

This  is  especially rem arkable when 
you consider the fact that one of our 
fi lms  (our  3 000-speed b lack-and
white) is the  most light-sensitive 
general purpose film in the world .  

How did we do it ? 
By opacifying the outer surfaces 

of our positive-negative film packet 
with a thin coating of carbon parti
cles, suspended in a polymer. 

Sealing the edges of the packet 
was more of a problem : 

As the film is pulled out of the 
camera, it i s  squeezed between two 
rollers, breaking a pod containing 
the j elly-like processing reagent. The 
reagent spreads between the positive 
and negative film layers until it i s  
trapped by a special mask which is 
laminated around the edges.  When 
this h appens, the packet becomes 
light-tight .  

It's the Model 360 from Polaroid: 
under $200. 

The few things th at this camera 
actually allows you to do for your
self, it makes absurdly easy : 

You focus through a single-window, 
s u p e r i m p o s e d  i m age Ze i s s  I ko n  
range finder-viewfinder. 

You ready the camera for close
ups or portraits by simply snapping 
on the appropriate accessories. 

You load in seconds  with pack film . 
You select the proper exposure 

range (there are two for color, two 
for black-and-white) with the flick 
of a switch . 

Now you know why the Model 
3 60 is the most self-sufficient camera 
in the world .  And why, if  you own 
one, you can be one of the most self
sufficient photographers in the world .  
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THE NATURE OF OCEANIC LIFE 

The conditions of the manne environment have gnren nse 

to a food web in w,.hich the dominant primary production 

of organIc matter IS carried out by mIcroscopIC plants 

I plan to take the reader on a brief tour 
of marine life from the surface layers 
of the open sea, down through the 

intermediate layers to the deep-sea floor, 
and from there to the living communities 
on continental shelves and coral reefs. 
Like Dante, I shall be able to record only 
a scattered sampling of the races and in
habitants of each region and to point out 
only the general dominant factors that 
typify each domain; in particular I shall 
review some of the conditions, principles 
and interactions that appear to have 
molded the forms of life in the sea and 
to have established their range and com
pass. 

The organisms of the sea are born, 
live, breathe, feed, excrete, move, grow, 
mate, reproduce and die within a single 
interconnected medium. Thus interac
tions among the marine organisms and 
interactions of the organisms with the 
chemical and physical processes of the 
sea range across the entire spectrum 

�. from simple, adamant constraints to com
plex effects of many subtle interactions. 

Far more, of course, is known about 
the life of the sea than I shall be able 
even to suggest, and there are yet to be 
achieved great steps in our knowledge 
of the living entities of the sea. I shall 
mention some of these possibilities in my 
concluding remarks. 

A general discussion of a living system 

by 10hn D. Isaacs 

elaborate basic organic material from 
inorganic substances and the successive 
and often highly intricate steps by which 
organisms then return this material to 
the inorganic reservoir. The discussion 
should also show the forms of life by 
which such processes are conducted. 
I shall briefly trace these processes 
through the regions I have indicated, re
turning later to a more detailed discus
sion of the living forms and their con
straints. 

Some organic material is carried to the 
sea by rivers, and some is manufac

tured in shallow water by attached 
plants. More than 90 percent of the basic 
organic material that fuels and builds the 
life in the sea, however, is synthesized 
within the lighted surface layers of open 
water by the many varieties of phyto
plankton. These sunny pastures of plant 
cells are grazed by the herbivorous zoo
plankton (small planktonic animals) and 
by some small fishes. These in turn are 
prey to various carnivorous creatures, 
large and small, who have their preda
tors also. 

surface layers of some food and particu
larly of the vital plant nutrients, or fer
tilizers, that become trapped below the 
surface layers, where they are unavail
able to the plants. Food and nutrients 
are also actively carried downward from 
the surface by vertically migrating ani
mals. 

The depleted remnants of this con
stant "rain" of detritus continue to the 
sea floor and support those animals that 
live just above the bottom (epibenthic 
animals), on the bottom (benthic ani
mals) and burrowed into the bottom. 
Here filter-feeding and burrowing (de
posit-feeding) animals and bacteria re
work the remaining refractory particles. 
The more active animals also find repast 
in mid-water creatures and in the occa
sional falls of carcasses and other larger 
debris. Except in unusual small areas 
there is an abundance of oxygen in the 
deep water, and the solid bottom pre
sents advantages that allow the support 
of a denser population of larger creatures 
than can exist in deep mid-water. 

L,j should consider the ways in which plants 
f 

The debris from the activities in the 
surface layers settles into the dimly 
lighted and unlighted midlayers of the 
sea, the twilight mesopelagic zone and 
the midnight bathypelagic zone, to serve 
as one source of food for their strange 
inhabitants. This process depletes the 

In shallower water such as banks, 
atolls, continental shelves and shallow 
seas conditions associated with a solid 
bottom and other regional modifications 
of the general regime enable rich popu
lations to develop. Such areas constitute 
about 7 percent of the total area of the 
ocean. In some of these regions added 
food results from the growth of larger 
fixed plants and from land drainage. 

J 
NEW EVIDENCE that an abundance of large active fishes inhabit the deep.sea floor was 

obtained recently by the author and his colleagues in the form of photographs such as the 
one on the opposite page. The photograph was made by a camera hovering over a five.gal. 
Ion bait can at a depth of 1,400 meters off Lower California. The diagonal of the bait can 
measures a foot. The larger fish are mostly rat·tailed grenadiers and sablefish. The fact that 
large numbers of such fish are attracted, almost immediately to the bait suggests that two 

rather independent branches of the marine food web coexist in support of the deep-bottom 

creatures by dead material: the rain of fine detritus, which supports a variety of attached 
filter.feeding and burrowing organisms, and rare, widely separated falls of large food frag
ments, which support active creatures adapted to the discovery and utilization of such food. 

With the above bare recitation for 
general orientation, I shall now discuss 
these matters in more detail. 

The cycle of life in the sea, like that on 
land, is fueled by the sun's visible 

light acting on green plants. Of every 
million photons of sunlight reaching the 
earth's surface, some 90 enter into the 
net production of basic food. Perhaps 50 
of the 90 contribute to the growth of 
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DOMINANT MARINE FOOD WEB is depicted on these 

two pages. Most of the basic organic material that fuels 
and bu ilds the life in the sea is synthesized within the 
lighted surface layers of open water (called the euphotic 
zone) by the many varieties of the phytoplankton. These 
microscopic plant cells are eaten by the herbivorous zoo
plankton (small planktonic animals) and by some small 
fishes, which in turn support a succession of nektonic, or 
actively swimming, predators. The "rain" of organic debris 
(dots and short downward arrows) and vertical migration 

serve as principal sources of food for the varied inhabitants 
of the mesopelagic, bathypelagic and benthic zones. In the 
shallower littoral benthic zone added food is available 
from the growth of larger fixed plants and from land drain
age. The typically coastal upwelling (long arrows at left) 
refertilizes and sustains the phytoplankton with nutrients 
released by bacterial decomposition of organic detritus 

on the bottom. The organisms are not drawn to same scale. 
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land plants and about 40 to the growth 
of the single-celled green plants of the 
sea, the phytoplankton [see illustration 
at left]. It is this minute fraction of the 
sun's radiant energy that supplies the 
living organisms of this planet not only 
with their food but also with a breath
able atmosphere. 

The terre�trial and marine plants and 
animals arose from the same sources, 
through similar evolutionary sequences 
and by the action of the same natural 
laws. Yet these two living systems differ 
greatly at the stage in which we now 
view them. Were we to imagine a terres
trial food web that had developed in a 
form limited to that of the open sea, we 
would envision the land populated pre
dominantly by short-lived simple plant 
cells grazed by small insects, worms and 
snails, which in turn would support a 
sparse predaceous population of larger 
insects, birds, frogs and lizards. The pop
ulation of still larger carnivores would 
be a small fraction of the populations of 
large creatures that the existing land 
food web can nurture, because orga
nisms in each of these steps pass on not 
more than 15 percent of the organic 
substance. 

In some important respects this imag
inary condition is not unlike that of the 
dominant food web of the sea, where al
most all marine life is sustained by mi
croscopic plants and near-microscopic 
herbivores and carnivores, which pass on 
only a greatly diminished supply of food 
to sustain the larger, more active and 
more complex creatures. In other re
spects the analogy is substantially inac
curate, because the primary marine food 
production is carried out by cells dis
persed widely in a dense fluid medium. 

This fact of an initial dispersal im
poses a set of profound general condi
tions on all forms of life in the sea. For 
comparison, the concentration of plan t 
food in a moderately rich grassland is of 
the order of a thousandth of the volume 
of the gross space it occupies and of the 
order of half of the mass of the air in 
which it is immersed. In moderately rich 
areas of the sea:on the other hand, food 

is hundreds of times more dilute in vol
ume and hundreds of thousands of times 
more dilute in relative mass:To crop this 
meager broth a blind herbivore or a 
simple pore in a filtering structure would 
need to process a weight of water hun
dreds of thousands of times the weight 
of the cell it eventually captures. In even 
the densest concentrations the factor ex
ceeds several thousands, and with each 
further step in the food web dilution in
creases. Thus from the beginnings of the 
marine food web we see many adapta
tions accommodating to this dilution: 
eyes in microscopic herbivorous animals, 
filters of exquisite design, mechanisms 
and behavior for discovering local con
centrations, complex search gear and, on 
the bottom, attachments to elicit the aid 
of moving water in carrying out the task 
of filtration. All these adaptations stem 
from the conditions that limit plant life 
in the open sea to microscopic dimen
sions. 

It is in the sunlit near-surface of the 
open sea that the unique nature of the 
dominant system of marine life is ir
revocably molded. The near-surface, or 
mixed, layer of the sea varies in thickness 
from tens of feet to hundreds depending 
on the nature of the general circulation, 
mixing by winds and heating [ see "The 
Atmosphere and the Ocean," by R. \V. 
Stewart, page 76]. Here the basic food 
production of the sea is accomplished by 
single-celled plants. One common group 
of small phytoplankton are the coccolith
ophores, with calcareous plates, a swim
ming ability and often an oil droplet for 
food storage and buoyancy. The larg
er microscopic phytoplankton are com
posed of many species belonging to sev
eral groups: naked algal cells, diatoms 
with complex shells of silica and actively 
swimming and rotating flagellates. Very 
small forms of many groups are also 
abundant and collectively are called 
nannoplankton. 

The species composition of the phyto
plankton is everywhere complex and 
varies from place to place, season to sea
son and year to year. The various regions 
of the ocean are typified, however, by 

PRODUCTIVITY of the land and the sea are compared in terms of the net amount of energy 

that is converted from sunlight to organic matter by the green cells of land and sea plants. 

Colored lines denote total energy reaching the earth's upper atmosphere (a), total energy 

reaching earth's surface (b), total energy usable [or photosynthesis (c), total energy usable 

for photosynthesis at sea (cl), total energy usable for photosynthesis on land (e), net energy 

used for photosynthesis on land (fl, net energy used for photosynthesis at sea (g), net en

ergy used by land herbivores (h) and net energy used by sea herbivores (i). Although more 

sunlight falls on the sea than on the land (by virtue of the sea's larger surface area), the 

total land area is estimated to outproduce the total sea area by 25 to 50 percent. This is 

primarily due to low nutrient concentrations in the euphotic zone and high metabolism in 

marine plants. The data are from Walter R. Schmitt of Scripps Institution of Oceanography. 
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dominant major groups and particular 
species. Seasonal effects are often strong, 
with dense blooms of phytoplankton oc
cUlTing when high levels of plant nutri
ents suddenly become usable or avail
able, such as in high latitudes in spring 
or along coasts at the onset of upwelling. 
The concentration of phytoplankton var
ies on all dimensional scales, even down 
to small patches. 

It is not immediately obvious why the 
dominant primary production of or

ganic matter in the sea is carried out by 
microscopic Single-celled plants instead 
of free-floating higher plants or other 
intermediate plant forms. The question 
arises: Why are there no pelagic "trees" 
in the ocean? One can eaSily compute 
the advantages such a tree would enjoy, 
with its canopy near the surface in the 
lighted levels and its trunk and roots ex
tending down to the nutrien t-rich waters 
under the mixed layer. Th e answer to 
this fundamental question prohably has 
several parts. The evolution of plants in 
the pelagic realm favored smallness rath
er than expansion because the mixed lay
er in which these plan ts live is quite 
homogeneous; hence small incremental 
extensions from a plant cell cannot aid 
it in bridging to richer sources in order 
to satisfy its several needs. 

On land, light is immediately above 
the soil and nutrients are immediately 
below; thus any extension is of immedi
ate benefit, an d the development of sin
gle cells into higher erect plants is able 
to follow in a stepwise evolutionary se
quence. At sea the same richer sources 
exist but are so far apart that on ly a very 
large ready-made plant could act as a 
bridge between them. Although such 
plants could develop in some other en
vironment and then adapt to the pelagic 
conditions, this has not come about. It is 
difficult to see how such a plant would 
propagate anyway; certainly it could n ot 
propagate in the open sea, because the 
young plants there would be at a severe 
disadvantage. In the sea small-scale dif
ferential motions of water are rapidly 
damped out, and any free-floating plant 
must often depend on molecular diffu
sion in the water for the uptake of nu
trients and excretion of wastes. Smallness 
and self-motion are then advantageous, 
and a gross structure of cells cannot ex
change nutrients or wastes as well as the 
same cells can separately or in open 
aggregations. 

In addition the large-scale circulation 
of the ocean continuously sweeps the 
pelagic plants out of the region to which 
they are best adapted. It is essential that 
some individuals be returned to renew 
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WINTER SPRING SUMMER FALL 

SPECIES COMPOSITION AND ABUNDANCE of the phytoplankton varies from season 

to season, particularly at high latitudes. During the winter the turbulence caused by storms 

replenishes the supply of nutrients in the surface layers. During this period flagellates 

(black dots) tend to dominate. In early spring the increase in the amount of sunlight reach· 

ing the surface stimulates plant growth, and diatoms (colored dots) are stimulated to grow. 

Later in spring grazing by zooplankton and a decrease in the supply of nutrients caused by 

calmer weather result in a general reduction in the phytoplankton population, which reach. 

es a secondary minimum in midsummer, during which time flagellates again dominate. The 

increased mixing caused by early autumn storms causes a rise in the supply of nutrients and 

a corresponding minor surge in the population of diatoms. The decreasing sunlight of late 

fall and grazing by zooplankton again reduce the general level of the plant population. 

the populations. More mechanisms for 
this essential return exist for single
celled plants than exist for large plants, 
or even for any conventional spores, 
seeds or juveniles. Any of these can be 
carried by oceanic gyres or diffused by 
large-scale motions of surface eddies and 
periodic counterflow, but single-celled 
plants can also ride submerged counter
currents while temporarily feeding on 
food particles or perhaps on dissolved 
organic material. Other mechanisms of 
distribution undoubtedly are also occa
Sionally important. For example, living 
marine plant cells are carried by storm
borne spray, in bird feathers and by well
fed fish and birds in their undigested 
food. 

No large plant has solved the many 
problems of development, dispersal and 
reproduction. There are no pelagiC 
trees, and these several factors in concert 
therefore restrict the open sea in a pro
found way. They confine it to an initial 
food web composed of microscopic 
forms, whereas larger plants live at
tached only to shallow bottoms (which 

comprise some 2 percent of the ocean 
area). Attach ed plants, unlike free-float
ing plants, are not subject to the afore
mentioned limitations. For attached 
plants all degrees of water motion en
hance the exchange of nutrients and 
wastes. Moreover, their n ormal popula
tion does not drift, much of their repro
duction is by budding, an d their spores 
are adapted for rapid development and 
settlement. Larger plants too are some
times found in nonreproducing terminal 
accumulations of drifting shore plants 
in a few special convergent deep-sea 
areas such as the Sargasso Sea. 

j\1though species of phytoplankton will 
populate only regions with condi

tions to which they are adapted, factors 
other than temperature, nutrients and 
light levels undoubtedly are important 
in determining the species composition 
of phytoplankton populations. Little is 
understood of the mechanisms that give 
rise to an abundance of particular spe
cies under certain conditions. Grazin g 
herbivores may consume only a part of 
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the size range of cells, allowing certain 
sizes and types to dominate temporarily. 
Little is understood of the mechanisms 
that give rise to an abundance of partic
ular species under certain conditions. 
Chemical by-products of certain species 
probably exclude certain other species. 
Often details of individual cell behavior 
are probably also important in the intro
duction and success of a species in a 
particular area. In some cases we can 
glimpse what these mechanisms are. 

For example, both the larger diatoms 
and the larger flagellates can move at ap
preciable velocities through the water. 
The diatoms commonly sink downward, 
whereas the flagellates actively swim up
ward toward light. These are probably 
patterns of behavior primarily for in
creasing exchange, but the interaction of 
such unidirectional motions with random 
turbulence or systematic convective mo
tion is not simple, as it is with an inactive 
particle. Rather, we would expect dia
toms to be statistically abundant in up
ward-moving water and to sink out of 
the near-surface layers when turbulence 
or upward convection is low. 

Conversely, flagellates should be sta
tistically more abundant in downwelling 
water and shoul:d concentrate near the 
surface in low turbulence and slow 
downward water motions. These effects 
seem to exist. Off some continental 
coasts in summer flagellates may even
tually collect in high concentrations. As 
they begin to shade one another from 
the light, each individual struggles closer 
to the lighted surface, producing such a 
high density that large areas of the water 
are turned red or brown by their pig
ments. The concentration of flagellates 
in these "red tides" sometimes becomes 
too great for their own survival. Several 
species of flagellates also become highly 
toxic as they grow older. Thus they some
times both produce and participate in a 
mass death of fish and invertebrates that 
has been known to give rise to such a 
high yield of hydrogen sulfide as to 
blacken the white houses of coastal cities. 

Large diatom cells, on the other hand, 
spend a disproportionately greater time 
in upward-moving regions of the water 
and an unlimited time in any region 
where the upward motion about equals 
their own downward motion. (The sup
port of unidirectionally moving objects 
by contrary environmental motion is ob
served in other phenomena, such as 
the production of rain and hail.) Diatom 
cells are thus statistically abundant in 
upwelling water, and the distribution of 
diatoms probably is often a reflection of 
the turbulent-convective regime of the 
water. Sinking and the dependence of 
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the larger diatoms on upward convection 
and turbulence for support aids them in 
reaching upwelling regions, where nu
trients are high; it helps to explain their 
dominance in such regions and such 
other features of their distribution as 
their high proportion in rich ocean re
gions and their frequent inverse occur
rence with flagellates. Differences in 
adaptations to the physical and chemi
cal conditions, and the release of chemi
cal products, probably reinforce such 
relations. 

In some areas, such as parts of the 
equatorial current system and shallow 
seas, where lateral and vertical circula
tion is rapid, the species composition of 
phytoplankton is perhaps more simply 

a result of the inherent ability of the 
species to grow, survive and reproduce 
under the local conditions of tempera
ture, light, nutrients, competitors and 
herbivores. Elsewhere second-order ef
fects of the detailed cell behavior often 
dominate. Those details of behavior that 
give rise to concentrations on any dimen
sional scale are particularly important to 
all subsequent steps in the food chain. 

All phytoplankton cells eventually 
settle from the surface layers. The de
pletion of nutrients and food from the 
surface layers takes place continuously 
through the loss of organic material, 
plant cells, molts, bodies of animals, 
fecal pellets and so forth, which release 
their content of chemical nutrients at 

FAVORABLE CONDITIONS for the growth of phytoplankton occur wherever upwelling or 

mixing tends to bring subsurface nutrients up to the euphotic layer of the ocean. This map. 
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various depths through the action of 
bacteria and other organisms. The pe
riodic downward migration of zooplank
ton further contributes to this loss. 

These nutrients are "trapped" below 
the level of light adequate to sustain pho
tosynthesis, and therefore the water in 
which plants must grow generally con
tains very low concentrations of such vi
tal substances. It is this condition that is 
principally responsible for the compara
tively low total net productivity of the 
sea compared with that of the land. The 
regions where trapping is broken down 
or does not exist-where there is upwell
ing of nutrient-rich water along coasts, 
in parts of the equatorial regions, in the 
wakes of islands and banks and in high 

latitudes, and where there is rapid re
circulation of nutrients over shallow 
shelves and seas-locally bear the sea's 
richest fund of life. 

The initial factors discussed so far 
have placed an inescapable stamp on the 
form of all life in the open sea, as irrev
ocably no doubt as the properties and 
distribution of hydrogen have dictated 
the form of the universe. These factors 
have limited the dominant form of life 
in the sea to an initial microscopic se
quence that is relatively unproductive, 
is stimulated by upwelling and mixing 
and is otherwise altered in species com
position and distribution by physical, 
chemical and biological processes on all 
dimensional scales. The same factors also 

limit the populations of higher animals 
and have led to unexpectedly simple 
adaptations, such as the sinking of the 
larger diatoms as a tactic to solve the 
manifold problems of enhancing nutrient 
and waste exchange, finding nutrients, 
remaining in the surface waters and 
repopulating. 

The grazing of the phytoplankton is 
principally conducted by the herbivo

rous members of the zooplankton, a het
erogeneous group of small animals that 
carry out several steps in the food web 
as herbivores, carnivores and detrital 
(debris-eating) feeders. Among the im
portant members of the zooplankton are 
the arthropods, animals with external 

which is adapted from one compiled by the Norwegian oceanogra· 

pher Harald U. Sverdrup, shows the global distribution of such 

waters, in which the productivity of marine life would be expected 

to be very high (dark color) and moderately high (light color). 
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skeletons that belong' to the same broad 
group as insects, crabs and shrimps. The 
planktonic arthropods include the abun
dant copepods, which are in a sense the 
marine equivalent of insects. Copepods 
are represented in the sea by some 10,-
000 or more species that act not only 
as herbivores, carnivores or detrital feed
ers but also as external or even internal 
parasites! Two or three thousand of these 
species live in the open sea. Other im
portant arthropods are the shrimplike 
euphausiids, the strongest vertical mi
grators of the zooplankton. They com
pose the vast shoals of krill that occur in 
high latitudes and that constitute one of 
the principal foods of the baleen whales. 
The zooplankton also include the strange 
bristle-jawed chaetognaths, or arrow
worms, carnivores of mysterious origin 
and affinities known only in the marine 
environment. Widely distributed and 
abundant, the chaetognaths are repre
sented by a surprisingly small number of 
species, perhaps fewer than 50. Larvae 
of many types, worms, medusae (jelly
fish), ctenophores (comb jellies), gastro
pods (snails), pteropods and heteropods 
(other pelagic mollusks), salps, unpig
mented Ragellates and many others are 
also important components of this mi
lieu, each with its own remarkably com
plex and often bizarre life history, be
havior and form. 

The larger zooplankton are mainly 
carnivores, and those of herbivorous 
habit are restricted to feeding on the 
larger plant cells. Much of the food sup
ply, however, exists in the form of very 
small particles such as the nannoplank
ton, and these appear to be available 
almost solely to microscopic creatures. 
The immense distances between plant 
cells, many thousands of times their 
diameter, place a great premium on 
the development of feeding mechanisms 
that avoid the simple filtering of water 

RARE SEDIMENTARY RECORD of the 

recent annual oceanographic, meteorologi. 

cal and biological history of part of a major 

oceanic system is revealed in this radio

graph of a section of an ocean-bottom core 

obtained by Andrew Soutar of the Scripps 

Institution of Oceanography in the Santa 

Barbara Basin off the California coast. In 

some near-shore basins such as this one the 

absence of oxygen causes refractory parts of 

the organic debris to he left un decomposed 

and the sediment to remain undisturbed in 

the annual layers called varves. The dark 

layers are the densest and represent winter 

sedimentation. The lighter and less dense 

layers are composed mostly of diatoms and 

represent spring and summer sedimentation. 

through fine pores. The power necessary 
to maintain a certain rate of Row 
through pores or nets increases inversely 
at an exponential rate with respect to 
the pore or mesh diameter, and the small 
planktonic herbivores, detrital feeders 
and carnivores show many adaptations 
to avoid this energy loss. Eyesight has 
developed in many minute animals to 
make possible selective capture. A va
riety of webs, bristles, rakes, combs, cilia 
and other structures are found, and they 
are often sticky. Stickiness allows the 
capture of food that is finer than the in
terspaces in the filtering structures, and 
it greatly reduces the expenditure of en
ergy. 

A few groups have developed ex
tremely fine and apparently quite effec
tive nets. One group that has accom
plished this is the Larvacea. A larvacian 
produces and inhabits a complex exter
nal "house, " much larger than its owner, 
that contains a system of very finely con
structed nets through which the creature 
maintains a gentle Row [see illustration 
on page 156]. The Larvacea have appar
ently solved the problem of energy loss 
in filtering by haVing proportionately 
large nets, fine strong threads and a low 
rate of Row. 

The composition of the zooplankton 
differs from place to place, day to 

night, season to season and year to year, 
yet most species are limited in distribu
tion, and the members of the planktonic 
communities commonly show a rather 
stable representation of the modes of life. 

The zooplankton are, of course, faced 
with the necessity of maintaining breed
ing assemblages and, like the phyto
plankton, with the necessity of establish
ing a reinoculation of parent waters. In 
addition, their behavior must lead to a 
correspondence with their food and to 
the pattern of large-scale and small-scale 
spottiness already imposed on the marine 
realm by the phytoplankton. The swim
ming powers of the larger zooplankton 
are quite adequate for finding local 
small-scale patches of food. That this 
task is accomplished on a large scale is 
indirectly demonstrated by the observed 
correspondence between the quantities 
of zooplankton and the plant nutrients 
in the surface waters. How this large
scale task is accomplished is understood 
for some groups. For example, some 
zooplankton species have been shown 
to descend near the end of suitable con
ditions at the surface and to take tem
porary residence in a submerged coun
tercurrent that returns them upstream. 

There are many large and small puz-
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ESTIMATED FISH POPULATIONS in the Santa Barbara Basin 

over the past 1,800 years were obtained for three species by count

ing the average number of scales of each species in the varves of 

the core shown on the opposite page. Minimum population esti
mates for fish one year old and older are given for Pacific sardines 
(gray) ,northern sardines (colored areas) and Pacific hake (hatched). 

zles in the distribution of zooplankton. 
As an example, dense concentrations of 
phytoplankton are often associated with 
low populations of zooplankton. These 
are probably rapidly growing blooms 
that zooplankton have not yet invaded 
and grazed on, but it is not completely 
clear that this is so. Chemical repulSion 
may be involved. 

The concentration of larger zooplank
ton and small fish in the surface layers 
is much greater at night than during the 
day, because of a group of strongly 
swimming members that share their time 
between the surface and the mesopelagic 
region. This behavior is probably pri
marily a tactic to enjoy the best of two 
worlds: to crop the richer food develop
ing in the surface layers and to minimize 
mortality from predation by remaining 
always in the dark, like timid rabbits 
emerging from the thicket to graze the 
nighttime fields, although still in the 
presence of foxes and ferrets. Many small 
zooplankton organisms also make a daily 
migration of some vertical extent. 

In addition to its primary purpose 
daily vertical migration undoubtedly 
serves the migrating organisms in a num
ber of other ways. It enables the crea
tures to adjust their mean temperature, 
so that by spending the days in cooler 
water the amount of food used during 

rest is reduced. Perhaps such processes 
as the rate of egg development are also 
controlled by these tactics. Many land 
animals employ hiding behavior for sim
ilar kinds of adjustment. Convincing ar
guments have also been presented to 
show that vertical migration serves to 
maintain a wide range of tolerance in the 
migrating species, so that they will be 
more successful under many more con
ditions than if they lived solely in the 
surface layers. This migration must also 
play an important part in the distribu
tion of many species. Interaction of the 
daily migrants with the water motion 
produced by daily land-sea breeze alter
nation can hold the migrants offshore by 
a kind of "rectification" of the oscillating 
water motion. More generally, descent 
into the lower layers increases the in
fluence of submerged countercurrents, 
thereby enhancing the opportunity to re
turn upstream, to enter upwelling re
gions and hence to find high nutrient 
levels and associated high phytoplank
ton productivity. 

Even minor details of behavior may 
strongly contribute to success. Migrants 
spend the day at a depth corresponding 
to relatively constant low light levels, 
where the movement of the water com
monly is different from that at the sur
face. Most of the members rise some-

what even at the passage of a cloud 
shadow. Should they be carried under 
the shadow of an area rich in phyto
plankton, they migrate to shallower 
depths, thereby often decreasing or even 
halting their drift with respect to this 
rich region to which they will ascend at 
night. Conversely, when the surface wa
ters are clear and lean, they will migrate 
deeper and most often' drift relatively 
faster. 

We might simplistically view the dis
tribution of zooplankton, and phyto
plankton for that matter, as the conse
quence of a broad inoculation of the 
oceans with a spectrum of species, each 
with a certain adaptive range of toler
ances and a certain variable range of 
feeding, reproducing and migrating be
havior. At some places and at some times 
the behavior of a species, interacting 
even in detailed secondary ways with 
the variable conditions of the ocean and 
its other inhabitants, results in tempo
rary, seasonal or persistent success. 

There are a few exceptions to the mi
croscopic dimensions of the herbivores 
in the pelagiC food web. Among these 
the herrings and herring-like fishes are 
able to consume phytoplankton as a sub
stantial component of their diet. Such an 
adaptation gives these fishes access to 
many times the food supply of the more 
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FOO D  N ET 

WAT E R  OUT L ET 

M O U T H  It is difficult, however, t o  defend the 
thesis that this effect was the direct fac
tor in the original development of bio
luminescence, since the effect was of n o  
advantage t o  the individual microorga
nism that first developed it. Perhaps the 
luminescence of a microorganism also 
discourages attack by the light-avoiding 
zooplankton and is of initial survival 
benefit to the individual. As it then be
came general in the population, the ef-
fect of revealing plankton predators to 

E M E R G E N CY E X I T  their predators would also become im

G I L L  S L IT 

LARVACIAN is representative of a group of small planktonic herbivores that has solved 

the problem of energy loss in filtering, apparently without utilizing "stickiness," by having 

proportionately large nets, strong fine threads and a low rate of water flow. The larvacian 

(black) produces and inhabits a complex external "house" (color ), much larger than its 

owner, which contains a system of nets through which the organism maintains a gentle flow. 

In almost all other groups simple filters are employed only to exclude large particles. 

carnivorous groups. It is therefore no 
surprise that the partly herbivorous 
fishes comprise the bulk of the world's 
fisheries [ see "The Food Resources of the 
Ocean," by S. J. Holt, page 178 ] . 

The principal food supplies of the pe-
lagic populations are passed on in in

cremental steps and rapidly depleted 
quantity to the larger carnivorous zoo
plankton, then to small fishes and squids, 
and ultimately to the wide range of larg
er carnivores of the pelagic realm. In this 
region without refuge, either powerful 
static defenses, such as the stinging cells 
of the medusae and men-o'-war, or in
creasing size, acuity, alertness, speed and 
strength are the requirements for sur
vival at each step. Streamlining of fOlm 
here reaches a high point of develop
ment, and in tropical waters it is con
spicuous even in small fishes, since the 
lower viscosity of the warmer waters will 
enable a highly streamlined small prey 
to escape a poorly streamlined predator, 
an effect that exists only for fishes of 
twice the length in cold, viscous, arctic 
or deep waters. 

The pelagic region contains some of 
the largest and most superbly designed 
creatures ever to inhabit this earth: the 
exquisitely constructed pelagic tunas; 
the multicolored dolphinfishes, capturers 
of Hying fishes; the conversational por
poises; the shallow- and deep-feeding 
swordfishes and toothed whales, and the 
greatest carnivores of all, the baleen 
whales and some plankton-eating sharks, 
whose prey are entire schools of krill or 
small fishes. Seals and sea lions feed far 
into the pelagic realm. In concert with 
these great predators, large carnivorous 

1 5 6  

sharks await injured prey. Marine birds, 
some adapted to almost continuous pe
lagic life, consume surprising quantities 
of ocean food, diving, plunging, skim
ming and gulping in pursuit. Creatures 
of this region have developed such fac
ulties as advanced sonar, unexplained 
senses of orientation and homing, and 
extreme olfactory sensitivity. 

These larger creatures of the sea com
monly move in schools, shoals and herds. 
In addition to meeting the needs of mat
ing such grouping is advantageous in 
both defensive and predatory strategy, 
much like the cargo-ship convoy and 
submarine "wolf pack" of World 'Var 
II .  Both defensive and predatory assem
blages are often complex. Small fishes of 
several species commonly school togeth
er. Diverse predators also fOlm loosely 
cooperative groups, and many species of 
marine birds depend almost wholly on 
prey driven to the surface by submerged 
predators. 

At night, schools of prey and preda
tors are almost always spectacularly il
luminated by bioluminescence produced 
by the microscopic and larger plankton. 
The reason for the ubiquitous production 
of light by the microorganisms of the sea 
remains obscure, and suggested explana
tions are controversial. It has been sug
gested that light is a kind of inadvertent 
by-product of life in transparent orga
nisms. It has also been hypothesized that 
the emission of light on disturbance is 
advantageous to the plankton in making 
the predators of the plankton conspicu
ous to their predators! Unquestionably 
it does act this way. Indeed, some fish
eries base the detection of their prey on 
the bioluminescence that the fish excite. 

portant. 

The fallout of organic material into the 
deep, dimly lighted mid-water sup

ports a sparse population of fishes and 
invertebrates. Within the mesopelagic 
and bathypelagic zones are found some 
of the most curious and bizarre creatures 
of this earth. These range from the high
ly developed and powerfully predaceous 
intruders, toothed whales and sword
fishes, at the climax of the food chain, to 
the remarkable squids, octopuses, eu
phausiids, lantern fishes, gulpers and 
anglerfishes that inhabit the bathypelagic 
region. 

In the mesopelagic region, where some 
sunlight penetrates, fishes are often 
countershaded, that is, they are darker 
above and lighter below, as are surface 
fishes. Many of the creatures of this dim
ly lighted region participate in the daily 
migration, swimming to the upper layers 
at evening like bats emerging from their 
caves. At greater depths, over a half-mile 
or so, the common inhabitants are often 
darkly pigmented, weak-bodied and fre
quently adapted to unusual feeding 
techniques. Attraction of prey by lumi
nescent lures or by mimicry of small 
prey, greatly extensible jaws and expan
sible abdomens are common. It is, how
ever, a region of Lilliputian monsters, 
usually not more than six inches in 
length, with most larger fishes greatly 
reduced in musculature and weakly 
constructed. 

There are some much larger, stronger 
and more active fishes and squids in this 
region, although they are not taken in 
trawls or seen from submersibles. Knowl
edge of their existence comes mainly 
from specimens found in the stomach of 
sperm whales and swordfish. They must 
be rare, however, since the slow, con
servative creatures that are taken in 
trawls could hardly coexist with large 
numbers of active predators. Neverthe
less, populations must be sufficiently 
large to attract the sperm whales and 
swordfish. There is evidence that the 
sperm whales possess highly developed 
long-range hunting sonar. They may 10-
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cate their prey over relatively great dis
tances, perhaps miles, from just such an 
extremely sparse population of active 
bathypelagic animals. 

Although many near-surface orga
nisms are luminescent, it is in the bathy
pelagic region that bioluminescence has 
reached a surprising level of develop
ment, with at least two-thirds of the spe
cies producing light. Were we truly 
marine-oriented, we would perhaps be 
more surprised by the almost complete 
absence of biological light in the land 
environment, with its few rare cases of 
fireflies, glowworms and luminous bac
teria. Clearly bioluminescence can be 
valuable to higher organisms, and the 
creatures of the bathypelagic realm 
have developed light-producing organs 
and structures to a high degree. In many 
cases the organs have obvious functions. 
Some fishes, squids and euphausiids pos
sess searchlights with reflector, lens and 
iris almost as complex as the eye. Others 
have complex patterns of small lights 
that may serve the functions of recogni
tion, schooling control and even mim
icry of a small group of luminous plank
ton. Strong flashes may confuse preda
tors by "target alteration" effects, or by 
producing residual images in the preda
tors' vision. Some squids and shrimps are 
more direct and discharge luminous 
clouds to cover their escape. The lumi
nous organs are arranged on some fishes 
so that they can be used to countershade 
their silhouettes against faint light com
ing from the surface. Luminous baits are 
well developed. Lights may also be used 
for locating a mate, a problem of this 
vast, sparsely populated domain that has 
been solved by some anglerfishes by the 
development of tiny males that live para
sitically attached to their relatively huge 
mates. 

It has been shown that the vertebrate 
eye has been adapted to detect objects 
in the lowest light level on the earth's 
surface-a moonless, overcast night un
d2r a dense forest canopy-but not lower. 
Light levels in the bathypelagic region 
can be much lower. This is most prob
ably the primary difference that accounts 
for the absence of bioluminescence in 
higher land animals and the richness of 
its development in the ocean forms. 

The densest populations of bathype
lagic creatures lie below the most pro
ductive surface regions, except at high 
latitudes, where the dearth of winter 
food probably would exhaust the meager 
reserves of these creatures. All the bathy
pelagic populations are sparse, and in 
this region living creatures are less than 
one hundred-millionth of the water vol
ume. Nevertheless, the zone is of im-

Afte r s u ndown, m o s t  cameras 
fall  asleep. I t's not out of boredom. 
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mense dimensions and the total popula
tions may be large. Some genera, such as 
the feeble, tiny bristle-jawed fishes, are 
probably the most numerous fishes in the 
world and constitute a gigantic total bio
mass. There are some 2,000 species of 
fishes and as many species of the larger 
invertebrates known to inhabit the bath
ypelagic zone, but only a few of these 
species appear to be widespread. The 
barriers to distribution in this widely in
terconnected mid-water region are not 
obvious. 

The floor of the deep sea constitutes 
an environment quite unlike the mid

water and surface environments. Here 
are sites for the attachment of the larger 
invertebrates that filter detritus from the 
water. Among these animals are repre
sentatives of some of the earliest multi
celled creatures to exist on the earth, 
glass sponges, sea lilies (crinoids)-once 
thought to have been long extinct-and 
lamp shells (brachiopods). 

At one time it was also thought that 
the abyssal floor was sparsely inhabited 
and that the populations of the deep-

ocean floor were supplied with food only 
by the slow, meager rain of terminal de
trital food material that has passed 
through the surface and bathypelagic 
populations. Such refractory material re
quires further passage into filter feeders 
or through slow bacterial action in the 
sediment, followed by consumption by 
larger burrowing organisms, before it 
becomes available to active free-living 
animals. This remnant portion of the 
food web could support only a very small 
active population. 

Recent exploration of the abyssal 
realm with a baited camera throws doubt 
on the view that this is the exclusive 
mechanism of food transfer to the deep 
bottom. Large numbers of active fishes 
and other creatures are attracted to the 
bait almost immediately [ see illustration 
on page 146] . It is probably true that 
several rather independent branches of 
the food web coexist in support of the 
deep-bottom creatures; one the familiar 
rain of fine detritus, and the other the 
rare, widely separated falls of large food 
particles that are in excess of the lo
cal feeding capacity of the broadly dif-

fuse bathypelagic population. Such falls 
would include dead whales, large sharks 
or other large fishes and fragments of 
these, the multitude of remnants that are 
left when predators attack a school of 
surface fish and now, undoubtedly, gar
bage from ships and kills from underwa
ter explosions. These sources result in an 
influx of high-grade food to the sea floor, 
and we would expect to find a population 
of active creatures adapted to its prompt 
discovery and utilization. The baited 
cameras have demonstrated that this 
is so. 

Other sources of food materials are 
braided into these two extremes of the 
abyssal food web. There is the rather 
subtle downward diffusion of living and 

· dead food that results initially from the 
daily vertical migration of small fish and 
zooplankton near the surface. This mi
gration appears to impress a sympathetic 
daily migration on the mid-water popu
lations down to great depths, far below 
the levels that light penetrates. Not only 
may such vertical migration bring feeble 
bathypelagic creatures near the bottom 
but also it accelerates in itself the flux of 

CHAMPION FILTER FEEDER of the world ocean in terms of vol· 

ume is the blue whale, a mature specimen of which lies freshly 

butchered on the deck of a whaling vessel in this photograph. 

The whale's stomach has been cut open with a flensing knife 

to reveal its last meal ; an immense quantity of euphausiids, or 

krill, each measuring about three inches in length. The baleen 

whales are not plankton-filterers in the ordinary sense but rather 

are great carnivores that seek out and engulf entire schools of small 

fish or invertebrates. The photograph was made by Robert Clarke 

of the National Institute of Oceanography in Wormley, England. 
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dead food material to the bottom of the 
deep sea. 

There must also be some unassignable 
flux of food to the abyssal population re
sulting from the return of juveniles to 
their habitat. The larvae and young of 
many abyssal creatures develop at much 
shallower levels. To the extent that the 
biomass of juveniles returning to the 
deep regions exceeds the biomass of 
spawn released from it, this process, 
which might be called "Faginism," con
stitutes an input of food. 

Benthic animals are much more abun
dant in the shallower waters off conti
nents, particularly offshore from large 
rivers. Here there is often not only a rich
er near-surface production and a less 
hazardous journey of food to the sea floor 
but also a considerable input of food 
conveyed by rivers to the bottom. The 
deep slopes of river sediment wedges are 
typified by a comparatively rich popula
tion of burrowing and filtering animals 
that u tilize this fine organic material. All 
the great rivers of the world save one, the 
Congo, have built sedimentary wedges 
along broad reaches of their coast, and 
in many instances these wedges extend 
into deep water. The shallow regions of 
such wedges are highly productive of 
active and often valuable marine orga
nisms. At all depths the wedges bear 
larger populations than are common at 
similar depths elsewhere. Thus one won
ders what inhabits the fan of the Congo. 
That great river, because of a strange in
vasion of a submarine canyon into its 
month, has built no wedge but rather is 
depositing a vast alluvial fan in the two
mile depths of the Angola Basin. This 
great deep region of the sea floor may 
harbor an unexplored population that is 
wholly unique. 

In itself the pressure of the water at 
great depths appears to constitute no 

insurmountable barrier to water-breath
ing animal life. The depth limitations of 
many creatures are the associated con
ditions of low temperature, darkness, 
sparse food and so on. It should perhaps 
come as no surprise, therefore, that some 
of the fishes of high latitudes, which are 
of course adapted to cold dark waters, 
extend far into the deep cold waters in 
much more southern latitudes. Off the 
coast of Lower California, in water 1 ,200 
to 6,000 feet deep, baited cameras have 
found an abundance of several species of 
fishes that are known at the near surface 
only far to the north. These include giant 
arctic sharks, sablefish and others. It ap
pears that some of the fishes that have 
been called arctic species are actually 
fishes of the dark cold waters of the seas, 
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which only "outcrop" in the Arctic, food, and he widely utilizes these re-
where cold water is at the surface. sources. 

I have discussed several of the ben-
thic and epibenthic environments with
out pointing out some of the unique fea
tures the presence of a solid interface 
entails. The bottom is much more vari
able than the mid-water zone is. There 
are as a result more environmental nich
es for an organism to occupy, and hence 
we see organisms that are of a wider 
range of form and habit. Adaptations de
velop for hiding and ambuscade, for 
mimicry and controlled patterns. Nests 
and burrows can be built, lairs occupied 
and defended and booby traps set. 

Aside from the wide range of form 
and function the benthic environment 
elicits from its inhabitants, there are 
more fundamental conditions that influ
ence the nature and form of life there. 
For example, the dispersed food ma
terial settling from the upper layers be
comes much concentrated against the 
sea floor. Indeed, it may become further 
concentrated by lateral currents moving 
it into depressions or the troughs of rip
ples. 

In the mid-water environment most 
creatures must move by their own ener
gies to seek food, using their own food 
stores for this motion. On the bottom, 
however, substantial water currents are 
present at all depths, and creatures can 
await the passage of their food. Although 
this saving only amounts to an added 
effectiveness for predators, it is of critical 
importance to those organisms that fil
ter water for the fine food material it 
contains, and it is against the bottom 
interface that a major bypass to the 
microscopic steps of the dominant food 
web is achieved. Here large organisms 
can grow by consuming microscopic 
or even submicroscopic food particles. 
Clams, scallops, mussels, tube worms, 
barnacles and a host of other creatures 
that inhabit this zone have developed a 
wide range of extremely effective filter
ing mechanisms. In one step, aided by 
their attachment, the constant currents 
and the concentration of detritus against 
the interface, they perform the feat, most 
unusual in the sea, of growing large or
ganisms directly from microscopic food. 

Although the benthic environment 
enables the creatures of the sea to de
velop a major branch of the food web 
that is emancipated from successive mi
croscopic steps, this makes little differ
ence to the food economy of the sea. The 
sea is quite content with a large popu
lation of tiny organisms. From man's 
standpoint, however, the shallow ben
thic environment is an unusually effec
tive producer of larger creatures for his 

Man may not have created an ideal 
environment for himself, but of all 

the environments of the sea it is difficult 
to conceive of one better for its inhabi
tants than the one marine creatures have 
created almost exclusively for them
selves: the coral islands and coral reefs. 
In these exquisite, immense and well
nigh unbelievable structures form and 
adaptation reach a zenith. 

An adequate description of the coral 
reef and coral atoll structure, environ
ments and living communities is beyond 
the scope of this article. The general his
tory and structure of atolls is well known, 
not only because of an inherent fascina
tion with the magic and beauty of coral 
islands but also because of the wide ad
miration and publicity given to the pre
scient deductions on the origin of atolls 
by Charles Darwin, who foresaw much 
of what modern exploration has affirmed. 

From their slowly sinking foundations 
of ancient volcanic mountains, the crea
tures of the coral shoals have erected 
the greatest organic structures that exist. 
Even the smallest atoll far surpasses any 
of man's greatest building feats, and a 
large atoll structure in actual mass ap
proaches the total of all man's building 
that now exists. 

These are living monuments to the 
success of an extremely intricate but bal
anced society of fish, invertebrates and 
plants, capitalizing on the basic advan
tages of benthic populations already dis
cussed. Here, however, each of the reef 
structures acts almost like a single great 
isolated and complex benthic organism 
that has extended itself from the deep 
poor waters to the sunlit richer surface. 
The trapping of the advected food from 
the surface currents enriches the entire 
community. Attached plants further add 
to the economy, and there is consider
able direct consumption of plant life by 
large invertebrates and fish. Some of the 
creatures and relationships that have de
veloped in this environment are among 
the most highly adapted found on the 
earth. For example, a number of the im
pOl"tant reef-building animals, the corals, 
the great tridacna clams and others not 
only feed but also harbor within their 
tissues dense populations of Single-celled 
green plants. These plants photosynthe
size food that is then directly available 
within the bodieG of the animals; the 
plants in turn depend on the animal 
waste products within the body fluids, 
with which they are bathed, to derive 
their basic nutrients. Thus within the 
small environment of these plant-animal 
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reviews, and other fea t u res 
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engineers.  I t  i s  g uided by an 
international Ad visory Board of 
lead ing experts i n  marine science 
and technology. 

Quarterly 
One year subscription $20 £8 
Dlle year .ioillt subscriptioll to the 
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Joul'1lal $50 £20 
Please send your subscription or 
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composites both the entire laborious nu
trient cycle and the microscopic food 
web of the sea appear to be substantially 
bypassed. 

There is much unknown and much to 
be discovered in the structure and ecol
ogy of coral atolls. Besides the task of 
unravelin g  the complex relationships of 
its inhabitants there are many questions 
such as: Why have many potential atolls 
never initiated effective growth and re
mained submerged almost a mile below 
the surface? Why have others lost the 
race with submergence in recent times 
and now become shallowly submerged, 
dying banks? Can the nature of the cir
culation of the ancient ocean be deduced 
from the distribution of successful and 
unsuccessful atolls? Is there circulation 
within the coral limestone structure that 
adds to the nutrient supply, and is this 
related to the curious development of 
coral knolls, or coral heads, within the 
lagoons? Finally, what is the potential of 
cultivation within these vast, shallow
water bodies of the deep open sea? 

rrhere is, of course, much to learn 
about all marine life: the basic proc

esses of the food web, productivity, pop
ulations, distributions and the mecha
nisms of reinoculation, and the effects of 
intervention into these processes, such as 
pollution, artificial upwelling, transplan
tation, cultivation and fisheries. To learn 
of these processes and effects we must 
understand the nature not only of strong 
simple actions but also of weak complex 
interactions, since the forms of life or 
the success of a species may be deter
mined by extremely small second- and 
third-order effects. In natural affairs, un
like human codes, de minimis cttrat lex
the law is concerned with trivia! 

Little is understood of the manner in 
which speciation (that is, the evolution 
of new species) occurs in the broadly in
tercommunicating pelagic environment 
with so few obvious barriers. Important 
yet unexpected environmental niches 
may exist in which temporary isolation 
may enable a new pelagic species to 
evolve. For example, the top few milli
meters of the open sea have recently 
been shown to constitute a demanding 
environment with unique inhabitants. 
Further knowledge of such microcosms 
may well yield insight into speciation. 

As it has in the past, further explora
tion of the abyssal realm will undoubted
ly reveal undescribed creatures includ
ing members of groups thought long 
extinct, as well as commercially valuable 
populations. As we learn more of the 
conditions that control the distribution 
of species of pelagic organisms, we shall 

become increasingly competent to read 
the pages of the earth's marine-biologi
cal, oceanographic and meteorological 
history that are recorded in the sedi
ments by organic remains. We shall 
know more of primordial history, the 
early production of a breathable atmo
sphere and petroleum production. Some 
of these deposits of sediment cover even 
the period of man's recorded history 
with a fine time resolution. From such 
great records we should eventually be 
able to increase greatly our understand
ing of the range and interrelations of 
weather, ocean conditions and biology 
for sophisticated and enlightened guid
ance of a broad spectrum of man's ac
tivities extending from meteorology and 
hydrology to oceanography and fisheries. 

Learning and guidance of a more spe
cific nature can also be of great practical 
importance. The diving physiology of 
marine mammals throws much light on 
the same physiological processes in land 
animals in oxygen stress (during birth, 
for example). The higher flowering 
plants that inhabit the marine salt marsh
es are able to tolerate salt at high con
centration, desalinating seawater with 
the sun's energy. Perhaps the tiny mole
cule of DNA that commands this process 
is the most precious of marine-life re
sources for man's uses. Bred into existing 
crop plants, it may bring salt-water agri
culture to reality and nullify the creeping 
sco\lrge of salinization of agricultural 
soils. 

Routine upstream reinoculation of 
preferred species of phytoplankton and 
zooplankton might stabilize some pe
lagic marine populations at high effec
tiveness. Transplanted marine plants and 
animals may also animate the dead sa
line lakes of continental interiors, as they 
have the Salton Sea of California. 

rrhe possible benefits of broad marine-
biological understanding are endless. 

Man's aesthetic, adventurous, recrea
tional and practical proclivities can be 
richly served. Most important, undoubt
edly, is the intellectual promise: to learn 
how to approach and understand a com
plex system of strongly interacting bio
logical, physical and chemical entities 
that is vastly more than the sum of its 
parts, and thus how better to understand 
complex man and his interactions with 
his complex planet, and to explore with 
intelligence and open eyes a huge por
tion of this earth, which continuously 
teaches that when understanding and 
insight are sought for their own sake, the 
rewards are more substantial and endur
ing than when they are sought for more 
limited goals. 
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EXPL ORING 

. . .  to advance the state of the art for the semiconductor technology 
W�ile "In.ner Space" is usually 

assocIat�d wIth Oceanology, its use 
to descrIbe research in the semicon
ductor business is equally appropri
ate. In fact, parallels between the two 
sciences are amazing. 

For example, the illustration above 
is a photomicrograph of a cross sec
tion of several layers of metal used 
as the basis for highly-comple� inte
grated circuits . . .  the kind that will 
replace entire subsystems in elec
tronic equipment. Here, a structure 
of silicon, with layers of aluminum 
and silicon dioxide only 1 0 ,000 
Angstroms thick, makes it possible to 
develop such large-scale integrated 
circuitry on a " chip" that is not 
much larger than the head of a pin. 

Motorola's research into the depth 
of matter ( our Exploration of Inner 
Space ) not only has kept us in the 
forefront of the semiconductor tech
nology but also is reminiscent of 
exp l o r a  t i o n  of the o c e a n  f l o o r .  
Even the cross sections are similar in 
appearance. 

Consider also that trace elements 
account for the special properties of 
both ocean waters and semiconduc
tors. In the ocean these elements and 
microscopic life convert solar energy 
to a u seful form of energy in the 
chain of life. The use of similar trace 
elements in semiconductors gives us 
the solar cell  which converts the 
same solar energy to electric energy 
for outer-space craft. 

A t Motorola a trace amount of 
gold is used to diffuse semiconductor 
junctions. And, in fact, our advanced 
research has developed radio-tracer 
techniques for studying the reaction 
of gold in silicon. This, in turn, led 

to the use of gold to build high-speed 
integrated circuits . . .  a field that 
Motorola pioneered and is now the 
p�ima�y source for the high-speed 
C I r C U l  t ry n e c e s s a r y  f o r  fourth
generation computers. 

An interesting note, indicative of 
the microminiature size of these cir
cuits and the effects of very dilute 
concentrations of specific elements : 
The number of atoms of gold in a 
cubic foot of sea water would be 
enou gh to control  the switching 
speed of a trillion semiconductors. 

Aluminum, an element very plen
tiful in the earth's crust and even 
found in sea water, plays an impor
tant part in semiconductor technol
ogy. Motorola's Central Research 
Laboratory has studied aluminum's 
per�ormance at high current density, 
an Important factor in power inte
grated circuits and transistors. The 
results, from the use of aluminum 
films no thicker than the dimensions 
of plankton or a red corpuscle have 
been outstanding. Result : Integrated 
circuits that can reliably handle 
heavy power loads are now coming 
to the fore. 

The list of studies and research 
projects that are continually being 
carried on by Motorola's  Central 
Research Laboratory is almost as 
d i v e r s e  as the p r o p e r t i e s  o f  the 
ocean. Here are just a few that have 
contributed to significant advances 
in the semiconductor technology -
the results of which have been pub-

lished in a variety of journals : 
Lesk, I. A. ,  "Integrated Circuits '" 

Encyclopaedia Britannica, 1966 ' 

Philofsky, E . ,  Motorola Semicon
d u c t o r  P r o d u c t s  D i v i s i o n  a n d  
Hilliard, J .  E . ,  Northwestern Uni
ver.sity, :'The !'J e�sur.ement of the 
Onen tatwn Dlstnbutwn of Lineal 
an� Areal Arrays", Quarterly of Ap
phed Mathematics, April 1969 

Philofsky, E . ,  Motorola Semicon
ductor Products Division and Hill
iard, J. E . ,  Northwestern University 
"Effect of Coherency on Diffusion i';' 
Copper-.Palladium Alloys," Journal 
of Apphed Physics, April 1969 

Black, J. R.,  "Etch Pit Formation 
in Silicon at  A luminum-Silicon Con
tacts because of Transport of Silicon 
in Aluminum by Momentum Ex
chan[Je with Conducting Electrons," 
Ohmlc Contacts to Semiconductors 
The E lectrochemical Society, Inc: 

Huffman, T. Ehlenberger, G. G. 
"Control of Diffusion Induced Dis
loca tions in Phosphorus D iffused 
Silicon," Solid State E lec tronics, 
Pergamon Press, 1966 

Oceanology will continue to chart 
the course for man ' s  exploration 
o f  the e a r th ' s  u l ti m a t e  fronti e r .  
Motorola will continue t o  blend the 
results of this technology with its 
own, to advance the semiconductor 
state of the art  . . .  by Exploring 
Inner Space. 

f1l\ - wku tJ.ep� �� eau/ 
8 MOTOROLA S e ln iconductor Products Inc. 
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Jules Verne lives again . . .  in cities 
of living men, at the bottom of the sea! 

( The steels are ready whenever you are ) 
O n e  m o re f ict i o n a l  fancy of the g rand 
o l d  m aster of s c i e n c e  f ict i o n  i s  about  
to c o m e  true.  

Now,  c i t y - c l u st e rs o f  d e e p - s e a  
o p e ra t i n g  b a s e s  a n d  h a b i t a t s  f o r  
aq u a n a uts a re o n  t h e  verge o f  b u r
geon i n g  i nto a rea l i ty as real  as stee l  
. . .  as v i g o ro u s  a s  m a n ' s  p i o n e e r  
s p i r i t  t o  e x p l o re a n d  e x p l o i t  t h e  
ocea n ' s  wea l t h . 

Deep i n  the forb i d d i n g  b l a c kn ess 
of t h i s  wet u n d e rw o r l d  t h at cove rs 
f o u r - f i ft h s  of t h e  e a rt h ' s  s u rfa c e ,  
aq u a n a uts w i l l  s e a r c h  fo r m i n e ra l s ,  
n e w  s o u r c e s  o f  f o o d , f r e s h  w a te r  
s p r i n gs,  and even ways t o  h a rn ess the 

m assive c u rrents fo r e lectr ic  power.  
A l r e a d y ,  A m e r i c a n  e n g i n e e r s ,  

s c i e n t i sts,  a n d  i n d ustr ies a re acce l 
e rat i n g  these act i v i t i es ,  deve l o p i n g  
tec h n iq ues a n d  m a t e r i a l s  t o  b u i l d  
a n d  o p e rate d e e p - s e a  s t r u c t u r e s .  
A n d  a l ready, Rep u b l i c  Steel h a s  an
t i c i pated and deve l o ped many of the 
stro n g e r, corros i o n - res istant,  h i g h l y  
d e p e n d a b l e  ste e l s  needed . 

For  exa m p l e ,  R e p u b l i c  v a c u u m 
m e l ted H P  H i - P e rf o r m a n c e  s t e e l s  
have s u p e r i o r  n o t c h  s t re n g t h  and 
c ra c k  r e s i s t a n c e  a t  b o t h  su b-zero 
and e l evated tem p e ratu res. B re a k i n g  
t h e  300,000 p s i  tens i l e-st rength bar-

r i e r  of stee l  h as e n co u raged o u r  re
search p i on e e rs to q uest c l oser  and 
c l os e r  towards t h e  deve l o p m e n t  of  
new ste e l s  with  500,000 p s i  ten s i l e  
stre ngth ! S u c h  ste e l s  c o u l d  o p e n  u p  
n ew wo r l d s  o f  t h e  deep t o  i n q u i s i t ive 
aq u a n a uts. 

At th i s  ve ry m o m e nt,  the l o n g  reach 
of stee l from Rep u b l i c  i s  p ro b i n g  i nto 
a reas w h e re v e r  m a n ' s  i m ag i nat ion 
needs i t  - f rom t h e  ocean d e pths to  
outer  space,  f ro m  the h e a rtbeat of 
man t o  t h e  d r u m b e a t  o f  d e fe n s e .  
R e p u b l  i c  Steel Corpo rat i o n ,  C l eve
l a n d ,  O h io  44 1 01 . 

. Yo u C a n  Ta k e  t h e  P u l s e  of Prog ress at  

R E PU B L I C STE E L  
C O R P O R AT I O N  
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The Physical Resources of the Ocean 

The,Y include not only the oil and minerals of the bottom 

and the minerals dissolved in seawater but also seawater 

itself and the shoreline carved by the action of the sea 

M
en have caught fish in the ocean 
and extracted salt from its 
brine for thousands of years, but 

only within the past decade have they 
begun to appreciate the full potential of 
the resources of the sea. Three converg
ing influences have been responsible for 
to day's intensive exploration and devel
opment of these resources. First, scien
tific oceanography is generating new 
knowledge of what is in and under the 
sea. Second, new technologies make it 
feasible to reach and extract or harvest 
resources that were once inaccessible. 
Third, the growth of population and the 
industrialization of society are creating 
new demands for every kind of raw ma
terial. 

The ocean's resources include the vast 
waters themselves, as a processing plant 
to convert sol�r energy into protein [see 
"The Food Resources of the Ocean," by 
S. J. Holt, page 178], a storehouse of dis
solved minerals and fresh water, a recep
tacle for wastes, a source of tidal energy 
and a medium for new kinds of transpor
tation. They also include the sea floor, 
sediments and rocks below the waters as 
sites of fossil fuel and mineral deposits; 
the seacoast' as a unique resource that is 
vulnerable to rapid, irrevocable degra
dation by man. 

Because the oceans are so wide and 
so deep, statistics on their gross resource 
potential are impressive. It is important 
to understand, however, that the imme
diate significance of these resources and 

OFFSHORE OIL PLATFORM in the photo· 

graph on the opposite page is in Alaska's 

Cook Inlet, 60 miles southwest of Anchorage. 

Wells are drilled from derricks set over the 

massive legs, 14 feet in diameter. The plume 

of flame is burning natural gas, a waste prod· 

uct in this case. Oil and gas account for 

more than 90 percent of the value of miner· 

als now being retrieved from the oceans. 

by Edward Wenk, Jr. 

their long-term relevance to society in
volve both exploration and develop
ment, and development depends on eco
nomic, social, legal and political consid
erations. One special feature of marine 
resources that may at first retard devel
opment may in the long run promote it: 
the fact that almost without exception 
sea-floor resources are in areas not sub
ject to private ownership (although the 
resources will be largely privately devel
oped). More than 85 percent of the ocean 
bottom lies beyond the present bound
aries of national jurisdictions, and in 
the areas that are subject to national 
control the resources are considered 
common property. This circumstance 
may uniquely invoke a balancing of pub
lic and private interests, diSciplined re
source management and enhanced inter
national cooperation. 

The 350 million cubic miles of ocean 
water constitute the earth's largest 

continuous ore body. Dissolved solids 
amount to 35,000 parts per million, so 
that each cubic mile (4.7 billion tons of 
water) contains about 165 million tons of 
solids. Although most chemical elements 
have been detected (and probably all are 
present) in seawater, only common salt 
(sodium chloride), magnesium and bro
mine are now being extracted in signif
icant amounts. The production of salt 
(which can be traced back to Neolithic 
times and resulted in the first U.S. pat
ent) is currently valued at $175 million 
per year worldwide. MagneSium, the 
third most abundant element in the 
oceans, is by far the most valuable min
eral extracted from seawater in this 
country, with annual production worth 
about $70 million. Although the ocean 
contains bromine in concentrations of 
only 65 parts per million, it is the source 
of 70 percent of the world's production 
of this element, which is used principal-

ly in antiknock compounds for gasoline. 
The economic recovery of other chemi
cals from seawater is questionable be
cause of extraction costs. In a cubic mile 
of seawater the value of 17 critical met
als (including cobalt, copper, gold, sil
ver, uranium and zinc) is less than $1 
million at current prices; a plant to han
dle a cubic mile of water per year would 
have to process 2.1 million gallons per 
minute every minute of the year, and 
operating it would cost Significantly more 
than the value of all its products. 

One of the potential resources of sea
water that has been most difficult to ex
tract economically is water itself-fresh 
water. As requirements for water for do
mestic use, agriculture and industry rise 
sharply, however, desalting the sea be
comes increasingly attractive. More than 
680 desalination plants with a capacity 
of more than 25,000 gallons of fresh wa
ter per day are now in operation or un
der construction around the globe, and 
the growth rate is projected at 25 percent 
per year over the next decade. The cost 
of desalting has been decreased by new 
technology to less than 85 cents per 
1,000 gallons, but this is still generally 
prohibitive in the U.S. , where the cost of 
1,000 gallons of fresh water is about 35 
cents. In water-deficient areas or where 
the local water supply is unfit for con
sumption, however, desalted water is 
competitive. This accounts for the pres
ence of more than 50 plants in Kuwait, 
22 on Ascension Island and the 2.6-mil
lion-gallon facility at Key West, the first 
U.S. city to obtain its water supply di
rectly from the ocean. Considerably low
er costs will be attained within the next 
decade where large-scale desalting op
erations are combined with nuclear
fueled power plants to take advantage of 
their output of waste heat. 

Once upon a time man could safely 
utilize the waters of the sea as a recep-
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CONTINENTAL RISE, which may be rich in resources, is evident 

in this seismic profile made off Liberia by the Global Ocean Floor 

Analysis and Research Center of the U.S. Naval Oceanographic 

Office. The hard, straight line across the top of the record is a wa· 

ter reflection. The abyssal plain !left) is about 15,000 feet below 

sea level. From this plain a thick apron of land·derived layered 

sediments comprising the continental rise slants gently up to the 

toe of the continental slope. The continental slope, which is here 

tade for sewage and other effluents from 
municipalities and indush'ies, confident 
that the wastes would rapidly be dilut
ed, dispersed and degraded. With the 
growth of population and the concentra
tion of coastal industry that is no longer 
possible. The sheer bulk of the material 

disposed of and the presence of new 
types of nondegradable waste products 
are a special threat to coastal waters
the same waters that, as we shall see, are 
subject to increasing demands from a 
wide range of competing activities. In 
addition pollutants are now beginning to 

concentrate at an alarming rate far from 
shore in the open ocean. Since tetraethyl 
lead was introduced into gasoline 45 
years ago, lead concentrations in Pacific 
Ocean waters have jumped tenfold. Tox
ic DDT residues have been detected in 
the Bay of Bengal, having drifted with 
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ic cross section of a generalized ocean basin extending from a con· 

tinent out to a mid·ocean ridge. Some of these resources are now 
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marked by large sedimentary ridges, ascends 

more steeply to the shallow continental 

shelf. The "multiple" (right) is in effect 

an echo of the structures shown above it. 

the wind from as far away as Africa. And 
man-made radioactivity from nuclear 
fallout can be isolated in any 50-gallon 
water sample taken anywhere in the 
ocean. 

The mineral resources of the seabed, 
unlike those of the essentially uniform 

RIDGE 

METALLIC MINERALS? 

overlying waters, occur primarily in scat
tered, highly localized deposits and 
structures on top of and within the sedi
ments and rocks of the ocean floor. They 
include (1) fluids and soluble minerals, 
such as oil, gas, sulfur and potash, that 
can be extracted through boreholes; (2) 
consolidated subsurface deposits, such 
as coal, iron ore and other metals found 
in veins, which are so far mined only 
from tunnels originating on land, and 
(3) unconsolidated surface deposits that 
can be dredged, such as heavy metals in 
ancient beaches and stream beds, oyster 
shell, sand and gravel, diamonds, and 
"authigenic" minerals: nodules of man
ganese and phosphorite that have been 
formed by slow precipitation from sea
water. Economic exploitation has so far 
been confined to the continental shelves 
in wa ters less than 350 feet deep and 
within 70 miles of the coastline. 

Oil and gas represent more than 90 
percent by value of all minerals obtained 
from the oceans and have the greatest 
potential for the near future. Offshore

' 

sources are responsible for 17 percent of 
the oil and 6 percent of the natural gas 
produced by non-Communist countries. 
Projections indicate that by 1980 a third 
of the oil production-four times the 
present output of 6.5 million barrels a 
day-will come from the ocean; the in
crease in gas production is expected to 
be comparable. Subsea oil and gas are 
now produced or are about to be pro
duced by 28 countries; another 50 are 
engaged in exploratory surveys. Since 
1946 more than 10,000 wells have been 
drilled off U.S. coasts and more than $13 
billion has been invested in petroleum 

CONTINENTAL SHELF 
AND SLOPE 

CONTINENTAL RISE 

ABYSSAL PLAINS 
AND HILLS 

OCEANIC RIDGES 
AND RISES 

TRENCHES 

VOLCANIC RIDGES 
AND CONES 
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exploration and development. The prom
ise of large oil reserves has stimulated 
industry to invest more than $1.7 billion 
since mid-1967 to obtain Federal leases 
off Louisiana, Texas and California that 
guarantee only the right to search for 
and develop unproved reserves. To date 
more than 6.5 million acres of the outer 
continental shelf off the U.S. have been 
leased, which is half of the acreage of
fered, resulting in lease income to the 
Federal Government of $3.4 billion. 
With more than 90 percent of the most 
favorable inland areas explored and less 
than 10 percent of the U.S. shelf areas 
surveyed in detail, the prospects are en
couraging for additional large oil finds 
off U.S. coasts. 

S
ulfur, one of the world's prime indus-
trial chemicals, is found in the cap 

rock of salt domes buried within conti
nental and sea-floor sediments. The sul
fur is recovered rather inexpensively by 
melting it with superheated water piped 
down from the surface and then forcing 
it up with compressed air. Only 5 per
cent of the explored salt domes contain 
commercial quantities of sulfur, and off
shore production has been limited to 
two mines off Louisiana that supply two 
million tons, worth $37 million, a year. 
Now a critical shortage of sulfur and the 
recent discovery by the deep-drilling 
ship Glomar Challenger of sulfur-bear
ing domes in the deepest part of the 
Gulf of Mexico have stimulated an in
tensive search for offshore sulfur de
posits. 

Undersea subfloor mining can be 
traced back to 1620, when coal was ex-

20 30 50 

AREA (PERCENT OF TOTAL) 

being exploited but others may not be economic for years. Sedi

mentary layers (black) are the most likely site of recoverable raw 

materials. The chart (right) shows what percent of the ocean floor's 

140 million square miles of area is occupied by each province. 
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tracted in Scotland through shafts that 
were driven seaward from an offshore 
island. To date 100 subsea mines with 
shaft entries on land have recovered 
coal, iron ore, nickel-copper ores, tin 
and limestone off a number of countries 
in all parts of the world. Coal extracted 

from as deep as 8,000 feet below sea 
level accounts for almost 30 percent of 
Japan's total production and more than 
10 percent of Britain's. With present 
technology subsea mining can be con
ducted economically as far as 15 miles 
offshore, given mineral deposits that are 

worth $10 to $15 per ton and occur in 
reserves of more than $100 million. The 
economically feasible distance should in
crease to 30 miles by 1980 with the de
velopment of new methods for rapid un
derground excavation. Eventually shafts 
may be driven directly from the seabed 

POSSIBILITY OF OIL in the deep.sea floor was revealed by this 

record from some 250 miles northwest of the Cape Verde Islands. 

The record, like the one on the preceding pages, was made by the 

research ship Kane of the Naval Oceanographic Office. The tall nar

row structures appear to be salt domes, along the flanks of which 

surface-seeking oil is often trapped in tilted sedimentary layers. 

;. 
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FOLDED SEDIMENT ARY LAYERS are shown in this Kane rec

ord made on the continental shelf north of Trinidad. The band at 
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top is from water reflections. The record shows anticlines (arches) 

and synclines (troughs); oil is often trapped in crests of anticlines. 
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if ore deposits are located in ocean-floor 
rock far from land. 

S
eventy percent of the world's conti-
nental shelves consist of ancient un

consolidated sediments from which are 
dredged such commodities as sand, grav
el, oyster shell, tin, heavy-mineral sands 
and diamonds. Dredging is an attractive 
mining technique because of low capital 
investment, quick returns and high prof
its and the operational mobility offered 
by floating dredges. So far it has been 
limited to nearshore waters less than 235 
feet deep and protected from severe 
weather effects. As knowledge of re
sources in deeper water increases, indus
try will undoubtedly upgrade its dredg
ing technology. 

Of the many potentially valuable sur
face deposits, sand and gravel are the 
most important in dollar terms, and only 
these and oyster shells are now mined 
off the U.S. coast. Some 20 million tons 
of oyster shells are extracted from U.S. 
continental shelves annually as a source 
of lime; sand and gravel run about 50 
million cubic yards. As coastal metro
politan areas spread out, they cover dry
land deposits of the very construction 
materials required to sustain their ex
pansion; in these circumstances sea-floor 
sources such as one recently found o!f 
New Jersey, which is thought to contain 
a billion tons of gravel, become commer
cially valuable. 

In the deeper waters of the continen
tal shelves, on the upper parts of the 
slopes and on submarine banks and 
ridges widespread depOSits of marine 
phosphorite nodules are found at depths 
between 100 and 1,000 feet. The best
known large deposits are off southern 
California, where total reserves are esti
mated at 1.5 billion tons, and off north
western Mexico, Peru and Chile, the 
southeastern U.S. and the Union of 
South Africa. The only major attempt at 
mining was made in 1961, when a com
pany leased an area off California, but 
that lease was returned unexploited to 
the Federal Government four years later. 
With large land sources generally avail
able to meet the demand for phosphates 
for fertilizer and other products, offshore 
exploitation of this resource is not likely 
to occur soon, except possibly in phos
phate-poor countries. 

The only known minerals on the floor 
of the deep ocean that appear to be 
of potential economic importance are 
the well-publicized manganese nodules, 
formed by the precipitation from sea
water of manganese oxides and other 
mineral salts, usually on a small nucleus 
such as a bit of stone or a shark's tooth. 

C HLORINE 

---- OT H ER 

SEAWATER contains a n  average o f  35,000 parts per million o f  dissolved solids. I n  a cubic 

mile of seawater, weighing 4.7 billion tons, there are therefore about 165 million tons of 

dissolved matter, mostly chlorine and sodium (gray cube). The volume of the ocean is about 

350 million cubic miles, giving a theoretical mineral reserve of about 60 quadrillion tons. 

ELEMENT TONS PER CUBIC MILE ELEMENT TONS PER CUBIC MILE 

CHLORINE 89,500,000 NICKEL 9 

SODIUM 49,500,000 VANADIUM 9 

MAGNESIUM 6,400,000 MANGANESE 9 

SULFUR 4,200,000 TITANIUM 5 

CALCIUM 1,900,000 ANTIMONY 2 

POTASSIUM 1,800,000 COBALT 2 

BROMINE 306,000 CESIUM 2 

CARBON 132,000 CERIUM 2 

STRONTIUM 38,000 YTTRIUM 

BORON 23,000 SILVER 

SILICON 14,000 LANTHANUM 
FLUORINE 6,100 KRYPTON 
ARGON 2,800 NEON .5 

NITROGEN 2,400 CADMIUM .5 

LITHIUM 800 TUNGSTEN .5 

RUBIDIUM 570 XENON .5 
PHOSPHORUS 330 GERMANIUM .3 

IODINE 280 CHROMIUM .2 
BARIUM 140 THORIUM .2 

INDIUM 94 SCANDIUM .2 

ZINC 47 LEAD .1 

IRON 47 MERCURY .1 

ALUMINUM 47 GALLIUM .1 

MOLYBDENUM 47 BISMUTH .1 

SELENIUM 19 NIOBIUM .05 

TIN 14 THALLIUM .05 

COPPER 14 HELIUM .03 

ARSENIC 14 GOLD .02 

URANIUM 14 

CONCENTRATION of 57 elements in seawater is given in this table. Only sodium chloride 

(common salt), magnesium and bromine are now being extracted in significant amounts. 
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They are widely distributed, "'lith con
centrations of 31,000 tons per square 
mile on the floor of the Pacific Ocean. 
Although commonly found at depths 
greater than 12,500 feet, nodules exist in 
1,000 feet of water on the Blake Plateau 
off the southeastern U.S. and were locat
ed last year at a depth of 200 feet in 
the Great Lakes. 

The nodules average about 24 percent 
manganese, 14 percent iron, 1 percent 
nickel, .5 percent copper and somewhat 
less than .5 percent cobalt. Since ore now 
being mined from land deposits in a 
number of countries averages 35 to 55 

percent manganese, it may be the minor 
constituents of the nodules, particularly 
copper, cobalt and nickel, that first prove 
to be attractive economically. Many ex
perts think the key to profitable exploi
tation is the solution of a difficult metal
lurgical separation problem created by 
the unique combination of minerals in 
the nodules. 

F
ew discoveries have created more ex-
citement among earth scientists than 

the location, by different expeditions in 
1964, 1965 and 1966, of three undersea 
pools of hot, high-denSity brines in the 
middle of the Red Sea. The brines con
tain minerals in concentrations as high 
as 300,000 parts per million-nearly 10 
times as much solid matter as is com
monly dissolved in ocean water-and 
overlie sediments rich in such heavy met
als as zinc, copper, lead, silver and gold. 
Similar deposits may be characteristic of 
other enclosed basins associated, as is the 
Red Sea, with rift valleys. 

As this decade ends resource explora
tion is advancing on many fronts. Chro
mite has been found by Russian ocean
ographers in sea-floor rifts in the Indian 
Ocean, and zirconium, titanium and oth
er heavy minerals have been detected in 
sediments from extensive areas off the 
Texas coast. Methane deposits sufficient 
to supply Italy's needs for at least six 
years have been confirmed in the Adri
atic Sea. New oil fields of economic value 
have been discovered off Mexico, Trini
dad, Brazil, Dahomey and

' 
Australia. 

Surveys of the Yellow Sea and the East 
China Sea indicate that the continental 
shelf between Taiwan and Japan may 
contain one of the richest oil reserves in 
the world. It is now becoming clear that 
the continental rises, which lie at depths 
ranging from about 5,000 to 18,000 feet 
and contain a far larger total volume of 
sediments than the shelves, may hold 
significant petroleum reserves. Within 
the past year the Glomar Challenger 
has drilled into Oil-bearing sediments ly
ing under 11,700 feet of water in the 
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Gulf of Mexico, and seismic surveys have 
revealed what appear to be typical oil
bearing structures under the deep ocean
basin floor [see upper illustration on 
page 170]. 

As on land, resource development of 
a frontier requires a mixture of public 
and private entrepreneurship. Histori
cally basic exploration has been spon
sored by government; this broad-rang
ing exploration reveals opportunities 
that are followed up by detailed pri
vately funded surveys. This pattern is 
likely to persist, and as the International 
Decade of Ocean Exploration gets under 
way a wide variety of new opportunities 

" '  . . 

for marine resource develop�ent will 
surely come to light. 

Limitations on the exploitation of the 
oceans stem partly from lack of knowl
edge about the distribution of resources 
and the state of the art of undersea tech
nology. The major limits, however, are 
set by venture economics, the motivat
ing factor for the profit sector. That fac
tor is influenced by the availability of 
competing land deposits, by extraction 
technology and the legal situation and, 
most critically, by market demand. On 
the basis of projections of world popu
lation and gross national products to the 
year 2000, which indicate respective in-

AC 

CURRENT PRODUCTION of major ocean resources (except sand, gravel and shell) is 

mapped with areas of oil and gas exploration. Data come from UOS. Geological Survey, Oil & 
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creases of almost 100 and 500 percent 
over 1965, a sharp rise in total resource 
demand can be anticipated, and with it 
a greater role for the sea. 

Other major impediments to the rapid 
development of ocean resources arise 
from social and legal constraints. Dam
age to beaches and wildlife from oil 
leaks, as in the Santa Barbara Channel, 
and uncertainty about the effect of 
dredging on marine organisms have 
brought public awareness that offshore 
development may have detrimental 
consequences. The public, the owner of 
the resources, is demanding greater safe
guards, questioning the wisdom of re-

• OIL 

• GAS 

c SULFUR 

... , IRON 

... C COAL 

source development in areas where it 
may threaten the environment. In deep
er waters seabed development comes up 
against the potent issue of ownership. 
There are major questions about the 
boundaries of national jurisdictions and 
about the jurisdiction over the seabed 
beyond such boundaries [see "The 
Ocean and Man," by Warren S. Wooster, 
page 218]. 

The coastal margin-the ribbon of land 
and water where people and oceans 

meet and are profoundly influenced by 
each other-has only recently come to be 
recognized and treated as a valuable and 

� 

perishable resource. It is actually a com
plex of unique physical resources: estu
aries and lagoons, marshes, beaches and 
cliffs, bays and harbors, islands and spits 
and peninsulas. 

In the year 2000 half of the estimated 
312-million population of the U.S. will 
live on 5 percent of the land area in three 
coastal urban belts: the megalopolises of 
the Atlantic, the Pacific and the Great 
Lakes. Along with the people will come 
an intensification of competing demands 
for the limited resources of the narrow, 
fragile coastal zone. To make matters 
worse, the coastal resource is shrinking 
under the pressure of natural forces (hur-

, . . � 
, / .'.-.A i .' \ 

'(j" '''?JJ . . 
... T

· , " \ . . 

� � . . . �. r{ = · , ,� 
. , .' � \ 
�"'" .- -d .... : ' • • . '
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b. HEAVY MINERALS o FRESH WATER _ OIL AND GAS EXPLORATION 

... T TIN • SALT 

... 0 DIAMONDS • MAGNESIUM 

o OTHER MINERALS 

Gas Journal, the magazine Offshore and other sources. Oil, gas and 

sulfur are produced by drilling; coal and iron ore from mines 

driven from dry land; heavy minerals, tin and diamonds by dredg. 

ing; fresh water, salt, magnesium and other minerals from seawater. 
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Many of the scientific developments 
that will shape tomorrow's world 
are germinating right now in New 
Jersey's more than 700 industrial 
research institutions. The smaller 
manufacturer who does not have his 
own research staff can easily find 

top-notch facilities and personnel 
available close by to help work out 
his problems. 

Because of its great contributions 
in such fields as oceanography, elec
tricity, electronics, chemistry, met
allurgy and aviation, New Jersey 
has been called "the cradle of indus
trial research." Your executive and 
technical people will find a stimulat
ing environment here, and ample 
opportunity for advanced study. 

Write for "Facts and Facets of New Jersey." 
Department of Conservation and Economic Development 

NEWdERSEV 
Bureau of Commerce and Industry, 

P.O. Box 1889, Trenton, New Jersey 08625 
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in the 
geographic 
center of 

the world's 
richest 
market 

MANGANESE NODULES, formed by precipitation from seawater, are generally found on 

the deep-sea floor. These nodules were photographed on the Blake Plateau off the south· 

eastern U.S., less than 3,000 feet deep, by a prospecting ship operated by Deepsea Ventures, 

Inc. They average two inches in diameter, about a quarter·pound in weight. The manganese 

content is between 15 and 30 percent, the nickel and copper content about 1 percent each. 

ricanes have caused $5 billion in damage 
to the U.S. economy in the past 15 years) 
and human exploitation and neglect. 

More than a tenth of the 10.7 million 
square miles of shellfish-producing wa
ters bordering the U.S. is now unusable 
because of pollution. Dredging, drain
age projects and even chemical mosqui
to-control programs are having devastat
ing effects on fish and other aquatic life. 
The amount of industrial waste reaching 
the oceans will increase sevenfold with
in the decade. Whereas 14 nuclear-pow
ered generating plants are operating in 
the U.S. today, more than 100 are sched
uled by 1975, with nine planned for 
Long Island Sound alone. Thermal pol
lution from the discharge of 110t water 
is therefore a potential threat to coastal 
waters as well as inland lakes and rivers. 

In the competition for the zone's re
sources among different uses-industrial 
and housing development, ports, ship
building, recreation, commercial fisher
ies and waste disposal-natural wetlands 
and estuarine open spaces are losing out. 
Of the tidal wetlands along the Atlantic 
coast from Maine to Delaware, 45,000 
acres were lost between 1955 and 1964. 
An inventory shows that 34 percent of 
that area was dried up by being used as 
a dumping ground for dredging opera
tions; 27 percent was filled for housing 
developments; 15 percent went to rec
reational developments (parks, beaches 
and marinas) and 10 percent to bridges, 
roads, parking lots and airports; 7 per
cent was turned into industrial sites and 
6 percent into garbage and trash dumps. 
(In Maryland 176 acres of submerged 
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land in Chesapeake Bay were sold re
cently for $100 an acre and, after being 
filled with dredged bay-bottom muck, 
were subdivided into lots selling for be
tween $4,000 and $8,000 each.) 

'vVith the demand for marine recrea
tion growing with the coastal population, 
pressure is increasing on the one-third 
of the coastal zone that has recreational 
potential. Only about 6.5 percent of this 
is now in public ownership, yet in order 
to meet the projected demand it is con
sidered essential that about 15 percent 
be accessible to the public. The mere 
fact that coastal land with recreational 
potential exists, moreover, is far from 
meaning that it will ever be put to recre
ational use. Swimming, boating and skin 
diving are often incompatible with com
peting alternative uses, many of which 
appear to have equally valid claims. 
In the face of conflicts between public 
and private, and long-term and short
term, benefits, how and by whom will 
the ultimate decisions be made on the 
proper utilization of coastal land? 

Management of the coastal zone is 
unwieldy because the environment is al
most hopelessly fragmented by political 
subdivisions: 24 states, more than 240 
counties, some 600 coastal cities, town
ships, towns and villages and numerous 
regional authorities and special districts 
with their own regulatory powers. Su
perimposed on the many public jurisdic
tions there is another tapestry of private 
ownership. Because the states hold 
coastal resources in trust out to the three
mile limit, the Federal Government has 
a restricted role in resolving disputes, 
but it may be able to exert leadership in 
defining the issues. 

Thoreau once admonished: "What is 
the use of a house if you haven't got a 

tolerable planet to put it on." Unless ra
tional alternatives among competing uses 
are evaluated, the trend will continue to 
be toward single-purpose uses, motivat
ed by short-term advantages to individ
uals, industry or local governments. Such 
exploitation may actually dissipate re
sources. Private beach development re
stricts public access; dredging and filling 
downgrade commercial fishing; offshore 
drilling rigs limit freedom of navigation. 
Each Single-purpose use may seem justi
fiable on its own, but the overall effect of 
piecemeal development can be chaos. 

In this technological age man can do 
many more of the things he wants to do. 
The oceans place before him a vast store 
of little-developed material resources; 
the tools of science and technology are 
at his disposal. This combination of a 

The Ocean 

SCIENTIFIC . . 
AMERICAN 

Single-TopIC Issue 

All of the articles in this single-topic issue will be available in 

book form early in 1970. 

In addition, all of these articles will be available as SCIENTIFIC 

AMERICAN Offprints early in 1970. 

The following Offprints on the ocean are available at 20C each: 

124. Shaw: The Schooling of Fishes 

127. Gilbert: The Behavior of Sharks 

135. Limbaugh: Cleaning Symbiosis 

152. Lissmann: Electric Location by Fishes 

414. Tinbergen: Behavior of the Stickleback 

805. Fairbridge: The Changing Level of the Sea 

808. Stetson: The Continental Shelf 

810. Stommel: Anatomy of the Atlantic 

813. Munk: Circulation of the Oceans 
814. Fisher & Revelle: The Trenches of the Pacific 

828. Bascom: Ocean Waves 

829. Bernstein: Tsunamis 

830. Bailey: The Voyage of the "Challenger" 

831. Millot: The Coelacanth 

860. Kort: The Antarctic Ocean 

864. Murphy: The Oceanic Life of the Antarctic 

866. Dietz: The Sea's Deep Scattering Layers 

875. Heirtzler: Sea-floor Spreading 

876. Myers: Fog 

1025. Ruud: The Ice Fish 

1035. Jensen: The Hagfish 

1036. McVay: The Last of the Great Whales 

1072. Hong & Rahn: The Diving Women of Korea and Japan 

For further information and a complete listing of Offprints, 

write to: Dept. AWl ,: W. H. Freeman and Company 
I� I 660 Market Street, San Francisco, California 94104 
'" Warner House, Folkcstone, Kent, England 
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new frontier, new knowledge and new 
technical capability may be unique in 
the human experience. We are accumu
lating the basic information with which 
to define the ecological base from which 
we operate, to understand the natural 
forces at work and to predict the conse-

quences of each insult to the environ
ment. With this new comprehension it 
will soon be possible to develop the en
gineering with which to harvest mineral 
wealth, maintain water quality, inhibit 
beach erosion, create modern ports and 
harbors-and to establish the criteria for 

making necessary choices among courses 
of action and the law and institutions to 
effectuate them. In time we may even 
be able to correct mistakes that were 
made long ago in ignorance or that occur 
in the future because of man's stupidity, 
neglect or greed. 

TIDAL WETLANDS, an important coastal resource, are disappear· 

ing rapidly. The top photograph shows Boca Ciega Bay, near St. 

Petersburg on the west coast of Florida, as it was in 1949. The bot· 

tom photograph shows the same area filled and developed, in 1969. 
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The nutcracker. 
Some of the problems brought to us are 

tough nuts to crack. Our "nutcracker," an 

IBM 65/75 computer, is one of the worlds 
largest, most powerful computers available 

for commercial use. With its enormous 
capacity for information, it can 
solve your biggest problems

whether engineering, 
business, SCience, or 

. f i nance. It computes 
at less cost than any 

other computer system. 
You can hook up to our nutcracker 

through your own computer or data 
transmiSSion terminal via telephone 

lines. You have as much computing 
power as you need, when you need it, 

but you pay for only what you use. Let our 
65/75 and our data processing 

professionals go to work for you. Write 
for our Datadrome report or contact 

Mr. William R. Vickroy Dept. KD-660 
Box 516, St. LOUiS, Mo. 63166, 

or phone (314) 232-8021. 

MCDONNELL AUTOMATION COMPANY 
DENVER· HOUSTON . LOS ANGELES· NEW YORK· ST. LOUIS· WASHINGTON. D.C. , 

/ 

IfIICDONNELL DOUGLA� 
FOR EOUAL OPPORTUNITY EMPLOYMENT IN COMPUTER SERVICES. WRITE BOX 14526. ST. LOUIS. MISSOURI 63176. 
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The Food Resources of the Oceail 
The present harvest of the oceans zs roughly 55 million tons a year, 

half of which is consumed directly and half converted into fish meal. 

A well-managed world fishery could yield more than 200 million tons 

I suppose we shall never know what 
was man's first use of the ocean. It  
may have been as a medium of trans

port or as a source of food. It is certain, 
however, that from early times up to the 
present the most important human uses 
of the ocean have been these same two : 
shipping and fishing. Today, when so 
much is being said and written about our 
new interests in the ocean, it is particu
larly important to retain our perspective.  
The annual income to the world's fisher
men from marine catches is now roughly 
$8 billion . The world ocean-freight bill 
is nearly twice that. In contrast, the well
head value of oil and gas from the sea
bed is barely half the value of the fish 
catch, and all the other ocean mineral 
production adds little more than another 
$250 million. 

Of course, the present pattern is like
ly to change, although how rapidly or 
dramatically we do not know. What is 
certain is that we shall use the ocean 
more in tensively and in a greater variety 
of ways. Our greatest need is to use it 
wisely. This necessarily means that we 
use it in a regulated way, so that each 
ocean resource, according to its nature, 
is efficiently exploited but also con
served. Such regulation must be in large 
measure of an international kind, par
ticularly insofar as living resources are 
concerned . This will be so whatever may 
be the eventual legal regime of the high 
seas and the underlying bed. The obvi
ous fact about most of the ocean's living 
resources is their mobility. For the most 
part they are lively animals, caring noth
ing about the lines we draw on charts . 

The general goal of ecological re
search, to which marine biology makes 
an important contribution, is to achieve 
an understanding of and to turn to our 
advantage all the biological processes 
that give our planet its special character. 
Marine biology is focllsed on the prob-
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lems of biological production, which are 
closely related to the problems of pro
duction in the economic sense. Our most 
compelling interest is narrower. It  lies in 
ocean life as a renewable resource : pri
marily of protein-rich foods and food 
supplements for ourselves and our do
mestic animals, and secondarily of mate
rials and drugs . I hope to show how in 
this field science, industry and govern
ment need each other now and will do 
so even more in the future. First, how
ever, let me establish some facts about 
present fishing industries, the state of 
the art governinOg them and the state of 
the relevant science. 

The present ocean harvest is about 55 
million metric tons per year. More 

than 90 percent of this harvest is finfish; 
the rest consists of whales, crustaceans 
and mollusks and some other inverte
brates. Although Significant catches are 
reported by Virtually all coastal coun
tries,  three-quarters of the total harvest 
is taken by only 14 countries, each of 
which produces more than a million tons 
annually and some much more. In the 
century from 1850 to 1950 the world 
catch increased tenfold-an average rate 
of about 25 percent per decade . In the 
next decade it nearly doubled, and this 
rapid growth is continuing [see illustra
tion on page 187]. It is now a common
place that fish is one of the few major 
foodstuffs showing an increase in global 
production that continues to exceed the 
growth rate of the human population. 

This increase has been accompanied 

by a changing pattern of use .  Although 
some products of high unit value as lux
ury foods, such as shellfish, have main
tained or even enhanced their relative 
economic importance, the trend has been 
for less of the catch to be used directly 
as human food and for more to be re
duced to meal for animal feed. Just be
fore World War II less than 10 percent 
of the world catch was turned into meal; 
by 1967 half of it was so used. Over the 
same period the proportion of the catch 
preserved by drying or smoking declined 
from 28 to 13 percent and the propor
tion sold fresh from 53 to 31 percent .  
The relative consumption of canned fish 
has hardly changed but that of frozen 
fish has grown from practically nothing 
to 12 percent.  

While we are comparing the prewar 
or immediate postwar situation with the 
present, we might take a look at the com
position of the catch by groups of spe
cies. In 1948 the clupeo:d fishes (her
rings, pilchards, anchovies and so on), 
which live mainly in the upper levels of 
the ocean, already dominated the scene 
(33 percent of the total by weight) and 
provided most of the material for fish 
meal. Today they bulk even larger (45 
percent) in spite of the decline of several 
great stocks of them (in the North Sea 
and off California, for example). The 
next most important group, the gadoid 
fishes (cod, haddock, hake and so on), 
which live mainly on or near the bottom, 
comprised a quarter of the total in 1948 . 
Although the catch of these fishes has 
continued to increase absolutely, the 

SCHOOL OF FISH is spotted from the air at night by detecting the bioluminescent glow 

caused by the school's movement through the water. As the survey aircraft flew over the 

Gulf of Mexico at an altitude of 3,500 feet, the faint illumination in the water was ampli

fied some 55,000 times by an image intensifier before appearing on the television screen 

seen in the photograph on the opposite page. The fish are Atlantic thread herring. Detec

tion of fish from the air is one of several means of increasing fishery efficiency being 

tested at the Pascagoula, Miss., research base of the U.S. Bureau of C ommercial Fisheries. 
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proportion is now reduced to 15 percent.  
The flounders and other flatfishes, the 
rosefish and other sea perches and the 
mullets and jacks have collectively 
stayed at about 15 percent; the tunas 
and mackerels, at 7 percent. Nearly a 
fifth of the total catch continues to be 
recorded in statistics as "Unsorted and 
other"-a vast number of species and 
groups, each contributing a small amount 
to a considerable whole. 

The rise of shrimp and fish meal pro
duction together account for another 
major trend in the pattern of fisheries de
velopment. A fifth of the 1957 catch was 
sold in foreign markets; by 1967, two
fifths were entering international trade 
and export values totaled $2.5 billion. 

MEDITERRANEAN 
AND BLAC�

. 
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Furthermore, during this same period 
the participation of the less developed 
countries in the export trade grew from 
a sixth to well over 25 percent. Most of 
these shipments were destined for mar
kets in the richer countries, particularly 
shrimp for North America and fish meal 
for North America, Europe and Japan. 
More recently several of the less devel
oped countries have also become im
porters of fish meal, for example Mexico 
and Venezuela, South Korea and the 
Republic of China. 

The U.S. catch has stayed for many 
years in the region of two million tons, a 
low figure conSidering the size of the 
country, the length of the coastline and 
the ready accessibility of large resources 

on the Atlantic, Gulf and Pacific sea
boards. The high level of consumption 
in the U.S. (about 70 pounds per capita) 
has been achieved through a steady 
growth in imports of fish and fish meal: 
from 25 percent of the total in 1950 to 
more than 70 percent in 1967 . In North 
America 6 percent of the world's human 
population uses 12 percent of the world's 
catch, yet fishermen other than Ameri
cans take nearly twice the amount of 
fish that Americans take from the waters 
most readily accessible to the U.S . 

There has not been a marked change 
in the broad geography of fishing 

[see illustration on these two pages]. 
The Pacific Ocean provides the biggest 

NORTHERN PACIFI C 
6.4 

WEST·CENTRAL PACIFIC 
10.5 

EAST · CENTRAL PACIFIC 
0.7 

EASTERN 
INDIAN OCEAN 

0.8 

• . '" o 

SOUTHWESTERN PACIFIC 
0.4 

MAJOR MARINE FISHERY AREAS are 14 in number: two in the 

Indian Ocean (le!t ) ,  five in the Pacific Ocean (center) and six in 

the Atlantic (right). Due to the phenomenal expansion of the 

Peru fishery, the total Pacific yield is now a third larger than the 

Atlantic total. The bulk of Atlantic and Pacific catches, however, is 

still taken well north of the Equator. The Indian Ocean, with a 
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share (53 percent) but the Atlantic (40 
percent, to which we may add 2 percent 
for the Mediterranean) is yielding con
siderably more per unit area. The Indian 
Ocean is still the source of less than 5 
percent of the catch, and since it is not a 
biologically poor ocean it is an obvious 
target for future development. Within 
the major ocean areas, however, there 
have been significant changes. In the 
Pacific particular areas such as the wa
ters off Peru and Chile and the Gulf of 
Thailand have rapidly acquired impor
tance. The central and southern parts of 
the Atlantic, both east and west, are of 
growing interest to more nations . Al
though, with certain exceptions, the tra
ditional fisheries in the colder waters of 

the Northern Hemisphere still dominate 
the statistics, the emergence of some of 
the less developed countries as modern 
fishing nations and the introduction of 
long-range fleets mean that tropical and 
subtropical waters are beginning to con
tribute significantly to world production . 

Finally, in this brief review of the 
trends of the past decade or so we must 
mention the changing importance of 
countries as fishing powers . Peru has be
come the leading country in terms of 
sheer magnitude of catch (although not 
of value or diversity) through the devel
opment of the world's greatest one-spe
cies fishery: 10 million tons of anchovies 
per year, almost all of which is reduced 
to meal [see illustration on page 189]. 
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total catch of little more than two million metric tons, live weight, is the world's major 

underexploited region. The number below each area name shows the millions of metric 

tons landed during 1967, as reported by the UN Food and Agriculture Organization. 

The U.S. S.R. has also emerged as a fish
ing power of global dimension, fishing 
for a large variety of products through
out the oceans of the world, particularly 
with large factory ships and freezer
trawlers . 

At this point it is time to inquire about 
the future expectations of the ocean as a 
major source of protein. In spite of the 
growth I have described, fisheries still 
contribute only a tenth of the animal 
protein in our diet, although this pro
portion varies conSiderably from one 
part of the world to another. Before 
such an inquiry can be pursued, how
ever, it is necessary to say something 
about the problem of overfishing. 

A stock of fish is, generally speaking, 
at its most abundant when it is not being 
exploited;  in that virgin state it will in
clude a relatively high proportion of the 
larger and older individuals of the spe
cies. Every year a number of young re
cruits enter the stock, and all the fish
but particularly the younger ones-put 
on weight. This overall growth is bal
anced by the natural death of fish of all 
ages from disease, predation and per
haps senility. When fishing begins, the 
large stock yields large catches to each 
fishing vessel, but because the pioneer
ing vessels are few, the total catch is 
small. 

Increased fishing tends to reduce the 
level of abundance of the stock progres
Sively. At these reduced levels the losses 
accountable to "natural" death will be 
less than the gains accountable to re
cruitment and individual growth. If, 
then, the catch is less than the difference 
between natural gains and losses, the 
stock will tend to increase again; if the 
catch is more, the stock will decrease. 
When the stock neither decreases nor in
creases, we achieve a sustained yield. 
This sustained yield is small when the 
stock is large and also when the stock is 
small; it is at its greatest when the stock 
is at an intermediate level-somewhere 
between two-thirds and one-th ird of the 
virgin abundance. In this intermediate 
stage the average size of the individu
als will be smaller and the age will be 
younger than in the unfished condition, 
and individual growth will be highest in 
relation to the natural mortality. 

The largest catch that on the average 
can be taken year after year without 
causing a shift in abundance, either up 
or down, is called the maximum sustain
able yield. It can best be obtained by 
leaving the younger fish alone and fish
ing the older ones heavily, but we can 
also get near to it by fishing moderately, 
taking fish of all sizes and ages. This 
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phenomenon-catches that first increase 
and then decrease as the intensity of 
fishing increases-does not depend on 
any correlation between the number of 
parent fish and the number of recruits 
they produce for the following genera
tion. In fact, many kinds of fish lay so 
many eggs, and the factors governing 
survival of the eggs to the recruit stage 
are so many and so complex, that it is 
not easy to observe any dependence of 

n· 
b 

l 

the number of recruits on the number 
of their parents over a wide range of 
stock levels . 

Only when fishing is intense, and the 
stock is accordingly reduced to a small 
fraction of its virgin size, do we see a 
decline in the number of recruits coming 
in each year. Even then there is often a 
wide annual fluctuation in this number. 
Indeed, such fluctuation, which causes 
the stock as a whole to vary greatly in 

b 

abundance from year to year, is one of 
the most significant characteristics of 
living marine resources. Fluctuation in 
number, together with the considerable 
variation in "availability" (the change in 
the geographic location of the fish with 
respect to the normal fishing area), large
ly account for the notorious riskiness of 
fishing as an industry. 

For some species the characteristics of 
growth, natural mortality and recruit-

LARGEST MARINE CATCHES are comprised of six fish species 

(top) and four groups of invertebrates (bottom). They are, accord· 

ing to the most recent detailed F AO fishery statistics ( 1967), the 

Peruvian anchoveta (a), with a cateh of more than 10.5 million 

metric tons; the Atlantic herring (b), with a catch of more than 

3.8 million tons; the Atlantic cod (c), with a catch of 3.1 million 

tons; the mackerel (d), with a catch of two million tons; the Alas· 

ka walleye pollack (e), with a catch of 1.7 million tons; the South 

African pilchard (j), with a catch of 1.1 million tons, and, among 

the invertebrates, oysters (g), totaling .83 million tons; squids (h), 
totaling .75 million tons; shrimps and prawns (i), totaling .69 

million tons, and clams and cockles (j), totaling .48 million tons. 
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Our most promising trees 
are test tube babies 

The imaginative foresters of The Northwest 
Paper Company, a Potlatch subsidiary, have 

adapted a Canadian "tubeJing" technique 

to the problems of Minnesota pulpwood 
reforestation. They annually grow and plant 
over a million and a half seedlings as their 

part of our unswerving policy of growing 

more trees than are harvested. Conventional 
methods require nursery-grown seedlings 

two to four years old. Our test tubelings took 

less than six weeks from seed to forest 

planting and there may be other advantages. 

When the day of the super-tree arrives, it 

will come from the super foresters. That 

includes us. Potlatch Forests, Inc., P. O. Box 

3591, San Francisco, California 94119. 

Potlatch 
Potlatch, the forests where innovations grow .. in wood products, in prefabricated structures, in paperboard and packaging, in business and printing papers. 
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We know a land where the streets are 
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paved with gold. So do the Russians. 
At the bottom of the sea lies one of the 

greatest sources of wealth and trouble in 
the world today. 

Gold, oil, diamonds, food, minerals be
yond your wildest dreams. 

For the first time, new technology is al
lowing us to tap these resources. But 
there's a greater problem than technology. 

Ownership. 
How does one go about staking a claim 

in the middle of the Pacific Ocean? 
If two Ii ttle coun tries disagree on a cop

per field under the Arctic Ocean, do the big 
coun tries go to war? 

Wouldn't the "finders keepers" principle 
of ownership give all the ocean to a few 
na tions, to the cons tern a tion of the rest? 

In no other field are the legal questions 
so knotty. And the answers so necessary. 

Because if we don't set up some inter
national agreements soon, we'll be stuck 
with "to the victors belong the spoils." 

Not only is agreement crucial for govern
men ts, bu t for pri va te corpora tions as well. 
Because oceanography is one of the major 
growth industries of the not-so-distant 
future. 

At Olin we're developing many products 
for oceanic research and exploitation. 

Urethane foam for undersea recovery 
operations. Hydrazine chemicals for flota
tion systems and exploration at the very 
lowest depths of the ocean. 

Ramset® power tools for underwater 
construction. Pow-R-Quik® cold weather 
starters for offshore oil rigs. Olin marIne 
safety flares for vessels in trouble. 

Chemicals that can help heat up the 
water around divers. Others that help 
make glass hard enough for deep-sea stor
age and housing at fantastic pressures. 

A new fuel cell that will be able to power 
deep-submergence vessels at depths of 
20,000 feet and below. 

With all this at stake, we have a more 
than passing interest in seeing law and 
order prevail under the high seas. 

It could determine what happens on top. 

Olin 
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PHELPS DODGE COPPER. A LUMINUM B 
AND ALLOY PRODUCTS @ 

Richmond is 
aPhelps Dodge City 

Once a town where Patrick Henry preached 
"liberty or death" rebellion. A sacred colonial 
place. Now "The Tobacco Capital of the World" 
... a busy, growing modern city ... and very 
much a Phelps Dodge City. Our products are 
everywhere. 

Check it out and you'll find that Phelps 
Dodge electrical wire and cable are used in more 
than half of the large buildings put up in Rich
mond during the last 20 years. Our combined 
duct cable also laces through the city ... light
ing up world renowned Monument A venue as 
well as streets, expressways and shopping cen
ters. Our copper tubes carry gas and water. Our 

magnet wire keeps motors and generators hum
ming in homes, stores and factories. 

The Virginia Electric and Power Company 
is also using millions of pounds of Phelps Dodge 
condenser tubes in its new nuclear power sta
tion at Surry. This same company, in an all-out 
beautification effort, has become one of the na
tion's leaders in the use of underground trans
mission and residential power lines ... much of 
it made by us. 

We specialize in copper, aluminum and al
loy products that conduct electricity, liquids, 
gases, and heat ... the essential conductors of 
modern life. 
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ment are such that the maximum sus
tainable yield is sharply defined.  The 
catch will decline quite steeply with a 
change in the amount of fishing (mea
sured in terms of the number of vessels, 
the tonnage of the fleet, the days spent 
at sea or other appropriate index) to ei
ther below or above an optimum. In oth
er species the maximum is not so sharply 
defined; as fishing intensifies above an 
optimum level the sustained catch will 
not significantly decline, but it will not 
rise much either. 

Such differences in the dynamics of dif-
ferent types of fish stock contribute 

to the differences in the historical devel
opment of various fisheries . If it  is un
regulated, however, each fishery tends 
to expand beyond its optimum point un-

Utilization of Resources, held in 1949 at 
Lake Success, N.Y. The small group of 
fishery scientists gathered there conclud
ed that the only overfished stocks at that 
time were those of a few high-priced 
species in the North Atlantic and North 
Pacific, particularly plaice, halibut and 
salmon. They produced a map showing 
30 other known major stocks they be
lieved to be underfished. The situation 
was reexamined in 1968. Fishing on half 
of those 30 stocks is now close to or be
yond that required for maximum yield. 
The fully fished or overfished stocks in
clude some tunas in most ocean areas, 
the herring, the cod and ocean perch 
in the North Atlantic and the anchovy 

in the southeastern Pacific. The point is 
that the history of development of a fish
ery from small beginnings to the stage of 
full utilization or overutilization can, in 
the modern world, be compressed into a 
very few years . This happened with the 
anchovy off Peru, as a result of a massive 
local fishery growth, and it has happened 
to some demersal, or bottom-dwelling, 
fishes elsewhere through the large-scale 
redeployment of long-distance trawlers 
from one ocean area to another. 

It is clear that the classical process of 
fleets moving from an overfished area to 
another area, usually more distant and 
less fished, cannot continue indefinitely. 
It  is true that since the Lake Success 

r---

less something such as inadequate de- 60 -
mand hinders its expansion. The reason 
is painfully simple. It will usually s till be 
profitable for an individual fisherman or 
ship to continue fishing after the total 
catch from the stock is no longer increas
ing or is declining, and even though his 
own rate of catch may also be declining.  
By the same token, it  may continue to be 
profitable for the individual fisherman 
to use a small-meshed net and thereby 
catch young as well as older fish, but in 
doing so he will reduce both his own 
possible catch and that of others in fu
ture years . Naturally if the total catch is 
declining, or not increasing much, as the 
amount of fishing continues to increase, 
the net economic yield from the fishery
that is, the difference between the total 
costs of fishing and the value of the en
tire catch-will be well past its maximum. 
The well-known case of the decline of 
the Antarctic baleen whales provides a 
dramatic example of overfishing and, one 
would hope, a strong incentive for the 
more rational conduct of ocean fisheries 
in the future . 

There is, then, a limit to the amount 
that can be taken year after year from 
each natural stock of fish. The extent to 
which we can expect to increase our fish 
catches in the future will depend on 
three considerations .  First, how many as 
yet unfished stocks await explOitation, 
and how big are they in terms of poten-
tial sustainable yield? Second, how many 
of the stocks on which the existing fish
eries are based are already reaching or 
have passed their limit of yield? Third, 
how successful will we be in managing 
our fisheries to ensure maximum sustain-
able yields from the stocks? 

The first major conference to examine 
the state of marine fish stocks on a global 
basis was the United Nations Scientific 
Conference on the Conservation and 
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WORLD FISH C ATCH has more than tripled in the three decades since 1938; the FAO 

estimate of the 1968 total is 64 million metric tons. The largest part (solid color) consists 

of marine fishes. Humans consume only half of the catch; the rest becomes livestock feed. 
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OCEANIA WESTERN 
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ALL O THER 
ANIMAL PROTEIN 

EASTERN NEAR EAST 
EUROPE 

AND U.S S.R. 

D VEGETABLE 
PROTEIN 

LATIN 
AMERICA 

AFRICA FAR EAST 
(INCLUDING 

CHINA) 

RELATIVELY MINOR ROLE played by fish in the world's total 

consumption of protein is apparent when the grams of fish eaten 

per person per day in various parts of the world (left column in 

each group) is compared with the consumption of other animal 

protein (middle column) and vegetable protein (right column) . The 

supply is nonetheless growing more rapidly than world population. 

meeting several other large resources 
have been discovered, mostly in the In
dian Ocean and the eastern Pacifi"c, and 
additional stocks have been utilized in 
fishing areas with a long history of in
tensive fishing, such as the North Sea. 
In another 20 years, however, very few 
substantial s tocks of fish of the kinds 
and sizes of commercial interest and ac
cessible to the fishing methods we know 
now will remain underexploited. 

The Food and Agriculture Organiza-
tion of the UN is now in the later 

stages of preparing ,"vhat is known as its 
Indicative World Plan (IWP) for agri
cultural development. Under this plan 
an attempt is being made to forecast the 
production of foodstuffs in the years 
1975 and 1985. For fisheries this in
volves appraising resource potential, en
visioning technological changes and their 
consequences, and predicting demand. 
The latter predictions are not yet avail
able, but the resource appraisals are well 
advanced. With the cooperation of a 
large number of scientists and organiza
tions estimates are being prepared in 
great detail on an area J:>asis. They deal 
wilh the potential of known stocks, both 
those fished actively at present and those 
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exploited little or not at all. Some of 
these estimates are reliable; others are 
naturally little more than reasonable 
guesses . One fact is abundantly clear : 
We still have very scrappy knowledge, 
in quantitative terms,  of the living re
sources of the ocean. We can, however, 
check orders of magnitude by compar
ing the results of different methods of 
appraisal. Thus where there is good in
formation on the growth and mortality 
rates of fishes and measures of their 
numbers in absolute terms, quite good 
projections can be made. Most types of 
fish can now in fact Virtually be counted 
individually by the use of specially cali
brated echo sounders for area surveys, 
although this technique is not yet widely 
applied. The size of fish populations can 
also be deduced from catch statistics, 
from measurements of age based on 
growth rings in fish scales or bands in 
fish ear stones, and from tagging experi
ments. Counts and maps of the dish'ibu
tion of fish eggs in the plankton can in 
some cases give us a fair idea of fish 
abundance in relative terms. We can try 
to predict the future catch in an area 
little fished at present by comparing the 
present catch with the catch in another 
area that has similar oc�anographic char-

acteristics and basic biological produc
tivity and that is already yielding near its 
maximum. Finally, we have estimates of 
the food supply available to the fish in a 
particular area, or of the primary pro
duction there, and from what we know 
about metabolic and ecological efficien
cy we can try to deduce fish production. 

So far as the data permit these meth
ods are being applied to major groups of 
fishes area by area. Although individual 
area and group predictions will not all 
be reliable, the global totals and sub
totals may be. The best figure seems to 
be that the potential catch is about three 
times the present one; it  might be as lit
tle as twice or as much as four times. A 
similar range has been given in estimates 
of the potential yield from waters adja
cent to the U .S . :  20 million tons com
pared with the present catch of rather 
less than six million tons . This is more 
than enough to meet the U .S .  demand, 
which is expected to reach 10 million 
tons by 1975 and 12 million by 1985. 

Judging from the rate of fishery de
velopment in the recent past, it  would 
be entirely reasonable to suppose that 
the maximum sustainable world catch of 
between 100 and 200 million tons could 
be reached by the second IWP target 
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date, 1985, or at least by the end of the 
century. The real question is whether or 
not this will be economically worth the 
effort. Here any forecast is, in my view, 
on soft ground. First, to double the catch 
we have to more than double the amount 
of fishing, because the stocks decline in 
abundance as they are exploited. More
over, as we approach the global maxi
mum more of the stocks that are lightly 
fished at present will be brought down to 
intermediate levels. Second, fishing will 
become even more competitive and cost
ly if the nations fail to agree, and agree 
soon, on regulations to cure overfishing 
situations. Third, it is quite uncertain 
what will happen in the long run to the 
costs of production and the price of pro
tein of marine origin in relation to other 
protein sources, particularly from min
eral or vegetable bases. 

In putting forward these arguments I 
am not trying to damp enthusiasm for 

the sea as a major source of food for 
coming generations; quite the contrary. 
I do insist, however, that it would be 
dangerous for those of us who are inter
ested in such development to assume 
that past growth will be maintained 
along familiar lines . We need to rational
ize present types of fishing while prepar
ing ourselves actively for a "great leap 
forward."  Fishing as we now know it 
will need to be made even more efficient; 
we shall need to consider the direct use 
of the smaller organisms in the ocean 
that mostly constitute the diet of the fish 
we now catch; we shall need to try hard
er to improve on nature by breeding, 
rearing and husbanding useful marine 
animals and cultivating their pasture. To 
achieve this will require a much larger 
scale and range of scientific research, 
wedded to engineering progress; expan
sion by perhaps an order of magnitude 
in investment and in the employment of 
highly skilled labor, and a modified le
gal regime for the ocean and its bed not 
only to protect the investments but also 
to ensure orderly development and pro
vide for the safety of men and their in
stallations. 

To many people the improvement of 
present fishing activities will mean in
creasing the efficiency of fishing gear 
and ships. There is surely much that 
could be done to this end. We are only 
just beginning to understand how trawls, 
traps, lines and seines really work. For 
example, every few years someone tries 
a new design or rigging for a deep-sea 
trawl, often based on sound engineering 
and hydrodynamic studies . Rarely do 
these "improved" rigs catch more than 
the old ones;  sometimes they catch much 

less . The error has been in thinking that 
the trawl is simply a bag, collecting more 
or less passive fish, or at least predictably 
active ones. This is not so at all. We real
ly have to deal with a complex, dynamic 
relation between the lively animals and 
their environment, which includes in 
addition to the physical and biological 
environment the fishing gear itself. We, 
can expect success in understanding and 
exploiting this relation now that we can 
telemeter the fishing gear, study its hy
drodynamics at full scale as well as with 
models in towing tanks, monitor it (and 
the fish) by means of underwater televi
sion, acoustic equipment and divers, and 
observe and experiment with fish be
havior both in the sea and in large tanks. 
We also probably have something to 
learn from studying, before they become 
extinct, some kinds of traditional "primi
tive" fishing gear still used in Asia, South 
America and elsewhere-mainly traps 
that take advantage of subtleties of fish 
behavior observed over many centuries. 

Successful fishing depends not so 
much on the size of fish stocks as on their 
concentration in space and time. All fish
elmen use knowledge of such concentra
tions ; they catch fish where they have 
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gathered to feed or to reproduce, or 
where they are on the move in streams 
or schools . Future fishing methods will 
surely involve a more active role for the 
fishermen in causing the fish to congre
gate. In many parts of the world lights 
or sound are already used to attract fish. 
We can expect more sophistication in the 
employment of these and other stimuli, 
alone and in combination. 

Fishing operations as a whole also de-
pend on locating areas of concentra

tion and on the efficient prediction, or at 
least the prompt observation, of changes 
in these areas. The large stocks of pe
lagic, or open-sea, fishes are produced 
mainly in areas of "divergencies," where 
water is rising from deeper levels toward 
the surface and hence where surface 
waters are flowing outward. Many such 
areas are the "upwellings" off the west
ern coasts of continental masses, for ex
ample off western and southwestern 
Africa, western India and western South 
America. Here seasonal winds, currents 
and continental configurations combine 
to cause a periodic enrichment of the 
surface waters . 

Divergencies are also associated with 

1952 
YEAR 

1957 1962 1967 

EXPLOSIVE GROWTH of the Peruvian anchoveta fishery is seen in rising number of fish 

taken between 1938 and 1967. Until 1958 the catch remained below half a million tons. By 

1967, with more than 10.5 million tons taken, the fishery sorely needed management. 
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EXPLOITATION OF FISHERIES during the past 20 years is evi

dent from this map, which locates 30 major fish stocks that were 
thought to be underfished in 1949. Today 14 of the stocks (color) 
are certainly or probably in danger of being badly over fished. 

certain current systems in the open sea. 
The classical notion is that biological 
production is high in such areas because 
nutrient salts, needed for plant growth 
and in limited supply, are thereby re
newed in the surface layers of the water. 
On the other hand, there is a view that 
the blooming of the phytoplankton is 
associated more with the fact that the 
water coming to the surface is cooler 
than it is associated with its richness in 
nutrients.  A cool-water regime is charac
terized by seasonal peaks of primary pro
duction; the phytoplankton blooms are 
followed, after a time lag, by an abun
dance of herbivorous zooplankton that 
provides concentrations of food for large 
schools of fish . Fish, like fishermen, 
thrive best not so much where their prey 
are abundant as where they are most 
aggregated. In any event, the times and 
places of aggregation vary from year to 
year. The size of the herbivore crop also 
varies according to the success of syn
chronization with the primary produc
tion cycle. 

There would be great practical advan
tage to our being able to predict these 
variations . Since the weather regime 
plays such a large part in creating the 
physical conditions for high biological 
production, the World Weather Watch, 
under the auspices of the World Meteor
ological Organization, should contribute 
much to fishery operations through both 
long-range forecasting and better short
telID forecasting. Of course our interest 
is not merely in atmospheric forecasts, 
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nor in the state of the sea surface, but 
in the deeper interaction of atmosphere 
and ocean. Thus, from the point of view 
of fisheries, an equal and complemen
tary partner in the World Weather 
Watch will be the Integrated Global 
Ocean Station System (IGOSS) now being 
developed by the Intergovernmental 
Oceanographic Commission. The IGOSS 
will give us the physical data, from net
works of satellite-interrogated automatic 
buoys and other advanced ocean data 
acquisition systems (collectively called 
ODAS) , by which the ocean circulation 
can be observed in "real time" and the 
parameters relevant to fisheries forecast. 
A last and much more difficult link will 
be the observation and prediction of the 
basic biological processes. 

So far we have been considering main-
ly the stocks of pelagic fishes in the 

upper layers of the open ocean and the 
shallower waters over the continental 
shelves. There are also large aggrega
tions of pelagic animals that live farther 
down and are associated particularly 
with the "deep scattering layer," the 
sound-reflecting stratum observed in all 
oceans. The more widespread use of sub
mersible research vessels will tell us more 
about the layer's biological nature, but 
the exploitation of deep pelagic resour
ces awaits the development of suitable 
fishing apparatus for this purpose. 

Important advances have been made 
in recent years in the design of pelagic 
trawls and in means of guiding them in 

three dimensions and "locking" them 
onto fish concentrations . We shall per
haps have such gear not only for fishing 
much more deeply than at present but 
also for automatically homing on deep
dwelling concentrations of fishes, squids 
and so on, using acoustic links for the 
purpose. The Indian Ocean might be
come the part of the world where such 
methods are first deployed on a large 
scale; certainly there is evidence of a 
great but scarcely utilized pelagic re
source in that ocean, and around its edge 
are human populations sorely in need of 
protein. The Gulf of Guinea is another 
place where oceanographic knowledge 
and new fishing methods should make 
accessible more of the large sardine stock 
that is now effectively exploited only 
during the short season of upwelling off 
Ghana and nearby countries, when the 
schools come near the surface and can 
be taken by purse seines.  

The bottom-living fishes and the shell
fishes (both mollusks and crustaceans) 
are already more fully utilized than the 
smaller pelagic fishes . On the whole they 
are the species to which man attaches a 
particularly high value, but they cannot 
have as high a global abundance as the 
pelagic fishes. The reason is that they are 
living at the end of a longer food chain . 
All the rest of ocean life depends on an 
annual primary production of 150 bil
lion tons of phytoplankton in the 2 to 3 
percent of the water mass into which 
light penetrates and photosynthesis can 
occur. Below this "photic" zone dead 
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and dying organisms sink as a continual 
rain of organic matter and are eaten or 
decompose .  Out in the deep ocean little, 
if any, of this organic matter reaches the 
bottom, but nearer land a substantial 
quantity does; it  nourishes an entire 
community of marine life, the benthos, 
which itself provides food for animals 
such as cod, ocean perch, flounder and 
shrimp that dwell or visit there. 

Thus virtually everywhere on the bed 
of the continental shelf there is a thriv
ing demersal resource, but it  does not 
end there. Where the shelf is narrow but 
primary production above is high, as in 
the upwelling areas, or where the zone 
of high primary production stretches 
well away from the coast, we may find 
considerable demersal resources on the 
continental slopes beyond the shelf, far 
deeper than the 200 meters that is the 
average limiting depth of the shelf it
self. Present bottom-trawling methods 
will work down to 1 ,000 meters or more, 
and it seems that, at least on some slopes, 
useful resources of shrimps and bottom
dwelling fishes will be found even down 
to 1 ,500 meters. We still know very little 
about the nature and abundance of these 
resources, and current techniques of 
acoustic surveying are not of much use 
in evaluating them. The total area of the 
continental slope from, say, 200 to 1 ,500 
meters is roughly the same as that of the 
entire continental shelf, so that when we 
have extended our preliminary surveys 
there we might need to revise our IWP 
ceiling upward somewhat. 

Another problem is posed for us by 
the way that, as fishing is intensified 
throughout the w orld, it  becomes at the 
same time less selective. This may not 
apply to a particular type of fishing op
eration, which may be highly selective 
with regard to the species captured. 
Partly as a result of the developments in 
processing and trade, and partly because 
of the decline of some species, however, 
we are using more and more of the 
species that abound . This holds particu
larly for species in warmer waters , and 
also for some species previously neglect
ed in cool waters, such as the sand eel in 
the North Sea. This means that it  is no 
longer so reasonable to calculate the po
tential of each importan t species stock 
separately, as we used to do. Instead we 
need new theoretical models for that 
part of the marine ecosystem which con
sists of animals in the wide range of sizes 
we now utilize : from an inch or so up to 
several feet. As we move toward fuller 
utilization of all these animals we shall 
need to take proper account of the inter
actions among them. This will mean de
vising quantitative methods for evaluat-

ing the competition among them for a 
common food supply and also examining  
the dynamic relations between the pred
ators and the prey among them. 

These changes in the degree and qual-
ity of exploitation will add one more 

dimension to the problems we already 
face in creating an effective international 
system of managemen t of fishing activi
ties, particularly on the high seas. This 
system con sists at present of a large 
num ber-more than 20-of regional or 
specialized in tergovernmental organiza
tions established under bilateral or mul
tilateral treaties, or under the constitu
tion of the F AO. The purpose of each is 
to conduct and coordinate research lead
ing to resource assessments, or to pro
mulgate regulations for the better con
duct of the fisheries, or both. The or
ganizations are supplemented by the 
1958 Geneva Convention on Fishing and 
Conservation of the Living Resources of 
the High Seas. The oldest of them, the 
International Council for the Explora
tion of the Sea, based in Copenhagen 
and concerned particularly with fishery 
research in the northeastern Atlantic and 
the Arctic, has had more than half a cen
tury of activity. The youngest is the In
ternational Commission for the Conser
vation of Atlantic Tunas; the convention 
that establishes it  comes into force this 
year. 

For the past two decades many have 
hoped that such treaty bodies would en-

sure a smooth and reasonably rapid ap
proach to an international regime for 
ocean fisheries. Indeed, a few of the or
ganizations have fair successes to their 
credit. The fact is, however, that the 
fisheries have been changing faster than 
the international machinery to deal with 
them. National fishery research bud
gets and organizational arrangements 
for guidin g research, collectin g proper 
statistics and so on have been largely in
adequate to the task of assessing resour
ces. Nations have given, and con tinue to 
give, ludicrously low-level support to the 
bodies of which they are members, and 
the bodies themselves do not have the 
powers they need properly to manage 
the fisheries and conserve the resources. 
Add to this the trend to high mobility 
and ran ge of today's fishing fleets, the 
problems of species interaction and the 
growing number of nations at  various 
stages of economic developmen t partic
ipatin g in international fisheries, and the 
regional bodies are indeed in trouhle! 
There is some awareness of this ,  vet the 
F AO, having for years been unable to 
give adequate financial support to the 
fishery bodies it  set up years ago in the 
Indo-Pacific area, the Mediterranean and 
the southwestern Atlantic, has been 
pushed, mainly through the enthusiasm 
of its new intergovernmental Committee 
on Fisheries, to establish still other hod
ies (in the Indian Ocean and in the east
central and southeastern Atlan tic) that 
will be no better supported than the ex-

RUSSIAN FACTORY SHIP Polar Star lies hove to in the Barents Sea in June, 1968, as two 

vessels from its fleet of trawlers unload their catch for processing. The worldwide activi

t ies of the Russian fishing fleet have made the U.S.S.R. the third·largest fishing nation. 
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OVERFISHING in the North Atlantic and adjacent waters began 

some 80 years ago in the North Sea, when further increases in fish. 

ing the plaice stock no longer produced an increase in the catch of 

that fish. By 1950 the same was true of North Sea cod, haddock and 

herring, of cod, haddock and plaice off the North Cape and in the 

Barents Sea, of plaice, haddock and cod south and east of Iceland 

and of the ocean perch and haddock in the Gulf of Maine. In the 

period between 1956 and 1966 the same became true of ocean perch 

off Newfoundland and off Labrador and of cod west of Greenland. 

It may also be true of North Cape ocean perch and Labrador cod.  

isting ones. A grand plan to double the 
finance and staff of the FAa's Depart
ment of Fisheries (including the secre
tariats and working budgets of the asso
ciated regional fishery bodies) over the 
six-year period 1966-197 1, which mem
ber nations endorsed in principle in 
1965, will be barely half-fulfilled in that 
time, and the various nations concerned 
are meanwhile being equally parsimoni
ous in financing the other international 
fishery bodies. 

Several of these bodies are now facing 
a crucial, and essentially political, prob
lem : How are sustainable yields to be 
shared equitably among participating 
nations? It is now quite evident that 
there is really no escape from the para
mount need, if high yields are to be sus
tained; this is to limit the fishing effort 
deployed in the intensive fisheries. This 
could be achieved by setting total quotas 
for each species in each type of fishery, 
but this only leads to an unseemly sp'am
ble by each nation for as large a share 
as possible of the quota. This can only 
be avoided by agreement on national al-

1 9 2  

locations of  the quotas. On what basis 
can such agreement be reached? On the 
historical trends of national participa
tion? If so, over what period:  the past 
two years, the past five, the past 20? On 
the need for protein, on the size or 
wealth of the population or on the prox
imity of coasts to fishing grounds? Might 
we try to devise a system for maximizing 
economic efficiency in securing an opti
mum net economic yield? How can this 
be measured in an international fishery? 
Would some form of license auction be 
equitable, or inevitably loaded in favor 
of wealthy nations? The total number or 
tonnage of fishing vessels might be fixed, 
as the United Kingdom suggested in 
1946 should be done in the North Sea, 
but what flags should the ships fly and 
in what proportion? Might we even con
sider "internationalizing" the resources, 
granting fishing concessiQns and using 
at least a part of the economic yield from 
the concessions to finance marine re
search, develop fish-farming, police the 
seas and aid the participa tion of less 
developed nations? 

Some of my scientific colleagues are 
optimistic about the outcome of current 
negotiations on these questions, and in
deed when the countries participating 
are a handful of nations at a similar stage 
of economic and technical development, 
as was the case for Antarctic whaling, 
agreement can sometimes be reached by 
hard bargaining. What happens, how
ever, when the participating countries 
are numerous, widely varying in their in
terests and ranging from the most power
ful nations on earth to states most newly 
emerged to independence? I must con
fess that many of us were optimistic 
when 20 years ago we began proposing 
quite reasonable  net-mesh regulations 
to conserve the young of certain fish 
stocks. Then we saw these simple-I sup
pose overSimple-ideas bog down in con
sideration of precisely how to measure a 
mesh of a particular kind of twine, and 
how to take account of the innumerable 
special situations that countries pleaded 
for, so that fishery research sometimes 
seemed to be becoming perverted from 
its earlier clarity and broad perspective. 
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Apprehension and doubt about the ul
timate value of the concept of regulation 
through regional commissions of the 
present type have, I think, contributed 
to the interest in recent years in alterna
tive regimes : either the "appropriation" 
of high-seas resources to some form of in
ternational "ownership" instead of to
day's condition of no ownership or, at 
the other extreme, the appropriation of 
increasingly wide ocean areas to national 
ownership by coastal states . As is well 
known, a similar dialectic is in progress 
in connection with the seabed and its 
mineral resources .  Either solution would 
have both advantages and disadvan
tages, depending on one's viewpoint, on 
the time scale considered and on politi
cal philosophy. I do not propose to dis
cuss these matters here, although person
ally I am increasingly fhm in the conclu
sion that mankind has much more to gain 
in the long run from the "international" 
solution, with both seabed and fishery 
resources being considered as our com
mon heritage. We now at least have a 
fair idea of what is economically at stake. 

Here are some examples . The wasted 
effort in capture of cod alone in the 
northeastern Atlantic and salmon alone 
in the northern Pacific could, if rational
ly deployed elsewhere, increase the total 
world catch by 5 percent. The present 
catch of cod, valued at $350 million per 
year, could be taken with only half the 
effort currently expended, and the an
nual saving in fishing effort would 
amount to $ 150 million or more. The 
cost of harvesting salmon off the West 
Coast of North America could be re
duced by three-quarters if management 
policy permitted use of the most efficient 
fishing gear; the introduction of such a 
policy would increase net economic re
turns by $750,000 annually. 

The annual benefit that would accrue 
from the introduction and enforcement 
of mesh regulations in the demersal fish
ery-mainly the hake fishery-in the east
central Atlantic off West Africa is of the 
order of $ 1  million . Failure to regulate 
the Antarctic whaling industry effective
ly in earlier years, when stocks of blue 
whales and fin whales were near their 
optimum size, is now costing us tens of 
millions of dollars annually in loss of this 
valuable but only slowly renewable re
source. Even under stringent regulation 
this loss will continue for the decades 
these stocks will need to recover. Yellow
fin tuna in the eastern tropical Pacific are 
almost fully exploited. There is an annu
al catch quota, but it is not allocated to 
nations or ships, with the classic inevita

shorter "open" seasons and an annual 
waste of perhaps 30 percent of the net 
value of this important fishery. 

Such regulations as exist are extremely 
difficult to enforce (or to be seen to 

be enforced, which is almost as impor
tant) . The tighter the squeeze on the 
natural resources, the greater the suspi
cion of fishermen that "the others" are 
not abiding by the regulations, and the 
greater the incentive to flout the regu
lations oneself. There has been occasion-
al provision in treaties, or in ad hoc ar
rangements, to place neutral inspectors 
or internationally accredited observers 
aboard fishing vessels and mother ships 
(as in Antarctic whaling, where arrange
ments were completed but never imple
mented! ) .  Such arrangements are ex
ceptional. In point of fact the effective 
supervision of a fishing fleet is an enor
mously difficult undertaking. Even to 
know where the vessels are going, let 
alone what they are catching, is quite a 
problem .  Perhaps one day artificial satel
lites will monitor sealed transmitters 
compulsorily carried on each vessel. But 
how to ensure compliance with mini
mum landing-size regulations when in
creasing quantities of the catch are being 
processed at sea? With factory ships 
roaming the entire ocean, even the sta
tistics reporting catches by species and 
area can become more rather than less 
difficult to obtain. 

Some of these considerations and pes
simism about their early solution have, I 
think, played their part in stimulating 
other approaches to harvesting the sea. 

One of these is the theory of "working 
back down the food chain." For every 
ton of fish we catch, the theory goes, we 
might instead catch say 10 tons of the 
organisms on which those fish feed. Thus 
by harvesting the smaller organisms we 
could move away from the fish ceiling of 
100 million or 200 million tons and clos-
er to the 150 billion tons of primary pro
duction. The snag is the question of con
centration. The billion tons or so of "fish 
food" is neither in a form of direct inter-
est to man nor is it so concentrated in 
space as the animals it  nourishes.  In fact, 
the 10-to-one ratio of fish food to fish 
represents a use of energy-perhaps a 
rather efficient use-by which biomass is 
concentrated; if the fish did not expend 
this energy in feeding, man might have 
to expend a similar amount of energy
in fuel, for example-in order to collect 
the dispersed fish food. I am sure the 
technological problems of our using fish 
food will be solved, but only careful 
analysis will reveal whether or not it is 
better to turn fish food, by way of fish 
meal, into chickens or rainbow trout than 
to harvest the marine fish instead. 

There are a few situations, however, 
where the concentration, abundance and 
homogeneity of fish food are sufficient to 
be of interest in the near future. The 
best-known of these is the euphausiid 
"krill" in Antarctic waters : small shrimp
like crustaceans that form the main food 
of the baleen whales.  Russian investiga
tors and some others are seriously chart
ing krill distribution and production, 
relating them to the oceanographic fea
tures of the Southern Ocean, experiment-

ble results : an increase in the catching JAPANESE MARICULTURE includes the growth of several kinds of marine algae. This 
capacity of fleets, their use in shorter and array of posts and netting in the Inland Sea supports a crop of an edible red alga, Porphyra. 
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A USTRALIAN MARIC ULTURE includes t he production of some 60 million oysters per 

year in the brackish estuaries of New South Wales. The long racks in the photograph have 

been expose d  by low tide ; they support thou sands of sticks covered with maturing oysters. 

ing with special gear for catching the 
krill (something between a mid-water 
trawl and a magnified plankton net) and 
developing methods for turning them 
into meal and acceptable pastes . The 
krill alone could produce a weight of 
yield, although surely not a value, at 
least as great as the present world fish 
catch, but we might have to forgo the 
whales . Similarly, the deep scattering 
layers in other oceans might provide 
very large quantities of smaller marine 
animals in harvestable concentration.  

k approach opposite to working down 
the food chain is to look to the im

provement of the natural fish resources, 
and particularly to the cultivation of 
highly valued species . Schemes for trans
planting young fish to good high-seas 
feeding areas, or for increasing recruit
ment by rearing young fish to viable size, 
are hampered by the problem of protect
ing what would need to be quite large 
investments . What farmer would bother 
to breed domestic animals if he were 
not assured by the law of the land that 
others would not come and take them as 
soon as they were nicely fattened? Thus 
mariculture in the open sea awaits a re
gime of law there, and effective manage
ment as well as more research. 

Meanwhile attention is increasingly 
given to the possibilities of raising more 
fish and shellfish in coastal waters, where 
the effort would at least have the protec
tion of national law. Old traditions of 
shellfish culture are being reexamined, 

194 

and one c a n  be confident that scientific 
bases for further growth will be found. 
All such activities depend ultimately on 
what I call "productivity traps" : the 
utilization of natural or artificially modi
fied features of the marine environment 
to trap biological production originating 
in a wider area, and by such a biological 
route that more of the production is em
bodied in organisms of direct interest to 
man. In this way we open the immense 
possibilities of using mangrove swamps 
and productive estuarine areas, building 
artificial reefs, breeding even more effi
cient homing species such as the salmon, 
enhancing natural production with nu
trients or walID water from coastal pow
er stations, controlling predators and 
competitors, shortening food chains and 
so on. Progress in such endeavors will 
require a better predictive ecology than 
we now have, and also many pilot experi
ments with corresponding risks of failure 
as well as chances of success .  

The greatest threat to mariculture is 
perhaps the growing pollution of the sea. 
This is becoming a real problem for fish
eries generally, particularly coastal ones, 
and mariculture would thrive best in just 
those regions that are most threatened 
by pollution, namely the ones near large 
coastal populations and technological 
centers . vVe should not expect, I think, 
that the ocean would not be used at all 
as a receptacle for waste-it is in some 
ways so good for such a purpose : its large 
volume, its deep holes, the hydrolyzing, 
corrosive and biologically degrading 

properties of seawater and the microbes 
in it. vVe should expect, however, that 
this use will not be an indiscriminate 
one, that this use of the ocean would be 
internationally registered, controlled and 
monitored, and that there would be strict 
regulation of any dumping of noxious 
substances (obsolete weapons of chemi
cal and biological warfare, for example) , 
including the injection of such sub
stances by pipelines extending from the 
coast. There are signs that nations are 
becoming ready to accept such responsi
bilities, and to act in concert to overcome 
the problems .  Let us hope that progress 
in this respect will be faster than it has 
been in arranging for the management 
of some fisheries, or in a few decades 
there may be few coastal fisheries left 
worth managing. 

I have stressed the need for scientific 
research to ensure the future use of 

the sea as a source of food. This need 
seems to me self-evident, but it is under
valued by many persons and organiza
tions concerned with economic develop
ment. It is relatively easy to secure a mil
lion dollars of international development 
funds for the worthy purpose of assisting 
a country to participate in an interna
tional fishery or to set up a training 
school for its fishermen and explore the 
country's continental shelf for fish or 
shrimps . It  is more difficult to justify a 
similar or lesser expenditure on the sci
entific assessment of the new fishery's 
resources and the investigation of its 
ocean environment. It  is much more dif
ficult to secure even quite limited sup
port for international measures that 
might ensure the continued profitability 
of the new fishery for all participants . 

Looking back a decade instead of for
ward, we recall that Lionel A. vValford 
of the U .S .  Fish and Wildlife Service 
wrote, in a study he made for the Con
servation Foundation : "The sea is a mys
terious wilderness, full of secrets . It  is 
inhabited only by wild animals and, with 
the exception of a few special situations, 
is uncultivated. Most of what we know 
about it we have had to learn indirectly 
with mechanical contrivances to probe, 
feel, sample, fish . "  There are presum
ably fewer wild animals now than there 
were then-at least fewer useful ones
but there seems to be a good chance that 
by the turn of the century the sea will be 
less a wilderness and more cultivated . 
Much remains for us and our children to 
do to make sure that by then it is not a 
contaminated wilderness or a battlefield 
for ever sharper clashes between nations 
and between the different users of its 
resources. 
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Were expanding 

in depth. 
B rown & Root ' s  new t h re e - m a n  s u b m a r i n e  
i s  m o re t h a n  an  extravagant  bau b l e  t o  
b r i g hten t h e  c o m p a n y ' s  50th a n n ive rsary .  

Soon i t  wi l l  jo in  m o re t h a n  th ree s c o re 
oth e r  vesse l s  w h i c h  com p rise  t h e  m ost 
versat i l e  construct i o n  f leet  af l oat-o r 
s u b m e rg ed-anyw h e re .  

I ts  ass i g n m e n t  wi l l  b e  t o  i n s pect 
p i pe l i nes  o n  the ocean f l o o r ,  add i n g  st i l l  
a n oth e r  capa b i l i ty t o  B rown & Root ' s  
a l ready i m p ress ive a r ray. 

B rown & R oot has p i o n e e re d  in t h e  
c o n st ru ct ion  o f  m a r i n e  st ructu res fo r t h e  
petro l e u m  i n d u st ry ,  l a i d  t h o u s a n d s  o f  
m i l e s  of p i pe l i n e  i n  t h e  ocea n ,  a n d  
i n sta l l e d  a m u l t i t u d e  o f  p i e rs ,  d o c ks ,  
load i n g  fac i l i t ies  a n d  m a r i n e  term i n a l s .  

I n  t h e  p rocess,  t h e  c o m p a n y  has 
become o n e  of t h e  nat io n ' s  l a rg est 
e n g i n e e r i n g  and construct i o n  f i r m s .  Last 
year, i t  ran ked second a m o n g  contractors 
i n  new construct i o n  contracts ,  a n d  
fou rth i n  e n g i n e e r i n g  d e s i g n  contracts . 

So ,  at 50 ,  we a re u n i q u e l y  eq u i pped to 
ass i st in the d i scove ry and recove ry of 
n atu ral  resou rces from ben eath t h e  
wor l d ' s  oceans .  

Brownc:r Rootlnc. 
Eng ineers / Constructors / Post Office Box 3 
Houston. Texas 77001 / Phone (713) 672-3011 

SERVING PROGRESS '919· '96i 
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Twenty years 
under 

the sea. 

IT'S NOT EASY to put a telephone cable under the 
sea, and it's not easy to raise it  later if it needs re
pair. So the Bell System builds it to work reliably 

as long as possible . 
Placing such a cable is expensive, too, so it's designed 

to carry as m any communications circuits as possible . 
These two goals - reliability and economy - are not 

easily attained . Until 1 95 6 ,  in fact, it was not at aU 
certain that a transoceanic telephone cable system could 
be built.  It was not known, for example, if electronic 
amplifiers could be constructed with enough reliability 
to insure virtuaUy trouble-free service for the ocean 
cables, or if they could handle enough traffic to make 
the cable system economically feasible . But these prob
lems were overcome and the first such system was put 
into service that year across the North Atlantic . The 
system, designed by Bell Telephone Laboratories,  was 
installed under direction of the Long Lines department 
of AT&T and contained deep-sea electronic amplifiers 
manufactured by Western Electric . 

Continuous improvements have since been m ade . 
The 1 9 5 6  system, for example, handled up to 48  tele
phone calls at a time . The latest system will handle at 
least 7 2 0  caUs simultaneously. 

The design and manufacturing problem is briefly 
this : any undersea cable system of ocean-spanning 
length must meet certain minimum reliability standards . 
For example, the system must have reasonable expecta
tion of a 20-year lifetime without service-interrupting 
failures due to electronics, design , materials or manu
facturing-related factors . Then, within those boundaries,  
the system must carry as much traffic as possible , as 
economically as possible . 

Another important factor - the accidental cutting of 
cables by fishing trawlers-cannot be controlled by engi
neering design . But even here headway has been made 
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in recent years by developing techniques for plowing 
cables under the sea bottom on the continental shelves.  

Another significant development that shaped our 
plans for new, improved undersea systems was the in
vention of the transistor by Bell Telephone Laboratories 
scientists . They quickly recognized the great potential 
for long service life of transistors and other solid-state 
components . 

At the same time, however, it was recognized that any 
new, high-capacity system would require a much larger 
number of transistors and diodes than earlier systems . 
The larger number might counterbalance the decreased 
failure rate of each individual component - unless,  as 
calculated, we could vastly improve the technology . 

The standard sought was a failure rate of five per 
billion device hours - or, stated in other terms,  an 
average of only one failure in 23 years for each 1 000 
components put on test .  Such reliability standards were 
far more exacting than any used before . 

All the work on transistors and diodes was carried 
out under meticulous engineering supervision . Com
plete records of every transistor and diode were kept.  

Bell Labs and Western Electric engineers at Reading, 
Pa. , jointly constructed an installation to accelerate the 

"aging" of components . 
The testing equipment 
designed for that 
installation is by far the 
most sensitive ever used 
for large-scale testing 
of semiconductor 
components . 

The components are 
aged for six months 
or more . The testing is 
performed automatically 
under programs 
carefully worked out 
for each family of 
semiconductors, and 
the results are read into a computer . The computer 
compares test results against performance standards and 
indicates which components should be used . 

Bell System care in designing, manufacturing, aging, 
and screening has resulted in components so stable elec
trically, that special high-precision test equipment had 
to be designed to evaluate them. 

The design and creation of an undersea cable system 
reliable and efficient enough to meet modern techno
logical demands is a major Bell System achievement. It 
is because of the unique working relationship between 
Western Electric, Bell Labs and other units of the Bell 
System that such achievements are possible . 

Bell Labs 
Western Electric 
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Technology and the Ocean 

The lnaterials, lnachines and techniques that can be elnployed 

in the ocean have advanced great�y during the past decade. 

Major developnlents include superships and deep-sea drilling 

W
ithout technology, meaning 
knowledge fortified by machin
ery and tools, men would be 

ineffective against the sea. During the 
past decade the technology that can 
be brought to bear in the oceans has im
proved enormously and in many ways. 
The improvements have not only in
creased knowledge of the oceans but also 
speeded the flow of commerce while de
creasing its cost, brought new mineral 
provinces within reach and made food 
from the sea more readily available. 

With today's technology it is pOSSible, 
given a sufficient investment of time and 
money, to design and build marine hard
ware that can do almost anything. The 
problem is to decide whether it is sen
sible to make a given investment. Indus
try decides on the basis of whether a 
proposed technological step will solve a 
specific problem and improve the film's 
competitive position. Government has 
more latitude: it  does not need to show 
a prompt return on investment, and it 
can better afford the high risk of devel
opin g expensive and exotic devices for 
which there may be no immediate or 
clearly defined need. The gains in ocean 
technology have resulted from the large
ly independent efforts of both industry 
and government. 

This article will deal broadly with the 
progress in ocean technology over the 
past decade, concentrating on develop
ments that seem to be the most impor-

by Willard Bascom 

tant at present. I shall begin by making 
my own selection of the five most im
pOltant advances. The main criterion in 
this selection is that each advance repre
sents an order-of-magnitude improve
ment: in one way or another it is a ten
fold step forward since the beginning of 
the decade. I have also given weight to 
the social and economic significance of 
these developments and to the degree of 
engineering imagination and persever
ance that each one required . 

The first development is the supership. 
Not long ago a "supertanker" carried 

35,000 deadweight tons. Now a fleet of 
ships with nearly 10  times that capacity 
is coming into being. For these vessels 
the Panama Canal and the Suez Canal 
are obsolete. By the same token the ships 
are making large new demands on the 
technology that provides the terminal 
facilities. 

Second is the deep-diving submarine. 
Man can now go to the deep-ocean 
bottom in an "underwater balloon" 
submersible such as the Trieste, which 
reached a depth of 36,000 feet in the 
Mariana Trench 200 miles southwest of 
Guam. Somewhat more conveniently he 
can go to a depth of about 6,000 feet in 
any of several small submarines. This 
rapidly developing technology still has a 
long way to go, but it has certainly im
proved by an order of magnitude in the 
past decade. Several techniques have 

DEEP·SEA DRILLING SHIP Glomar Challenger is seen on the opposite page in a photo· 

graph made from her drilling tower. The linear arrays on her deck are racks of drilling 

pipe. The ship is operated by the Scripps Institution of Oceanography under a contract 

with the National Science Foundation for a deep-sea drilling project that is part of the 

foundation's National Ocean Sediment Coring Program. The project was planned by the 

Joint Oceanographic Institutions Deep Earth Sampling (JOIDES) group, which continues to 

give scientific guidance. Equipped with devices that enable her to hold a precise position in 

Jeep water, the ship has drilled 2,500 feet into the sea bottom in water depths to 17,000 feet. 

been employed to solve the problem of 
how to make a submarine hull that is 
s trong enough to resist great pressure 
and still light enough to return to the 
surface. 

The third development is the ability 
to drill in deep water . This category in
cludes both the drilling that is done in 
very deep water for scientific purposes 
and the use of full-scale drilling equip
ment on a floating platform to obtain oil 
from the continental shelf. The first 
deep-ocean drilling, which was carried 
out eight years ago by the National 
Academy of Sciences in water 12,000 
feet deep near Guadalupe Island off the 
west coast of Mexico, improved on four 
previous records by an order of magni
tude: the ship held its position at sea for 
a month without anchors, drilled in wa
ter 20 times deeper than that at earlier 
marine drilling sites, penetrated 600 feet 
of the deep-sea floor and lifted weights 
of 40 tons from the bottom. These rec
ords have since been improved on even 
more. In fact, virtually all floating drill
ing equipment, including semisubmers
ible platforms and self-propelled vessels, 
has been designed and built in the past 
decade. 

Fourth is the ability to navigate pre
cisely. A ship in mid-ocean has rarely 
known its position within a mile; indeed, 
five miles is probably closer to the truth, 
notwithstanding assertions to the con
trary. Now a ship 1,000 miles from land 
can fix its position within .1 mile. If the 
vessel is within 500 miles of land, the 
position can be ascertained within .01 
mile. The position of a ship within 10 
miles of land can be fixed to an accuracy 
of 10 feet. The techniques for these de
terminations include orbiting satellites, 
inertial guidance systems and a num
ber of electronic devices that compare 
phases of radio waves. 
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GLOMAR CHALLENGER has a 142·foot derrick as her most con· 

spicuous feature. Her automatic pipe racker can hold 23,000 feet of 

drill pipe. Positioning equipment includes two tunnel thrusters at 

the bow and two near the stern to provide for sidewise maneuvers. 

When the ship is on station (above), four hydrophones are extend· 
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ed under the hull to receive signals from a sonar beacon on the 

ocean floor. The signals are fed into a computer that controls the 

thrusters to maintain the ship's position over the drill hole. At the 

sea bottom (below), as much as four miles under the ship, the drill 

penetrates as much as 2,500 feet of sediment and basement rock. 

CORER 
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Finally I would cite the ability to ex
amine the ocean bottom in detail from 
the surface by means of television and 
side-looking sonar. These techniques, to
gether with their recording devices and 
the capacity for precise navigation, have 
made it possible to inspect the sea floor 
much as land areas have been examined 
by aerial photography. New television 
tubes that amplify light by a factor of 
30,000 make it possible to eliminate arti
ficial lighting, thereby eliminating also 
the backscatter of light by small parti
cles in the water. 

The supership and the improvement 
in drilling are mainly industrial devel
opments . The evolution of navigation 
technology has resulted largely from 
government efforts . Both industry and 
government have figured prominently 
in the development of deep-diving sub
marines and techniques for examining 
the bottom with television and sonar. 

In cons.idering the application of these 
and other techniques one might clas

sify them according to who uses them. 
For example, scientific investigators use 
research ships and submarines, instru
ments, buoys, samplers and computers . 
Industry constantly seeks better meth
ods for mining, fishing, salvage and the 
production of oil. vVaterborne commerce 
needs better ships, better cargo-handling 
methods and better port facilities .  Ex
ploration becomes more efficient as im
proved navigational systems, vehicles, 
geophysical tools and communications 
equipment become available. Adventure 
and recreation offer new toys such as air
cushion vehicles and scuba equipment. 

The entire area of military technology, 
which is the most sophisticated of all, 
must be outside the scope of this article. 
The best of modern seaborne military 
technology is done in secrecy, with 
budgets far in excess of those spent for 
any of the other areas . Thus we shall not 
go into such matters as the duel between 
the submarine builder, who endlessly 
tries to make submarines go deeper, 
faster and quieter, and the antisubma
rine expert, who tries to detect, identify 
and destroy the steadily improving sub
marines .  

In any case, the classification of ma
rine technology according to users is 
somewhat impractical because there is so 
much overlap. For example, certain 
kinds of diving and television equip
ment might be used by all the groups . 
Therefore I shall discuss marine tech
nology in terms of materials, vehicles, in
struments and systems. 

What characteristics should a marine 

material have? It should be light, strong, 
easy to form and connect, rigid or flex
ible as desired and inexpensive. The dif
ficulty ocean design engineers have in 
finding a material that meets most of the 
requirements for a given task has led 
them to speak whimsically of an ideal 
material called "nonobtainium ." The 
problem is that characteristics such as 
lightness and strength are relative. 
Nonetheless, engineers and manufac
turers recall that not many years ago 
fiber glass, Dacron and titanium were 
not obtainable, and so they are optimis
tic about the development of materials 
that come ever closer to the qualities of 
nonobtainium . 

In the past decade the steel available for 
marine purposes has improved sub

stantially under the spur of demands for 
submarines that can withstand the pres
sure of great depth, drill pipe (unsup
ported by the hole wall that pipe in a 
land well has) that must survive high 

FLOAT 

bending stresses, and great lengths of 
oceanographic cable that must not twist. 
For example, a new kind of maraging 
steel with a high nickel content is tough
er, more resistant to notching and less 
subject to corrosion fatigue than the steel 
formerly available. The minimum yield 
strength of conveniently available steel 
shell plate has risen from 80,000 pounds 
per square inch to 130,000 pounds per 
square inch and more for the shells of 
deep-diving submarines . Steel in wire 
form now attains a strength of 350,000 
pounds per square inch . Steel is becom
ing more uniform and reliable as the 
processes of mixing and rolling are sub
jected to better quality control .  Indeed, 
some metallurgists believe nearly any 
metal requirement can be met by prop
erly alloyed steel . 

Also available for marine purposes 
are new, high-strength aluminum alloys, 
such as .5456 (a designation indicating 
the mix of metals in the alloy), that have 
a strength of more than 30,000 pounds 

DERRICK 

FLOAT 

SEMISUBMERSIBLE PLATFORM, Blue Water 3, is now drilling for oil off Trinidad. 

When the platform has been towed to its position, water is drawn into the four corner 

cylinders to make the structure submerge enough so that wave motions have little effect 

on it. The platform, which is 220 feet by 198 feet, was designed for work in the open ocean. 
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per square inch after welding and are re
sistant to corrosion. They can also be cut 
with ordinary power saws instead of 
torches and welded by a technique that 
is easily taught. With this material small 
boats, ships up to 2,000 tons and super
structures for much larger ships can be 

built, as can a number of other struc
tures where lighhless and flexibility are 
important. 

Titanium is becoming more readily 
available. When special properties of 
lightness, strength (as high as 120,000 
pounds per square inch) and good re-

, •. ".", ��,"=---� =� _ "'g .. ".",.....,.,,'" ,> 

sistance to corrosion are required, its rel
atively high cost becomes acceptable. -

Cass, fiber glass and plastics are the 
glamorous materials of oceanogra

phy. They are virtually free of the prob
lems of corrosion and electrolysis that 

SUPERTANKER UNIVERSE IRELAND is seen at her loading 

berth in the Persian Gulf. The vessel, which is 1,135 feet in length, 

carries 312,000 deadweight tons of oil from the Persian Gulf to 

Ireland, going around Africa at an average speed of 15 knots. 
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have afflicted most materials in a marine 
environment, and they are easily formed 
into complex shapes . Constant research 
is improving the strength and versatility 
of these materials .  

Glass is less fragile than most people 
think and has excellent properties in 
compression. It is finding increasing fa
vor among the designers of small subma
rines, who want a glass-bubble pressure 
hull that is also a superwindow. Glass 
microspheres, which do the same thing 
as a submarine hull but on a microscopic 
scale, are packaged in blocks of epoxy 
and used to furnish incompressible flota
tion at depths of as much as 20,000 
feet. The best such material to withstand 
the pressure at that depth so far weighs 
about 40 pounds per cubic foot; in sea
water at 64 pounds per cubic foot the 
material therefore has a net buoyancy of 
24 pounds per cubic foot. 

The many remarkable characteristics 
of fiber glass are widely known. I ts out
standing virtue as a marine material is 
that it enables precisely shaped hulls 
with complex lines to be reproduced eas
ily. The result has been a revolution in 
the construction of small craft over the 
past decade. Fiber-glass hulls, which are 
light and strong without a rib structure, 
are a major contribution to marine tech
nology and a boon to the small-boat 
owners, whose maintenance problems 
are reduced accordingly. 

Among the plastics polyvinyl chloride 
has found use in marine pipelines subject 
to severe internal corrosion. It is light, 
inexpensive and easily jOined. Nylon and 
polypropylene for cordage and fishing 
nets and Dacron for sails are appreciated 
by all sailors because the materials are 
light and elastic and do not rot. Ship
bottom paints, deSigned to reduce foul
ing by marine organisms, have been 
greatly improved. Inorganic zinc under
paints promise to decrease substantially 
the pitting of hulls and decks, which 
should increase the life of ships and the 
time between dry-dockings . 

A remarkable collection of marine ve-
hicles and equipment has made its 

appearance in the past 10 years . Ships 
now exist that can go up, down and side
ways and can flip. They skim, fly and 
dive. Some of them are amphibious and 
some go through ice, over ice or under it. 

This versatility is important; a ship 
cannot be efficient unless it has been de
signed to do exactly what the user wants . 
vVidely varying requirements mean very 
different sea vehicles. A distinct place 
on the spectrum is occupied by the su
perships I mentioned earlier. They are 

ALUMINAUT, a mobile submersible capable of carrying two crew and four passengers to 

depths of 15,000 feet an(J of probing the bottom or moving heavy objects with manipulator 

arms attached to the hull, is photographed during a (Jive. The craft is 51 feet in length. 

MANIPULATOR ARM of Aluminllut explores bottom off Bimini at a depth of nearly 1,800 

feet. Numbered sample boxes are nearby. Thin layer of sand is rippled by a current mov

ing it over a rock base; the dark areas are debris that are caught in filamentous organisms 

attached to rock. Photograph was made by A. Conrad Neumann of the University of Miami. 
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bigger than anyone dreamed of only a 
few years ago ;  in fact, they are almost 
the largest man-made structures . The 
largest vessel now in service is the Uni
t;erse Ireland, a tanker with a capacity of 
312,000 deadweight tons . The ship is 
1 , 135 feet long and delivers 37,400 
shaft horsepower. It plies between the 
Persian Gulf and Ireland, going around 
Africa at 15 knots and pushing a 12-foot 

a 

d 

e 

breaking wave ahead of it .  Even the 
enOlmous vessels of the Universe Ire
land class will soon be surpassed in size 
by ships being built in Japan and West 
Germany. They will be so large they will 
not be able to dry-dock in any yard ex
cept where they were built, and they 
will not be able to enter any ordinary 
harbor because they will draw up to 80 
feet of water. 

c 
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A variation in the tanker field is the 
conversion of the comparatively small 
( 1 14,000 deadweight-ton capacity) Man
hattan to a supericebreaker. The purpose 
is to move the petroleum from the large 
new oil fields on the northern slope of 
Alaska to more moderate climates . A 
fleet of such ships may be able to keep 
open a northwest passage from the U .S. 
East Coast to Alaska. From ships of the 
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MANNED RESEARCH SUBMARINES are designed for deep div

ing. They include (a) Beaver IV, which can dive to 2,000 feet; 

(b) Star III, to 2,000 feet; (e) Deepstar IV, to 4,000 feet; (d) Deep 
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Quest, to 8,000 feet, and (e) Alumillaut, which is designed to go 

to 15,000 feet with a staff of six. Vessels are drawn to scale. Alumi· 

naut is made primarily of aluminum; the others are steel craft. 
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After fifteen years of 
going around together ... 
They finally got married. 
NOW • • •  a Digital X-V Plotter that Types! 
TVPAGRAPH is the only computer term!nal that marries, 
into a single mechanism, both precision plotting and 
standard teleprinter capabilities, and plots and types 
on the same page! It is no longer necessary 
to do your typing on a teleprinter and your plotting 
on a separate plotter. 

This long awaited innovation now allows computer terminal 
users to add plotting capabilities instantly (it is plug 
compatible with a standard teletypewriter) without the 
need for additional plotting equipment and difficult-to-use 
software. And, the TYPAGRAPH offers the time-share 
user new versatility of performance at a practical 
cost never before possible. 

The TYPAGRAPH is a true X-V plotter that uses a 
typewriter printing head instead of an ink stylus. 
The TYPAGRAPH plots or types in any direction, up, down, 
right, left. Both the type print head (X axis) and the paper 
feed (Y axis) are driven by reversible stepping motors. 
Either motor can be stepped in increments as small as 
0.020" and moved as many as fifteen increments by a single 
command. Graphics are plotted as a series of closely 
spaced characters. Any character may be selected 
for plotting. Character spacing in the text mode can be 
varied between 24 and 120 characters per line with 
only a single step command for each character. 
The TYPAGRAPH is also equipped with a 
paper tape punch/ reader and a 10 key rapid 
entry keyboard for numerical data entry. 

Unique software for utilizing the TYPAGRAPH 
with any existing time share computer system is 
provided free. The software is written in ASA 
Fortran. A conversational routine is 
for use by the novice with no 

Fortran and more sophisticated subroutines are 
available for use by experienced Fortran 
programmers. The system and software are 
designed to require only the 64 character printing 
sub-set of the USASCII code for complete 
plotting and typing operation. 

The TYPAGRAPH is fully portable, is quieter than 
a standard office typewriter and is enclosed in 
an attractive Teakwood cabinet. It can be used 
anywhere without disturbing nearby workers 
and will fit any office decor. 

The TYPAGRAPH rents, leases or sells for less 
than one-half the cost of any combination of 
equipment that can perform the same functions. 

For more information about TYPAGRAPH, 
ask your time-share company or fill out 
and return the coupon below. 
r-----------------------------------, 

o Please send me more information about TYPAGRAPH 

o I would like a demonstration of the TYPAGRAPH 

NAME ______________________________ __ 

TITLE ______________________________ __ 

COMPANY AFFI LlATION __________________ _ 
ADDRESS ____________________________ __ 

_______________ STATE __________ __ 

� -------------ZI P __________ __ 

:"t:'�)"'I!!illrlh 7525 Convoy Court 

San Diego, California 92111 
S-1 
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Manhattan class it is only a small step 
conceptually to a ship five times larger 
that could cross the Arctic Ocean at will, 
treating the ice, which averages eight 
feet in thickness, as an annoying scum. 

The ships that go up include both the 
ground-effect machine, which can rise a 
few feet above the surface of the sea 
on a cushion of air, and the hydrofoil, 
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which has a hull that Hies above the sur
face at high speed with the support of 
small, precisely shaped underwater foils. 
The newest versions of these "Hying 
boats" represent substantial technical 
achievements, and yet neither vehicle 
seems likely to become a very important 
factor in marine affairs because each has 
basic problems, such as the danger to the 
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hydrofoil of hitting heavy Hotsam and 
the inability of the ground-effect ma
chine to carry large loads or to operate in 
high waves. The ground-effect machine 
does have a potential, not much exploit
ed as yet, stemming from its ability to 
run up a beach and cross mud Rats, ice 
and smooth land surfaces. 

The ships that go down are of course 
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UNDERWATER LABORATORIES include the Navy's Sealab III 

(top) and the Grumman·Piccard submersible Ben Franklin (bot. 

tom). Sealab is designed to operate on the sea bottom, where it 

will provide living quarters for divers who will venture forth peri. 

odically in heated diving suits to explore the bottom. The first mis· 

sion of Ben Fran/din was a submerged drift up the Gulf Stream. 
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It takes a fast printer 
to keep up with. BOA � 

100 million dollar 
computer system. 

Kleinschmidt. 
formatting problems of serial 
printers. 

The amazing Kleinschmidt 311™ 
Teleprinter is part of BOAC's 100 
million dollar computer system 
called Boadicea. This system puts 
all the BOAC offices in the United 
States right next door to the home 
office in London. 

311 Teleprinter can accept parallel 
information on demand at an 
average speed of 40 characters a 
second, which eliminates the 

What Kleinschmidt is doing for 
BOAC it can do for any business 
that requires quick reception of the 
printed word. If you would like 

For example, if the BOAC office 
in Miami needs a passenger list for 
any BOAC flight, Kleinschmidt gets 
the answer from London in seconds. 
At 400 words a minute. 

The Kleinschmidt 311 Teleprinter 
gives BOAC the ultimate in speed 
and reliability. Furthermore, the 

to learn more, please write 
Kleinschmidt Division of SCM 
Corporation, Deerfield, Ill. 60015. 
Or call us at 312-945-1000. 
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submarines . Nuclear power in military 
submarines dates back further than the 
decade under discussion, but large ad
vances in nuclear propulsion have been 
made during the decade . The circum
navigation of the earth without surfacing 
and the trip under ice to the North Pole 
were both made possible by nuclear 
power and highly developed life-sup
port systems for keeping the crews alive 
and well on the long missions . 

Quite a number of small, deep-diving 
submarines are in existence. Of them the 
Aluminaut, designed to go to 15,000 feet 
while carrying six people, has accom
plished the most. (Because of the prob
lem of obtaining life insurance for its 
crew its deepest dive has been about 
6,000 feet . )  Among the many other small 
submarines are the ones of the Alvin 
class, which can dive to 6,000 feet; Deep 
Quest, to 8,000 feet; Deepstar IV, to 
4,000 feet; Beaver IV and Star III, to 
2,000 feet, and Deep Diver, to 1 ,000 
feet. There is therefore a considerable 
choice of vehicles, instruments and sup
porting facilities . The problem is that 
there are few customers with the inclina
tion to employ these vehicles at $1 ,000 
or more per hour of diving. 

The ships that move Sideways are 
those with trainable propellers or verti
cal-axis propellers or tunnel thrusters . (A 

tunnel thruster enables a pilot to move 
the ship's bow sideways . )  Vessels so 
equipped have found use in self-docking 
situations and in such waterways as the 
St. Lawrence Seaway. Dynamic posi
tioning, which means holding position 
without anchors, is possible with ships 
that have precise local-navigation sys
tems and central control of several ma
neuvering propellers . 

The ship that flips is FLIP, operated 
by the Scripps Institution of Oceanogra
phy. I t  has two positions of stability. 
'Vhile it is under tow it lies on the sur
face and looks like a barge made from 
a big piece of pipe. On station it ballasts 
itself so as to float on end, much like a 
big, habitable buoy. In this position 
FLIP, because of its size, is detuned 
from the motion of the sea surface : it 
does not move vertically under the in
fluence of ordinary waves and swell .  
As a result it is an excellent platform 
for making underwater sound measure
ments. 

Among instruments and tools the now 
venerable sonar, the sound-ranging de
vice, still figures prominently. I t  has 
been improved substantially. Frequen
cies have risen steadily, making it possi
ble to narrow the beam width to search
light dimensions, with the result that the 
distance to (or depth of) discrete areas 
of the ocean bottom can be measured 
more accurately. Sonars employing the 
Doppler effect, which is the change of 
pitch 9f a sound resulting from relative 
motion between the source' �ild the ob
server, make possible the direct mea
surement of a ship's speed over the bot
tom-a measurement that is essential to 
the high-quality navigation required for 
such purposes as detelmining gravity at 
sea by means of a shipboard gravity me-

REVOLVING CRANE 

PIPE·LAYING RAMP 

ter. Frequency-scanning sonars are now 
available that better match the Signal 
with the reflector. 

Hydrophone arrays, sometimes a mile 
long, make it possible to use the low
frequency sound created by a series of 
gas explOSions to examine the rocks un
der the sea bo ttom in great detail. The 
result is a continuous picture of a verti
cal geologic section.  Such continuous
reflection seismic profiles have revealed 
folds and faults in sub-bottom rocks to 
depths of as much as 15,000 feet and 
have found many new undersea oil de
posits. 

Satellites are valuable ocean instru
ments. They are the essential elements 
in the system that makes it possible to 
determine a ship's position accurately 
wherever it may be . Other satellites 
transmit photographs of weather pat
terns, cloud cover and the state of the 
sea.  By combining the picture with 
other weather data, meteorologists can 
produce accurate charts with reliable 
and up-to-date information. The infor
mation is useful in routing ships and 
forecasting waves . 

Buoys moored in the deep ocean hold 
instruments for measuring, recording 
and transmitting sea and weather con
ditions. A number of buoys are already 
in use, prodUCing an abundance of hith
erto unavailable information at minimal 
expense. I t  seems likely that hundreds 
of additional buoys will be put to work 
in the next few years . 

Shipboard computers are becoming 
an accepted convenience. Such a com
puter plots the ship's position continu
ously and matches it with accumulating 
data of other kinds so that investigators 
aboard the ship have an information sys
tem describing the pulse of the sea be
low them . 

O ccaSionally a single device can rev
olutionize an industry. Such a device 

is the Puretic power block, which han-

CONSTRUCTION BARGE, Ihe William Denny, is about 10 be put 

in ocean operation by Raymond International Inc. It is 350 feet 

long and 25 feet deep and has a 100·fool beam. Its revolving crane, 

which has a 250'£001 hoom, can lift 500 Ions at a 70·£00t radius 

and 100 tons at a 215'£001 radius. The craft can lift 750 tons over 

the stern. It can build structure�, drive piles and lay pipelines. 
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For people 
who are not ashamed 
of having brains. 

Here is the most superb home library ever assembled-Great Books 

It may not be popular to admit it, but 
all people aren't created equal. And the 
longer they live (and learn), the less 
equal they get. 

You were probably born with a bigger 
share of intelligence than most of your 
fellow men ... and taught how to use it. 
And you appreciate the difference. You 
aren't ashamed of having brains. You 
enjoy using them. 

That's why Great Books belong in 
your home. These are the writings of 
Plato, Homer, Cer vantes, Tolstoy, 
Freud, Rabclais, Shakespeare, and many 
more. They contain just about every 
important thought of Western Man for 
the past 3,000 years 1 A set of 54 beauti
fully bound volumes containing 443 
masterpieces by 74 of history's greatest 
genIUses. 

The $1,000,000 Syntopicon 
Included with Great Books (and only 
with Great Books) is a unique reference 
work called the Syntopicon. An amazing 
index that required 8 years and cost 

more than $1,000,000 just to write. 
Unlike a dictionary that indexes 

words, or an encyclopedia which indexes 
facts, the Syntopicon indexes ideas
every one of the thousands of topics 
and subtopics within the Great Books. 
In minutes, the Syntopicon enables you 
to look up an idea and find what each of 
the great thinkers thought about it. 

Annals of America 
When you get Great Books, you re

ceive free of extra cost The Annals of 
America, a monumental 20-volume col
lection of our country's vital source docu
ments. The Annals of America include 
more than 2,000 original wri tings, letters, 
diaries, speeches-and nearly 5,000 color 
illustrations. A fantastic history of 
America from the Ma yflower to the moon
shot. Saturday Review says: "This will 
probably turn out to be the most signif
icant reference work of the year .... " 

GREAT BOOKS 

Send for this 
FREE Booklet 
To learn more, just Jill 
out and mail the coupon 
below. You' will receive 
a Jull-color, /6-page 
booklet describing Great 
Books in detail. 

There is no cost or obligation. 
r-----------------
I GREAT BOOKS 

425 North �!ichigan Ave., Dept. 417·�1 
I Chicago, Illinois 60611 

I Please send me, Jree and without obligation, 
I your colorful booklet which describes Great 
I Books in detail along with complete informa
I tion on how I may obtain this magificent 

set-plus Annals oj America at no extra cost
direct from the publisher, on your easy 
budget plan. 

NAME 

ADDRESS 

CITY 

STATE 
417·M 

ZIP 
SOC·3 
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dIes fishing nets. It is, like many good in
ventions, basically simple : it is a wide
mouthed, rubber-lined pulley driven by 
a small hydraulic motor. During the past 
decade it has been adopted by many 
fishing fleets and now accounts for some 
40 percent of the world's catch . With the 
block it is possible to handle much larger 
nels with fewer men. One result is that 
the tuna industry has shifted almost en
tirely from line fishing to net fishing. 

Another trend in fishing has been to 
put fish-processin g equipment on boats. 

The equipment includes automatic fillet
ing machines, quick-freeze boxes and 
even packaging machines so lhat a fin
ished frozen product can be delivered at 
dockside. Scallops, for example, can now 
be shucked and eviscerated on ship
board, so that the scalloper can remain at 
sea for a week at a time and return with 
a cargo of ready-to-eat scallops . 

Barge-mounted cranes capable of lift
in g 600-ton loads as much as 200 feet 
above the water are now available along 
many coasts .  The result is a change in 

construction techniques .  For example, a 
bridge can be built  in large sections, 
which are then hoisted into place by the 
crane.  

Shipyards are using elevators called 
Synchrolifts to lift and launch ships 
weighing as much as 6,000 tons .  The ma
chines are replacing dry docks and ma
rine railways . The Synchrolift is simply 
a big platform that can be lowered below 
keel depth . A ship is then floated in, and 
a dozen or more syn chronized winches 
hoist it  up to the level of a transfer rail-

• I 

SIDE.LOOKING SONAR produced this view of the ocean bottom 

on the continental shelf northeast of Boston. From right to left the 

record covers a distance of about two kilometers along the ship's 

trade Broken lines show one·minute intervals. Irregular line near 

top is a profile view of the sea bottom as it appeared at the instru· 

ment's horizon. Irregular portions of the photograph are bedrock; 

darker flat areas are sand waves and gravel; lighter flat areas are 

smooth sand. Bottom was 60 to 140 meters below the ship. Record 

was made by John E. Sanders of Barnard College and K. O. Emery 

and Elazar Uchupi of Woods Hole Oceanographic Institution. 
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It takes sophisticated visual equip
ment to make you an eye witness 
to undersea operations. 

That's where our research and 
development engineers come in. 
Re c e n t l y, t h e y  d e v e l o p e d  t h e  
brightest underwater light source 
yet known, capable of operating at 
any depth. 

They are designers of diver-held 
still cameras, strobe lights, and 
high resolution TV-systems, in
cluding a unique long-line system 
that operates to 20,000 foot 
depths by remote control. 

Our engineers work in the Hydro 
Products underwater electro
optical laboratory to verify the per
formance of new equipment after 
design. We operate and test equip
ment at pressures equivalent to 
30,000 foot depths and in fresh 
and salt-water corrosion environ-

m e n t s  o v e r  a w i d e  r a n g e  of  
temperatures. 

Hydro Products external illumi
nation and viewing systems have 
been installed in 36 of the world's 
39 most advanced deep sea sub
mersibles. Among these are the 
U.S. Navy's Nuclear Research 
Submarine, General Motors Deep 
Ocean Work Boat, Westinghouse's 
Deepstar, and the Navy's Deep 
Submergence Rescue Vehicle. 

The offshore oil industry also 
utilizes the important advances 
offered by Hydro Products tech
nology and capabilities. For ex-

ample, our Gulf Coast office sup
plies television equipment and 
service to many of the offshore 
oil rigs. 

Fact is, we are the world's 
largest manufacturer of explora
tory oceanographic equipment. We 
offer 103 different types of ocea
nographic instruments, including 
an array of wireless underwater 
communication systems. 

We believe in quality instrumen
tation. We don't believe in "shots 
in the dark." For information, 
write Dept. SA, 
Hydro Products. 

HYDRO PRODUCTS 
P. o. BOX 2528 • SAN DIEGO, CALIF. 92112 • TEL: (714) 453·2345 

A DIVISION OF 

DILLINGHAM CORPORATION 
A DIVERSIFIED FIRM CHALLENGING NEW HORIZONS EVERYWHERE 
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We're in the business of extending man's senses. 
Watch inbound traffic from outer space. 
Talk safely in bits and pieces for 5,000 miles. 
Scan the ocean bollom for an exact fix. 
Tune in the fleet with two million walls of RF power. 
Control joint forces from an electronic command post 

20,000 feet above the action. 
Whatever the mission, no mailer how impossible, how 

big, or how soon it's needed, LTV Electrosystems produces. 
We can turn a mission concept into sophisticated hard

ware faster, beller, at lower cost than just about anyone. 

Our technological spectrum ranges from re-entry physics 
installations and international communications nets to high
reliability components. We have 15 production facilities 
countrywide and some of the best scientific and engineering 
minds anywhere. 

Our mission: Extending man's senses. 

What's yours? 

See the opposite page for a listing of currenl professional 
opportunities at LTV Electrosystems. 

LTV ELECTFl C>SYSTE IVIS, I N C. 
PC> EJC>X 60:30. DALLAS, TEXAS 75222 

A qua/tly company of Ling-Temco-Vough/, Inc. L"r V 
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way, which moves it to a position in the 
yard . In this way the yard can work on 
several ships Simultaneously. 

The first undersea dredge has just 
made its appearance. The machine 
moves alon g the bottom on crawler 
tracks in depths of as much as 200 feet. 
Hence it is not affected by the wave ac
tion that makes life on floating dredges 
hard . The machine was designed to re
place eroding beaches with sand from 
offshore : the dredge has a 700-horse
power pump that moves the sand slurry 
a mile to shore. 

I t  is fashionable now to speak of the 
"systems approach," which is a way of 
expressing the obvious idea that all the 
elements in the solution of a problem 
should fit together and be headed toward 
the same goal. All the ships and instru
ments I have described are employed as 
parts of systems .  There are, however, 
several integrated combinations of tech
nology that are best described under the 

headin g of systems.  They include con
tainerized cargo-handling, desalination 
of seawater, deep-ocean drilling and 
deep diving. 

Containerization has become a magic 
word on the waterfront. The basic 

idea is that a shipper can move his goods 
from his inland manufacturing point to 
an inland customer overseas in a private 
container. A container moves by train or 
truck to a marshaling yard on the water
fron t. There it  is picked up by a straddle 
truck and moved within reach of a gan
try crane, which sets it  in slots on a con
tainer ship. The contents are safe from 
pilferage, weather and damage .  A harbor 
facility, dealing with containers of stan
dardized size, can semiautomatically un
load and reload a large cargo ship in less 
than 24 hours . Labor cost is lowered;  the 
ship spends more time at sea and less 
alongside a dock, and the freight moves 
faster and more cheaply than on a break-

DIVING GEOLOGIST S of the Shell Oil Company probe the ocean floor at a depth of about 

20 feet on the Bahama Banks. The pipe and hose slanting across the center are parts of an 

air·lift apparatus that they are using to obtain information helpful in the search for oil. 

A new bulletin of 
professional 
opportunities at 
LTV Electrosystems. 
Greenville Division 
(Systems for strategic and tactical 
surveil lance, reconnaissance, detection ; 
tracking; com m and and control ;  
airborne lighting systems; artificial 
intell igence ; tactical warfare.) 
Digital Systems Analysts 
Digital Circui ts Designers 
Electro-Optics Systems Analysts 
RF Systems Analysts 
RF Circuits Designers 
Scientific Programmers 
Business Programmers 
Facilities - Green ville, Texas; Greenville, 
South Carolina; R oswell, New Mexico 

Garland Division 
(Long. range digital communications; 
fluid mechanical systems for aircraft, 
m issiles, spacecraft;  high·precision 
antennas; guidance and navigation 
systems; space systems.) 
RF Circuits Designers 
RF Systems Analysts 
Digital Circuits Designers 
Digital Systems Anarysts 
Antenna Design Engineers 
Scientific Programmers 
Facilities - Garland and A rlington, Texas 

Continental Electronics 
(This subsidiary company builds 
super-power RF transmitters for radio 
communications, broadcasting, re·entry 
physics radars, radio astronomy, 
nuclear accelerators.) 
Transmitter Design Engineers 
RF Circuit Designers 
RF Systems Engineers 
Facilities - Dallas, Texas; 
Waltham, Massachusells 

Memcor Division 
( Portable and stationary T ACAN systems, 
tactical radio systems, nuclear 

controls, resistance products. )  
Proj ect Engineers (T ACAN Systems) 
Electronic Design Engineers 
Instrumentation Engineers 
Mechanical Engineers 
Digital Systems Engineers 
Facilities - Huntington, Indiana; 
Salt Lake City, Utah 

Please call or write: Bill Hickey, 
Supervisor of Professional Placement, 
L T V  Electrosystems, Inc., P .  O. B o x  6118, 
Dallas, Texas 75222, Telephone (21 4) 
2 76· 71 1 1. A n  equal opportunity employer. 

LTV Electrosystems: 
extending man's senses. 
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bulk cargo ship [ see "Cargo-handling," 
by Roger H. Gilman ; SCIENTIFIC AMERI
CAN, October, 1968 ] .  

Methods for desalting water have 
been improved substantially. The world
wide use of desalted water from the sea 
is now almost 100 million gallons per 

day. Most of the water is obtained by 
various distillation processes ; the average 
cost is estimated to be about 75 cents per 
1 ,000 gallons . Other means of desalina
tion, such as vacuum freezing and re
verse osmosis, are being developed. Ma
jor nuclear plants that would produce 

both fresh water and electricity are un
der s tudy. Most of the desalted water 
now obtained or in prospect is for house
hold and industrial purposes.  The day of 
cheap irrigation water in large quantities 
is still far away. 

Offshore drilling from floating plat-

HOISTING DEVICE called the Syncrolift allows the Canadian 

snbmarine Ojibwa to be lifted out of the water (above ) and pulled 

ashore on rails ( below ) for repair in a dockyard at Halifax, Nova 

Scotia. The platform is lowered under the keel of a vessel, the 

ship is floated in and the platform is raised by the array of winches 

visible in the photograph. The device has a capacity of 6,000 tons. 

2 1 4  
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Th e differen ce bet ween ordinary paper an d the sophisticated ma terials 
Riegel develops from it is th e differen ce bet ween white an d black. 

We s tarted with paper and 
came UP. witlt a thin, opaq�e, 
contamination-free material. 

What can we start for you? 
Nothing is quite a s  unremarkable as 

what you're looking at now, right? Good old paper. 
Common as air. 

Well, Riegel 's  b usiness is first to make 
paper - and then to make it remarkable.  

For instance ,  i f  you wanted it abso
lutely free of radiation, we'd drill 4 5 0 - foot wells to get 
chemically pure water. 

Moreover, if you wanted this same 
paper completely opaque, so that even the most 
microscopic pinholes were eliminated - well,  we'd 
work in our laboratories until we'd made it  completely 
opaque. 

And i f ,  in addition, you wanted it to 
be machinable to extremely tight tolerances, to be 
compatible with many other materials,  to possess ex
ceptional strength and a thin uniform caliper, we'd 
take care of those details too . 

Matter of fact, we've already done it 
for the photographic industry. 

From tree to technology 
Li g h t - t i g h t  m a t e r i a l s  are s o m e  o f 

many we pioneered for the photographic industry. 
Others include moisture-proof black wrap; dri-mount 
tissues and heat-seal coatings; x-ray inter-leaving; 
slide mounts; pouch wraps; and colored and black 
duplex for film envelopes . 

In each case Riegel 's  paper machines 
and converting equipment produced the substrate , or 
basic paper stock. But at this point, where most paper 
mills leave off, we like to start in. 

Stumped? Tell Riegel. 
You might be surprised what can b e  

done w i t h  paper . Particularly in t h e  hands of a re
search-minded company that knows paper backward 
and forward . Particularly when it 's  Riegel . When you 
are really stumped for a so lution, and you're practi 
cally certain paper can' t  do it ,  come to Riegel . If any 
one can, Riegel can. Riegel Paper , Technical Papers 
Group, 260  Madison Avenue, New York, N . Y .  1 00 1 6 . 

Much more than paper. 
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I 
[ I none Taster.. . 

Vo�age/CurrentiPhase . . .  
even distorted 
signals measured 
in TWO CYCLES! 

N ew, Two C h a n n e l  V o l ta g e, 
C u r r e n t  a n d  Phase  i n s t ru m e n t  
f o r  p ulse m e a s u r e m e n ts .  
Model  V I P- l OO or  Mod e l  
V I P- 1 00M ( m i l i ta r ized 
c o n  fi g u ra t i o n ) ,  f o r  su rfa c e  
s h i p, s u b m a r i n e  o r  s h o r e 
b a s e d  a p p l i ca t i o n s .  

F o r  c o m p l e te s p e c i fi c a t i o n s, 
wr i te  o r  ca l l :  O c e a n  D a ta 
E q u i p m e n t  C o r p o r a t i o n ,  
883 W a t e r m a n  A v e n u e, 
East  P r o v i d e n c e, R . I . ,  029 1 4, 
P h o n e :  40 1 -434-7780. 

OCEAN DATA 
EQUIPMENT CORP 

forms is less than a decade old and has 
evolved rapidly. The self-propelled drill
ing ship and the semisubmersible plat
form, both of which drill while an
chored, represent the two ends of the 
spectrum . The ship emphasizes speed of 
movement to the drilling site; the plat-

ANT ENNA 

WIND RECOR D E R  
FLAS H ING L I G H T  

T EMPERATURE AND 
PRESSURE RECORDER 

CURRENT M ETER 

BIG RESEARC H BUOY employed by the 

Wo ods Hole Oceanographic Institution gath

ers and transmits data from the surface to 

the sea floor. At the surface it records wind 

speed and direction; below the surface it 

measures temperature, pressure and current. 

form provides more steadiness and room 
for working. A semisubmersible platform 
is to\ved to its drilling site, where it 
takes on enough water ballast to sub
merge its lower portions .  In that position 
it floats on large cylindrical columns.  
The arrangement is such that the plat
form is little affected by waves or other 
motions of the sea. 

The unanchored deep-ocean drilling 
system, which consists of a drilling rig 
in a ship hull, has so far been used only 
for scientific work. It has improved sub
s tantially the ability of geologists and 
other investigators to explore the strata 
under the deep ocean. The technology 
dates from 1961 and includes dynamic 
positioning, the control of s tress in a long 
and unsupported drill pipe, placement of 
conductor pipe (leading the drill through 
the soft sea bottom to bedrock) in deep 
water and the use of a seawater turbo
drill to drill hard rock in more than 
12,000 feet of water. 

Later developments have led to the 
system employed on tlle Glomal' Chal
lengeI', which is operated by the Scripps 
Institution of Oceanography in a Nation
al Science Foundation program involv
ing the coring of deep-ocean sediments 
in water depths of up to 20,000 feet [see 
illustration on page 200] . The develop
ments include acoustical position-sens
ing equipment and automatic control of 
the propulsion units, so that dynamic 
positioning is much more reliable. The 
ship has successfully drilled several doz
en holes in water depths to 17,000 feet, 
penetrating as much as 2,500 feet of the 
sea bottom. The cores thus obtained 
have yielded much valuable information. 
Moreover, the discovery of hydrocarbons 
on Sigsbee Knolls deep in the Gulf of 
Mexico has done much to modify geo
logical thinking about the possibility of 
oil in deep water. 

O ffshore oil production is moving 
steadily into deeper and rougher wa

ter and more remote areas. If it  is to be 
profitable, several producing wells must 
be established in each cluster and the 
capital cost should not exceed the pres
ent cost of producing oil in 200 feet of 
water. Probably it is possible to build 
stationary platforms that would resem
ble existing ones for depths of up to 600 
feet. The cost would be high, however, 
particularly for a system that involved 
completing the well atop the platform 
(installing the pipes and valves and re
lated equipment needed to put the well 
into production after drilling has reached 
oil) . The current trend is toward the use 
of floating drilling platforms such as the 
semisubmersible ones, with completion 
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of the well being made on the sea floor. 
A system of this kind would include re
motely controlled valves and flow lines 
to cen tral collecting points. In depths of 
1 ,000 feet or more submarine work 
chambers analogous to pressure-resistant 
elevators will lower workmen to the bot
tom ; while they remain inside at normal 
surface pressure they will be able to 
remove and replace heavy components, 
make flow-line and electrical connec
tions and inspect the machinery. 

Deep diving is receiving increasing at-
tention in ocean technology. Men 

go into increasingly deeper water by 
means of systems that grow ever more 
complicated, involving a variety of 
chambers, hoists, gases and instruments. 
There are two competing methods : the 
bounce dive and the saturation dive. 
In a bounce dive the diver goes from 
atmospheric pressure to the required 
depth in a chamber, breathing gaseous 
mixtures that change in accordance with 
depth and physiological requirements. 
He works for a few minutes (perhaps 10) 
and then returns to the surface in a fully 
pressurized chamber for slow decom
pression on the deck of the mother ship. 
The saturation-dive system makes pos
sible multiple dives . In it the diver's 
body is saturated with inert gases while 
he lives in a pressure chamber on ship
board . When it is time to dive, he moves 
into a similarly pressurized capsule that 
is lowered to the bottom. Since his body 
is already prepared for the pressure, he 
can immediately go to work. He can 
\vark much longer than the bounce diver 
before he returns to the capsule and 
thence to the chamber on deck. Since he 
lives on the surface but at the pressure of 
the bottom, the procedure can be re
peated for many days . Then the diver 
takes a slow decompression to atmo
spheric pressure . Divers using each of 
these systems have reached 1 ,000 feet. 

Ano ther scheme has divers living on 
the bottom in shallow water at ambient 
pressures in undersea chambers . Exam
ples are the experiments that have been 
carried out in such chamber systems as 
the U . S .  Navy's Sealab II, the Univer
sity of Miami's Tektite and the French 
Conshelf. 

Doubtless oceanographers can point 
to elements of ocean technology I have 
overlooked. The developments have 
been too rapid and profuse for one man 
to be familiar with them all. Sometimes 
one feels that the first question to be 
asked on hearing about a new oceano
graphic device is: "Is it  obsolete yet?" 
The answer should be: "We're working 
on that problem and it soon will be." 

2 1 7  
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THE OCEAN AND MAN 

The increase of human activity in the sea presents deep problems 

of relations among nations. Who owns the resources of the sea, 

and how is the ,vorldwide exploration of the sea to be organized? 

T
he quickening of human activity 
in the oceans that has been chron
icled in the preceding articles 

brings the problem of international co
operation in ocean study and manage
ment increasingly to the fore. Most of 
the world is ocean, and most of the ocean 
lies beyond the limits of national juris
diction and is subject to no specific own
ership. How, then, are the steadily more 
complex techniques for studying the 
ocean to be organized, financed and ap
plied? How are the resources of the sea 
to be apportioned? Who is to regulate 
human activity in the sea so that it  brings 
maximum benefits to mankind and at 
the same time does not result in harmful 
effects such as pollution? 

The problem has a number of facets. 
One is the vastness of the area in ques
tion. The ocean waters cover four-fifths 
of the Southern Hemisphere and more 
than three-fifths of the Northern Hemi
sphere. The world ocean contains about 
1,350 million cubic kilometers of water 
at an average depth of almost four kilo
meters. 

Another consideration arises from the 
unity of the ocean. The waters and their 
contents mingle freely. The processes 
operating in the waters are of large scale 
and are driven by forces of planetary 
dimension. Life in the ocean is affected 
by these processes, so that the type, 
number and distribution of organisms 
may be controlled by events occurring 
in distant places. Because of this im
mense unity, investigation of the world 
ocean is inherently an international af
fair, requiring cooperation ranging from 
the simplest exchange of information to 
the most complex integration of research 
programs. 

Man lives on continental islands em
bedded in the vast surrounding sea, and 
many of his activities involve it or are 
affected by it. To him it is a means of 
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transport and a fon t of resources. I t  af
fects him also by being a reservoir of 
heat, so that weather and climate across 
the continents are determined to a large 
extent by events at the ocean surface. 

Conversely, man now has the ability 
to affect the ocean, sometimes deliber
ately and sometimes inadvertently and 
often far from the site of the interven
tion. A film of oil coats the animals and 
beaches of southern California, pesti
cides applied on the African continent 
appear in the Bay of Bengal and a 
healthy, succulent oyster becomes a rar
ity. More subtle forms of intervention 
are being practiced. For example, com
pletion of the Aswan Dam has almost 
halted the annual release of water from 
the Nile into the eastern Mediterranean. 
The nutrient elements the river water 
supplied every year gave rise to a pro
liferation of fish that supported a com
mercial fishery. Another effect of the 
flow was an annual decrease in the sur
face salinity of the Mediterranean for 
several hundred miles north of the river. 
Now these waters are �o longer en
riched, and the increased salinity and 
denSity of the surface water may affect 
mixing processes along much of the 
eastern shore of the Mediterranean in a 
way that is difficult to prediCt. 

Another fOlm of intervention is the 
linking of separate bodies of water by 
man-made straits. What oceanographic 
consequences might a sea-level canal 
across the Isthmus of Panama have if 
current proposals to build one are car
ried out? Evidence provided by the link 
between the Red Sea and the eastern 
Mediterranean through the Suez Canal 
is suggestive. During the first decades 
after the canal was opened the high sa
linity of the Bitter Lakes barred the ex
change of animals between the two seas. 
As these lakes have gradually freshened 
by being connected with the eastern 

Mediterranean through the canal the 
barrier has been losing effectiveness ,  and 
Red Sea organisms are slowly invading 
the Mediterranean. 

Most of the ocean research now being 
done is conducted by investigators 

in a small number of afHuent countries. 
The major participants are Canada, 
France, Germany, Japan, the United 
Kingdom, the U.S. and the U.S.S.R. 
Many more countries use the ocean, par
ticularly for fishing, and the technical 
capability of the developing nations for 
exploiting ocean resources is increasing. 
(Peru, for example, has in recent years 
operated the world's largest fishery.) 
The ability of such nations to conduct 
research has not advanced so rapidly, 
which is regrettable because of the im
portance to a developing country of par
ticipating in ocean research off its coasts. 
The coastal state has the most direct and 
immediate need to know tlle natural re
sources available to i t. In the case of 
living resources it needs to know the re
lation between the ocean environment 
and the abundance, distribution and 
availability of the organisms. When a 
nation participates in ocean research, it  
can develop a corps of investigators who, 
through their own work and their inter
action with workers from other nations, 
can interpret data on marine resources 
and the ocean environment and so con
tribute to the formulation by the coun
try of a rational policy for the manage
ment of ocean resources. 

It is plain enough that nations ought 

SPREAD OF OIL over the Santa Barbara 

Channel from the offshore well that began 

leaking last January is shown in the aerial 

photograph on -the opposite page. The pho

tograph was made during peak flow in Feb· 

ruary, when the amount of oil escaping was 

estimated at several thousand barrels a day. 
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to cooperate in investigating the ocean. 
What kinds of international action are 
most desirable, and how can they be 
most effectively arranged? 

The most basic form of scientific co
operation is the exchange of data and 
other information. Until about 20 years 
ago the community of oceanographers 
was so small that most of the members 
knew one another and could exchange 
information on a personal basis. Now the 
number of oceanographers is much larg
er, so that personal evaluation of report
ed work is often impossible. Moreover, 
the flow of data has increased enormous-

ly. For example, determination of the 
vertical distribution of temperature and 
salinity in the upper kilometer of the 
ocean is a common requirement. Former
ly a measurement might be made with 
20 sampling devices; the basic observa
tion would require about an hour, and 
about two more hours would be needed 
to determine and plot the 60 corrected 
values (temperature, salinity and pres
sure at each of 20 depths) the apparatus 
had obtained. The data rate was 20 
values per hour. Now observations are 
often made with in situ devices capable 
of giving values of temperature, salinity 

and pressure at one-meter intervals. The 
total observation may require 45 min
utes; by then the oceanographer has 
available, already plotted on a strip 
chart, some 3,000 values. The data rate 
has become 4,000 values per hour
higher than the previous rate by a factor 
of 200. 

Related to the increase of oceano
graphic activity is the problem of mak
ing data comparable. Many investiga
tions require the pooling of data from a 
number of sources . The synthesis is par
ticularly difficult when different meth
ods and standards have been used. In 
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EASTROPAC EXPEDITION, which took its name from its area of 

operations in the eastern tropical Pacific, was an international sur· 

veying and sampling venture that involved eight ships from four 
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nations. One of seven two·month cruises made during the ex�pedi. 

tion is mapped; dots show where each named ship took samples. 

Expedition was carried out in 1967 by U.S., Mexico, Chile and Peru. 
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A different mach i ne 
in seconds. 

The Olivetti P-203. Anything an accounting 
machi ne can do, it can do better. 

The P-203 moves from job to job in seconds. 
Programming capacity is literally unlimited, thanks 

to a unique magnetic card. Program the P-203 
yourself. Or we'll do it for you. Either way, it's 

easy. The P-203 is a lot more than just another 
accounting machine. At a lot less cost. 

'-00 D�CBQdD---

lB '" " 
U) 

One Park Avenue 
New York, N.Y. 10016 
Attention: Marketing Services 

Please send information on the P-203 

Name/Title 

Firm 

Address 

� 

City State ____ Zip. __ _ 
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RClXs many-tentacled computer 
does time sharing plus regular computing. It's a 

generation ahead of its major competitor. 
Once there were only monster computers 

that did big batch jobs like payrolls. Problem? 
They kept people waiting. 

Then came the whirling dervishes of time 
sharing that let a lot of people work at once. In
efficient. The machines were only busy part time. 

Now there's a new kind of creature that does 
time sharing and batch work together. So lots of 
people can use it-efficiently. 

It's the Spectra 70/46. The Octoputer. There's 
nothing quite like it on earth or under the sea. 

Remote computing is its basic concept.That 
means it works from way over here where you are, 
to way over there where it is.The Octoputer's arms 
are long and strong. 

It sits in the middle of your company and 
reaches helping hands out in all directions. Sud
denly, your company works harder. More of your 
people use the computer-solving more prob-

lems, finding more facts, writing more programs. 
And it does your big batch jobs in its spare time. 

The Octopu ter does a real armload of work 
for a handful of change. Check the bills from your 
time-sharing services. See if it's not more efficient 
to do the same work on your own Octopu ter. And 
get batch processing, too. 

One more thing.The Octoputer concentrates 
on remote computing because that's what you're 
going to need-that's where the industry is going. 
We got there first because communications is 
what RCA is famous for. 

It'll keep us ahead of our competition. It can 
keep you ahead of yours. Step up to the Octoputer 
and shake hands hands hands hands hands ... 
We will arrange an intro
duction. Ca1l609-424-238S. 
Or write RCA Computers, 
Cherry Hill, N.j. 08034. 

nell 
COMPUTERS 
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recent veal's a considerable effort has 
been made, by experiments in intercom
parison and by the development of meth
ods of reference, to improve compara
bility. 

Increased oceanographic activitv has 
led to the broadening and impro\'e

ment of the international svstem of data 
exchange. Such a svstem had existed on 
a regional basis for m any years in north
ern Europe: the Hydrographic Service 
of the International Council for the Ex
ploration of the Sea had collected and 
published data from its members since 
1902. By the 1950's, ho\\'e\'er, most data 

180° 135" 

"'ere coming from regions other than the 
t\orth Atlantic and a more general sys
tem of exchange was required. 

The International Geophvsical Year, 
conducted during 1957 and 1958 bv the 
International Union of Geodesy and Ge
ophvsics, prOVided an opportunity to 
establish a series of world data centers 
in a number of fields of geophvsics .  Two 
oceanographic data centers, established 
in \Vashington and '\'loscow, are still in 
operation. By now their catalogues list 
manv thousands of useful observations, 
although the time has come, if the cen
ters are to keep abreast of requirements, 
\"hen the facilities should be trans-

60° 

formed from archives to modern com
puter-based operations. 

The international exchanges during 
the International Geophysical Year were 
made on a nongovernmental basis. Since 
1961 the deSirability of governmental 
commitments to exchange data has been 
recognized. Governments now make 
such commitments through the In tergov
ernmental Oceanograpnic Commission, 
an adjunct of the United Nations Educa
tional, Scientific and Cultural Organiza
tion. 

\Vith the postwar expansion of ocean
ographic facilities it became possible to 
look beyond local waters and consid-

45° 30° 15° 0° 15° 30° 
900 �------------------------------------------------------------------------------------------------------------------

60° 

15° 

0° 3 MILES 12 MILES 12 MILES 12 MILES 
AUSTRALIA ALBANIA LIBERIA UNITED ARAB 
CHINA ALGERIA LIBYA REPUBLIC 
COSTA RICA BElGIUt-A MALAGASY UNITED 
CUBA BRAZIL REPUBLIC KINGDOM GABON BULGARIA MAURITANIA UNITED 

15° GAMBIA BURMA MEXICO STATES OF 
IVORY COAST CAMBOOIA MOROCCO AMERICA 
JAPAN CANADA NETHERLANDS URUGUAY 
KENYA COLOMBIA NEW ZEALAND VENEZUELA 
MALAYSIA CYPRUS NIGERIA YEMEN 
MALTA DAHOMEY NORWAY YUGOSLAVIA POLAND DENMARK PAKISTAN VIETNAM TRINIDAD GREENLAND PORrUGAL MORE THAN 30° AND TOBAGO FAROE ROMANIA 
6 MILES ISLANDS SAUDI 12 MILES 
ETHIOPIA ARABIA 

CEYLON FEDERIIL SIERRA LEONE ARGENTINA CAMEROON DOMINICAN REPUI3IIC OF SOUTH CHILE REPUBliC GERMANY AFRICA ECUADOR FINLAND FRANCE SPAIN EL SALVADoR GREECE GHANA SUDAN GUINEA 45° HAITI GUAfFMALA SWEDEN INDIA ISRAEL HONDUI1AS SYRIA INDONESIA LEBANON ICElAND TANZANIA KOREA MALDIVE IRAN THAILAND NICARAGUA ISLANDS IRAQ TOGO PANAMA SENEGAL IRELAND TUNISIA I TALY PERU SOMALI JAMAICA TURKEY PHiliPPINES REPUBLIC UKRAINIAN 
60° KUWAIT SSR 
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FISHING JURISDICTION claimed by various nations ranges from 

three miles to 200 miles. The claims shown are based on informa-

224 

THREE MILES 
SIX M I LES 
TWELVE M I LES 
MORE THAN TWELVE MILES 

CO 
� 

75° 60° 45° 30° 15° 0° 

0·. 

r£. 
:J�-; ,� .. 'i,}""'::: 

--.. '.----�::-\ .. : �, 

, .. 1·,,···/':) 

15° 30° 

tion published by the American Assembly last year. Additional 

rights have been claimed by Cambodia, Ceylon, Ghana, Korea, Nic-
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er extending investigations over much 
larger portions of the ocean. The first 
manifestation of the trend was a series 
of single-ship circumnavigations, includ
ing those of the Swedish Albatross, the 
Danish Galathea and the British Chal
lenger. Similar expeditions continue to 
be mounted, although one would think 
they would be difficult to justify in the 
absence of some newly recognized phe
nomenon or new observational capability 
that warranted a global exploration. 

An important recent trend has been 
toward more comprehensive investiga
tions made cooperatively by ships from 
a number of laboratories. The ships may 

make reasonably simultaneous observa
tions over large areas of the ocean. A case 
in point is the EASTROPAC Expedition, 
which derived its name from its area of 
operation, the eastern tropical Pacific. 
During one two-month period of this 
expedition eight ships from the U.S. , 
Mexico, Peru and Chile took readings at 
some 1,700 stations, sampling an area 
about a fourth as large as the entire At
lantic Ocean. Such investigations have 
ranged from the loosely coordinated In
ternational Indian Ocean Expedition to 
the more synchronized In ternational Co
operative Investigations of the Tropical 
Atlantic. 

--�--------------------------------------------------------'90° 

I 

aragua, Pakistan and Tunisia for the continental shelf and superjacent waters. The claims 

indicate the difficulties involved in obtaining: international agreement on use of the ocean. 

The requiremen t for such multi ship 
investigations arises in the study of proc
esses of very large dimensions. When the 
rates of these processes are compa
rable with the time it takes to observe 
them, an adequate description demands 
simultaneous observations over the en
tire region affected by the process. It is 
unlikely that a single laboratory or even 
a single nation commands the necessary 
observational resources. Even when si
multaneous observations are not re
quired, because the rates of processes are 
slow (as in deep water or on the ocean 
floor), the need to obtain the desired 
spatial resolution calls for a large num
ber of observations. A case in point 
would be an attempt to describe the 
presen t form of the sea floor. In such un
dertakings a collective effort makes pos
sible the completion of the description 
in a reasonable period of time. 

I n the mounting of such efforts i t  is im-
portant to take into account the enor

mous range of oceanic phenomena-in 
time from seconds to millenniums and in 
space from centimeters to thousands of 
kilometers. One year may differ dramati
cally from another. For example, the In
ternational Geophysical Year, which in
cluded much oceanographic work, took 
place during a period of unusual solar 
activity (indeed, the timing of the pro
gram was chosen for that reason), and it 
is not surprising that the period turned 
out to be aberrant in the ocean and the 
atmosphere. Much of the Pacific Ocean 
in particular was highly anomalous in 
behavior, with strong warming in the 
eastern North Pacific and a well-devel
oped El Nino (the appearance of a warm 
surface layer over the cold Peru Current, 
usually with far-reaching effects on m a
rine life and the weather of coastal re
gions) off the coast of South America. 
Thus if one were to draw conclusions 
about the oceanography of the east
ern Pacific solely from the observations 
made during 1957 and 1958, the conclu
sions could be highly misleading. 

The mounting of multi ship expedi
tions requires a much higher level of co
operation than the exchange of informa
tion. As recently as 10 years ago most 
cooperative studies of the ocean were 
organized directly by the investigators 
concerned; governments had the passive 
role of providing funds. It became 
evident, however, that the financial re
quirements were growing and that in
ternational cooperation might be more 
effective if formal commitments were 
made by the participating governments. 
Such commitments are now made 
through the Intergovernmental Oceano-
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oceanographic 
fund inc. 

A mutual fund 
investing in the development 

and use of the ocean 
and its resources 

Midgate Distributors, Inc. 
80 Broad Street, 
New York 10004 
Please send me a prospectus on 
the oceanographic fund, inc. 

Name 
Address 
City 
State lip 
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U N T E D  

A R A B 

R E P U B L 

GREAT B ITTER LAKE 

LITT LE B ITTER LAKE 

SUEZ CANAL 

C 

SUEZ REGION has heen affected hy a decline of salinity of the Bitter Lakes in the 100 
years since the opening of the Suez Canal. The high salinity of the lakes originally pre· 

vented the exchange of animals between the Red Sea and the eastern Mediterranean through 

the canal, hut as the lakes have freshened, the harrier has gradually lost its effectiveness. 

graphic Commission, an organization 
created for that purpose in 1960. This 
commission has already acquired con
siderable experience in a number of 
large-scale cooperative investigations. I t  
seems likely t o  play a central role in or
ganizing and coordinating the Interna-
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tional Decade of Ocean Exploration that 
was proposed by President Johnson in 
1968 to be conducted during the 1970's. 

.Alother field that depends on interna
tional cooperation is the provision 

of global services. Many of the services 

� � 
� r---f--

1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 
YEAR 

DECLINE OF SALINITY in Great Bitter Lake resulting from infusion of fresher waters 

hy way of the Suez Canal is charted for the lake bottom (color) and for the surface (black). 
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Whether your field is aerospace or x-rays - or any discipline in 
between - Kroch's and Brentano's has a McGraw-Hili Handbook to 
assist you with knotty problems. Prepared by top specialists in 
their respective fields, each handbook serves as a desk-top infor
mation retrieval center. 

Air Force Cambridge Research Labs: HANDBOOK OF GEOPHYSICS AND 
SPACE ENVIRONMENTS 
A comprehensive collection of geophysical data about the world's atmosphere, 
shape. gravity, and magnetic field - and the space environment as it is 
known or deduced. 683 pp. $26.50 

Baumeister and Marks: STANDARD HANDBOOK FOR MECHANICAL ENGINEERS, 
7th Ed. 
The classic in the field for over 50 years, this new revision includes the latest 
information on cyrogenics, aerospace, and computers plus essential data on 
iron and steel coatings, paints and protective coatings, fuels, materials han· 
dling, and much more. 2,464 PP. $29.50 

Coombs: PRINTED CIRCUITS HANDBOOK 
The only book available that serves as a detailed, "how·to·do·it" manual of 
techniques and sufficiently covers all phases of the printed circuit processes. 
Enables the user to establish a production facility and to control the process. 
528 pp. $16.50 

Davis and Sorenson: HANDBOOK OF APPLIED HYDRAULICS, 3rd Ed. 
This classic of good practice in tile design and construction of hydraulic 
structures covers the essentials necessary to competent and informed work 
in all branches of the field. Covers hydrology and basic hydraulics, water 
conveyance, dams, and water use, control, and disposal with examples from 
records of recently constructed projects. 1,584 pp. $37.50 

Fink and Carroll: STANDARD HANDBOOK FOR ELECTRICAL ENGINEERS, 10th Ed. 
The new revision now includes modern techniques for computer control of 
power generation and distribution along with conventional data on wiring and 
switchgear. New sections cover nuclear power plants; direct conversion of 
heat to electricity; d·c power plants; power system instrumentation; EDP 
and its applications; industrial electronics; and much more. 2,506 pp. $32.50 

Gaylord and Gaylord: STRUCTURAL ENGINEERING HANDBOOK 
39 top specialists present all the material essential to the planning, design, 
and construction of engineered structures and discuss everything from soil 
exploration to the solution of engineering problems by computer. 1,216 pp. 
$28.50 
Grant: HACKH'S CHEMICAL DICTIONARY, 4th Ed. 
This new edition of the acknowledged authority in chemistry now contains 
over 80,000 terms including all those used in both the United States and 
British pharmacopoeia, plus product names identified as trademarks. Rulings 
of the International Union of Pure and Applied Chemistry are used. 1,040 pp. 
$29.50 
Gruenberg: HANDBOOK OF TELEMETRY AND REMOTE CONTROL 
Comprehensively covers the techniques and applications of measurement and 
control from a distance, including applications to industry, automation, nuclear 
power, and space exploration and communications. 1,344 pp, $35.00 

Harper: HANDBOOK OF ELECTRONIC PACKAGING 
A ready source of practical information on all facets of electronic packaging. 
Offers principles necess�ry for planning rigid and flexible printed wiring; 
gives pOinters on wires, cables, connectors. and connecting devices; covers 
deposition techniques for microelectronics; materials; packaging with con
ventional components and microelectronic and hybrid systems; heat dissi
pation and much more. Includes sections on military, space, and computer 
applications. 1,000 pp. $29.50 

Jordain: CONDENSED COMPUTER ENCYCLOPEDIA 
Arranged alphabetically and copiously cross-referenced, this work explains the 
bewildering array of terms, items, technical details, interpretive languages, 
etc., connected with computers. An indispensible book for laymen and pro· 
fessionals alike. 605 pp. $14.50 

Kaelble: HANDBOOK OF X·RAYS 
A thoroughly practical guide for the scientist or technician using x·rays 
for analysis, examination, and research. Covers diffraction, emission, absorp· 
tion, and microscopy, and emphasizes practical information and working datil. 
1,044 pp. $35.00 

Korn and Korn: MATHEMATICAL HANDBOOK FOR SCIENTISTS AND ENGINEERS, 
2nd Ed. 
This revised edition supplies new material in areas such as Fourier integrals, 
variational calculus, Pontryagin's Maximum Principle, dynamic programming, 
linear programming, game theory, Boolean algebra, random processes, and 
other areas of interest to engineers and scientists. 1,129 pp. $25.00 

Lange: HANDBOOK OF CHEMISTRY, Rev. 10th Ed. 
A vast compilation of facts, data, tabular material, and experimental findings 
covering every aspect of chemistry. Contains virtually all facts, formulas, 
descriptions, and methods required for the solution of chemical problems. 
2,001 pp. $12.00 

Markus: ELECTRONICS AND NUCLEONICS DICTIONARY, 3rd Ed. 
Containing nearly 16,500 terms and 1,000 illustrations, this standard reference 
work serves as a definitive key to the language of electronics and nucleonics. 
Includes terms from space electronics, microelectronics, laser technology, 
and other important areas. 650 pp. $16.50 

Merritt: STANDARD HANDBOOK FOR CIVIL ENGINEERS 
This practice·oriented, data·packed handbook covers design management, 
specifications, construction management. the use of computers, and municipal' 
and regional planning in addition to the standard civil engineering subjects. 
1,326 pp. $27.50 

Myers, Holm, and McAllister: 
HANDBOOK OF OCEAN AND UNDERWATER ENGINEERING 
The only book of its kind in any language, this timely work offers tested 
methods, procedures, and facts for use in underwater construction and engi· 
neering projects. Ranges from basic concepts in oceanography and fluid 
properties, through facts on tools and techniques, cable technology, under
water power sources, fixed and floating structures, diving, and other opera
tions. 1,100 pp. $32.50 

Perry, Chilton, and Kirkpatrick: CHEMICAL ENGINEERS' HANDBOOK, 4th Ed. 
Reflecting the close interrelationships of chemical principles with operating 
practices and applicable to such rapidly developing fields as missiles and 
nucleonics, this book covers all aspects of the subject in an authoritative, 
in·depth .manner. Prepared by more than 100 specialists. 1,842 pp. $29.50 

�----------------------------------------------------.-._---

TA McGraw·HiII 

Kroch's & 
Brentano's 

29 S. Wabash Ave., Chicago, III. 60603 
DEarborn 2·7500 

KROCH'S & BRENTANO'S, 29 South Wabash Ave., Chicago, III. 60603 

Please send me: 

copies of 

copies of 

copies of 

copies of 

copies of 

o Charge. I have a K&B accounl No. 

o Charge. I have an Interbank Card No. 
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Surface storms you'll get. But how 
about thermoclines ... erratic, even 
shearing currents ... amorous Le-
viathans ... corrosion, erosion, fun
gus? All are vicious enemies of 
marine cordage. Cordage you must 
depend upon to keep expensive 
equipment secure. And operative. 
For example: 

'Instant-response triggering lines 
that respond instantly after months 
in the Deep · Electrical carriers 
that carry current, integrally or 
'piggy-back,' and flex where you 
want them to flex, stay rigid where 
you want rigidity (e.g., near con
nectors) • Stress-absorbent lines 
that can 'give a little,' without 
letting go. 

Name it: Columbian has it, or will 
have it. Just give us an inch of in
terest. We'll give you several miles 
of reliability. 

228 

Write, wire or phone: 

COLUMBIAN 
ROPE COMPANY 

West Genesee St., Auburn, N.Y. 13021 

required by oceanographers are exten
sions of those provided for a number of 
years to other kinds of mariners . An ex
ample is the bathymetric chart, or depth 
chart, prepared for coastal waters by the 
various national hydrographic offices co
ordinated by the International Hydro
graphic Organization in Monaco . Tradi
tionally mariners have been interested 
only in the topography of coastal regions 
and other places where they might run 
aground. Now the interests of ocean sci
en tis ts, fishermen, oil companies and 
governments require detailed knowledge 
of the entire continental margin . Soon 
charts of the deep-sea Roor will be need
ed for the same broad spectrum of users. 

The need for a precise, reliable and 
broadly available global system of navi-

gation is becoming urgent. Satellite sys
tems and other techniques no\v give 
promise of precise positioning anywhere 
in the ocean at any time. This capability 
is as necessary for the development of 
sea-floor mineral resources as it  is for 
research. 

The needs of weather forecasting have 
given rise to a network of ships and is
land stations that m ake observations at 
the sea surface and transmit them to 
central s tations for use in weather anal
yses. Even though the coverage is inade
quate over most of the ocean, it  is pos
sible to get a crude picture of conditions 
on a given day, particularly in the North
ern Hemisphere . Gaps in the observa
tional coverage will be filled during the 
next decade by satellites and patterns of 

GIANT BUOY, part of a network of buoys inyolvert ill the North Pacific Experiment 
sponsored by the Navy's Office of Naval Research, is tl)wed tl) its station 1,000 miles north of 

Hawaii by the Coast Guard cutter Yucuna. The buoy gathers and transm its oceanographic 
and meteorological data on sudal'" winds, harometric pressure, wave", sudact! current, and 

temperature and salinity, pressure and temperature at various depths. The railial array 

at top of buoy and the cone of wires descending therefrom form the huoy's antenna system. 
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NEW 
YORK 

STATE 

FOR FURTHER INFORMATlON-

THE DIVISION OF INDUSTRIAL SCIENCES AND TECHNOLOGIES 
NEW YORK STATE DEPARTMENT OF COMMERCE 
112 STATE STREET, ALBANY, NEW YORK 12207 

. . •  The Agency with Specific Responsibility to 
Develop Marine Sciences and Ocean Engineering 

. . . a State with a Commitment to 

Oceanography, Nuclear Energy, 

Research and Development. 

The Home of ... 

• • • 

142JOO Scientifically Trained Personnel 

1400 Industrial Research Facilities 

47,000 Manufacturing Establishments 

207 Colleges and Universities. 

and State Science Organizations . . . 
Advisory Council on Industrial Research 

and Development 

• Science and Technology Foundation 

State Technical Services Program 

State Atomic Energy Council 

Office of Science and Technology, 

Education Department 

Atomic and Space Development Authority 

Division of Industrial Sciences and 

Technologies 

... and with Tax Advantages for 

New Research and Development 

facilities and Industry . . . 
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"LASER LIGHT" 
A SCIENTIFIC FILM AMERICAN 

Fabry-Perot interferometer pattern 
in krypton-ion laser beam 

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 
37V2 minutes. It is now available for sale or rent. 

A few highlights of the film are: 
• Computer-generated animation explaining stimulated emission 

and resonant optical cavities. 

• Ripple-tank and oscilloscope demonstrations explaining the 

wave principles underlying laser action and holography. 

• Holograms, their three-dimensionality dramatically evoked by 

the moving 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 

purchased after rental, the rental price will be deducted. If rental booking is desired, kindly spec

ify date. Write Motion Picture Department, SCIENTIFIC AMERICAN, 415 Madison Avenue, New York, 

New York 10017. 
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fixed and drifting buoys, m easuring near
surface conditions in both the ocean and 
the atmosphere and transmittin g their 
data via satellite to central stations .  The 
instrumentation of the ocean in this fash
ion is being considered for the World 
Weather Watch of the World Meteoro
logical Organization (a UN agency) and 
for its oceanographic counterpart, the 
Integrated Global Ocean Station System 
of the Intergovernmental Oceanographic 
Commission. Both operations at sea and 
the investigation of time-dependent oce
anic phenomena will benefit from the 
improved descriptions and forecasts 
made possible by these monitoring sys
tems. 

So far I have confined my discussion 
largely to the scientific aspects of 

international cooperation in the ocean. 
The nonscientific problems-be they po
litical, legal, organizational, social or 
economic-are far more complex. They 
deserve a more penetrating analysis than 
is possible here, but a few exam'ples will 
illustrate their nature. 

An important legal and political prob
lem with a direct im pact on ocean sci
ence is that of the freedom of research . 
Oceanic features and processes are little 
affected by boundary lines drawn on 
charts . Investigations must be made on 
the basis of phenomena rather than po
litical boundaries .  

Up to the present there have been n o  
significant restrictions on research on the 
high seas. On the continental margins, 
on the other hand, the 1958 Geneva 
Convention on the Continental Shelf 
states that "the consent of the coast
al State shall be obtained in respect 
of any research concerning the continen
tal shelf and undertaken there ." The 
convention defines the shelf as "adjacent 
to the coast but outside the area of the 
territorial sea" and extending "to a depth 
of 200 meters or, beyond that limit, to 
where the depth of the superjacent wa
ters admits of the exploitation of the nat
ural resources of the said area." The 
open-ended nature of this definition 
leaves in doubt how widely the restric
tion of obtaining consent will be applied. 

A further difficulty arises from the 
convention's statement that "the coastal 
State exercises over the continental shelf 
sovereign rights for the purpose of ex
ploring it and exploiting its resources." 
Presumably exploration in this con text 
means the detailed pre-exploitation sur
vey that might better be called prospect
ing. True exploration, however, is a fun
damental element of oceanic research, 
and scientific exploration must not be 
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2 3 2  

Long Beach, Cal ifornia : 

the most important words 
in  Oceanology 

To fa rs ig h ted m e n  f ro m  a l l  s p h e res o f  b u s i n ess a n d  sc i e n c e , 
deve l o p i n g  t h e  i n n e r  s pace of o u r  ocea n s  i s  m o re t h a n  t h e  

n ext f ront ier. I t  i s  h e re n ow.  A n d  Lo n g  Beac h ,  C a l i fo r n i a ,  i s  
a l read y esta b l i s hed as t h e  m ost  i m p o rta n t  c ity t o  m a n y  m aj o r  

f i r m s  w i t h  a g ro w i n g  sta ke i n ,  o n  a n d  u n d e r  t h e  ocea n s .  

Batte l l e  M e m o r ia l  I n st i tute ,  Ocean Sc ience E n g i n ee r i n g , 

I n c . ,  N o rth A m e r ican Rockwe l l ' s  Ocean S yste m s  O p e rat i o n s  
a n d  t h e  S y m c o n  M a r i n e  C o r p o rat ion a re a m o n g  t h a t  n u m 

be r. Oceang ate , a $40 m i l l i o n  m a r i n e  i n d u str ies a n d  ocean 
sc iences p roject of Bo ise Cascade C o r p o rat io n ,  i s  n ow 

u n d e r  c o n struct io n .  Others  a re o n  t h e  way. 
W h y? Beca u s e  th e P o rt of Lo n g  Beac h is  the fastest 

g ro w i n g  ocean g ateway fo r the sec o n d  l a rg est m a r ket i n  
t h e  U n ited States. Beca u se t h i s  m et ro p o l i tan a rea is  c e n te red 

in the l a rg est and m ost ta l e n ted m a n power pool in the wor ld , 
c reated t h ro u g h a re n o w n ed u n ivers ity syste m a n d  t h o u 

sa n ds of aerospace , e l ectro n ics a n d  e n g i n ee r i n g  f i r m s .  
Beca u se a n atu ra l  ocean og ra p h ic l a b o rato ry a n d  m a n 's  

c h a l l e n g e s  come tog eth e r  h e re as n o w h e re e lse .  
T h e re i s  n o  bette r t i m e  than n o w  to f i n d  o u t  h o w  i m po rta n t  

L o n g  Beac h can beco m e  to yo u .  Write M r. Lo u i s  F. J o bst ,  
P o rt of Lo n g  Beac h ,  C a l i fo r n i a  9080 1 . 

LONG BEACH, CALIFORNIA 
WO R L D  C E N TE R  O F  OC EANOLOGY 

excluded from the freedom of research . 
As coastal states contemplate the re

source potential of their shelves and 
nearshore waters they become more re
luctant to permit foreign scientists to 
work there. Unless the research is done, 
however, neither the resources nor the 
associated environmental factors are 
likely to be revealed . Hence it  would 
appear generally advantageous for per
mission to be granted under the condi
tions that all findings are made freely 
available and that scien tists of the coast
al s tate can participate fully in the re
search . 

Nreement on principles and workable 
rules for the rational use of the 

ocean and its resources will require in
ternational cooperation of the highest 
degree. Considerable interest in this 
problem has already been shown by the 
UN.  In 1967 Malta proposed a treaty 
that would vest ownership of the min
eral resources of the sea beyond na
tional jurisdiction in an international 
regime and would assign the profits from 
the exploitation of resources to the de
velopment of poor nations . The General 
Assembly responded by establishing an 
ad hoc committee to study the peaceful 
uses of the ocean floor. A year later the 
Assembly established a permanent com
mittee of 42 nations to continue the 
work. The Assembly also initiated con
sideration of the possible harmful ef
fects that might arise from exploitation 
of seabed resources and welcomed the 
concept of an Internation al Decade of 
Ocean Exploration . 

It must be recognized that the poten
tial resources of the deep-sea bed cannot 
be explOited economically today and 
that for the foreseeable future only a few 
countries will have the technical capabil
ity even for prospectin g and pilot exploi
tation.  There remains, however, a strong 
feeling among the disadvantaged nations 
that the resources of the deep-sea bed 
should ultimately benefit those with the 
greatest needs.  These feelings account 
for the many efforts that have been made 
in recent years to establish an intern a
tional regime over this vast territory, 
which has been estimated to represent 
five-sevenths of the earth's area . For 
such a regime to be effective it  must 
s timulate rather than inhibit the devel
opment of the resources, provide for 
their rational management and conser
vation and facilitate an equitable dis
tribution of the benefits received from 
them . 

Attempts to man age international 
fisheries have already shown some of 
the difficulties of obtaining intern ational 
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You'll love this Red-Head ! 
GE's Newest SSl lamp. 

T 

S S L - 22 ' s  t i n y  red l i g h t  has  a n  e n d - o n  

ca n d l e  power o f  1 . 5 m i l l i - ca n d e l a .  I t  

i s  easi l y  v i s i b l e  t h ro u g h  a fu l l  1 80 

deg rees across t h e  room .  N o  wonder  

o u r  n ewest so l id  state lamp m akes 

s u c h  an e x c e pt i o n a l  i n d i c a t o r  o r  

p h otoce l l  d river .  

Eff i c i e n cy ? H ow's 1 50 m i crowatts 

at  1 0mA.  C u rrent d ra i n ?  A low 1 0mA 

at  2 . 1  volts .  L i tt l e  S S L - 22 ( l ess t h a n  

a q u a rter i n c h  ta l l )  s h ru g s  off shock 

a n d  vi brat i o n ,  keeps l i g h t i n g  bri g ht ly  

for years.  

I t  can be switc hed at freq u e n c i es 

u p  to 0 . 5 M  H z .  With no i n ru s h  

c u rre nt .  And l i ke t h e  9 other 

G E  SSL l a m ps,  i t 's  h a p p i l y  

compat i b l e  with  i n teg rated 

c i rc u i ts .  

S S L - 22 a n d  other v i s i b l e  

SS L's h a v e  h u n d reds o f  a p -

p l i cat ions ,  as i n d i cators a n d  p h oto 

cel l d ri vers, i n  computers, m i ss i l es,  

t e l e p h o n e  eq u i p m e n t  and a i rc raft .  

I nfra red S S L's operate in c o u n t i n g  

devi ces, m a c h i n e  controls ,  card a n d  

t a p e  readers a n d  m a n y  o t h e r  photo

e l ectr ic a p p l icat ions .  

F ree tec h n i ca l  b u l let i ns  a re ava i l 

a b l e  for each l a m p .  J u st order  b y  the 

n u m bers shown below.  

For the whole  spectru m of G E 

S S L  a p p l i c a t i o n s , t o g e t h e r  w i t h  

c o m p l et e  d a ta  o n  a l l  l a m ps,  s e n d  

f o r  o u r  5 4 - page S o l i d  State La m p  

M a n u a l . I n c l u d ed a re over 80 

d i a g ra m s, i l l u st ra t i o n s  a n d  

g ra p h s .  Copies a re $ 2 .  Write : 

G en e ra l  E l ectr i c C o . ,  M i n i a 

t u re La m p  Department, M 9 - 4, 

N e l a  Park,  C l evel a n d ,  O h i o  

441 1 2 .  

H e re's t h e  latest pict u re o f  t h e  fa m i ly_  

G E lamp No. Color Output Operat ing Operat ing Bul let in No. Voltage Current 

S S L - 1  Y e l l o w  2 5 - 6 5  F t .  L .  2 . 5 - 5. 1 V  50mA 3 - S0 1 1 

S S L - 3  G reen 1 00 Ft.  L .  1 . 1 - 1 . 7V 1 00mA 3 - S 27 3 R  

S S L - 4  I nfrared 0 . 3 m W  1 . 1 - 1 . 5V 1 00mA 3 - S 2 6 S R  

S S L - 5A I nfrared 1 . 4mW 1 . 1 - 1 . 7 V  1 00mA 3 - S26S R 

S S L - 5 B  I nfrared 1 . 9 mW 1 . 1 - 1 . 7V 1 00mA 3 - S2 6 S R  

S S L - 5 C  I nfra red 2 .4mW 1 . 1 - 1  .7V 1 00mA 3 - S 2 6 S R  

S S L - 6  Y e l l o w  2 5 - 6 5  F t .  L .  2 . 5 - 5 . 1 V 50mA 3 - S0 1 1 

S S L - 1 5 I nfrared 0 . 5 m W  1 . 1 - 1 . SV 20mA 3 - S274 

S S L - 22 Red 1 50mW 2 . 1 V 1 0mA 3 - 9207 

S S L - 25 I nfrared 1 . 5 m W  1 . 1 - 1 . SV 20mA 3 - S274 

M i n i a tu re Lamp Department 

G E N E R A L . E L E C T R I C  
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agreement on the oceans.  More than 20 
international fishery conventions are in 
effect. Even the most successful of them 
faces problems in obtaining and evalu
ating the scientific information required 
for establishing effective management 
procedures and in receiving the full co
operation of all affected nations in im
plementing the procedures . Significant 
improvement in the use of the ocean and 
its resources must be accompanied by a 
considerable improvement in the mech
anisms set down for regulating these 
activities .  

There is already a bewildering variety 
of international organizations con

cerned with ocean science or the utiliza
tion of ocean resources.  I have men
tioned the numerous intergovernmental 
fishery organizations .  Within the UN 
sys tem are the UN itself, its Develop
ment Program, its Con�'mittee on the 
Peaceful Uses of the Sea-Bed (dealing 
with social, economic and political prob
lems and the development of marine 
resources) ,  UNESCO and its Intergovern
mental Oceanographic Commission (sci
entific investigation of the ocean) ,  the 
Food and Agriculture Organization (de
velopment of fishery research and re
sources) and the vVorld Meteorological 
Organization (meteorological aspects of 
ocean research and services) . Intergov
ernmental organizations outside the UN 
system include the International Hydro
graphic Organization (coordination of 
hydrographic services) and regional 
groups such as the International Council 
for the Exploration of the Sea (princi
pally the North Atlantic and adjacent 
seas) and the International Commission 
for the Scientific Exploration of the 
Mediterranean Sea. 

Nongovernmental scientific organiza
tions form another important category. 
They include the Scientific Committee 
on Oceanic Research, the International 
Association for the Physical Sciences of 
the Ocean, the International Association 
of Biological Oceanography and the 
Commission of Marine Geology, which 
are all components of the International 
Council of Scientific Unions .  Among 
their functions are scientific discussion 
and the providing of advice to govern
mental bodies . 

A field such as oceanography m ay re
quire a multiplicity of international or
ganizations to meet its complex and 
diverse requirements . I t  is certain, how
ever, that progress toward mastery and 
intelligent use of the ocean domain 
would benefit from a strengthening, sim
plification and consolidation of the or
ganizations that now exist.  
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San D i ego's p rom i n ence i n  the fi e l d  
of ocea n i cs began w i t h  t h e  fou n d i n g  o f  
Scr i pps  I n st i t u t i o n  of Oceanography 
h e re m o re than  65 years  ago. I ts lead
e rs h i p  ro l e  cont i n u es today,  even more 
p ro m i n en t l y  than  in  the  past,  as ev i 
d e n ced b y  t h e  96 ocea n - o r i e n ted i n s t i 
tu t ions ,  i n d ustr i es,  a n d  servi ces n o w  
l ocated i n  t h i s  dynam i c  southern  Ca l i 
fo rn i a  com m u n i ty .  

In  a d d i t i o n  to Scr i pps,  the roster  l i s ts 
s u c h  research i n st i t u t i o n s  as the U. S .  
Naval  U n d e rsea Research a n d  Deve l o p 
m e n t  Center,  the  F i s h e ry-Oceanography 
Center  of the B u reau of Co m m e r c i a l  

DIEGO 
Th ey're syn o nym o u s. 

F i s h e r i es,  a n d  the U .  S. N avy Ocea n 
ograp h i c  Off ice .  I n c l uded a re ocea n 
ograp h i c  fac i l i t i e s  of s u c h  i n d u s t r i a l  
g i a n ts as B e n d i x, D i l l i n g h a m ,  G e n e r a l  
D y n a m i cs ,  L o c k h ee d ,  Wes t i n g h o u s e ,  
a n d  Wh i tta ker  . . .  p l u s sco res o f  other  
com pa n i es spec i a l i z i n g  i n  ocea n -o r i 
e n ted p ro d u cts a n d  serv i ces . 

T h i s  i s  the h o m e  port  of s u c h  s u b 
m e rs i b l e s  a s  Deep Q u es t , Deep s t a r  
2000, Deepstar 4000, Star 1 / ,  Star 1 1 / ,  
Tries te 1 / ,  a n d  the research s u b m a r i n e  
U. S. S .  Dolphin .  T h e  l a rge a n d  d i vers i 
f i ed resea rch f l eet i n c l udes fam o u s  F L I P  
a n d  e i g h t  ocean-go i n g  vess e l s  of Scr i pps  

I n s t i t u t i o n ,  two s h i ps of t h e  B u reau of 
Com m e rc i a l  F i s h e r i es ,  and seve ra l  c raft 
operated by p r i vate i n d u s t ry .  

Why t h i s  concentrat ion  of  ocean 
ograp h i c  act i v i ty i n  o n e  com m u n i ty ?  
T h e  reason s  a re m a n y. 

Start  w i t h  n atu ra l  resou rces : te m 
pe rate c l i m ate, free from s u c h  ext remes 
as h u r r i canes  and freez i n g  tem pe ra
tu res, l a rge natu ra l  h a r b o r, var ied ocean 
c h a racte r i s t i cs, a b u n d a n t  m a r i n e  l i fe,  
i n te rest i n g  ocean-f loor  topog raphy .  

L o o k ,  t o o ,  at  t h e  e n v i r o n m e n t  
ashore . . .  a p rogress ive m etropo l i ta n  
a rea r i c h  i n  t h o s e  resou rces that  a p p e a l  
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to sop h i s t i cated i n d ust r ies : a l a rge com
m u n i ty of s c i e n t i f i c/e n g i n ee ri n g  ta lent ,  
o u ts ta n d i n g  e d u ca t i o n a l  i n s t i t u t i o n s ,  
d ivers i f ied  economy, u n l i m i ted rec rea
t i o n a l  o p portu n i t i es ,  and forwa rd- look
i n g  c iv ic  leaders who are p l a n n i n g  now 
to ass u re o rder ly  g rowth in  the years  
a h ead.  

P l a n  now to v is i t  San D i ego. See fo r 
y o u rs e l f  w h a t ' s  h a p p e n i n g  h e re . . .  
w h a t ' s  av a i l a b l e  h e r e fo r i n d u s t r i e s 
w i t h  a m b i t i o u s  p l a n s  for the  futu re.  I n  
San  D i ego, the  acce n t  i s  o n  growt h .  The  
c l i m ate i s  r i g h t  for i t  . . .  t h e re's  p l e n ty 
of room fo r i t .  And you ' re i nv i ted to 
s h a re i n  i t .  

Mea n w h i l e, fo r a m o re c o m p r e h e n 
s ive p i ct u re of San D i ego, p h o n e  o r  
w r i te (on you r  c o m p a n y  l ette rhead,  
p l ease) R i c h a rd D .  B rega n te,  Man ager,  
I n d u s t r i a l  D e p a r t m e n t , S a n  D i e g o  
C h a m b e r  o f  Com m e rc e ;  233 "A" Street, 
San D i ego, Ca l i fo r n i a  921 01 ; te l e p h o n e  
(71 4) 232-01 24. 

Con tras ting views of San Diego : the busy center city complex from San Diego Bay (above), 
and the seaside campus of Scripps Institu tion of Oceanography just freeway minutes away 
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MATHEMATICAL GAMES 
Geometric constructions (,vith a compass and 
a straightedge, and also with a cOlnpass alone 

by Martin Gardner 

I
t is often said that the ancient Greek 

geometers, following a tradition al
legedly started by Plato, constructed 

all plane figures with a compass and a 
straightedge (an unmarked ruler). This 
is not true. The Greeks used many other 
geometric instruments, including de
vices that trisected angles. They did 
believe, however, that compass-and
straightedge constructions were more 
elegant than those done with other in
struments. Their persistent efforts to find 
compass-and-straightedge ways to tri
sect the angle, square the circle and 
duplicate the cube-the three great geo
metric construction problems of antiq
uity-were not proved futile for almost 
2,000 years. 

In later centuries geometers amused 
themselves by imposing even more se
vere restrictions on instruments used 
in construction problems. The first sys
tematic effort of this kind is a work 
ascribed to the 10th-century Persian 
mathematician Abul Wefa, in which he 
described constructions possible with 
the straightedge and a "fixed compass," 
later dubbed the "rusty compass." This 
is a compass that never alters its radius. 
The familiar methods of bisecting a line 
segment or an angle are simple exam
ples of fixed-compass-and-straightedge 
constructions. The illustration below 
shows how easily a rusty compass can 
be used for bisecting a line more than 

twice the length of the compass open
ing. Many of Abul Wefa's solutions-in 
particular his method of constructing a 
regular pentagon, given one of its sides
are extremely ingenious and hard to im
prove on. 

Leonardo da Vinci and numerous 
Renaissance mathematicians experi
mented with fixed-compass geometry, 
but the next important treatise on the 
subject was Compendium Euclidis Curi
osi, a 24-page booklet published anony
mously in Amsterdam in 1673. It was 
translated into English four years later 
by Joseph Moxon, England's royal hy
drographer. This work is now known to 
have been written by a Danish geom
eter, Georg Mohr, whom we shall meet 
again in a moment. In 1694 a London 
surveyor, \ViIliam Leybourn, in a whim
sical book called Pleasure with Profit, 
treated rusty-compass constructions as a 
fOlm of mathematical play. Above his 
section on this topic he wrote: "Shewing 
How (Without Compasses), having only 
a common Meat-Fork (or such like In
strument, which will neither open wider, 
nor shut closer), and a Plain Ruler, to 
perform many pleasant and delightful 
Geometrical Operations." 

In the 19th century the French math
ematician Jean Victor Poncelet suggest
ed a proof, later rigorously developed by 
Jacob Steiner, a Swiss, that all compass
and-straightedge constructions are pos
sible with a straightedge and a fixed 
compass. This conclusion follows at once 
from their remarkable demonstration 
that every construction possible with a 
compass and a straightedge can be done 

A ----------r---------+-----�------�---------r---------B 

How to bisect a line 0/ allY lellgth with a "rusty COnll>ass" 

with a straightedge alone, provided that 
a single circle and its center are given 
on the plane. Early in the 20th century 
it was shown that not even the entire 
"Poncelet-Steiner circle," as it is called, 
is necessary. All that is needed is one arc 
of this circle, however small, together 
with its center! (In such constructions 
it is assumed that a circle is constructed 
if its center and a point on its circumfer
ence are determined.) 

Many well-known mathematicians 
studied constructions that are possible 
with such single instruments as a 
straightedge, a straightedge marked 
with two points, a ruler with two parallel 
straightedges, a "ruler" with straight
edges meeting perpendicularly or at oth
er angles, and so on. Then in 1797 an 
Italian geometer, Lorenzo Mascheroni, 
amazed the mathematical world by pub
lishing Geometria del compasso, in 
which he proved that every compass
and-straightedge construction can be 
done with a movable compass alone. 
Since straight lines cannot of course be 
drawn with a compass alone, it is as
sumed that two points, obtained by arc 
intersections, define a straight line. 

Compass-only constructions are still 
called Mascheroni constructions even 
though it was discovered in 1928 that 
Mohr had proved the same thing in an 
obscure little work, Euclides Danictls, 
published in 1672 in Danish and Dutch 
editions. A Danish student who had 
found the book in a secondhand book
store in Copenhagen showed it to his 
mathematics teacher, Johannes Hjelm
slev of the University of Copenhagen, 
who instantly recognized its importance. 
Hjelmslev published it in facsimile, with 
a Gelman translation, in Copenhagen in 
1928. 

Today's geometers have little interest 
in Mohr-Mascheroni constructions, but 
because they present so many problems 
of a recreational nature they have been 
taken over by puzzle enthusiasts. The 
challenge is to improve on earlier con
structions by finding ways of doing them 
in fewer steps. Sometimes it is possible 
to improve on Mohr's or Mascheroni's 
methods, sometimes not. Consider, for 
example, the simplest of five solutions 
by Mascheroni to his problem No. 66, 
that of finding a point midway between 
two given points A and B [see illtlstra
tion on next page]. 

Draw two circles of radius AB, their 
centers at A and B. Keeping the same 
compass opening, with C and D as cen
ters, mark points D and E. {Readers may 
recall that this is the beginning of the 
well-known procedure by which a circle 
is divided into six equal arcs, or three 

239 
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The Earth 
Beneath the Sea 
SECOND EDITION 

By FRANCIS P. SHEPARD 

In this account of the forces that 
shape the topography of the ocean 
floor, Dr. Shepard relates the 
latest findings of underwater re
search to the well-established 
principles of submarine geology. 
His book is full of the personal 
experiences accumulated during 
forty years of marine studies in 
almost every part of the world and 
makes fascinating reading for all 
those with a taste for exploration 
and scientific adventure. 

" ... agreeable and most instruc
tive." -Scientific American 

$6.95 

Deep-Sea Photography 
The Johns Hopkins Oceanographic 
Studies, No.3 

Edited by JOHN BRACKETT HERSEY 

This collection of original articles de
scribes the many deep-sea camera sys
tems that have been developed for a 
wide range of research projects. More 
than four hundred illustrations. 

$17.50 

The Common Wealth 
in Ocean Fisheries 
Some Problems of Growth and 
Economic Allocation 

By FRANCIS T. CHRISTY, JR., 
and ANTHONY SCOTT 

After presenting background on the pro
ductivity of the oceans, the authors 
examine future demand-supply prospects, 
and discuss the role of international law 
and agreements. 

$6.00 

Johns Hopkins 
Oceanographic Studies 
Equatorial Waters and Currents at 
150· W in July I August 
R. B. Montgomery and E. D. Stroup 

Intermediate Waters of the 
Pacific Ocean 

$5.00 

Joseph L. Reid $8.50 cloth 

Upper Waters of the Intertropical 
Pacific Ocean Set of 4 maps $3.50 
Mizuki Tsuchiya $8.50 

THE JOHNS 
HOPKINS PRESS 
Baltimore, Maryland 21218 

A B 

Mascheroni's met.1wd 0/ /in ding point H, midway between A lind B, usi/l.g II compass alone 

equal arcs if alternate points are taken.) 
Point E will lie on an extension of line 
AB to the right, and AE will be twice 
AB. (This procedure obviously can be 
repeated rightward to double, triple or 
produce any multiple of length AB.) 
Open the compass to radius AE and 
draw an arc, its center at E, that inter
sects the left circle at F and G. Close the 
compass to radius AB once more. \;Vith 
centers at F and G draw the two arcs 
that intersect at H. 
H is midway between A and B. This 

is easily proved by noting that the two 
isosceles triangles marked by corners 
AFH and AFE share the base angle 
F AE and therefore are similar. AF is 
half of AE; consequently AH is half of 
AB. For readers acquainted with inver
sion geometry H is the inverse of E with 
respect to the left circle. A simple proof 
of the construction, by way of inversion 
geometry, is in What Is Mathematics?, 
by Richard Courant and Herbert Rob
bins (Oxford, 1941), page 145. Note that 
if line segment AB is drawn at the out
set, and the problem is to find its mid
point with compass alone, only one of 
the last two arcs need be drawn, reduc
ing the number of steps to six. I know 
of no way to do this with fewer steps. 

Another famous problem solved by 
Mascheroni is locating the center of a 
given circle. His method is too compli
cated to reproduce here, but fortunately 
a Simplified approach, of unknown ori
gin, appears in many old books and is 
given at the top of page 242. A is any 
point on the circle's circumference. \Vith 
A as the center, open the compass to any 
radius that will draw an arc intersecting 

the circle at Band C. With radius AB 
and centers Band C, draw arcs that in
tersect at D. (D may be inside or below 
the circle, depending on the length of 
the first compass opening.) With radius 
AD and center D, draw the arc giving 
intersections E and F. \;Vith radius AE 
and centers E and F, draw arcs inter
secting at G. G is the circle's center. As 
before, there is an easy proof that starts 
by observing that the two isosceles tri
angles marked by DEA and GEA share 
the base angle EAG and are therefore 
similar. For the rest of the proof, as well 
as a proof by inversion geometry, see 
L. A. Graham's The Surprise Attack in 
Mathematical Problems (Dover, 1968), 
problem No. 34. 

A third well-known problem in Mas
cheroni's book has become known as 
"Napoleon's problem" because it is 
said that Napoleon Bonaparte originally 
proposed it to Mascheroni. It is not gen
erally known that Napoleon was an en
thusiastic amateur mathematician, of no 
great insight but particularly fascinated 
by geometry, which of course had great 
military value. He was also a man with 
unbounded admiration for the creative 
French mathematicians of his day, Gas
pard Monge (known to recreational 
mathematicians mainly for his youthful 
analysis of the "Monge shuffle," in which 
cards are pushed one at a time off the 
deck by the left thumb to go alternately 
above and below the cards in the right 
band) seems to have been the only man 
with whom Napoleon had a pelmanent 
friendship. "Monge loved me as one 
loves a mistress," Napoleon once de
clared. Monge was one of several French 
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Living under pressure. It's really part of the job. 

The 'bottom of the sea is a 
great place to work, There's 
adventure, opportunity, and 
treasure-a lot of it sunken 
hardware worth millions. 

But getting to work is the 
problem. It's a tough 
commute. 

Recently, the United States 
Navy decided to make the 
job safer-with an advanced 
underwater salvage 
and recovery system to be 
built by FMC Corporation's 
Ordnance Engineering 
Division. 

And when FMC started 
Deep Dive System Mark I, 
they called on Carrier's 
Special Products Group to 
design and build a vital 
part of the environmental 
control system. 

The long, wet commute 
Existing diving equipment 
had two major shortcomings. 
First, it limited divers to 
depths of about 450 feet. 
And second, because divers 
had to spend so much 
time decompressing as they 
rose to the surface, 
precious few minutes were 
spent on actual work. 

Deep Dive System Mark I 
divers work at depths 
to 850 feet, four hours at a 
stretch, and then return 

immediately to pressurized 
living chambers on board 
ship to rest or decompress. 
The divers travel between 
the underwater work site 
and the shipboard living 
chambers in a pressurized 
diving bell. The living 
chambers, equipped with 
home comforts, maintain the 
pressure environment of 
the working depths. 

Life under 30 atmospheres 
Simulating the working 
depth means putting a 
380-psi squeeze on the 
helium-oxygen breathing 
gases inside the chamber. 

Normal life routines-
such as showers-can make 
humidity a critical 
comfort factor in a closed, 
high-pressure system like 
this. Outside, the chamber's 
shell is exposed to searing 
sun, frigid rain, day and 
night-variables that can 
turn the chamber into a 
pressure cooker or an icebox. 

Without precise control 
over their living environment, 
divers could not survive. 
We had to make sure the 
men could live-and live in 
relative comfort-for periods 
up to 14 days. 

No design data 
There simply was no 
engineering precedent-no 
psychrometric charts 
for a temperature-humidity 
control system in a high 

helium atmosphere-to show 
how to do a job like this. 

So we wrote our own rules 
as we went along, designing 
the environmental control 
system for the deck pressure 
chamber from scratch. 

Specifically, we made two 
water-cooled glycol chillers 
and heat exchangers. 

The heat load of the twin 
chambers is absorbed 
by the two liquid chilling 
units and rejected to 
circulated seawater. 

Maximum heat dissipation 
of each chamber is 53,000 
Btuh, and the circulation of 
breathing gas is 50 cfm 
at sea level, 25 cfm under 
maximum pressure. 

The underwater express 
By speeding divers back and 
forth to work, the Navy has 
vastly extended its 
capabilities-and increased 
its divers' safety-in 

deep undersea salvage and 
recovery work. 

And the Deep Dive System 
Mark I, with its unique 
environmental control 
problems, vastly extended 
Carrier's knowledge in 
air conditioning. 

The delivery men 
It should have taken about a 
year and a half for Carrier 
to finish this job. But it 
didn't. It took our Special 
Products Group nine months. 

How? Carrier capability, 
of course, is one important 
reason. The other is the 
desire of the Group 
to accept challenges and 
to meet them. 

We do it all the time. In 
aerospace. Oceanography. 
The military. Transportation. 
Food storage. And in 
many areas of commerce 
and industry. 

We're at your service. 

Just call or write: 
Special Products Group, 
Carrier Air Conditioning 
Company, Syracuse, N.Y. 
13201. 

Carrier Air Conditioning Company � 
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How to find a circle's center, using the compass alone, in six steps 

F 

A 

Six.step solution to "Napoleon's problem" 

242 

mathematicians who were made counts 
by Napoleon. Whatever Napoleon's abil
ity as a geometer may have been, it is 
to his credit that he so revolutionized the 
teaching of French mathematics that, ac
cording to several historians of mathe
matics, his reforms were responsible for 
the great upsurge of creative mathemat
ics in 19th-century France. 

Like Monge, young Mascheroni was 
an ardent admirer of Napoleon and the 
French Revolution. In addition to being 
a professor of mathematics at the Uni
versity of Pavia, he also wrote poetry 
that was highly regarded by Italian crit
ics. There are several Italian editions of 
his collected verse. His book Problems 
for Surveyors (1793) was dedicated in 
verse to Napoleon. The two men met 
and became friends in 1796, when Na
poleon invaded northern Italy. A year 
later, when Mascheroni published his 
book on constructions with the compass 
alone, he again honored Napoleon with 
a dedication, this time a lengthy ode. 

Napoleon mastered many of Masche
roni's compass constructions. It is said 
that in 1797, while Napoleon was dis
cussing geometry with Joseph Louis La
grange and Pierre Simon de Laplace (fa
mous mathematicians whom Napoleon 
later made a count and a marquis re
spectively), the little general surprised 
them by explaining some of Masche
roni's solutions that were completely 
new to them. "General," Laplace report
edly remarked, "we expected everything 
of you except lessons in geometry." 
Whether this anecdote is true or not, 
Napoleon did introduce Mascheroni's 
compass work to French mathemati
cians. A translation of Geometria del 
compasso was published in Paris in 
1798, a year after the first Italian edi
tion. 

"Napoleon's problem" is to divide a 
circle, its center given, into four equal 
arcs, using the compass alone. In other 
words, find the four corners of an in
scribed square. A beautiful six-arc so
lution is shown at bottom left. With 
the compass open to the circle's radius, 
choose any point A, then mark spots B, 
G and D, using A, Band G as centers. 
Open the compass to radius AG. With 
centers A and D, draw the arcs intersect
ing at E. With center A and radius OE, 
draw the arc that cuts the original circle 
at F and G. A, F, D and G are the cor
ners of the inscribed square. I do not 
know if this is Mascheroni's solution (his 
book has not been translated into En
glish and I have not had access to the 
Italian or French editions) or a later dis
covery. Henry Ernest Dudeney gives it 
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Until now, if you wanted a 
car that could carry a lot, you 
had to buy a station wagon. 
The trouble with a station 
wagon is, one-it looks like a 
small truck and, two-most 

empty, anyway. 
Thanks to Renault you 

now have an alternative. The 

Renault 16. It  carries a lot 
without. looking like a truck. 
Something we've achieved 
th rough a more intelligent 
u se of interio r space. The 
back seat has an ingenious 
way of folding out of the way, 
while a huge back door makes 
all the room easy to get to. 

Of course, there's more to 

the Renault 16 than just 
empty space. The front-wheel 
drive, for instance, gives you 

superior t raction. The front 
seats recline for sleeping. It 
has 4-wheel independent  
suspension ,  disc brakes up 
front, a top speed of 93m.p.h., 
and squeezes 30 miles out of 
a gallon of gas. 

-

about 
the Renault 16 Sedan-Wagon, 
including the $2,445* price. 

Is there any alternative? 

IRENAULTtl 
For information see your dealer or write 

Renault Inc., 100 Sylvan Avenue, 
Englewood Cliffs, New Jersey 07632. 

*P.O.E. East Coast. 
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Univac can help you capture now. 

Now is the most elusive moment in a 
businessman's life. 

Now, is the time to decide. Now, is the 
time to act. Now, is the time not to act. 

But what is now? When is now? 
These were riddles once, but no longer. 

Not since Univac captured now with 
on-line, real·time information systems 
expressly designed for modern business. 

UNIVAC® computer systems are de· 
scended from our pioneering work for 
space and government. Univac intro-
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duced the real·time concept. Made it 
work throughout the world. Flew it 
around the moon. Proved it out for you. 

Our systems continuously gather, 
organize, update and communicate in
formation to any level of management. 
Only what's needed. Only where needed. 

The result is real·time management 
for the first time. Minute·to·minute 
knowledge of all operations, along with 
instant ability to react. Management is 
constantly on top of what's happening, 

--""'�"'" ,. ,' :i:'�'/ 

always able to step in and take action. 
Such real·time management tech

niques used to be thought of as futur
istic. But not any more. 

The time to start planning for them is 
now. Call us now. 

UNIVAC +SPERWMN) 
FIRST IN REAL·TIME INFORMATION SYSTEMS 
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An eight·step way to cOllstruct the corners 0/ a square, given adjacent corners A and B 

without proof in Modem Puzzles (1926). 
A simple proof can be found in Charles 
W. Trigg's Mathematical Quickies (Mc
Graw-Hill, 1967), problem No. 248. 

Two related and less well-known 
Mascheroni problems are: (1) Given two 
adjacent corner points of a square, find 
the other two, and (2) Given two di-

SPOTS 

1 
2 
3 
4 
5 
6 
7 

5 
6 

3 
4 
10 
15 

2 

6 

20 

agonally opposite corner points of a 
square, find the other two. An eight-arc 
solution to the first problem was sepa
rately sent to me by readers Don C. 
Olmstead and Paul White and can be 
found, with a proof, in M. H. Green
blatt's Mathematical Entertainments 
(Crowell, 1965), page 139. The top illus-

3 
4 
10 
15 
5 
6 

REGIONS 

1 
2 
4 
8 
16 
31 
57 

Solution to last month's problem 
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The elusive now. 

It comes in the search for 
careers as well as in the daily 
needs of modern business. 

Put your career in real-time. 
We offer a career decision 
to the computer professional. 

At Univac, the time is now. 
And for you, the time is now. 

Write us. 

There is no time to do it 
like now. 

WRITE: 
Mr. Frank D. Lampman 
Staff Director of Personnel 
Univac 
P.O. Box 8100, Dept. SC 99 
Philadelphia, Pa. 19101 

UNIVAC +SPE�YAA� 
AN EQUAL OPPORTUNITY EMPLOYER M/F 
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SHOPPING MART 
A selection of products available by mail for readers of Scientific American 
All merchandise sold on money·back guarantee. Order by No. Send check or M. O. 

NEW ROLAMITE 
DEMONSTRATOR KIT 

Be among t.he first to learn about 
and experiment with "the only 
basic mechanical device discov
ered in this century," Almost 
frictionless bearing - compared 
in significance to the wheel, lever. 
Rpring. Fantastically versatile. 
Can function as pump, brake. 
switch, in almost any size. Easily 
miniaturized. Operates without 
lubricants. Countless applications 
- thousands more from resultant 
inventions. 11]cL 3V2N x 2V4" plas
tic demo .. 8 ratamite bands, 2 
stainless roliers, 2 tracks, com
plete instructions. 
Stock No. 60,7625 ... 58.50 Ppd. 

GIANT FREE CATALOG 
148 Pages! More than 4,000 

UNUSUAL 
BARGAINS! 

I STATE ZIP 

L _____ _____ -' 

ENCAPSULATED 
LIQUID CRYSTALS 

Amazing new development-ap
pear like liquids but have orderly 
molecular structures similar to 
solids. Solutions contained in tiny 
(20�30 microns) capsules coated 
onto sides of six 6" x 12" Mylar 
sheets with 6 difT. temp. ranges. 
Surface changes color according 
to temp.-covers 66° to 120° F. 
(19°-49°C). Use for precise mea
surements, find hot spots, struc
tural defects, study radiation. 
test conductivity. etc. No mess. 
No contamination. Easy to han
dle. Use indefinitely. Instruc .• 
color�temp. curves. 
Stock No. 71,1435 .. $10.00 Ppd. 
EXPERIMENTERS KIT 
Same but 4" x 6" sheets. 
Stock No. 60,7565 ... 54,00 Ppd. 

WOODEN SOLID PUZZLES 
Here's a fasrinating assortment 
of 12 difTerent puzzles to provide 
hours at pleasure and stimulate 
ability to think and reason. Ani
mals and geometric forms. Take 
them apart and reassemble them. 

Lots of fun tor the whole family
young and old. Will test skill. 
patience and ability to solve prob
lems. Order yours now. 
Stock No. 70.2055 ... 54,00 Ppd. 

SUPER 6" 
SPACE CONQUEROR 

Share the wonders of space ex
ploration. Features aluminized & 
overcoated 6" f/8 ground and pol� 
ished pyrex mirror accurate to ,!.i 
wave, 48 F.L. 6X achromatic find� 
er scope. 48X, 96X. 192X eye� 
pieces, Barlow to double or triple 
power-rack & pinion focus. Elec
triC clock drive w /manual slow� 
motion. Setting circles. Heavy
duty equatorial mount. Pedestal. 
Compares to $295-8350 models. 
Stock No. 85,0865. S199.50 FOB 
4 v.." REFLE C T O R  TELE
SCOPE 
Stock No, 85,1055 . S84,50 FOB 
No. 85,0505 .... 3' .. . $29.95 Ppd. 

P" 
Compact, power tool for metal, 
plastics, wood with full capabili
ties of precision machine shop. 
Works as lathe or vertical drill 
press. Complete with motor
loaded with extras. 1 oC a kind Cor 
Industrial miniaturization, home 
workshop, model shops. labs, etc. 
Use basic tool to turn, tace, bore, 
recess, poUsh. Converts In 1 min
ute to vertical machine to mill, 
drill, jig-bore, surface grind. 40-p. 
instr. booklet. Quickly mastered. 
No.85,175S (33 Ibs.)S139.50 FOB 

ORDER BY STOCK NUMBER· SEND CHECK OR MONEY ORDER· MONEY. BACK GUARANTEE 

EDMUND SCIENTIFIC CO. �!'R�INEG��;��! J�:!�����O� 

OCEANOGRAPHIC 

ATLAS OF THE 

PACIFIC OCEAN 

By R. A. Barkley, oceanographer, 
Bureau of Commercial Fisheries 
Biological Laboratory, Honolulu 

• All available information evalu

ated and summarized in one 

definitive volume for the Pacific 

• 156 figures, consisting of charts, 

sections, and variability histo

grams 

• Based on more than 50,000 

oceanographic stations repre

senting 3,000,000 observations 

of salinity, temperature, dis

solved oxygen, and depth of 

sampling 
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12" x 17J1," I clothbound 1$30.00 

University of Hawaii Press 
Honolulu. Hawaii 96814 

INTERNATIONAL JOURNAL OF MARINE 

Editors·in·chief: D.S. Gorsline (Los Angeles, Calif., 
U ,S,A.) 
L.M,J.V. Van Straaten (Groningen, 
The .Netherlands) 

MARINE GEOLOGY publishes research papers, review 
articles, short communications and book reviews in the 
field of the marine sciences. 
Contributions Of more than local or regional interest are 
preferred; these can be based on regional research work 
provided the methods used or the results are also of 
interest outside the areas concerned and the world·wide 
aspects are emphazised. 

Geochemical and geophysical contributions, especially if 
they deal with methods or results of importance to the 
marine geologist in general, are also published. 

Marine Geology 
is published bi.monthly. Subscription price S 17.50 plus 
$ 1.40 postage. 

Some special issues: 

Marine Palynology 
edited by A.A. Manten, 200 pages, 1967, S 9.00 
Organic Matter in Marine Sediments 
by O.L. Bordovsky et aI., 167 pages, 1965, S 7.00 
Depth Indicators in Marine Sedimentary Environments 
edited by A. Hallam, 238 pages, 1967, $ 9.00 

For free booklet on this and other Elsevier journals in the 
Geo-Sciences please write to Miss Hodde, at the address 
below. 

ELSEVIER PUBLISHING COMPANY 

P.O. Box 211 
AMSTERDAM 

The Netherlands 

tration on the preceding page shows the 
procedure. A and B are the two given 
points. After drawing the two circles, 
each with radius AB, keep the same 
opening and mark points D and E, with 
centers at C and D. Open the compass to 
radius CF. With A and E as centers, 
draw the two arcs that intersect at G. 
vVith radius GB and centers A and B, 
draw the arcs that cut the circles at H 
and I. H and I are the two corner points 
sought. 

The best solution I know for the sec
ond and more difficult problem requires 
nine arcs. Readers are invited to search 
for it, or a better one, before it is re
vealed next month, 

�o Moser's circle-and-spots problem, 
given last month, is an amusing ex

ample of how eaSily an empirical induc
tion can go wrong in experimenting with 
pure mathematics. For one, two, three, 
four and five spots on the circle, the 
maximum number of regions into which 
the circle can be divided by joining all 
pairs of spots with straight lines is one, 
two, four, eight, 16 ... . One might con
clude that this simple doubling series 
continues and that the maximum num
ber of regions for n spots is 2n-1. Un
fortunately this formula fails for all sub
sequent numbers of spots, The bottom 
illustration on the preceding page shows 
how six spots give a maximum of 31, 
not 32, regions, The correct formula is: 

A parenthetical expression (r;:) is the 
number of ways 111 objects can be com
bined, taken k at a time, (It equals 
m!/k!(m - k)! Moser has pOinted out 
that the formula gives the sum of the 
rows of numbers at the left of the di
agonal line drawn on Pascal's triangle, as 
shown in the illustration. 

The Soma-cube solution that balances 
the cube on a pedestal without falling 
apart, shown in July, proves to be not 
unique, This was not the fault of John 
Horton Conway; his solution came to me 
through a third party, and I wrongly 
assumed it to be unique. Several new 
balanCing solutions have been found, At 
this writing I have received them from 
Jose R. Alonso, Robert W, Battles, Jr., 
�nd Paul Bauer, William G. Brown, 
Christopher L. Fastie, Cadet Eric Goez, 
Chayim L. HerZig, Wade Philpott, Jon
athan E. Robbin, Thomas L. Skillmor, 
Jr., Anthony T, Smith, F, A, Tyler, Mrs, 
R. A. Wallace, David Wentroble and 
William Worden. 
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Fossil remains of Coccolilhaphorids /rc?m the Tropical Indian Ocean. Warer depth 5,140m . •  Electron Microscope Preparation: W. R. Riedel and Annika Son Filippo, Scripps Institution of Oceanography. 

Zeiss plumbs 
the oceans' 
past 

From Jurassic times to Recent 
the oceans have been gathering 
the skeletons of Coccolithophorids, 
the golden-brown algae. 

Though only a few microns in di
ameter, they are so numerous they 
make up about 30% of the ooze of 
the sea's floor from 3,000 to 
10,000 feet and sometimes deeper. 
From study of such small evi
dences can be constructed to a 
great degree the history of our 
oceans. 

But to see and study them they 
must be magnified 600 to 25,000 
times. This electron micrograph 
shows an enlargement of 5,400x. 

It was taken using the Zeiss EM 9A 
Electron Microscope. Instruments 
for plumbing the past or building 
the future are of concern to Zeiss 
engineers. Wherever optics are im
portant . .. in science and industry, 
in research and application ... you 
can count on ... 

Zlll __ 
THE GREAT NAME IN OPTICS 

Carl Zeiss, Inc., 444 Fifth Avenue, New York, New York 10018 Telephone: 212 736·6070 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

T
wenty years ago the Swedish biol
ogist Orjan Ouchterlony devised a 
simple experiment that amateurs 

can perform to investigate the chemistry 
of biological immunity, which includes 
such phenomena as the resistance an 
animal acquires against infectious micro
organisms and the animal's rejection of 
tissue grafted from another animal. The 
experiment involves the use of the two 
kinds of complex protein known as anti
gen and antibody. Included among the 
many antigens are the toxins liberated by 
microorganisms that cause diseases. Anti
gen that enters the body of an animal 
stimulates the production of antibody. 
The antibody may then unite chemically 
with the antigen in a neutralizing reac
tion. Although almost all antigens con
sist of mixtures of protein molecules, 
each antigen is chemically unique. Col
lectively antigen mixtures are as varied 
as the organisms that make them. Each 
kind of antibody, also a mixture, is 
unique, but antibody that fOlms in re
sponse to a specific antigen may react 
more or less vigorously with other simi
lar antigens and so confer on the animal 
a measure of immunity against several 
diseases. 

Ouchterlony's experiment is of partic
ular interest as a project for amateurs 
because it enables one to observe the 
reactions of various antigens and anti
bodies without either the risk of acci
dental infection or the direct use of 
experimental animals. To do the experi
ment Ouchterlony cut a pair of shallow 
depreSSions or wells in a block of moist 
agar. He put a few drops of solution con
taining antigen in one well and a like 
amount of antibody solution in the other. 
The fluids diffused toward each other 
through the gelatinous agar and reacted 
at an intermediate zone. There a thin 
white crescent was precipitated in the 

248 

Antigens and antibodies are studied 
by their diffusion patterns in agar 

otherwise clear gel. The crescent indi
cated the chemical neutralization of the 
antigen by the antibody. The technique 
is known both as immunodiffusion and 
as Ouchterlony analysis. 

Subsequently Curtis A. Williams, Jr., 
of the U.S. and Pierre Grabar of France 
introduced a variation in the procedure 
for investigating the several species of 
proteins that make up each kind of anti
gen. After the antigen has been placed in 
its agar well an electric potential is ap
plied across a plate of the moist gel. The 
potential exerts a force on the charged 
molecules of protein; the force varies 
with the amount of the characteristic 
charge associated with each species of 
protein in the antigen. Accordingly the 
fractions migrate through the agar at 
differing but characteristic rates and sep
arate into well-defined zones. When anti
body is applied to the edges of the agar, 
it diffuses across the plate and into con
tact with the zones. White crescents of 
precipitation form at the sites of reaction. 
Williams and Grabar called the tech
nique immunoelectrophoresis [see "Im
munoelectrophoresis," by Curtis A. Wil
liams, Jr.; SCIENTIFIC AMERICAN, March, 
1960]. 

Richard La Fond, a graduate student 
of biochemistry at Harvard University, 
has made several experiments with both 
techniques to illustrate the details of the 
procedures. He writes: 

"The proteins used in my experiments 
were obtained from a supplier of bio
chemicals. The materials can of course 
be prepared in small quantities by means 
of experimental animals, but the cost 
would be excessive and the techniques 
required to ensure purity involve the use 
of apparatus that is not generally avail
able. I bought my biochemicals from 
Pentex, Inc., 195 West Birch Street, P.O. 
Box 272, Kankakee, Ill. 60901. Antibody 
is available from this firm in the form of 
antiserum from a variety of animals, in
cluding human beings. 

"I used rabbit antibovine serum, 
which is supplied in a minimum quantity 
of two milliliters. Antigen comes in the 
form of animal blood serum. I obtained 
minimum quantities from the following 

animals: cat, cattle, chicken, dog, duck, 
goat, goose, guinea pig and pig. 

"All serums come in rubber-capped 
bottles and will remain usable for up to 
a year if stored in a refrigerator. The 
fluid is removed from the bottles with 
a sterilized hypodelmic syringe. The 
needle of the syringe is pushed through 
the cap of the bottle. Sterilized air, 
trapped inside the syringe, is injected 
into the bottle. Serum is then drawn into 
the syringe for transfer to the agar well. 
The volume of injected air should equal 
the volume of serum that is removed, a 
procedure that maintains atmospheric 
pressure inside the bottle and prevents 
room air from leaking into the bottle and 
contaminating the serum. 

"I usually prepare at one time enough 
agar for several experiments. I use Agar 
Noble from Difco Laboratories, Inc., 
920 Henry Street, Detroit, Mich. 48201. 
This material comes in the fOlm of dry 
granules. I put .95 gram of Agar Noble 
in a flask and dilute it to 100 milliliters 
with a solution compounded from 6.7 
grams of boric acid and 13.4 grams of 
sodium tetraborate decahydrate diluted 
to 1,000 milliliters with distilled water. 
The mixture of agar and buffer is heated 
until it just starts to boil; by then most of 
the agar will have dissolved and the solu
tion should be clear. Small particles of 
undissolved agar are removed by pour
ing the hot agar solution through two 
thicknesses of cheesecloth into a recep
tacle. The agar can be stored in test tubes 
in a refrigerator and remelted for use by 
putting the tubes in hot water. 

"To prepare an agar plate for an Ouch
terlony analysis I pour melted agar into a 
Petri dish to a depth of four millimeters. 
For a Petri dish nine centimeters in di
ameter the amount of agar is about 15 
milliliters. I use disposable plastic dishes, 
which are available from dealers in labo
ratory supplies, along with disposable 
Pasteur pipettes, which are convenient 
for handling small volumes of serum. 

"The gel should solidify within 15 
minutes at ordinary room temperature. 
I cut wells in the agar block with a No. 
1 cork borer, which is about four milli
meters in diameter. The cylindrical plugs 
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(A) An identity reaction (B) Precipitin patterns of animal serums 

(C) Immunoelectrophoretic pattern of bovine serum 

(D) Precipitin patterns indicating closely related antigens (E) Bovine antigen isolated by the absorption technique 
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All the facilities 

clear, clean 

water, ideal 

climate and 

easy access to 

ocean depths. 

You have the 

reso u rces of 

hydroscience 

consultants 

and university 

oceanographers. 

And you have 

civic groups

a sunny, bright 

• ",' ,. • atmosphere 

for research. 

For information, 

write State of 

® 

anti bodie", to Aa 
Ouchterlony pattern indicating nonidentity (left) ((nd partial identity (right) 

thus cut are removed with a needle. A 
well made in the center of the block for 
antiserum (antibody) can be surround
ed by as many as six wells for holding 
selected blood serums (antigens). 

"Ordinarily I first make a full-scale 
drawing of the desired well layout. The 
Petri dish containing the h'ansparent 
agar is placed on top of the drawing, 
which serves as a guide for cutting the 
wells. The wells are spaced about seven 
millimeters apart. The central well is 
filled with antiserum and the neighbor
ing wells are filled with blood serum 
from selected animals. A diagram of the 

j!ll/' X -5 7"4" window gla,ss 
coated with agar 

plate is made on which I record the con
tents of each well. The dish is covered 
and put on a wet sponge inside a plastic 
sandwich box to prevent the evaporation 
of water from the agar. Within a day or 
two lines of white precipitation should 
appear between the center well and one 
or more of its neighbors. 

"The first experiment may prove to be 
disappointing. Spurious secondary lines 
may appear if the concentration of anti
gen is too high. In addition the line or 
lines may fOlm too close to the antiserum 
well. The optimum concentration must 
be determined by experiment. I dilute 

trough 11!ti" x 
3�" x :2W' high) 

baffle 
2" high 

(trough d:;.:;embled 
with cement) 

troughs 1 mm. ""ide, 
cut in a.gay to 
receive antiserum 

wicks of filter paper wet with buffer solution 

Components of Ri.chard La Fond's apparatus for immunoelectrophoresis 
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H The bay-trees in our country are all wither'd 

And meteors fright the fixed stars of heaven; 

The pale-fac'd moon looks bloody on the earth 

And lean-look'd prophets whisper 

fearful change" 

Listen ... you can smell the fear of a nation 
robbed of its greatest men ... the coming of 
rage apd violence. Listen ... and in the story 
of the king who might have made a better 
poet, you'll find analogies so provocative, so 
filled with today, that they are eerie in their 
timeliness. 

Shakespeare described our lean-look'd 
prophets of change long ago, and forever, 
in language that makes most contemporary 
efforts sound like directions on a frozen 
food wrapper. In his tragedy of Richard II 
-the vain, martyred, self-conscious orator 
of peace - you'll find new ears, new eyes, 
fresh new ways to re-think much that is hap
pening in our country now. 

But you do have to listen to catch it all. 
That's why the Theatre Recording Society 
was created - to bring you the greatest plays 
of all time performed by the actors and ac
tresses they deserve. Through the finest re
cordings ever produced, you can enjoy not 
only Shakespeare, but all the world's great 
dramatists, in the comfort of your own home. 

Lee J. Cobb and Mildred Dunnock in 
Death of a Salesman . . .  Paul Scofield in 
Hamlet . . .  Ralph Richardson in Cyrano de 
Bergerac ... Ingrid Bergman and Colleen 
Dewhurst in More Stately Mansions . . .  Mau-
reen Stapleton in The Rose Tattoo . . .  this 

Choose 
any album 

FREE 
with your first selection 

as a member of the 
THEATRE 

RECORDING 
SOCIETY 

-King Richard II 

is the kind of drama the Society brings you. 
Play the records again and again; savor every 
line, every leap of eloquence and emotion. 
All are full length-with no modifications .. 

The greatest plays at the greatest savings 

Though the Society's records sell for $6.50 
apiece, members pay only $4.70, plus ship
ping and handling - with no extra charge for 
stereo. (Membership merely means accept
ing as few as four plays per year from all 
those offered.) As an extra gift, with each 
selection you make after your initial selec
tion, you receive a certificate which allows 
you to choose a bonus album from a special 
catalogue. These records, worth up to $7.50 
apiece, are yours for only $1.75 per record. 

Obtain your free album now 

When you mail the coupon below, you re
ceive free your choice of any of the great 
theatre albums on this page ... a value of up 
to $20.50 retail. You may also choose from 
them your first Society selection. If they do 
not equal or exceed your expectations, re
turn them in 10 days and your membership 
will end there and then, without obligation. 

The coupon commits you to nothing but 
hours of great theatre right in your own 
home-so why not mail it today? 

TRS lO1. THE GLASS ME· 
NAGER1E Montgomery Clifi, 
Jessica Tandy, Julie Harris, 
David Wayne, 2-12" LP's . 
Catalogue Price $14.00. Mem· 
ber's Price $9.75. 

T R S  lI0.D E ATH OF A 
SALESMAN Lee J. Cobb as 
Willy Loman, Mildred Dun
nock, Michael Tolan, 3-12" 
LP's. Catalogue Price $20.50. 
Member's Price $14.10. 

r���;���;���TZDep�:�J 

TRS lI2.MARAT/SADE The 
Broadway original cast pro
duction as performed by the 
Royal Shakespeare Com
pany, 3-12" LP's. Catalogue 
Price $20.50. Member's Price 
$14.10. 

PLUS 

SRS 216. KING RICHARD 
THE SECOND John Gielgud 
as K i n g  Ri c h a r d, K e i t h  
Michell, Leo McKern, 3-12" 
LP's . Catalogue Price $19.50. 
Member's Price $14.10. 

S R S  228. R O M E O  A N D  
JULIET Claire Bloom, Al
bert Finney, Edith Evans, 3-12" LP's. Catalogue Price $19.50. Member'sPrice$14.10. 

A Special Bonus Gift 

Act now and your prompt reply will bring you 
whichever of these two free gifts you prefer. Even 
if you decide to cancel your membership and return 
your albums after the 10-day trial, the bonus gift is 
yours to keep. 

SHAKESPEARE/SOUL OF AN 
AGE. The life of the bard, with 
readings from the histories, com
edies and tragedies by MICHAEL 
REDGRAVE and RALPH RICH· 
ARDSON. A $7.50 retail value. 

INGRID BERGMAN'S remark
able recording of Jean Cocteau's 
THE HUMAN VOICE, a stunning 
portrait of a tormented desper
ate woman. This 1'2" LP is a $6.50 retail value. 

505 Eighth Avenue, New York, New York 10018 
Please enroll me as a trial member. I have indicated be
low, by number, the album I wish to receive FREE; and 
the album I want as my first selection, for which you will 
bill me later. I have also checked the extra bonus gift I 
wish to receive free. In addition to my first selection, my 
only obligation is to accept as few as four plays over the 
next year at the Society's low price of just $4.70 per record 
plus shipping and handling (plus sales tax where appli
cable). Each month I will receive advance reviews de
scribing forthcoming selections, plus a convenient form 
for requesting alternate selections or no album at all. If 
not completely delighted, I may return my introductory 
shipment (keeping my free bonus gift) within 10 days 
and my me.mbership will be canceled without obligation. 

Send me free: C:=J Send as my first selection: C:=J 
As my extra bonus for acting promptly, also send the 
album checked below: 
D The Human Voice D Shakespeare/Soul of an Age 
Send my records in (check one). D Mono D Stereo 

Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . (Please Print) 

Address . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . .  

City . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . .  

State .. , ................................. Zip ....... . 
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S Oxford� 
Cell Fusion 
By HENRY HARRIS, University of Oxford. 
Based on the 1969 Dunham Lectures, this 
book contains an account of the development 
of the cell and of the applications which this 
technique has found in cell biology. The mode 
of interspecific hybrid cells and their subse· 
quent behavior are discussed in detail. Special 
consideration is given to experiments in which 
cell fusion has been used to elucidate genetic 
regulatory mechanisms. Plates, 54 text figures. 

Cloth, $5.50. Paper, $2.85 

A History of 
Machine Tools, 1700-1910 
By W. STEEDS. Metal-working mach ine tools 
grew, in the period from 1700 to 1910, from 
very primitive contrivances to refined and 
complex assemblies. In providing a compre
hensive history of the machine tool industry, 
Dr. Steeds has divided the 210-year period 
into six easily managed periods, and in each 
of them he has written sections covering 
lathes, drilling and boring machines, planers, 
slotters, and shapers, milling machines, gear 
cutting machines, grinding machines and mis
cellaneous machines. The volume is enhanced 
with numerous illustrations. $17.75 

The Collected Papers 
of G. H. Hardy 
INCLUDING JOINT PAPERS WITH ./. E. 
LITTLEWOOD AND OTHERS; VOLUMES 
III and IV 
Edited by a committee appointed by the London 
Mathematical Society. The primary object of 
these publications is to render mOff� accessible 
the papers of this great mathematician, which 
in their original form appeared in many 
journals over a period of almost sixty years. 
The editors have provided introductions to 
groups of papers, and commentary where 
appropriate. To be completed in seven vol
umes. Vol. I, $20.20; Vol. II, $16.75; Vol. III, 
$14.75. To be published in October, Vol. IV, 

Electronic and Ionic 
Impact Phenomena 

$14.75 

VOLUME I: COLLISION OF ELECTRONS 
11'71TH ATOMS; VOLUME II: ELECTRON 
COLLISIONS WITH MOLECULES AND 
PHOTO-IONIZATION SECOND EDITION 
By H. S. W. MASSEY, and E. H. S. BUR
HOP, both oj University' College, London. This 
book was first published in one volume in 
1952, and has been out of print since 1964 .. 
Because of the large amount of new informa
tion in the field, the new edition now consists 
of four volumes. Volumes I and II are con
cerned with electron impact phenomena, 
Volumes III and IV (forthcoming) deal with 
collisions involving heavy particles. The vol
umes contain many tahles, graphs, and dia
grams of apparatus, and author and subject 
indices. Each, $32.00 
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The assembled apparatu.s for immunoelectrophoresis 

the blood serum with saline solution pre
pared by dissolving .9 gram of table salt 
in distilled water to make 100 milliliters. 
In some cases it has been necessary fO! 
good results to add as many as 30 parts 
of saline solution to one part of blood 
serum. As the solution is made more di
lute the pattern moves from the antibody 
well toward the antigen well and the 
secondary lines tend to disappear. I di
lute by trial and error until the pattern 
appears about midway between the 
wells. This position indicates that the 
antigen and the antibody are reacting in 
equivalent amounts. 

"Antibody that appears in an animal 
in response to the invasion of an antigen 
reacts strongly with the antigen. The pair 
of substances can be thought of as being 
complementary, analogous to a lock and 
its key. Chemically active sites on the 
antibody molecule fit complementary 
sites on the antigen molecule. Such anti
gen is known as homologous antigen. 
The same antibody may also react chemi
cally with other antigens having com
bining sites that are chemically similar 
to those on the molecules of homologous 
antigen. Indeed, the antibody may react 
with only a portion of a single chemically 
similar site. Antigens of this kind are 
known as heterologous antigens. Such 

heterogeneity is found among animals 
of the same species, although it may be 
absent in individuals of the species. For
eign antigens, containing no complemen
tary combining sites, do not react with 
the antibody; the agar plate remains 
clear even though the antibody and the 
foreign antigen diffuse into contact. 

"In general the white precipitin forms 
patterns of three major types when anti
gen in more than one well reacts with 
antibody in a neighboring well. For ex
ample, if two of three wells in a triangu
lar array contain homologous antigen and 
the third well contains antibody, the pat
tern takes the form of a small bow that 
bends around the antibody well [see A 
on page 249 ]. In fact, two distinct bands 
of precipitin form, but the inner ends 
fuse, creating the bow, because pro
teins in the antigen wells have identical 
complementary binding sites for anti
body. This pattern indicates that the 
antigens are identical; it is called the 
identity reaction. Had the antigen wells 
contained an antigen B, unrelated to an
other antigen C, and had the antiserum 
contained antibodies that were specific 
to hoth antigens, the pattern would have 
been a pair of crossed lines [left in top 
illlls! ration on page 250]. In this case 
each type of antibody difluses through 
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Nitty gritty computers 
make money, 

• not count It. 
Nitty gritties are the new breed of computers -small, inexpensive, mobile, unpre
tentious- nothing like what computers used to be. 0 They punch numerical control 
tapes. Or they run a manufacturing process. Or they sit in the middle of the plant 
floor, collecting data instantaneously, playing it back for decisions. 0 Ivory tower 
computers are all right in their way. Someone has to count the money. But we 
figure, making it is more important. 0 Digital is the world's leading manufacturer 
of nitty gritty computers. In computer jargon, they are called on-line, real-time, gen
eral-purpose computers - because they are connected directly to the process, and 
beca use they ana Iyze, min ute by min ute, wh i Ie the process DIGITA L EQUIPMENT CORPORATION, Maynard, 

continues. More than 3,500 have already been installed. �:7�����
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right where the money-making is. � � � 
COMPUTERS· MODULES 
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combine 
laboraton :� r 

and lecture I �t rX'� 

By agreement with W. H. Freeman 
and Company, publishers, superb 
illustrations from the FREEMAN 
L I BRARY OF LA B ORA T ORY 
S EPARA T ES series, LA BORA
TORY STUDIES IN BIOLOGY, are 
now available from LaPine as trans
parencies for use with overhead 
projectors. 
Each set is a complete unit of study cover
ing gross anatomy, all organ systems, and 
their functional interrelations with other 
parts. Every transparency features an over
lay with all identifying captions ... useful 
for review or testing. 

Dissection Of The Frog 
(30 transparencies) 

Dissection Of The Fetal Pig 
(27 transparencies) 

Amphioxus - Morphology 
(7 transparencies) 

Anatomy Of The Lamprey 
(9 transparencies) 

Anatomy Of The Dogfish Shark 
(37 transparencies) 

Anatomy Of The Mud Puppy 
Necturus (21 transparencies) 

Anatomy Of The Cat 
(52 transparencies) 

Available Only From LaPine-Write Today 
For Complete Data And Prices 
A complete set" of the Laboratory Studies 
in Biology Separates of the same title 
comes with each unit; the transparencies 
are useful with all biology texts. 
• Additional Separates available only from 
W. H. Freeman and Company, 660 Market St., 
San Francisco, California 94104 

----LAPINE 
LAPINE SCIENTIFIC COMPANY 

6001 South Knox Avenue 
CHICAGO, ILLINOIS 60629 

NORWOOD, NEW JERSEY 07648 
BERKELEY, CALIFORNIA 94710 
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Circuitry of the power supply 

areas of high concentration of noncom
plementary antigen without being pre
cipitated until it reaches an area into 
which complementary antigen has dif
fused in optimum concentration. 

"Patterns of the third type consist of 
an asymmetrical T: a spur extends from 
the point where the lines of precipitin 
intersect. This pattern indicates partial 
identity. The spur forms when a highly 
specific antibody reacts with its homol
ogous antigen and with another anti
gen that has an additional combining 
site. In the accompanying drawing [right 
in top illustration on page 250] anti
gens that have combining sites in com-

mon are deSignated A. Note that one 
of the two has an additional combining 
site a. Some constituents of the antibody 
react with both A and Aa and form two 
lines of precipitin. The spur is formed 
by the combination of antibody constit
uents that react only with Aa but are 
not precipitated by the heterologous A 
antigens. The length of the spur is pro
portional to the dissimilarity between the 
antigens. Conversely, the spur becomes 
less pronounced as antigens of increas
ing similarity react; absence of the spur 
indicates the identity reaction. 

"The several proteins in an antigen 
are almost identical in form and struc-

Absorbed antibovine serum in presence of alpha globulins 

7 
"lnti�erum 

\ , 

identit2 
:r:\;{:;);::::·�Y\}\;fr.f( � �'.:N);i,g!?;,!� !j!::.;g;yU' . <t��:,;Wf; 

____ ------( � If( _____ -� 
oTig i n nonidentity 

cinti&�l1S moved by 
el e ctr()p h or£.sis 

Identity (ll/.d nonidentitr reactions 

precipitin dres 
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beg�th 
ryland 

down to business! 
r-space. The last great frontier on this planet 

to be explored and beneficially exploited for 
rh�mkind. Maryland, with its over 400 science
. ': �riented industries, plays an important role 

in the development and progress of 
ocean technology. 

Inner-space, outer-space, earth-bound 
- no matter what your industry, 

locating in Maryland means you'll 
get down to business in a hurry. 

Our great Chesapeake Bay, our 
famous Port of Baltimore, our 

accessibility to deep water, our 
airports, abundance of colleges 

and universities, technical training 
facilities, available manpower, 

proximity to Washington, D.C. -
all add to making Maryland one of 

America's most desirable 
plant locations. 
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"-BCC 4f46s2 
Chart 2 Chart 3 

Based on data compiled by the 
s t a f f  of the L awrence Hal l  of 
Science of the University of Cali
fornia at Berkeley, and presented 
in their 3-panel format, the new 
LaPine Periodic Tables are the 
first c omprehen sive, re adable 
arrangement in years. 
Table 1 details atomic names, symbols, 
numbers and weights; Table 2 provides 
atomic number and symbol, ionization 
potential, relative size of atom, covalent 
or atomic radius, crystal structure, mass 
of isotopes; Table 3 lists atomic number 
and symbol, electro negativity, ionic radius, 
spd configuration, relative size of ion, 
oxidation states. 
Charts measure 50" x 66", printed in full 
color on durable and washable Texoprint. ® 
Each element box is 3 x 4 V4". Complete 
sets' include an excellent teacher's guide. 

Available Both As Wall Charts and Over
head Transparencies 

Chart 1 (Only) with Metal 
Binding Top and 
Bottom for Hanging . . . . . . $12.75 
Set of 3 Individually Spring 
Roller Mounted Wall Charts 
in Hanging Metal Case* . . . $59.50 
Set of 3 Overhead 
Transparencies* ......... $17.50 

-----lAPINE 
LAPINE SCIENTIFIC COMPANY 
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ture. The difference may be extremely 
subtle, as twin structures the size of the 
Empire State Building would differ if 
a single stone in either building were 
turned through a right angle. Yet the 
difference can be detected by Ouchter
lony analysis. For example, antibovine 
serum (antibody) reacts with bovine 
blood serum (antigen) to form a nested 
family of precipitin lines or bands, each 
marking the site where a fraction of the 
material reacted. A similar pattern forms 
when this antiserum reacts with the 
heterologous antigen in the blood serum 
of a sheep, illustrated by the accompany
ing photograph [B on page 249], in 
which the central well, A, contains anti
bovine serum, well 2 contains sheep 
blood serum and well 6 contains bovine 
blood serum. No reaction appears adja
cent to wells 1, 3, 4 and 5, which con
tain the immunologically unrelated blood 
serum of pig, dog, cat and horse respec
tively. Hence cattle may be more closely 
related to sheep, at least immunological
ly, than they are to the other animals. 

"It is not always easy to make an accu
rate count of the number of fractions in 
an antigen that react to form patterns, 
because the lines of precipitin tend to 
crowd together and merge. Separations 
become increasingly distinct, however, 
as the material is made more dilute. 
vVhen the most distinct separations are 
desired, the experimenter switches to 
immunoelectrophoresis. 

"In this technique agar is poured on 
the level surface of a clean glass plate 
so that a pronounced meniscus forms 
around the four edges of the glass. The 
fluid gels in 15 minutes at room tempera
ture. A single well is cut in the middle of 
the agar for blood serum (antigen). My 
plates are 23� inches wide and 534 inches 
long. These dimensions are not critical. 

"The plate is supported at the ends 
by the edges of a pair of rectangular 
trays of clear plastic that are 1134 inches 
long, 3)� inches wide and 2)� inches high. 
A baffle is put in each tray about 3/4 
inch from the edge that supports the 
glass plate [see bottom illustration on 
page 250]. The trays are filled with buff
er solution of the kind used for preparing 
the agar, and the solution in each tray is 
connected electrically to the neighboring 
end of the agar plate by a wick of moist 
filter paper. One end of the wick drips 
into the buffer and the other end rests 
on the agar [see illustration on page 
252]. The buffer in each tray is con
nected to the power supply through elec
trodes that I made by winding a few 
turns of platinum wire around rods of 
clear plastic five millimeters in diameter. 
Plastic handles were attached to the 

ends of the rods to facilitate handling. 
"The apparatus is enclosed in a box of 

clear plastic 15 inches long, 10 inches 
wide and 5)4 inches high. A plastic cover 
prevents the evaporation of water from 
the gel. Parts for the box and the trays 
were sawed from 1/4-inch sheet plastic 
and assembled �vith special cement that 
was bought with the plastic. Details of 
the power supply have already been de
scribed in this department [see "The 
Amateur Scientist," SCIENTIFIC AMERI
CAN; June, 1962]. 

"After the apparatus is assembled and 
the trays are filled with buffer solution 
I put a few drops of blood serum (anti
gen) in the agar well, cover the enclo
sure, plug in the power supply and ap
ply approximately 50 volts across the 
agar plate for 90 minutes. The electric 
potential across the plate is measured 
with a portable voltmeter. If all goes 
well, the antigen separates into fractions 
that come to rest at several spots along 
the center line of the plate. Initially these 
areas are about the size of the well, but 
they gradually expand as the fractions 
diffuse through the agar. 

"After electrophoresis is complete I 
lift the plate from the apparatus and cut 
in the agar, along the sides of the plate, 
a pair of straight troughs, each about one 
millimeter wide and 15 millimeters from 
the center line of the plate. The cuts are 
made with a pair of razor blades em
bedded one millimeter apart in a block 
of polystyrene. The strips of agar thus cut 
are lifted from the trough with a needle. 

"Each trough is filled with a few drops 
of antibovine serum (antibody). Anti� 
body and antigen fractions diffuse into 
contact. Depending on the potency 
of the antiserum, patterns of precipitin 
form within 24 hours. A typical set of 
immunoelectrophoretic patterns that in
dicate the reaction of various fractions 
contained in bovine blood serum (anti
gen) with antibovine serum (antibody) 
appear in the accompanying photograph 
[C on page 249] . 

"If a preparation of pure antigen is 
available, it is possible to identify it in 
the immunoelectrophoretic pattern of a 
complex mixture of antigens. For ex
ample, to identify the prominent arcs 
closest to the origin, as depicted in the 
photograph, I made a second well in the 
agar adjacent to the arcs and filled it 
with a solution of alpha globulins. The 
resulting identity reaction between the 
unknown antigen and the alpha globu
lins is shown by a second photograph 
[bottom of }!age 254] . 

"My experiments had as their princi
pal objective the comparison of various 
animal blood serums. As proved by the 
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The 
n n  �n reference 
U!J U\(J she lf 

1 .  YEAR B O O K  O F  T H E  U N ITED  NATI O N S  
T h e  a n n u a l  e d i t i o n s  o f  t h e  Yearb ook co nstitute t h e  major  refere n c e  work 
of the o rg a n izat i o n .  They prov i d e  a yea r - by-year  record of the m u lt i tude 
of act iv i t ies  which are d e a lt with  i n  and t h ro u g h  t h e  U n ited N at i o ns.  
Twe nt ieth  e d i t i o n :  Yearbook of the United Nations 1 966, f u l ly i nd exed, 
1 226 pages.  

Clothbound, $25.00. 

2.  EVE RYMAN'S  U N ITED NATI O N S  
A Complete Handbook of the A ctivities and Evolution of the 
United Nations during its First Twenty Years 

A basic  h i story of t h e  U n ited N at i o n s  fa m i l y  from 1 945 to 1 965, pre 
sented accu rately a n d  wit h o ut b i as,  w h i c h  f u l f i l s  t h e  needs of both t h e  
expert a n d  t h e  c a s u a l  r e a d e r .  E i g ht h  e d it i o n ,  f u l l y  i n d exed,  634 p a g e s .  

Clothboun d  $6. 00, paperb o un d  $2.50. 

3 .  U N IT E D  NATI O N S  M O NTH LY C H R O N I C LE 
Desi g n e d  for everyone l e a r n i n g  or tea c h i n g  a b o ut t h e  U n ited N at i o ns,  
every issue of the Chronicle conta i ns a c o m p l ete record of the m o n t h ,  
d escri b i n g  t h e  proceed i n g s ,  dec i s i o n s  a n d  reso l ut i o n s  o f  t h e  m a i n  U N  
o rg a n s  a n d  c o m m ittees, a rt i c l e s  by d i st i n g u ished co ntr i b uto rs, a p i ct u re 
sect i o n  a n d  n otes of t h e  m o n t h .  

Annual subscription in USA a n d  Cana da $7.00. 

Un ited Nat i ons Pub l i cati ons , Room 1 059 , New York , N .Y .  1 001 7 

How to sell an editor 
even before he reads 
your nlanuscript . . .  
G e t  t h a t  m a n u s c r i p t  o n  h i s  d e s k  i n  p e rfect  
form.  U s e  t h e  W C S  Short  MS.  K i t  w h i c h  g i v e s  
y o u  e v e r yt h i n g  y o u  n e e d  t o  p r e p a r e  a n d  s u b m i t  
you r n e x t  p i e c e  ( u p  t o  7 0 0 0  w o r d s )  i n  t h e  
f o r m a t  e d i t o r s  l i k e b e s t .  I n c l u d e s :  
• 2 5  p r e a s se m b l e d C r a f t s e t s ,  q u a l i t y  o r i g i n a l  

a n d  2 c o p i e s  w i t h  l i g h t  g U i d e l i n e s  f o r  c o r 
r e c t  m a rg i n s ,  a u t o m a t i c  w o r d  c o u n t s ,  fast  
h a n d l i n g and c o r r e ct i o n  e a s e .  

• P ro t e c t i v e  S c r i p t  F o l d e r  f o r  m a n y  m a i l i n g s .  
• 4 m a n u s c r i pt l a b e l s  for  easy  a d d r e ss i n g .  
• 2 S c r i p t  M a i l e rs f o r  s a f e  t r a v e l .  
• C h i p b oa rd b a c k e r  t o  g u a r d  aga i n st  b e n d i n g .  
• P l u s  introductory d o u b l e  bonus - f r e e  sys

tems aids. (1 ) Our manua I ,  " H ow t o  P r e p a r e  
Y o u r  M a n u s c r i p t  f o r  P u b l i c a t i o n " ;  (2)  O u r  
e x c l u s i v e  Posta l C h a r t .  r---- -----------�  

I Writers Craft Systems ,  SA99 I 
I B ox 2 4 7 ,  N a r b e r t h ,  P a .  1 9 0 7 2  I 

S e n d  m e  y o u r  i n t ro d u ct o ry S h o rt M S .  K i t .  E n ·  I I c l os e d  $ 3 . 50 ( c h e c k  or m . o . ) .  I f  n o t  c o m p l e t e l y  

I s a t i s f i e d ,  I m a y  r e t u r n  t h e  u n u s e d  p o rt i o n  o f  I 
I t h e  k i t  a n d  r e c e i v e  a p r o m p t  refu n d .  I n a n y  I 
I 

c a s e ,  t h e  s y s t e m s  a i d s  a r e  m i n e  to k e e p .  I 
I N a m e  I I A d d r e s s  I 
I C i ty Sta t e  __ Z i p  ___ I 
I (Pa . R e S i d e n t s ,  a d d  6% s a l e s  t a x )  I �---------------� 
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BRAI N,  M I N D  

AN D COM PUTERS 
Stanley L. Jaki 

A fas c i n at i n g ,  t h o rou g h ly docu m e nted 
rebuttal  of c o n te m p o ra ry c l a i ms a b o u t  
t h e  e x i s t e n c e  of ,  o r  poss i b i l i ty of m a n 
m a d e  m i n ds.  P rofesso r  J a k i  s u rveys 
the m aj o r  steps of c o m p u t e r  develop
m e n t ,  rev iews t h e  re levant  res u l ts of  
b ra i n  resea rc h ,  a n d  eva l u ates t h e  ac
c o m p l i s h m e n t s  o f  t h e  p h ys i c a l i s t  
s c h o o l s  of  psyc h o logy,  symbo l i c  l og i c ,  
a n d  l i n g u ist ics . H e  atte n d s  n o t  o n l y  t o  
t h e  l atest resea rch a n d  o p i n i o n  i n  a l l  
these a reas,  b u t  a l s o  t o  t h e  b road h is
t o r i c a l ,  sc i e n t i f i c  and p h i l os o p h i c a l  
p e rs pect ives t h e y  enta i l .  $ 7 . 5 0  p . p .  

"The most i n fo r m e d ,  penet rat i n g ,  a n d  
l u c i d l y  w ritte n t reatment  of the t o p i c . "  
-Prof. R. A. Nisbet, University o f  Cali
fornia. 

in sty l e  as we l l  as in con
tent  . . . " - Prof. E. P. 
Wigner, Nob el La ureate 

" T h e  a u t h o r  d i s p l a ys 
remarka b l e  e ru d it i o n . "
Sir John C. Eccles, No
bel La ureate 

Send c eck or money order to 

HERDER AN D HERDER 
232 Mad i son Avenue 1 _ _ _ New�r� .�001 6  _ _  � 

experiment I h ave described, antibovine 
serum reacts most s trongly with ' its 
homologous antigen, bovine blood se
rum, and with the serum of a closely re
lated animal, the sheep. 'When bovine 
and sheep serums occupy adjacent wells 
and react, the resulting precipitin bands 
suggest that sheep and cattle may have 
many immun ologically identical serum 
antigens, as illustrated by the accompa
nying photograph [D on page 249 ] ,  in 
which wells 1 and 2 respectively contain 
bovine and sheep serums and well C con
tains antibovine serum. The plate is so 
crowded with lines of precipitin, how
ever, that the recognition of individual 
identity patterns is all but impossible . 

"To ascertain if any antigens exist that 
are exclusively specific to bovine serum 
it is necessary to remove from the anti
serum all antibodies that react with 
sheep-serum antigens.  The separation 
can be made by a technique that im
munologists call the absorption of anti
serum . To demonstrate the technique 
I m ixed approximately . 7 milliliter of 
sheep serum with .5 milliliter of antibo
vine serum and put the mixture in the 
antiserum well. Only the antibodies that 
diffuse from the antiserum well can be 
bovine-specific, because antibodies that 
react with sheep antigen are precipitated 
in the antiserum well. I surrounded this 
well, D, with three others, 1, 2 and 3, 
respectively containing goat, sheep and 
bovine serums .  A line of precipitin 
formed between wells D and 3, indicat
ing that at least one of the an tigens is as
sociated exclusively with bovine serum 
[ see E on page 249 ] . 

"The absorption technique greatly ex
tends the analytical power of the im
munodiffusion procedure. It  can also be 
employed with immunoelectrophoresis .  
For example, I made an electrophoretic 
separation of bovine serum (antigen) .  
Then I placed i n  the troughs antibovine 
serum (antibody) that had been absorbed 
with sheep seru m .  As in the preceding 
experiment, the resultin g electrophoretic 
pattern indicated that the bovine-specific 
antigen is a Single component .  The frac
tion did not migrate far from the well, 
which suggests that it is a protein of high 
molecular weight.  I t  would be interest
ing to test bovine serums of individuals 
that differ in breed and age to learn if 
this antigen is universally presen t. 

"Antigen and antibody preparations 
from many species, as well as from vari
ous individuals of a given species, h ave 
become available commercially in recen t 
years . Hence numerous experiments in
volving Ouchterlony analysis and immu
noelectrophoresis are within the reach of 
the enterprisin g amateur ."  
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Xerox: 
For engineers 
who think 
of more than  

• • eng ineering.  

C reative peop le  l i ke J o h n  G a r d n e r  
s e e  e n g i neer ing  as  o n l y  o n e  out let  
for  the i r  ta l e n ts. 

A m o n g  J o h n's oth e r  concerns  is  today's 
widespread s h o rtage of tec h n i c a l  t a l e n t. 
Due  i n  l a rge  pa rt, as he sees i t ,  
to c h i l d ren 's lack of expos u re to the 
excite m e n t  of sc ience.  

J o h n 's doing somet h i n g  a bout  i t .  
He's turned the Gardner  base m e n t  i n to a 
p a rt-ti m e  l a boratory, with a l m ost-wee k l y  
d e m onstrations  a n d  projects for  
n e i g h borhood k ids .  W h e re c h i l d re n  as  
y o u n g  a s  seve n m a ke s imple  p h otoe l ectr ic 
devices .  Measure ba l l ist ic pro jecti l e  
ve l ocit ies .  A n d  exp l o re s u b jects l i ke 
p o l a r ized l i g ht, f iber  opti cs, a n d  e l ectro n i c  
ca l c u l ators, w i t h  the h e l p  of e q u i p m en t  
l o a n e d  by Xerox. 

"My b iggest d e l i g ht," J o h n  reca l l s, "was 
see i n g  the  f i rst yo u n g ster's face l i g ht up 
when he g ave his h o m e - m a d e  e l ectr ic  
m otor a s h ove, and i t  kept m ovi n g . "  

"C h i l d re n 's i n te rests," J o h n  m a i nta i ns ,  
"sh o u l d  be sti m u l ated ea r ly .  Not by 
spoon-fee d i n g  a n swers, but by sti m u l ati n g  
t h e m  t o  q uestio n . "  

As a n  A r e a  Ma n a g e r  i n  o u r  Adva nced 
Deve l o p m e n t  Depa rtment ,  J o h n  a sks-a n d  
a n swe rs-so me i nte resti n g  q u esti o n s  o f  h i s  
own . I f  you'd l i ke t o  work f o r  t h e  k i n d  of 
firm that  respects ,  supports a n d  recog nizes 
people  l i ke John,  why not  ta l k  to u s  a bout  
the opportun it ies at X e rox.  You r  deg ree in  
E n g i n e e r i n g  or  Scie n ce may q u a l ify you  
for  some i n tr ig u i n g  o p e n i n g s  i n  a broad 
spectr u m  of deve l o p m e n ta l  a n d  
m a n ufactu r ing  a reas .  

'Forward yo u r  res u m e  to Mr .  R i c h a rd L .  
Mel n otte, Dept .  MZ-62-J l ,  Xe rox 
Corporati o n ,  P.O. Box 1 995, Rochester, 
New York 1 4603. An E q u a l  Opportun ity 
E m ployer (m / f) .  

XEROX 
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Westinghouse oceanographic 
systems, products and services 
help men . . .  

work, see, 
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Westi n g h ou s e ' s  Cachalot l i fe-su p p o rt system a l l ows d i vers 
to work for p ro l o n g e d  per iods,  deeper than ever before 
poss i b l e ,  wi thout  freq u e n t  t i m e-con su m i n g  d e co m p ress i o n .  

O u r  sonar systems, towed f r o m  s h i p o r  h e l i copter ,  take 
d etai l ed " so u n d "  p i ctu res of the ocean f loor and 
an yth i n g  on it .  

O u r  shipboard data-acquisition systems a n a l yze s c i e n t i f i c  
d ata a b o u t  sea and a i r  te m p e ratu re, cu rrents,  g ravity a n d  
the conto u rs a n d  m akeu p of the o c e a n  botto m .  W e  a l so 
h ave bette r ways to measu re movi n g  water,  o r  t h i n g s  
m ovi n g  t h ro u g h  i t ,  w i t h  ou r so l i d -state F l owmeter.  

Westi n g h o u se Deepstar m a n n ed s u b m e rs i b l es are 
exp l o r i n g  at 4,000 feet-soo n ,  20,000 feet. 

West i n g house can send m e n ,  s u b m e rs i b l es and s u p po rt 
eq u i p m e n t  a n yw h e re i n  the wor l d .  Co ntact ou r U n d e rseas 
D i v i s i o n ,  Box 1 488, A n n a po l i s ,  M a ry l a n d  21 404. 

measure, 

You can be sure . . .  

if it's 
Westinghouse 

® 

explore. 
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Rolls-Royce 
unlimited. 

/'::,. Rolls-Royce at the races 
R o l l s- Royce d i d n 't offic i a l l y  e nte r the 
Da i ly M a i l ' s  t ra n sat l a n t i c  a i r  race,  b u t  
t h e y  made a f i n e  showi n g .  

M ost s pecta c u l a r  wa s the Hawke r 
S idde ley H a r r i e r ,  shown h e re l a n d i n g  
at East 2 3 rd Street, M a n h atta n .  The 
H a rr ier  i s  the wo r l d ' s  f i rst opera t i o n a l 
ve rt i ca l -take-off f i ghte r .  I ts  R o l l s
R oyce B r i sto l Pega s u s  vectored
t h rust e n g i ne lets i t  lea p i nto the a i r  

ve rtica l ly ,  a n d  conve rt t o  fo rwa rd 
f l ight  in m i d a i r .  

R A F  S q u a d ro n  Lead e r  To m Lecky
Thom pson won the Lo ndo n-to-
New York top p r ize in a H a r r i e r  with a 
f l y i n g  t i me of 5 h o u rs 57 m i n u te s .  

Fastest t i m e  t o  L o n d o n  was m a d e  
by Lt .  C m d r .  Pete r Godda rd of t h e  
R oya l N a v y .  H i s  f l ight  t i m e  wa s 
4 h o u rs 46 m i n utes i n  a M c Do n n e l l 
Dou g l a s  F-4 K P h a n t o m ,  a 1 200- m p h  

f i ghter powe red b y  t w o  R o l l s- R oyce 
S pey turbofa n s  with  afte r b u rners .  

R o l l s- R oyce powered w i n ne rs in  
other catego r ies ,  too .  A VC- 1 0  with  
R o l l s- R oyce Conwa y  e n g i nes wa s the 
fastest cha rte red b u s i ness jet  to 
Lon do n .  Anot h e r  VC- 1 0  wa s the 
fastest su bson ic  jet  to Lon d o n .  A 
D H  1 25 with  R o l l s- R oyce B r i sto l 
V i pe r  e n g i nes was t h e  fastest 
c h a rtered b u s i ness jet  to New York.  
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Mohawk, the Rol ls -Royce a ir l ine  [> 
If you a bso l ute l y  i n s ist on f l y i n g  R o l ls
R oyce,  M oh a w k  is  the a i r l i ne for you .  
Th i s  regi ona l a i r l i n e uses noth i n g  but  
R o l l s -Royce-powered a i rcraft : 
e i ghte e n  F H - 2 2 7  s h o rt- ha u l  a i r l i ners ,  
powe red by R o l l s- R oyce Da rt propjets ,  
and twe nty BAC O ne-e leve n s ,  
powe red by R o l l s- R oyce S pey fa n j ets .  

To date 1 83 a i r l i nes in  85 cou ntr ies  
have chosen Ro l l s- R oyce a e ro 
e n g i n e s .  The b i ggest recent order 
comes from a i r l i nes b u y i n g  
Lockheed 's  new L- 1 0 1 1 Tr iSta r j et
l i ne r :  Easte r n ,  TWA, De lta , N o rtheast ,  
A ir  Ca nada and Air  J a ma i ca . 
A tota l of 1 8 1  Tr i Sta rs a r e  on order .  

<J N ewest Rol ls- Royce evokes 
older Rol ls -Royces 
T h i s  is t h e  newest S i lver  Shadow:  the  
forma l sed a n .  R o l l s- R oyce o r i g i na l ly 
d e s i g n e d  the S i lver  S h adow for the  
owner-d r i ve r .  I t  was the  persona l 
R o l l s- R oyce . B ut trad i t i o n a l i sts 
p rotested that a R o l l s- R oyce shou l d n ' t  
be persona l .  R o l l s - R oyce ' s  newest c a r  
i s  f o r  the m .  I t  req u i res a cha uffe u r .  

S o m ewhat l o n g e r  tha n t h e  sta n d a rd 
mode l ,  the new forma l sed a n  h a s  a 
part i t i o n  betwe e n  the cha uffe u r  a n d  
the  passe n ge rs .  Front seats a re 
leather ,  back seats c loth , as t ra d i t i o n  
d i ctate s .  Dua l a i r  c o n d i t i o n ers coo l  
front and rea r c o m pa rtments 
i n d e pe nd e n t l y .  Cost  i s  about  $ 2 5 , 000, 
l ess i f  you ca n do without a pa rt i t i o n .  

<J D u c k  truck 
Th i s  i s  not the ret u r n  of Ca pta i n  
N e m o ,  b u t  a n  A l v i s  Sta lwart 
a m p h i b i o u s  truck,  a n  extraord i n a ry 
veh i c l e  that  ca n h i t  40 m i les  a n  h o u r  
o n  roa d s ,  average 20 m i les  per  h o u r  
a c ross cou ntry,  a n d  swi m  r ivers o r  t h e  
o p e n  sea at s i x  k n ots .  O n  l a n d  t h e  
Sta lwart p rope l s  i tse lf  w i t h  a l l  s i x  
wh e e l s  a n d  stee rs w i th  i t s  fou r  front 
whee l s .  In  wate r i t ' s  p rope l led  a n d  
steered b y  m a r i ne j ets . Ea ch j et sucks 
water i n  at  i ts  front e n d  and j ets i t  
at  h i gh ve loc i ty from the rea r .  

Powe r f o r  both l a n d  a n d  wate r 
trave l comes from a R o l l s- R oyce B - 8 1  
e n g i ne of 2 2 0  h p .  The B r i t i s h  a rmy 
uses the R o l l s- R oyce B - ra n ge 
( ga so l i ne )  e n g i n es for both whee led 
a n d  tracked ve h i c l e s .  So do the  
a r m ies of twe nty-seve n othe r  
c o u n t r i e s .  B - ra n ge e n g i nes a re 
ava i l a b l e  with  s ix  or e i ght  cy l i nders ,  
ra n g i n g  from 1 30 to 2 3 5  h orse powe r .  
M a n y  wea r i n g  pa rts a re c o m m on 
t h ro u g h o u t  the  l i ne ,  a great 
conven i e n ce in ma i ntenance .  

ROLLS  

� Rol ls- Royce Li m ited 

Derby, Engl a n d  
ROYCE R o l l s- R oyce Ae ro E n g i nes ,  I nc .  

5 5 1  F i fth  Ave n u e ,  N e w  York ,  N .  Y .  1 00 1 7  

© 1969 SCIENTIFIC AMERICAN, INC



Take either one of these indispensible encyclopedias 

Encyclopedia of Oceanography 
245 original and authoritative articles, 
1 ,02 1 pages. Retail price $25.00 

(values to $38.50) 

for only 

$ 00 

Encyclopedia of Geomorphology 
1 ,295 pages, cross-referenced. Copious 
bibliography. Retail price $38.50 

with your first selection as a trial member in 

The Library of Science 
The past 1 5  years have seen more spectacular growth 

than the entire three preceding centuries of scientific 
history . During these 1 5  eventful years, The Library 
of Science has brought its members the latest think

ing of the greatest minds in the most trail-blazing 

books spanning the vast spectrum of science. From 
the hundreds of titles submitted to us, we offer our 

members only the most significant works-at dis

counts of up to 30% ( often substantially more ) . You 
choose only the books you want from objective, ad

vance reviews. And for each four books you buy, you 
get your choice of a fifth-a free bonus book. Add 
this generous introductory offer, and why not do what 

you've always meant to-join now. 

r - TRIAL MEMBERSHIP APPLICATION- - 1 
The Library of Science 2-959 I 
Front and Brown Streets, I 
Riverside, New Jersey 08075 I 
Please enroll me as a trial member, and send 
the encyclopedia and the book selection I 
have indicated on this coupon. Bill  me just $ 1  
for t h e  e ncyclopedia, a n d  members' d iscount 
price. plus shipping, for my first selection.  If 
not delighted, I will return them within ten 
days, and my membership will be cancelled. 
As a trial member, 1 need accept as few as 
three more selections during the next twelve 
months, always at reduced members' prices. 
plus shipping. 1 understand that savings range 
up to 30% , often more. Each month I will re
ceive advance reviews describing forthcoming 
selections. For every four selections purch ased, 
1 may choose a Iree bonus book . ( This  
introductory offer counts as the first selection. ) 

ENCYCLOPEDIA AT $1 (check one) 

o Oceanography o Geomorphology 

First Selection: __ -:::::--:--,,--_--;---;-__ _ 

(Write in number) 

NAMEF ______________ ___ 

AOORESS ______________ _ 

ClTy ______ STAT E---ZIP COD E--

Offer good ill Conlillelllal U. S. and Canada 
ollly. Prices slighlly h igher in Canada. 

I 
I 
I 

L ________________ � 

(R etail prices light, member prices bold ) 

45520. ENZYMES: The Agents of Life. David M. 
Locke .  T h e  role o f  enzymes i n  medicine, industry 
and disease. How the body produces these magical 
catalysts, and how they are made commercially. 

$5 .95/$5.25 

53060. A HISTORY OF MATHEMATICS. Carl 
B. Boyer. A fascinating 7 1 7-page book on the his
tory of mathematics from its primitive origins to 
its twentieth-century flowering. For the professional 
and amateur. $ 1 0.95 /$7.95 

40260. CONQUISTADORS WITHOUT SWORDS. 
Leo D. Deuel. Engrossing first-hand reports of some 
of the most exciting archeological finds ever dis
covered in the Americas. "Flawless . . .  brilliantly 
conceived . "-Satllrday Review. $ 1 2.95/$8.95 

41840. DAWN OF ZOOLOGY. Willy Ley .  The fas
cinating history of the growth of man's knowledge 
of the animal kingdom. Profusely illustrated .  An 
entertaining and long-needed contribution to the 
h istory of science. $7.95/$6.50 

42170. DIGITAL COMPUTER SYSTEM PRIN
CIPLES. Herbert Hellerman. A unified and authori
tative overview of the principles of digital computer 
systems common to programming, machine design 
and problem description. $ 1 3 .50/$9.75 

46330. THE EVER·CHANGING SEA. David B. 
Ericson and Goesta Wollin. Brilliant synthesis of 
the entire field of oceanographic science in one 
authoritative volume. Demolishes many old theories. 

$7.95/$6.25 

64560. THE NEW WORLD OF THE OCEANS: 
Men and Oceanography. Daniel Behrman. A fas
cinating study of the major oceanographic institutes 
and the biologists, geologists and economists who 
investigate the sea. $8 .95/$6.95 

61120. MATHEMATICS DICTIONARY, Third 
Edition. Edited by G lenn James and Robert C. 
James. Contains nearly 8,000 individual entries
including over 800 new words and concepts. Newly 
revised and enlarged. $ 1 7 .50/$ 12.95 

62100. MEN AND DINOSAURS: The Search In 
Field and Laboratory. Edwin H. Colbert. Up-to
date exposition of paleontology's knowledge of dino
saurs. Superbly written.  Many photos published for 
first time. $8.95/$6.95 

63870. NATURE IN MINIATURE. Ricllard Head
strom. A stunningly illustrated guide to the spec
tacular universe behind nature's surface show. Takes 
you through all twelve months in a tiny, hidden 
world. $ 1 0.00/$7.50 

70350. PROBABILITY THEORY AND ITS AP
PLICATIONS. Vol. 1, Third Edition. William Fei
ler. Illustrates a broad variety of practical prob
lems and the modern techniques for solving them. 

$ 1 0.95/$7.95 

41800. THE DEEP AND THE PAST. David B.  
Ericsoll and Goesla Wollin. The search for the 
elusive geological record of the Pleistocene-a quest 
that spanned 17 years and the oceans of the world. 

$6.95/$5.50 

80640. THE STORY OF QUANTUM M ECHAN
ICS. Viclor G llillemin. The exuberant story of the 
20th century's most exciting development i n  a dra
matic overview of the current state of physics. Just 
published. 58 .95/$6.95 

502 20. G E O L O G Y  I L L U S T R AT E D .  J o li n  S .  
SI.e/loll. Stunning, eye-filling study o f  the modem 
science of the earth. Lavishly i llustrated with nearly 
400 magnificent photos. " Outstanding ."-Scienti{ic 
A m ericall . 5 1 0.00/$7.50 

43200. THE EARTH. Carl O .  Dunbar. The dean of 
American geologists presents a masterful exposition 
of what we know about the earth, the mystery of its 
origins and what we are likely to learn about it. , 

$ 1 2.50/$7.95 
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by Philip Morri,;on 

T
IlE MAHI:\E \IA:--L\IALS OF TIlE 

NOlITIlWESTEHi\" COAST OF l\'OHTII 

A:--!EIUCA, TOGETlIEH W!TII AX Ac
COCXT OF TilE A:--!EHlCAi\" \ VllALE-FISIl

EHY, hy Charles 1\1. Scammon. Do
ver Publications, Inc. ($3.75). WHALE 

CHAHT, hy "Iatthew F. \1aury. Hydro
graphic Office Miscellany No. 8514. U. S. 
Naval Oceanographic Office, Suitland, 
Md. (.50 cents). BALElA! BALEIA!: WHALE 

HU:\T�HS OF TIlE AZOHES, b�1 Bernard 
Venables. Alfred A. Knopf ($6.95). THE 

YEAH OF TIlE WHALE, by Victor B. Schef
fer. Decora tions hv Leonard Everett 
Fisher. Charles Scribner's Sons ($6.95). 
Creat gray heads, each with a permanent 
grin, hoh high out of the water amid the 
floes, like huge buoys toward which three 
open boats are being somewhat tentative
ly rowed. That is one full-page lithograph 
in The Marine Mammals of tire NOl'th
lccslem Coast of North America; another 
one shows a humpback whale suckling 
hcr voung in a mistily drawn sea. A cou
ple of dozen such plates hy Charles 
Scammon and his talented lithographer, 
\[r. Steinegger, and plenty of line draw
ings, decorate this facsimile of an 1874 

volume that \\'as a failure in its dav. It 
has now been recognized for decades 
as the gem it is, a firsthand account of 
wonders long gone. The California gray 
whales still migrate along the Pacific 
Coast at the turn of the �/ear, leaVing the 
icy \\'aters of the Sea of Okhotsk to reach 
Scammon's Lagoon and I\lagdalena Bay 
for spring breeding in the warm shallows 
off Lower California. No othcr large 
whalchone whales are so regularly mi
gratonl or so habituated to coastal wa
ters. The gravs paid dearly for the latter 
trait, first to the Indian peoples of the 
Pacific Northwest and then in Scam
mon's timc to the coastal stations and 
the whaleships. They were fierce in the 
shallows ("The most dangerous of all 
whales to attack "); not for nothing did 
the whalemen call them devil fish. The 
bomb lance came into use 15 ycars aftcr 

BOOKS 
TVhales) the properties of (,'ater 
and sOlne 710710ceanlC 71IattCI'S 

Scammon first whaled in California and 
a decade before his book appeared. The 
I\laine youth who came to pan gold and 
stayed to command a brig against seals, 
sca clephants and whales "in great num
bers" lived to question whether the gray 
whale "will not be numbered among thc 
cxtinct species of the Pacific. " The grays 
arc protected now, and men still watch 
them move along the coast, but they no 
longer pass "a thousand whales . .. south
ward daily" from Half I\loon Bay to San 
Diego. In Scammon's time the number 
had dropped to 40 a day. The book 
treats sea otters, walrus and the rest, and 
it pictures both animals and industry in 
sharp and fond detail. 

\Iatthew Fontaine I\Iaury's whale 
chart is another memento of the great 
davs of the whalers, The pioneer ocean
ographer collected and issued special 
logbooks from hundreds of sailing mas
ters over a decade. Their data supported 
his lifework. This facsimile of an 185 1  
!'I'Iercator projection of the world indi
cates the whale catch with small spout
ing whales drawn in the Rve-degree 
squares-tips for whalers across the 
world ocean. The Antarctic was al
ready beginning to be the refuge for the 
hard-pressed whales; few whalers had 
rcached that ocean, although New Bed
ford and Nantucket keels had cut all the 
other seas. 

A year or two ago Bernard Venables, 
a distinguished British angler-artist and 
writer, himself took the "Nantucket 
sleigh ride" in an open whaleboat made 
"fast to blackskin" by a hand-driven iron 
harpoon, just as Ishmael did more than 
a century ago. On the voleanie islands of 
Pico and Fayal in the Azores the signal 
rocket hisses high overhead, the eager 
cre\\ men assemble in haste and attack 
the sperm whale at sea with the equip
ment of the Pequod. They have no brig 
hut set out from the rocky shore; their 
lookout is on a high cliff overhead. Some
one shouts "Baleia!" (Portuguese for 
"whale"), and if the whalers are lucky, 
one soon hears the Azorean verb "Bloz!" 
Scammon rcported that the crews of the 
California shore whaling stations were 
Azorcans; these islanders still pursue the 

trade as they learned it 200 years ago 
from the men of New Bedford, l\' ylon 
rope, radiotelephone links with thc hoats 
and a mdror launch for the haul out to 
the open sea are among the fcw inno\'a
tions in the present Fayal practice. Only 
within the past 1.5 years has thc process
ing on shore emploved winches and 
pressure cooking; the tryworks pot and 
its hand hoists are still to be seen on the 
shore. These brave men hunt for sport 
and the chase as much as for the good 
pay each campaign brings them. 

The Year of !lIe iV Iwle is a success in 
a risky genre: in Llue letterpress and 
with attractive monochrome illustrations 
at the chapter headings the tcxt follo\\'s 
the Rrst year of life of a sperm \\'ha Ie 
calf. The author, who \\Tites beauti
fully out of a professional lifetime of 
marine mammalogy, manages to a\"oid 
the perils of the enterprisc. His good 
taste keeps him from sentimcntality, and 
fictionalized vignettes digressing in a 
score of interesting dircctions forcstall 
narrowness. vVe have accounts of a Hus
sian woman biologist whale-marking 
from a helicopter, of Japanese bctory 
ships deftly carrying out their Gargan
tuan butchery, of the arguments men 
have about the biomass of the sea, of the 
courtship and pairing of sperm whales, 
of a man who exhibits a dead whale for 
a "fast buck," and much more, all made 
personal, lively and sharp. Thcre arc an
notations and citations in support, and a 
good list of readings. This is the kind of 
book not all will like; those \\'ho do are 
apt to read and reread it, learning the 
incidents by heart. Young people will 
learn from it much more than just \\'hale 
life. 

The world must have the plan of John 
Gulland for an International \\'haling 
Authority, with quotas and inspection. 
It is monstrous that \\'e heedless preda
tors may bring a bloodv cnd to the larg
est forms of life our earth has ever 
known. 

rrUE STHl:CTUHE AX]) PnOPEHTIES OF 

VVATEH, by D, Eisenberg and \V. 
Kauzmann. Ox[ord University Press 
($10). It was not only Thales of �Iiletus 
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who assigned water preeminence among 
substances. �[oderating his enthusiasm 
only a little ill two millenniums, we who 
are ourselves waterv beings must regard 
it as first among molecules. Here two 
theoretical chemists have produced a 
book that will attract people from anv 
walk of scicnce who deal thoughtfullv 
with water. Aimed at readers who have 
had a year of phvsical chemistrv, the 
book might tax them hcre and there, hUl 
it is clear alld often graphic. \Vhat the 
authors Ilavc done is to collect those 
measured properties of water in all its 
forms that arc mosl germane to our pic
lure of the substance, and then to pre
sent the data in the context of theOl'eti
cal explanation. They spread hefore the 
reader the rcsults and thc approaches, 
rather than the details of the theory, 
which would often go beyond the level 
of the book. For instance, it is the care
fill spectrographic measurement of thou
sands of illfrared resonances that has 
led us to a knowledge of the size and 
shape of the water molecule. The hook 
lists the main results and discusses er
rors and incolllpletenesses. It even gives 
formulas for the vihrational energy of 
the water molecule and for its moments 
of inertia, but it does not undertake to 
derive them from the quantum equa
tions of motion. 

The isolated water molecule is the 
first topic, studied of course in a dilute 
vapor by spectroscopy and by electric 
fields. The distance from the central oxy
gen atom to each of the hydrogens is just 
under one angstrom, and the two legs of 
the triangle have an included angle of 
ahout 104 degrees. The chmge of the 
electrons is spread along these legs and 
also out of the plane; it is, after all, this 
illtermediate ncgative charge that ee
nlCnts the positive and mutually re
pelling nuclei together. The cloud of 
negative charge extends farther in the 
direction of the hydrogens than it does 
the other wa�', giving rise to most of the 
molecule's net dipole moment. In the va
por, deviations from the ideal-gas laws 
arc interprcted in terms of the electrical 
attractions of such dipoles, which of 
course are by no means static but vary 
as the molecules spin and vibrate and as 
the electrons move within the atoms. 
The short-range repulsion of two water 
molecules is poorly known; what we 
have is a crude theoretical model that 
can be compared ,vith experiment only 
in approximate ways. 

Ice is fairly well understood. Its nature 
is dominated by the hydrogen bonds, less 
stable and more transient than ordinary 
covalent bonds. They form between mol-
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Visit the magnificent, 
mysterious civilizations of 

ANCIENT AMERICA 
for 10 days free as a guest of ITIMEI 

•• 'i:l 

With no model to borrow from, the 
Maya, Inca and Aztec peoples cre

ated cultures that staggered the European 
imagination. They built temples over 200 
feet high, suspension bridges, broad boule
vards, steam baths, and cities so striking 
that Cortes called the Maya Capital, Tikal, 
the most beautiful in the world. Rising 
from brutal savagery to high sophistica
tion, the Incas developed the most ad
vanced government of the 16th century. 
Providing a welfare system for its poor, 
the country was so rich in gold-"sweat of 
the sun"-that even fishhooks were made of 
it. Mathematics, astronomy and engineer
ing went hand in hand with the bloodiest 
religion ever devised by man ... one that 
called for the sacrifice of at least one stiJI
warm human heart for the success of every 
enterprise. Tracing each of these cultures 
from its inception through the arrival of 
the conquistadors and to the present, 
Ancient America brings all their dazzling 
splendor alive before your eyes. 

80 plates in full color 

Here, in gorgeous color, you'll see the jew
elry that thrilled the great Albrecht Durer 
... the paintings and sculpture that still in
spire modern artists ... the gold-plated pal-

BOOKS 

aces ... the majestic cities, some in jungle 
ruins, others miraculously preserved. 

The introductory volume in the GREAT 
AGES OF MAN series, Ancient America 
was written by Jonathan Norton Leonard, 
a scholar of twenty years' experience in 
Latin America. Using the picture-essay 
m a d e  f a m o u s  by TIME-LIFE B O O K S ,  
Ancient America complements a rousing 
intellectual adventure with more than 140 
superb photographs, 80 in color. Instead 
of the $7 or $8 you'd expect to pay, it 
costs only $3.95 ($4.95 in Canada)-and 
you also receive free an introductory es
say, "What Man Has Built," specially writ
ten for the series by Jacques Barzun, dis
tinguished scholar and social historian. 

Read the book first-decide later 

Examine Ancient America free for 10 days. 
If you're not satisfied, return it, and that's 
that. If you want to keep it, you pay only 
$3.95 ($4.95 in Canada), plus shipping and 
handling. Then you will receive future 
volumes in the GREAT AGES OF MAN 
series at regular two-month intervals-on 
the same free inspection basis. There's no 
obligation, so why not mail the coupon 
today? Or write: TIME-LIFE BOOKS, Time 
& Life Building, Chicago, Ill. 60611. 

size: 
8')4" x 10')4" 
• Over 140 

photographs, 
80 in full color 

·192 pages' Hard Covers, 
cloth binding 

Among other volumes in 
GREAT AGES OF MAN: 

Classical Greece· Age cif Faith 
Imperial Rome 

TO: TIME-LIFE BOOKS, DEPT. 0305 
TIME & LIFE BUILDING 
CHICAGO, ILLINOIS 60611 
Please send me Ancient America for ten days' 
free examination and enter a trial subscription 
to GREAT AGES OF MAN. With this volume, 
I will also receive. a specially written Introduc
tory Guide by Jacques Barzun. If I decide to 
keep this book, I will pay only $3.95 ($4.95 in 
Canada), plus shipping and handling. You may 
then confirm my reservation to receive future 
volumes in the series, sent a volume at a time 
at 2-month intervals, at the same price of $3.95 
($4.95 in Canada). These volumes are also to be 

sent to me on approval, and I may return any 
volume within ten days after receiving it, and 
may cancel my reservation at any time simply 
by notifying you. If after examining the first 
book, I do not choose to keep it or become a 
subscriber, 1 may return the book within ten 
days, my reservation for fulure volumes will be 
canceled, and I am under no further obligation. 

Name ________ ��--____ ��--------
(PLEA SE PRI NT) 

Address ____________________________ _ 

City ______________________________ _ 

State _________________ Zip __________ _ 

Schools and Libraries: Order Publisher's 
Library Edition from Silver Burdett Co., 

Morristown, N.J. 07960. Eligible for 
Titles I, II funds. 
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The Atlantic Shore 
HUMAN AND NATURAL HISTORY FROM 

LoNG ISLAND TO LABRADOR 

By JOHN HAY and PETER F ARB. Illustrated by 
Edward and Marcia Norman. "A must for those 
who would know not only what is there but 
where and how and why." - Hal Borland. 
Natural History. $6.95 

Conquest of the Sea 
By CORD- CHRISTIAN TROEBST. With 16 pages of 
illustrations. A wide-ranging survey of develop
ments in oceanography - economic, military, 
scientific. $7.95 

Great Waters 
By SIR ALISTER HARDY. Illustrated with many 
photographs and drawings by the author. The 
experiences of the chief zoologist on the 1925-27 
Discovery expedition to the southern oceans. 
"A well-written and very informative book." 

- New York Times Book Review. $10.95 

Harvest of the Sea 
By JOHN BARDACH, author of Downstream. 
With many illustrations. "Effectively intro
duces the subject of oceanography." 

- Audubon. $6.95 

The Living Sea 
By CAPTAIN J. Y. C OUSTEAU, with James 
Dugan. Illustrated in color and black and white. 
"An entrancing book by a scientist with a gift 
for explaining scientific problems." 

- New York Times Book Review. $7.95 

The Silent World 
By CAPTAIN J. Y. COUSTEAU, with Frederic 
Dumas. Illustrated in full color and black and 
white. This classic of undersea discovery has 
sold more than 3,000,000 copies in English 
alone. $7.95 

Streams, Lakes, Ponds 
By R. E. COKER. With photographs and draw
ings. "Packed with information about our in
land waters and their aquatic animals and 
plants." - Natural History. 

Paper ( HARPER TORCHBOOKS ) $2.25 

This Great and Wide Sea 
AN INTRODUCTION TO OCEANOGRAPHY 

AND MARINE BIOLOGY 

By R. E. COKER. With photographs and draw
ings. "A modern oceanography that is brief but 
comprehensive." - Nature. 

Paper ( HARPER TORCHBOOKS ) $2.25 

i.l!l At all bookstores, or from 

CD Harper eY Row 
1817 49 East 33d Street, New York, N.Y. 10016 

ecules, holding the almost diamond-like 
(actually wurtzite-like) structure of the 
oxygen atoms in place. The Boating of ice 
(like that of silicon and germanium on 
their melts) is the result of a moderately 
loose packing, with open tubes running 
along a couple of crystal directions. 
There are many other forms of ice, stable 
mainly at high pressure, in which are 
present distorted hydrogen bonds or two 
interpenetrating oxygen lattices allowing 
higher density. There is a glassy ice and 
also a subtle quaSi-cubic modification of 
the normal form, in which the oxygens 
are isomorphous with diamond. Those 
who recall the fate of the prophet Bo
konon will be interested to know that 
there is indeed a newly found ice 9 (or 
IX), although its properties are not ab
normally infectious. 

Liquid water, like all liC]uids, is not 
understood. The story opens with a use
ful reminder that we need to think of 
structure as changing in time. Instanta
neously a crystal such as ice reveals a 
pattern that is by no means crystallo
graphic: the molecules are caught by the 
snapshot away from their lattice points. 
Over a period of time long enough to 
allow many vibrations the molecules are 
blurred by their motion, but they center 
beautifully in the lattice sites. Over a 
still longer period the rotations of the 
molecules are displayed. These are best 
studied by the electrical response of the 
substance to fields of high frequency. 
The presence of the fields requires an ac
tual transient breaking of the hydrogen 
bonds and molecular rotation in silu. 
Such rotations are slow in ice, say one 
per microsecond per molecule; they are 
perhaps a million times faster in liquid 
water. The important motions are not 
uniform but spotty in place and time, and 
they are correlated from molecule to 
molecule. The entire problem is far from 
being an easy one, and the theories are 
incomplete even if they are growing. 
Natural water is a little purer than white 
soap; about 99.7 percent of it is H�OI(l. 
The other isotopes are rare. Two water 
molecules out of a billion are ionized at 
room temperature (such ions are rarer by 
far than Siamese twins among men), and 
the freed protons jump rapidly among 
molecules. Their chemistry is on the time 
scale of micromicroseconds. 

The quite recent observations of a 
dense form of water, called polywater, in 
which chains of molecules seem to be 
linked by modified bonds stronger than 
the hydrogen bonds, came too late for 
this book. The concreteness with which 
the chief concepts of our deepest knowl
edge of normal matter are dealt with in 
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In 1876 Her Majesty's Ship Challenger 

and her crew returned home after a 
, �-� circumnavigation of the globe that 

� � � took over three and a half years. The 
object of her expedition-organized by the British Govern

ment at the suggestion of the Royal Society-had been the 
scientific exploration of the physical, chemical, geological, 

Now the Johnson Reprint Corporation has reprinted this 
Report-once available only in a few libraries-in fifty 

large quarto volumes. They comprise about twenty-nine 
thousand, five hundred pages, and are illustrated with 

hundreds of lithographic plates, black and white photos, 
charts, maps, and diagrams. Subject areas include 

physics, chemistry, deepsea deposits, botany, and zoology. 
and biological conditions of the 
great ocean basins. The expedi
tion's rich and voluminous find
ings were studied intensively and 
carefully organized by 76 lead
ing scientists representing prac
tically every country of the civil
ized world. Between 1880 and 
1895, their report on the Scien
tific Results of the Expedition 
was published in London in 41 
volumes. 

r----------------------------------------------------, 
62: 

111 Fifth Avenue, New York, N.Y. 10003 

Please send me a copy of your H.M.S. Challen
ger brochure. 

Name ______________________________ __ 

Company __________________________ ___ 

Address ____________________________ __ 

City _______________ State ___ Zip __ 

. 

The 50-volume, cloth bound set 
costs $3,850.00. 

Obviously, a one-page ad is 
not sufficient space to do justice 
to this monumental work of sci
ence. For that reason, we've pre

pared a 4-page brochure and a 
portfolio of selected color plates 
from the Series. They're yours 
for the asking. Simply mail the 
coupon. 
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SPRINGER-VERLAG NEW YORK INC. 

175 Fifth Avenue, New York, New York 10010 

MARINE BIOLOGY 

International Journal on Life in Oceans and Coastal Waters 

Editor in Chief: O. Kinne 

Editors: M. Anraku (Japan), B. Battaglia (Italy/Spain), G. F. Humphrey 
(Australia), O. Kinne (Germany/Austria), N. K. Panikkar (India), J. M. 
Peres (France/Benelux countries), E. A. Pora (Roumania/ neighbour coun
tries), J. E. Smith (U.K.), E. Steemann Nielsen (Scandinavia), M. Vannucci 
(South and Central America), M. E. Vinogradov (USSR), G. L. Voss (North 
America). Assistant to the Editors: R. Friedrich (Germany) 
"Marine Biology" contains original contributions (mainly in English, but 
also in German or French) to the following fields of research: 
Marine zoology including fisheries, marine botany, marine microbiology. 

It is the purpose of this journal to serve as a world-wide, international 
medium for important new information and to facilitate and stimulate 
interdisciplinary contacts. 

1970, Vols. 5-7 (4 issues per volume): $73.20 including postage. 

Subscriptions are entered with prepayment only. 

Sample copy will be sent upon request. 

(Published by Springer-Verlag Berlin - Heidelberg - New York) 

HANDBOOK OF GEOCHEMISTRY 
Executive Editor: K. H. Wedepohl, 
Professor of Geochemistry, Universitat Gottingen (Germany) 

Editorial Board: C. W. Correns, Gottingen; D. M. Shaw, Hamilton, Can
ada; K. K. Turekian, New Haven, USA, and J. Zemann, Vienna, Austria 

A critical presentation made by some 70 specialists of important facts on 
the distribution of the chemical elements and their isotopes in the earth 
and the cosmos. 

The work is published in two volumes. Vol. II will be released in several 
installments in 3 or 4 loose-leaf binders. 

Vol. I: 59 illustrations. xv, 442 pages. 1969 
Vol. II, Part I: 178 illustrations. xi, 586 pages (loose-leaf boxed). 1969 
The first installment comprises Vol. I and Vol. III 1, sold only as a com
plete set. Price of first installment, boxed: Cloth $56.00 (including binder). 
There is a subscription price for the complete set, valid until the last in
stallment is published. Subscription price for the first installment (Vol. I 
and Vol. 11/1) Cloth $44.80. 

HOT BRINES AND RECENT HEAVY METAL 

DEPOSITS IN THE RED SEA 
A Geochemical and Geophysical Account 

Edited by Egon T. Degens and David A. Ross, Woods Hole Oceano
graphic Institute, Woods Hole, Mass. 

approx. 210 illustrations (8 in color). xii, 600 pages. 1969. Cloth. $32.00. 
Contents: Introduction.-Geological and Geophysical Setting.-Water.
Organisms.-Sediments.-Economic and Legal Implications.-Summary. 

ORGANIC GEOCHEMISTRY. Methods and Results 

Edited by Geoffrey Eglinton, University of Bristol, School of Chemistry, 
Bristol, England and Sister Mary T. J. Murphy, Saint Joseph College, 
West Hartford, Connecticut 

approx. 243 illustrations. approx. 848 pages. Cloth. $44.50 
Scheduled to be released Nov./Dec. 1969. 
The first overall view of the field of organic geochemistry giving current 
methods and techniques, research areas and results. The integrated, up
to-date critical and selective treatment is aimed at two types of readers, 
first, geologists with some chemical knowledge, and second, organic chem
ists with a little geology in their background. 

Please ask for leaflets. 

All books and periodicals published by the European Springer-Verlag companies 
are available directly from the New York Office. Orders are processed with ill 
48 hours after receipt. 

th is clear account has hardly ever been 
matched. 

BASIC SHIP THEORY, by K. J .  Rawson 
and E. C. Tupper. American Else

vier Publishing Company, Inc. ($20) . 
Try Roating a uniform rectangular block 
with some height, width and length. You 
may be surprised to find that it will not 
in general Roat s tably with any of its 
faces parallel to the water surface. In 
spite of intuitions of stability it  often 
floats with an edge uppermost, boldly un
symmetrical. The theory of the result is 
given as an exercise in this up-to-date 
and lively first textbook in naval at'chi
tecture, aimed at students who have had 
the basic engineering training :  mechan
ics and calculus. Ships are not brick
shaped, and the geometry of curved 
complex shapes, with means for comput
ing Rotation and stability, occupy the 
first 150 pages of the text. There is then 
a section of material on the ship not as a 
Roating shape but as a real structure. The 
girder that is a ship must withstand the 
stresses of the waves, as a whole and in 
all its parts. One must reckon the unusual 
buffets of docking and of the launch-the 
birth trauma. 

The ship aRoat, like all large ma
rine beasts, is s tronger than the ship 
grounded. The ship must resist the sea in 
all weathers, and the statistical account 
of the nature of the sea surface leads to a 
set of problems both in statics and in dy
namics. The ship is driven by a screw, is 
turned by prime movers of some kind 
(hydrofoils, catamarans and hovercraft 
are not forgotten, although their design 
is merely sketched in) and needs to ma
neuver. All of these are treated in the 
volume, and a few chapters then de
scribe the methods of overall design, for 
real ships that must have light and air 
and fuel and boats on the davits, and 
must fish or fight or haul bulk liquids for 
a living. The breadth of considerations 
that enter here is surprising; unlike the 
still more scien tific profession of aero
nautical deSign, naval architecture seems 
to be less specialized into distinct disci
plines. The computer is clearly much in 
use and will become dominant. These 
authors, both experienced ship deSigners 
of the Royal Navy, have kept their text 
free of explicit programming, however. 
They use British and metric units freely ; 
these are years of transition. 

The size of a ship is a controlling fac
tor, although it is hard to fix rationally. 
Given the function of a specialized ship, 
say a trawler, the problem has a clear 
path to solution. Looking more broadly 
at an overall problem such as tanker 
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Join the most sensible 
book club ever 
established! 

Save up to 8%0/0 on ever� book in print! 
No limits on what or when �ou bu�! 

No eommitments to take an� number of volumes! 
WHAT A VALUE! Now you can buy any book 
on the market ... at practically wholesale 
prices ... without involving yourself in a 
single commitment! 

(Why Didn't Somebody 
Think of This Before?) 

IT'S ALMOST UNBEliEVABLE! Here's the ulti
mate in book clubs. Where the whole sys
tem works for you. And no one tells you 
that you MUST do this or CAN'T do that. 
There are absolutely 

·
no restrictions, no 

"quotas", no monthly postcards to return, 
no obligations whatsoever! 

UNLIMITED SELECTION. You can order any 
book of any publisher listed in the Master 
Catalog of American Books at discounts 
guaranteed up to 81%-right across the 
board! That includes hard-cover and paper-
back ... fiction and non-fiction ... religious 
works ... technical and scientific books ... 
textbooks ... art portfolios ... anything be
tween two covers that captures your 
interest! 

As a club member you.can order from any 
p u blish er: R a n d o m  H o u s e, Simon & 
Schuster, Harper & Row, Doubled ay, 
McGraw-Hili, Harvard University Press. 
And that's just a smattering! 

Remember: you select any title. But IG
NORE THE REGULAR LIST PRICES
because you'll neve" again have to pay 
anything close to them! 

LIFETIME MEMBERSHIP. W hen you join the 
American Book. Club it's for keeps. Your 
membership will never expire-will neve>· 
have to renewed. And you don't have to 
make a single purchase! 

Think what this means. For the rest of 
your life, you can order all the books you 
want. No yearly purchase quotas. Butwe're 
as close as your mail box when you w(mt us. 

REAL PUBLISHERS' EDITIONS. Perhaps you've 
wondered: "There must be a catch here. 
They must be putting out cheaper editions, 
like some other clubs." Not so! Every book 

you buy through us. is 
guaranteed to be the orig
inal publisher's edition . . ,Ve don't give you cheaper 
paper or smaller type or 
bindings that stain your 
hands. Yo u r e c e i v e  the 
genuine a1·ticle-the orig
inal publisher's edition, 
just as if you had picked 
it off a bookstore counter! 

FREEDOM FROM PRESSURE. 

Honestly, we don't care 
how many volumes you 
buy. Or how few. You can 
order a carload ... or pur
chase nothing I 
We'll never bug you with 
"reminders - that - you -
didn't - buy - enough - this 
year." We'll never send 
you cards to fill out and 
return. And we'll never 
mail you books other than 
those you specifically ,""
quested. 

Huge 350·page Master Catalog lists full 
20,000 books in print. Every title at guar
anteed discounts of as much as 81 %. All 
categories, all subjects included-hard 
cover and paperback, fiction and non
fiction, best sellers and classics, even multi
volume reference works, encyclopedias 
and college texts. NO EXCEPTIONS! 
Discount always shown side-by-side with 
regular retail price so you can compare 
in every case. No commitment to buy any 
number of volumes. Order any book in 
print through club direct from warehouse. 
No exceptions. No middleman. You never 
pay list price for any book, ever. Request 
your Master Catalog now. 

Keep Catalog FREE 
even if you decide 
NOT to be a member! 

FREE SUPPLEMENT. As a member, you'll re
ceive the regularly up-dated supplement to 
the Master Catalog of American Books 
con taining special bargains even beyond 
the Club's normal discount I 

MONEY-BACK GUARANTEE. We'll take our 
chances that you'll feel delighted with every 
book you buy through the American Book 
Club. And if you aren't-whatever your 
reason-just mail it back for a full "efundl 
(What other club would dare make a prom
ise like that?) Your orders are processed 
by computer-our fastest possible service
so you can enjoy the books you ,vant as 
soon as possible! 

THESE REMARKABLE BENEFITS of membership 
are yours for the one-time, lifetime fce of 
only $5-equal to your savings on the first 
2 or 3 discount-priced books you order! 
Act today. Join the ultimate in book clubs 
for your enjoyment for years and years 
to come! 

MAIL COUPON TODAY! 
•••••••••••••••••••••••••••••• 

American Book Club 123 

Hazleton, Pennsylvania 18201 
Yes! Though I'm still blinking in amazement, I 
want to become a member of the AMERICAN 
BOOK CLUB and receive the lifetime privilege of 
ordering any and all books in print for discounts 
up to 81 %. I enclose my onetime membership 
fee of $5. In return, I will expect the Master 
Catalog of American Books plus a free subscrip· 
tion to its regularly updated supplement BOOK· 
MARKER. I understand there is NO obligation to 
buy anything ever, and you will ship me only 
those volumes I specifically order. (Small hand· 
ling and postage charge.) Any books that dis· 
satisfy me for any reason may be returned with· 
in 10 days for a 100% cash refund. And if the 
club itself dissatisfies me I need only let you 
know within 10 days 10 receive a full refund of 
my membership fee. But the Master Catalog of 
American Books Will Be Mine to Keep Regardless. 

NAME ________________________ ___ 

AD DR ESS ________________________ ___ 

C ITy __________________________ _ 

STATE Z I p �-::-::-::-:::-::c_::_ . 
••••••••••••••••••••••••••••• 
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Manpower, Inc. supplies technical help 
for projects of all orders. 

In short order. 
We've got over 450 local offices 

around the country. So when an aero
space company in Buffalo needed a 
thermodynamicist, they just called our 
Buffalo office. 

And our office wasn't buffaloed. 
They sent the request to the Monster, 

our central IBM file. In it is information 

about our 15,000 available specialists. 
(Not just thermodynamicists and physi
cists. Architects, engineers, designers 
and draftsmen too.) 

Then the Monster acted like a dating 
service. It matched the assignment with 
our most suitable thermodynamicist. 

He worked for the aerospace company 
for two years, till the assignment was 
over. But all that time Manpower was his 
employer, and we paid him. Every week, 

right on time. We're a big, solid company 
and we can afford to be efficient about 
things like that. 

But even we can run into trouble. 
When a toy company called us for a 

teddy bear engineer, the Monster drew 
a blank. But we put all our offices on the 
alert. And in three weeks, Milwaukee had 
tracked our man down. 

Nothing's too tough for Manpower, Inc. 
Even teddy bears. 

Manpower�h"i�1 S'N;o"Di,"oo 

If we could come up with a teddy bear engineer, 
we can come up with the man for your project. 
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RECENT 
F IND I NGS Charge Quantization 

RESEARCH LABORATOR I ES 

� 
and Phase Relationships in 
Circuits Containing 
Microcapacitors 

Recent experiments at the Ford Motor Company have pro
vided evidence for unusual electrical behavior in an array 
of  microscopic circuits consisting of resistive and capaci
tive elements. This unusual behavior can be traced to 
the discrete ( or quantized ) nature of  the electronic 
charge. It has also led to the discovery of a new kind of 
electronic "memory". 

The capacitance C of  a circuit or device is usually 
defined by the familiar formula Q = CV. Q is 
the stored charge and V is the voltage across 
the circuit. However, it is well known that 
charge in an electrical cir-
cuit results from an excess Thi n O x i de 
or deficiency of electrons 
and each electron has one Meta l  D r�p let 
c h a r g e , n a m e l y  e .  T h u s �Iuml n�m 
Q = ne where n is an integer Th ick  OX ide 
so that the voltage on the AI . 

. 
h ld h 

. um lnum capacItor s ou c ange III 
discrete steps of size e/ C.  Structure of a s i n g l e  m i croc i r cu i t .  

(A) 

The detection of such voltage steps is exceedingly diffi
cult since thermal noise smears out the steps so that they 
are n o  longer identifiable. In  order to guard against such 
effects, it is necessary to work with very tiny capacitors. 
In the actual experiment an array of ultra-microelectronic 
resistance-capacitance circuits were used. These were in 
the form of tiny metal  droplets connected to an electrode 
through an electron tunneling j unction.  ( See Figure A )  

Detailed analysis shows that each o f  the individual 
micro-circuits should display . an a .c .  ( or small signal ) 
capacitance that is a periodic function of the battery volt
age. Thus in  measuring the a .c .  properties of such an array, 
one is simply measuring the sum of a l arge number of such 

Equiva len t  c i rcuit  of t he  m i croc i rcu i t .  

periodic functions. The pe
riod depends upon the value 
of the microcapacitance and 
therefore a distribution in 
periods ( related to the dis
t r i b u t i o n  in c ap a c i t a n c e  
sizes ) results. Such sums 
a r e  c a l l e d  F o u r i e r  t r a n s 
forms a n d  c a n  readily b e  

calculated . O n e  additional  quantity that enters is  the phase 
of each periodic function. This phase term is a rather com
plex entity, but it is susceptible to experimental control. 

The experiments to substantiate the above ideas were 
carryed out using thin-film evaporation techniques. Devices 
consisting of 10 billion such microcircuits were· m ade. 

Each microcircuit has a size on the order of  1 0-18 cubic 
centimeters. 

The results of  the experiments confirm the above ideas 
in a striking fashion.  The phase term of the periodic func
tion representing each microcircuit is not  random, but 
because of slow relaxation processes in the dielectric media 
the phase will depend upon the previous electrical history 
of the material. At the point where the various phases 
become equal a large a.c. capacitance effect is  noted ( See 
Figure B ) . The phase terms can be adj usted by applying 
d .c .  voltages for a long period of time ( or for a much 
shorter period if  the array is simultaneously illuminated 
with light ) .  One then finds large a.c. capacitance effects 
at these voltage settings. Thus a new kind of memory 
results.  The memory is contained in  the phase term rela
tionships among the 10 bil l ion microcircuits.  I t  is a highly 
redundant memory. 

CI.) 
U 
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-

U 
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a. 
0 
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en 0 -U 
0 
� 
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- 2 0 0  
- 0 . 1  o + 0. 1  + 0 2 + 0 3  
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(C) 

A.C .  capac i tance o f  a n  array of 1 0 b i f f l O n  microc i rcu i ts  a s  a funct i on  of d .c .  vo l t age  s c a n  after t h e  phases  
have been  ad jus ted  by p lac ing  a vo l tage  V, on  t he  arrary for a l o ng  pe r i od  of t ime .  

This research represents only one aspect of  Ford Motor 
Company's continuing study of the fundamental properties 
o f  matter. It's a part of our never-ending search for better 
materials and better devices to help us build the best prod
ucts possible today. 

P R O B I N G  D E E P E R  F O R  B E T T E R  I D E A S  

2 7 3  
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A cu l tu re wi l l  be l ost i n  the 
i cy g raves of th e o ld  m e n . 

H u n te rs of th e North ern I ce 
by R i cha rd K.  Ne l s o n  

With the  pa ss i ng of the  present  adu l t  g e r.l e rat i on of Esk imo h u n te rs a 
u n i q u e  way of l i fe wi l l  d i e .  So tha t the knowledge of h undreds of 
g e n e ra t i o n s  wi l l  not be  lost, R if:ha rd K .  N e lson has recorded his 

exper ie nces l i v i n g  and wo rking with th ese men and l ea r n i ng th e i r  

tech n i q u e s  b y  di rect  pa rtici pati o n .  Phys i c a l  ag i l i ty, e ndu rance , and a sense 
of h umor to w i ths ta n d the  h u n ters' hab i t  of teach i n g  th rough r id i c u l e , 

equ ipped N e l son to make th i s  study-and h is  work was verba lly edi ted by 
th e  Eskimos.  The res u l t  i s  a fi n e  accoun t of  wea pon - mak ing  and h u nt i ng , o f 
m e n and the  a n i ma ls they h un t, of meth ods of surv ival  i n  a rctic cond i t ions .  

I t  is a lso a rare con tri but ion  to c u l tural  anth ropo l ogy. 

WeSley 
Marx'S 
, 'fascinating, 
important book" · 
about our 
pol luted waters 
THE FRAIL 
OCEAN 

" Be l o n g s  on every b o o ks h e lf beside R a c h e l  
C a rso n ' s  S ile n t  Spr ing . " - B o o k · o f · t h e ·  
M o n t h  C l u b  News .  A d e d i cated c o n s e rva 
t i o n ist s h ows h ow, for c e n t u r ies ,  m a n  h a s  
p l u n d ered a n d po l l uted t h e  s e a ,  a n d  h o w  
t h i s  r i c hest  of a l l  o u r  n a t u ra l  reso u rces 
may be d a m aged for g e n e ra t i o n s - u n less 
we act now! · New York Times 

9 5 ¢  at boo ksto res, or m a i l  co u po n .  

B A L LA N T I N E  B O O K S ,  I N C .  D e p t .  C o S  

1 0 1  Fifth Ave . ,  N .  Y . ,  N .  Y .  1 0003 

P l e a s e  send m e  __ c o p y ( i e s )  of T H E  FRA I L  
O C E A N  @ $ 1 . 0 0  e a c h  ( p r i c e  i n c l u d e s  postage a n d  
h a n d l i n g ) .  M y  c h e c k/ m o n ey o r d e r  i s  e n c l o s e d .  

N a m e  

Add ress _____________ _ 

C i ty ____ _ State __ Z i p  __ 

... . _ . _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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With ph otographs by th e a u th or . 
$8. 50 

The University of 
Chicago Press 

5750 E l l i s  Avenue, Chicago, I l linois 60637 

Discover the world 
beneath the sea . . . and 
the scientists, engineers, 
economists, and other 
specialists who study 
its secrets 

THE NEW WORLD 
OF THE OCEANS 
Men and Oceanography 
By Daniel Behrman. "Modern 
oceanography and oceanogra
phers make truly fascinating 
subj ects for the author's in
formed, inquisitive pen in this 
fact-filled and colorful book." 
-Pub lishers' Weekly.  Illus
trated with photographs, $8.95 
at bookstores. 

LITTLE, BROWN 

transport of petroleum, however, is it 
better to use a few large ships or lllany 
small ones? It appears that the tendency 
is to use larger ships. This matter is not 
handled very clearly in the text .  The 
deadweight (the weight of cargo and 
fuel) of a ship and the displacement (the 
total buoyant force) vary with size and 
purpose. A small coastal vessel has about 
60 percen t of its deep displacement 
available for deadweight ;  a 1 ,000-foot 
tanker, as much as 86 percent .  There are 
two pages and a couple of bibliographic 
references for sailing yachts. Nuclear 
power is at present economic only for 
submarines and icebreakers, the authors 
write. This is a profeSSional book-cheer
ful but no-nonsense.  Engineers, pat"ticu
larly young ones, might be a little more 
playful .  

D ISEASEs IN ANTIQUITY : A SUR\,EY OF 

THE DISEASES, IKJ URIES AND SUR
GERY OF E ARLY POPULATIONS, compiled 
and edited by Don I3rothwell and A.  T. 
Sandison . Charles C ThOlnas, Puhlisher 
($39.75) .  Formidable in weight and 
learning, this is a compendium of eight 
"classic" reprints (mostly from between 
the world wars) and some 50 original ar
ticles . I ts expert British compilers see 
their work as a conscious effort to pro
duce a stock-takin g review of the subject 
as it now stands, a guide to new partici
pants and a plea for more help and more 
data. The scope is wide and the results 
are faSCinating. 

The oldest-known disease dates back 
to the Carboniferous period, when "cer
tain crinoids were afflicted in their stems 
with tumor-like lesions," probably the 
result of a parasitic attack commonly ob
served on modern crinoids. One sees here 
the method in brief and at its lllOSt dis
tant point in time : damage inferred from 
the examination of hard parts, and com
parison with modern analogues. Soft 
parts are occaSionally preserved in na
ture, as in bogs, but more often by human 
artifice in mummies (Egypt and Nubia 
are thus prime regions for data) .  Art and 
written documents are indispensable for 
the study of human disease over the past 
few millenniums.  Dry-bone pathology 
and the interpretation of long-lost artistic 
conventions and of ancient metaphori
cal diagnoses are not infallible methods ; 
they lead to a sizable literature of pseu
do-pathology, which is engagingly ana
lyzed here to begin the book with a map 
of the pitfalls. A Bronze Age woman's 
skull from Palestine disclosed what 
seemed to be a tightly fitted metal filling 
in a lower-right molar. The first dentis
try? It  turned out to be a metal fragment 
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Will you 
read our 

September, 1990 issue 
with a sense of nostalgia? 

Nobody really wants to k i l l  a lake.  Or 
dirty a river.  Or foul the a i r .  In fact, these 
days they are being done by some of the best
intentioned people i n  the world . 

They are being done with such rncreas
ing frequency, always in the name of "prog
ress," that you could be read i n g  about "the 
way i t  was" even before 1 990 .  Whether that 
ever happens depends on what we a l l  begin 
to do i n  1 969. 

At N A T U R A L  H I STORY ,  w e  w a n t  to 
make certa in  we don't ever have to change 
our name to 'Ancient H istory . '  So , i n  j ust the 
past few months,  2 1 0,000 cu rrent subscribers 
have been the first readers anywhere to con
front The Myth of the Peaceful Atom,'  a 
start l ing ,  documented analysis  of what could 
be the gravest "  threat yet to our environment . 
They have looked i nto the future of the mag
nificent Brooks Range i n  Alaska and seen a 
hint  of things to come - l ike  Torrey Canyons 
and Santa Barbaras.  And,  i n  a spec ial  3 2  page 
supplement,  NATURAL H ISTORY readers got a 
report on 'The U nforeseen I nternational Eco
logical Boomerang'-how the underdeveloped 
nations are catch i n g  up with the i ndustrial  na
tions i n  at least one respect . By upsett ing the 
ecological  balance of thei r  environments at 
a n  ever-increasing rate. 

begin your trial subscription 
with a free book • • .  

I f  y o u  s h a r e  a n  i n t e l l i g e n t  c o n c e r n  
about t h e  pol lut ion of o u r  environment,  you'l l  
be fascinated by Barry Commoner's book, 
Science & Survival, which wi l l  be sent free 
with your trial subscript ion to NATURAL HIS
TORY. Professor Commoner expla ins  that , for 
a mill ion years, human beings have survived 

on earth by fitting into a l i fe-susta in ing en
v i ronment,  t ied together with animals ,  p lants ,  
microorgan isms,  soi l ,  water ,  and a i r  i n  an  
e laborate network of mutual  relationsh ips .  
But now that ecological network has been 
severed i n  many places-by smog and sewage. 
i nsect ic ides and detergents - always acc iden
tal ly ,  never mal ic iously. 

The New York Times describes Science 
& Survival as "an enl ighten i n g  and i m portant 
work . "  B u t  most of all , i t  i s  a warning and 
a cal l  to act ion.  How far down the road to 
self-ext inct ion we have traveled already isn't  
f u l l y  k n o w n .  But P r o fessor C o m m o n e r ' s  
book suggests w h a t  can b e  d o n e  t o  avert t h e  
ult imate blunder - what e a c h  of u s  can d o  
n o w  to i nsure t h a t  m a n k i n d  h a s  a future.  

• • .  plus a free first issue of 
NATURAL HISTORY 

Along with Science & Sl Ir
vival ,  the coupon w i l l  bring 
you a free.  tr ial  issue of the 

current NATURAL HISTORY. By now, you 
know that ecology is  one of our  major con
cerns.  But there's much more i n  store for you 
in N A T U R A L  H I STORY ,  p u b l i sh e d  b y  T h e  
American M useum o f  N atural H i story.  I n  
a n y  issue y o u  m a y  b e  tran sported back 40,000 
years to the Ice Age, or 200 feet down a coral 
reef, or m i l l ions of m iles out into space. 
You may be taken under the lens of a m i 
croscope t o  marvel at the b u s y  l i fe of an 
amoeba, or under  the quite different lens of 
an anth ropologist studying the many d ifferent 
ways of being human. What we can't say i n  
words w e  p u t  into pictures - photographs, 
drawings, maps,  charts,  d i agrams - that add 
c o l o r ,  d i m e n s i o n ,  a n d  c l a r i t y  to n a t u r e ' s  
w o n d e r s .  

Keeping every one o f  those wonders 
al ive is important to all  of us - t h rough 1 990 
and beyond .  You'l l  share many of them dur
i n g  the year ahead i f  you return the coupon 
now. You r  free book, and free trial copy w i l l  
be s e n t  r i g h t  away. 

r - - - - - - - - - - - - - - - .  
NATU R A L  H ISTORY M AGAZINE I 39 West 77th Street, New York, N. Y. 1 0024 
Please send me a free copy of Science «: SlIrI ; \'ul, and a free t r i a l  issue of N A 1 U R A L  H.I STORY . I E n t e r  my subsc r i p t i o n  for one ye'H ( 1 0  issues ) at $7 begi n n i n g  n e x t  m o n t h .  ( I f  I decide t h a I  
NATlJR.4L H I STORY i s n ' t  for m e .  I m a y  c a n c e l  my subsc r i p t i o n  w i t h o u t  obl i ga t i o n . )  J u n.der - I s t a n d  t h a t  1 w i l l  also be e n ro l l e d .  a t  no e x t r a  cost.  as a n  As<;oc i a l e  M e mber of The A m e r i c a n  
Museum of N a t u r a l  H i slOry.  w h i c h  e n t i t les me to two gift  b o o k s  a y e a r .  spec i a l  d i  ... cou n t s  a t 
the M u s e u m  Shops a n d  o t h e r  benefits.  I Check e n c losed 0 B i l l  me 0 

N a m e . 

A d d ress . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
I 

I 6i�� � a v a i l a b l e  to new subscri bers o n l y .  

. Sl a l C' . . . Z i p . . .  I 
� - - - - - -- - - - - -- -- -- - - � 
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In the oceans and the seas, in rivers, lakes, and ponds, in every 
body of water in which fish live, algae are present-maligned or 
extolled, ignored or analyzed, exterminated or cultivated, depending 
on how they affect man's welfare and happiness. 

This important new book gives a broad 
view of algal problems and research, 
both basic and applied, around the world, 
and demonstrates the concern of 
individuals and governments in these 
increasingly significant microorganisms. 
For specialist and nonspecialist, "the 
book provides the reader with a selection 
of intriguing, and in some case beautiful, 
papers dealing with aspects of 
phycology." -Science 
"International in scope, bringing together 
biologists from 13 countries, the 27 
papers contribute immensely to necessary 
knowledge of algal biology. Phycologists, 
engineers, and water conservationists 
will find this to be an indispensable 
volume."-Transactions of the American 
Microscopical Society 

554 pages, illustrated $18.00 
Order from Syracuse University Press 
University Station, Syracuse, New York 13210 

U n a n swered Q u esti o n s  A b o u t  

t h e  C o n t i n e nt s ,  t h e  S e a s ,  

t h e  At m o s p h e re ,  t h e  O ri g i n s  

o f  Life 

By P ETER B R I G G S  

DR. THOMAS S .  AUSTIN, Director, 

National Oceanographic Data Center, 

Washington, D.C. says : " I  like the deft manner in which he has 

convinced me, after twenty-plus years 

as a professional oceanographer, that 

scientists have not 'finished changing 

our world nor our concept of it: This 

in-depth treatment of the state of our 

knowledge of the oceans, thus exposing 

what we do not know, should both in

terest and pique the interest of the 

layman and the scientist." The book in

cludes among many, many other things 

what we know and what we still don't 
know about : the origins of the ocean 

basins, sea water, and the ice age ; ocean 

currents ; the history of sea level ; conti

nental drift ; air-sea interaction; and the 

behavior of fish. 

2 7 6  

Publication i n  October. $5.95 

DAV I D  M c KAY C O M PA N Y ,  I N C .  

N e w  Y o r k ,  N .  Y. 1 001 7  

"Listen man, m y  starka 
is bigger than your starka." 

"What are you putting me on? 
Even my l ittle schnook could 

beat your fat o l d  starka !" 
(Conversation overheard between Zapists.) 

The bri l l iant  (but vicious) 
new game. ( It's fun to play.) � 

$3.95 RANDOM HOUSE &ill 

she had bitten on that was embedded in 
a pit in the tooth, never breaking tbe 
natural surface . 

There are successes too. It is hard to 
doubt that the Chinese had empirically 
learned the subtle effects of a lack of 
vitamin A when they prescribed the liver 
of pig and sheep for night blindness as 
long ago as the T'ang dynasty (about 
A.D. 700) .  The same physicians convinc
ingly described and diagnosed rickets, 
but their therapy was less good : they pre
scribed stalactites and rhinoceros horn . 
The finest surgery among preliterate peo
ples seems to be found in parts of Poly
nesia and of East Africa . For instance, a 
true Cesarean section, saving both the 
20-year-old mother and the child, is re
ported by an expert European eyewit
ness as it was performed by a black sur
geon in Uganda in 1879.  Both the anes
thetic and the disinfectant were banana 
wine. The wound healed in 11 days, and 
the patient never showed acute fever. 
Very few surgeons did as well at the time 
in Europe . One can see recent photo
graphs of a Kenyan patient who has lost 
about 30 square inches of his skull vault 
in a series of trepannings done with a 
scraper. This man was perfectly healthy, 
but when he brought his son to a hospital 
for treatment he took his hat off to dis
close the project. The alarmed physicians 
fitted him with a plastic skullcap. "At last 
report he was wearing this and quite 
proud of it." His old Kisii surgeon is here 
too ; the only indication for the heroic 
operation, said this man who had tre
panned more than 100 patients, was 
headache following a blow. He usually 
removed fractured bone and clotted 
blood .  Trepanning is performed on the 
living skull by various techniques around 
the world ; it was done in Europe as far 
back as the Neolithic period . It must 
have had many motivations, not all so 
engagingly straightforward as that of the 
Kisii surgeon. 

Siamese gibbons in the wild state show 
many signs of trauma. About 35 percent 
of a sample of more than 100 animals 
have normally healed fractures, mostly 
of humerus, femur and fingers . This trib
ute to the vis medicatrix naturae destroys 
the classical observation that, since many 
fractures seen in the remains of ancient 
man are well healed, "the art of setting 
and holding broken bones is very old." 
The apes seem to survive many injuries 
and inborn developmental disturbances 
without medicine. 

Finally there are several papers that 
bear on the great syphilis controversy. 
The venereal form of this disease clearly 
broke out in the first decades of the 16th 
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Meet the world's largest 
and most cu rrent catalog 
T h e re a re o v e r  3/4 of a m i l l ion pages 
of cata logs on that desktop . . .  fro m  
the largest com pan ies a n d  t h e  
i m po rtan t reg a rd l ess of t h e i r  s ize. 
T h e re i s  j ust about eve ryth i n g  a 
d e s i g n  e n g i n e e r  needs to have the 
latest i n fo rmation about the n ewest, 
as we l l  as the most used p ro d u cts 
a n d  mate r ia ls .  

T h e re a re over a h a l f  m i l l ion pages 
of other data too :  eve ry active M I L  
spec,  c o m p l ete with a m e n d ments,  
s lash s heets with l atest rev i s i o n s  
s potted .  Q P Ls a n d  M I L  Stan da rds 
a re t h e re ,  and a l l  the c u rrent ASTM 
Sta n d a rds. 

CONTI NENTAL 

D R I FT 

EDITED BY G. B. GARLAND 

Are the continents of this world bits of one 
primeval land mass broken apart by dyna
mic earth forces, drifted to their present 
sites, and still drifting? This volume, a col
lection of articles by such foremost scientists 
as J. Tuzo Wilson, G. F. Macdonald, E. R. 
Deutsch, N. W. Radforth, R. W. Tanner, 
B. R. Pelletier, H. L. Cameron and others, 
discusses this still controversial subject. 

" [This book] should find a place in the 
library of those interested in continental 
drift, and those concerned with the morpho
logy of eastern and northern Canada." 
Nature 

$6.50 

UNIVERSITY OF TORONTO PRESS 

701 Washington St., Buffalo, N Y 14215 

2 7 8 

We u pdate a l l  of t h i s  mate rial  eve ry 
two months ( M I L  S pecs every month) 
a n d  have our c o m p u te rs pr int  out  a 
whole new i n dex.  Res u l t :  you can 
f ind a l most anyth i n g  i n  less than two 
m in utes. We say "we make e n g i n ee rs 
out  of e n g i n ee rs "  because we 've 
e l i m i n ated the i r  f i l e  c l e r k  funct ion.  

I t  g ives you 1 0% m o re e n g i n e e rs 
fo r the cost of o n e  f i l e  c l e rk. 

Fo r fu rt h e r  data (a deta i l e d  1 2  page 
b roc h u re)  wr ite 
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Dept.  SA54. 330 West 42nd Street,  New York, 
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illustrated by 
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Waring 
Buck 

A fascinating study of the plants, 

fillhes, birds, and other sea creatures 

that live in or near the waters 

surrounding the continental United 

States. Accurate drawings and good 

explanatory text help young nat

uralists become familiar with marine 

life. Cloth, $3.50; paper, $1 .75 

Also by Margaret Waring Buck: 

IN PONDS AND STREAMS 

Cloth, $3; paper, $ 1 .75. 
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century all over Europe. It was then held 
by the phYSicians of Europe that the epi
demic in Naples in 1493 was the first rise 
of the new scourge. Was it brought by 
Columbus' sailors? The matter is far from 
clear. In spite of many earlier reports the 
evidence of syphilitic lesions in pre
Columbian American skeletons is not 
compelling. There is a complex relation 
among pinta, yaws and endemic and 
venereal syphilis, the four human dis
eases induced by treponema organisms.  
A pattern of mutations and selection by 
various climatic and sociomedical condi
tions would not contradict what is known 
now; the compliant Carib girls may be 
vindicated at last. 

THE INTERNATIONAL ATLAS . Rand Mc-
Nally & Company ($29.95 through 

Christmas, 1969, $35 thereafter) . This 
new book is the best large single-volume 
world atlas available for general use. It is 
the work of the well-known American 
firm in cooperation with its German sub
sidiary and with map publishers in Lon
don, Stockholm, Budapest and Tokyo. 
The atlas is truly international : the text 
is in English, German, Spanish and 
French, and place names appear in the 
local tongue throughout, often with En
glish versions as well. The production is 
completely modern, with excellent li
thography in quasi-natural colors (some
times even too vivid) and with most of 
the maps presenting a graphic and at
tractive account of the land forms by 
means of shaded relief. Submarine to
pography is well marked, and it is 
mapped in general form but not often 
quantitatively. An unusual and entirely 
admirable conSistency has ruled the 
choice of map scales, which are neatly 
color-coded. The main maps appear in 
four scales : 12 million, six million, three 
million and one million to one. A wide 
selection of million-to-one cultural maps 
has been provided, again attractively 
color-coded on the index map. That map 
is a gate-fold, a location much less con
venient than the endpaper index of the 
distinguished British atlas to which this 
volume is the challenge. 

A unique feature is the set of 60 maps 
of the world's main metropolitan areas 
drawn to a single scale . How compact 
Calcutta, Cairo and Shanghai-even 
Moscow-appear compared with the au
tomobile-linked regions such as Detroit, 
Chicago and Los Angeles !  The largest 
urban complex is Tokyo-Yokohama, 20 
million people whose city can be drawn 
on one page, with Tokyo Bay a conspicu
ous part of it. London or Paris or the 
Ruhr cities fill the same page area, all dry 
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IEMPERAIUR 
NEEDED F 
LM R 

GRUNlNlAN CALLED COX 

They l a i d  it o n  t h e  l i ne . . . .  The d e l ivery dead l i n e  i s  c l ose . . . .  
There i s  very l itt l e  space . . . .  We need i nd i v i d u a l  systems to 
control the tem pe ratu res of a l l  1 6  LM th ruste r· c l u ster rocket 
motors . . . .  There a re o n l y  one·a n d · a · h a l f  c u b i c  i n c hes ava i l 
a b l e  fo r each system - a n d  t h e  e l ectro n ics m ust b e  located 
where the  contro l  i s  req u i red - i n s i d e  the motors where t e m 
peratu res ra n ge f r o m  -650  to 3000 F . . . . K e e p  t h e  we i ght o f  
each system down to a few o u nces . ' "  Des i gn ,  bu i l d ,  q u a l i fy a nd 
p rod uce it on t i m e  . . . .  A n d  re l i a b i l ity i s  t h e  top req u i re ment .  

Cox s u p p l i ed ru gged tem pe rat u re contro l  sys
te m s  fo r a l l  of t h ese LM roc ket moto rs . Each 

syste m h a d  its own so l i d -state control l e r  l ocated 
wit h i n  the ava i l a b l e  vo l u m e  and bu i lt to fu n ct i o n  

ove r a 3 65 0  tem peratu re ra n ge .  We had to u s e  
7 d iffe re nt s i l i cones , but w e  met the  s pecs a n d  ou r sys

tems we i g h ed 37 % l ess t h a n  the m a x i m u m  a l l owed . 

Th i s  k i n d  of p ro b l e m  so l v i n g  i s  not u n u s u a l 
for Cox . . . .  We d e s i g n  a n d  bu i l d a i rc raft ice-

p rotect i o n  syste m s ,  co m ponent  ove n s ,  tem peratu re 
contro l lers ,  sensors a n d  e l ect r ica I h eaters . Si nce 1 947 
we have p rovided co nt i n u i n g  serv i ce to near ly  eve ry m a j o r  
a e rospace contra ctor . . . . .  O u r  d e pth  o f  expe r ience a n d  
p roven re l i a b i l ity offe r u n i q u e  adva ntages t o  co m pa n ies 
w ith  re.lated pro b l e m s .  

IROL 

OIORS 

COX & COM PANY, I NC. 
T E M P E RATU R E  CONTROL FOR A E R O S PACE 

215 Park Ave. South, New York, N.Y. 1 0003 
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T o  m a n y  sc i e n t i s t s  th r o u gh ou t  t h e  w o r l d ,  
Miles Laboratories i n  Elkhart, Indiana has 
since 1 9 6 1  come to mean advanced products 
for research in Molecular Biology. 

T h r o u g h  its R e s e a r c h  P r o d u c t s  D i v i s i o n ,  
M i l e s  s e r v e s  t h e  s c i e n t i f i c  c o m m u n i t y  b y  
generating critical materials required b y  
researchers i n  health a n d  nutrition-mo
lecular biologicals, immunochemicals, iso
topically labeled compounds, enzymes and 
substrates and reagents for protein chem
istry. 

R e c e n t l y  o v e r  6 0 0  l i f e - s c i e n t i s t s  f r o m  
m a n y  p a r t s  o f  t h e  w o r l d  a t t e n d e d  t h e  
third annual International Symposium i n  
Molecular B i o l o gy sponsored by Miles 
Laboratories. This meeting brought to
gether the worl d's foremost authorities 
on the immunological aspects of poly
p e p t i d e s  and n u c l e i c  acids ( DNA a n d  
RNA ) in living systems. 

For a p r o g r a m  with abstracts of  the 
1 969 Symposium entitled " POLYPEP
TIDES : Their Enzymatic and Chemical 
Synthesis ; Their Role in Immunologi
cal  Processes , "  write Miles Labora 
tories, Inc . ,  Research Products Divi
sion, Elkhart, Indiana, U.S.A. ,  46514.  

(By the  way, we also make  profession al  
pharmaceuticals, chemical and biological 
information systems, electron ic medical 
instrumen ts, chemicals, household pro
ducts and proprietary pharmaceuticals 
s u c h  as ALKA- SEL TZER a n d  ONE - A - DAY 
(Bran d) v i tam in s . )  
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land, with half the number of people . 
The news from island Lagos, inland 
Djakarta and seaport Havana finds a 
background here. The extended city 
maps are increasingly important in this 
urbanizing world ; there is no other such 
uniform and comprehensive collection . 
Watts is here, but Weston, Ill . (the ac
celerator site) ,  falls outside the map of 
metropolitan Chicago, and it is too small 
to be caught in the net of the Detroit-to
Chicago regional map. The Pacific is
lands earn two pages but the times call 
for about one more . This volume will fill 
the needs of most libraries and private 
readers, although it will gain in value for 
American users if it is supplemented by 
one of the cheap paperbound road at
lases of the U .S .  For any user a big atlas 
deserves the company of a six-inch globe . 
No flat page can give a clear understand
ing of the world . Think of the routes and 
the views of the astronauts ! A much 
larger globe is hardly worthwhile ;  in 
order to present detail comparable to the 
atlas pages one would need a globe larg
er than any building. This atlas is the 
reference buy of the year. 

THE JAPAN EXPEDITION 1 852- 1 85 4 :  

T H E  PERSONAL JOURNAL OF COMl\'IO

DORE MATTHEW C.  PERRY, edited by 
Roger Pineau. Smithsonian Institution 
Press ($ 10) .  After midnight each night 
the self-assured, high-minded and per
tinacious officer who obtruded the mod
ern world into sequestered Japan by 
show of force dictated his personal jour
nal to some unknown scrivener. This 
handsome and relatively inexpensive 
volume is their work, never before pub
lished, although it was a major source for 
the official narrative of the famous diplo
matic mission. The book is beautifully il
lustrated ;  the artists whom Perry brought 
along by persuasion on a $25-a-month 
naval rating (Congress denied him the 
full corps of civilian experts he sought) 
were good men. The original journal 
paintings showed the ports of call en 
route but nothing of Japan, so that this 
volume adds splendid watercolors and 
lithographs that were made from other 
paintings or from photographs taken in 
Japan by those artists .  Best of all are the 
illustrations by Japanese artis ts, partic
ularly drawings of the exotic minstrel 
show put on by the crew of the frigate 
Powhatan in their striped trousers, and of 
the telegraph line a mile long. That tele
graph, with its record on paper tape, 
provided "communication . . .  between 
the two operators in the English, Dutch, 
and Japanese languages, very much to 
the amazement of the spectators ."  

T h e  M IT P ress h a s  l a u n c h e d  a n e w  ser ies of books i n  t h e  rap i d l y  e m e rg i n g  a r e a  o f  ocean 
e ng i neer i n g .  S u p p o rted i n  p a rt by t h e  Nat ional  Science Fo u n d at i o n 's Sea G rant  P ro g ra m ,  t h e  

m i s s i o n  o f  the ser ies i s  to p rov i d e  a b as i c  c o v e r a g e  o f  t h e  s u bj e c t ,  e n c o m pass i n g  both t h e  

u n d e rg ra d u ate a n d  g ra d u ate c u r r i c u l a .  
P re l i m i n ary text e d i t i o n s  o f  the f i rst fo u r  t i t l e s  i n  t h e  s e r i e s  a re now ava i l ab l e .  

T h e  a u t h o rs a re a l l  m e m b e rs of M IT ' s  D e p a rt m e n t  o f  N av a l  A rc h i te c t u re a n d  M a r i n e  E n g i n e e r i n g .  

P u b l i c  Pol icy and t h e  U s e  o f  t h e  Seas Ocean Engi neering Structu res 

by N o r m a n  J. Pade l fo rd by J .  H a rvey Evans a n d  J o h n  C. A d a m c h a k  

36 1 p p .  $5.00 303 p p. $5.00 
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by M a rt i n  A .  A b kowitz 

338 p p .  $5.00 
Water, A i r, and Interface Vehicles 
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Armchair Astronaut? 
G e t  a i r b o r n e  w i t h  t h e  a l l - n ew, 

s c i e n t i f i ca l l y accu rate H a m m o n d  M o o n  
G l o b e .  Based o n  off i c i a l  N A S A  
p h otogra p h s  a n d  resea r c h ,  i t  h i g h l i g h t s  
a n d  n a m es every m a j o r  p h y s i c a l  
fea t u re o n  t h e  e n t i re l u n a r  s u rface.  
Locator g r i d  p i n po i n ts l a n d i n g  s i tes 
and ex p l o ra t i o n  probes a s  t h ey h a p p e n .  

T h e  i n f l a ta b l e  H a m m o n d  M o o n  
G l ob e  i s  a g e n e r o u s  1 3 " i n  d i a m eter ,  
c o n s t r u cted of  t o u g h ,  l i fet i m e  v i n y l ,  
exper t ly  l i t h o g r a p h e d  by f a m e d  
H a m m o n d  crafts m e n .  O n  n o n - t i p ,  
h eavy- d u ty p l a s t i c  sta n d  w i t h  h a l f  
m e r i d i a n .  I l l u m i n ated m o d e l - $ 1 6 .9 5 .  
Sta n d a rd m o d e l - $ 1 2 .95 .  

S a m e  a s  go i n g  to t h e  m o o n  y o u rse l f ?  
N o t  q u i te .  B u t  i t ' s  a s  c l ose a s  
H a m m o n d  . . .  o r  a n y o n e  e l se . . .  
co u l d  m a k e  i t !  

D e p t .  SA, M a p l ewood,  N . J .  07040 

The M IT P ress 
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McGraw-H i l l ' s 
Handbook of 

OCEAN AND UNDERWATER 
ENGINEERING 
This encyclopedic book assembles in 

one volume a wealth of vital informa

tion, emphasiz i n g  its  practica l  en

gineer i n g  aspects. 5 1  wel1-known 

authorities contribute features on un

derwater electromagnetic, magnetic, 

and acoustic fields - and the instru

ments used to measure them; animal, 

chemical and nuclear underwater pow

er sources; rigging materials and tech

niques; cable technology; corrosion and 

control and test procedures - to name 

a few. Many graphic aids (67 3), photo

graphs, and worked-out examples en

sure maximum ease of understanding. 

1,100 pp., 6"x 9", $32.50 

At you r l oca l booksto re 

or d i rect from pu b l is h e r  

McGRAW-HILL BOOK CO. 
Dept. 23·SA·969 

330 W. 42nd St. ,  New York, N .  Y. 1 0036 
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An in-depth analysis and forecast of 
the government and commercial seg
ments of the oceanography market is 
now available. The report presents 
current and long-term opportunities 
in oceanographic equipment. includ
ing detailed government funding 
through 1973. This study makes a 
significant contribution to all com
panies interested in the oceanogra
phic field. 

Its eight sections are entitled: 

• Navy Oceanography Programs 

• Submersibles and Ocean 
Engineering 

• Oceanographic Instrumentation 

• Space Oceanography and 
Associated Instrumentation 

• Marine Sciences Programs 

• Food and Drugs from the Sea 

• Off Shore Oil. Underwater Mining. 
and Diving Industries 

• Major Oceanology Firms. 
Investment Opportunities and 
Alternate Federal Measures to 
Encourage Investment 

Complete the attached coupon to order your 
copy. Descriptive literature is also available. 
including a detailed table of contents. 

rl -Frost&Sulliv;';;lnZl 1!5i Application Analysis Dept. ! 
I 106 Fulton Street I New York, N.Y. 10038 

I I 212-233-1080 

I 0 Please enter my Oceanography I order for $295 

I 0 Bill my Company I o Check enclosed 

I I 0 Please send me additional infor-

I mation. at no obligation I 
I NAME TITLE I 
I COMPANY DIVISION I 
I ADDRESS I 
I CITY STATE ZIP I 
L _________ ..J 
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Challenges for 
the future
from the glories 

of space conquest 
to the specter of 

global famine. 

SURVIVAL IN SPACE 
Yuri Gagarin and V. Lebedev 
In a fascinating and seldom
seen view of Pavlovian psychol
ogy at work, the late Yuri 
Gagarin, first man to orbit the 
earth, and Dr. V. Lebedev, a 
space psychologist with the 
Russian manned space center, 
reveal the techniques and train
ing programs the Soviet Union 
has devised to discover and 
overcome the psychological 
challenges of deep space flight. 

$5.95 

I 
MAN AND THE 

COMPUTER 

Technology as an 
Agent of Social Change 

John Diebold 
How prepared are we for a 
future in which the machines 
we have created may outstrip 
our own intellectual powers? 
John Diebold, a pioneer in com
puter applications, examines 
the impact of technology on 
society, bringing into focus the 
problems, processes, and oppor
tunities that challenge our cap
abilities and ingenuity. $5.95 

THE HUNGRY 
FUTURE 

Rene Dumont and 
Bernard Rosier 

Viewing the inevitability of 
world-wide hunger and starva
tion as the greatest challenge 
of the coming century, two dis
t i n g u i s h e d  Fr e n c h  a g r o n o
m i s t s  p r o v i d e  a p r o b i n g  
analysis of today's inadequate 
programs. They propose feas
i b l e  p r e s c r i p t i o n s  f o r  t h e  
future, calling for the tripling 
of food production by the year 
2000 and demographic popula-
tion control. $6.95 

1"' PRAEGER . 
'¥ PUBLISHERS 

111 Fourth Ave., New York, N.Y. 10003 
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CIVIL 

OCEANOGRAPH IC 

MARKET 

ALL ACTIVITIES 22 
U.S. CIVIL AGENCIES 

• Prospects thru 70's 

• Every program analyzed 

• Opportunities for industry 

• FY1970 plans 

A SEQUEL TO 
OMS MI LIT ARY STUDY 

Write or phone: 203661-7800 

1m Jill � of McGraw-Hili 

100 Northfield, Greenwich, Conn. 

Sounding for 
Silence ... 
... in search of quiet areas to test 
shipboard sonar systems at U. S. 
Navy Shipyards: one of the many 
marine technology projects currently 
underway at Arthur D. Little, Inc. 

As one of the world's largest, most 
diversified consulting organizations, 
ADL has been involved in 
oceanography and marine technology 
since our development of the 
Kleinschmidt Still during World 
War II. We have engaged in hundreds 
of studies and projects, including 
marine navigation systems, marine 
acoustics, sonar systems, contouring 
the ocean floor, marine corrosion 
and fouling and the properties 
of marine sediments. 

The variety of our present marine 
technology programs and their related 
staff assignments are better suited 
to mutual discussion than to precise 
description. Therefore, we invite you 
to write, in confidence, to Scott 
Carson, Professional Staffing, 
20 Acorn Park, Dept. SA, Cambridge, 
Massach usetts 02140. 
We are an equal opportunity 
employer. 

Arthur D little, Inc 
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THE CONTINENTAL SHELVES 

ANCIENT OYSTER SHELLS ON THE AT
LANTIC CONTINENTAL SHELF. Arthur 
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CHARACTERISTICS OF CONTINENTAL 

SHELVES AND SLOPES. K. O. Emery 
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THE ATLANTIC CONTINENTAL MARGIN 
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the Atlantic Region, pages 53-70; No
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RELICT SEDIMENTS ON CONTINENTAL 
SHELVES OF \VORLD. K. O. Emery in 
The American Association of Petro
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THE DEEP-OCEAN FLOOR 

HISTORY OF OCEAN BASIl\S. H. H. Hess 

in Petrologic Studies: A Volume in 
Honor of A. F. Bttddington, edited by 
A. E. J. Engel, Harold L. James and 
B. F. Leonard. The Geological Society 
of America, 1962. 

A NEW CLASS OF FAULTS AND THEIR 
BEAHlNG ON CONTINENTAL DRIFT. J. 

Tuzo 'Wilson in Nature, Vol. 207, No. 
4995, pages 343-347; July 24,1965. 

SPREADING OF THE OCEAN FLOOR: NEW 

EVIDENCE. F. J. Vine in Science, Vol. 
154, No. 3755, pages 1405-1415; De
cember 16, 1966. 

SEA FLOOR SPREADING, TOPOGRAPHY, 
AND THE SECOND LAYER. H. W. 

Menard in Transactions American 
Geophysical Union, Vol. 48, No. 1, 

page 217; March, 1967. 
RISES, TRENCHES, GREAT FAULTS AND 

CRUSTAL BLOCKS. 'vV. Jason Morgan 

in Journal of Geophysical Research, 
Vol. 73, No. 6, pages 1959-1982; 
March 15, 1968. 

THE NATURE OF OCEANIC LIFE 

THE OPEN SEA: THE WORLD OF PLANK

TON. Alister C. Hardy. Houghton 
Mifflin Company, 1957. 

THE OPEN SEA: FISH AND FISHERIES. 

Alister C. Hardy. Houghton Mifflin 
Company, 1959. 

Indispensable! 
ENCYCLOPEDIA OF 
MARINE RESOURCES 
By Frank E. Firth. 

7 x 10, 752 pp. $25.00 

This, the most recent Reinhold encyclopedia, is the 
most comprehensive treatment of all types of marine 
products currently available. Its scope is vast, cover
ing not only the sea and its abundant natural re
sources, but all related industries as well. Each of the 
various types of commercial fish the world over and a 
geographic study of commercial fisheries, and the 
technologies dependent on them-canning, trans
portation, freezing, preparation, etc.-are covered in 
full. All fish by-products are described, and biological 
considerations (anatomy, ecology, etc.) which affect 
practical fishery are dealt with in detail. Arranged 
alphabetically, the vast number of articles, each con
tributed by a specialist in his particular field, provide 
a very complete coverage of the entire subject of the 
sea and its. natural resources, present and future. 
Alone, or as a companion volume to the well-known 
Encyclopedia of Oceanography, this singular refer
ence work will be of use to scientists, researcher, stu
dent and layman interested in the great natural re
sou rces of seas in the world. 

ENCYCLOPEDIA OF 
OCEANOGRAPHY 
Edited by Rhodes W. Fairbridge, 
Columbia University 

1056 pages, 7 x 10, illustrated, $25.00 

Concentrati ng in a si ngle reference sou rce the ac
cumulated knowledge of the sea, this well-received 
volume offers a rich store of factual information, tech
nical data, and learned speculation on the newest, 
most swiftly developing of all the earth sciences. Be
cause the approach is by subject rather than by disci
pline, oceanography is presented as a description and 
study of the oceans by all the classical scientific disci
plines-physics, chemistry, geology, biology, and 
mathematics. Scientists from many nations have 
written 245 original articles, stating facts where they 
are established and offering authoritative opinion 
where they are not. The articles themselves embrace 
the broadest possible range of subjects: the topogra
phy of ocean floors, the chemistry of sea water, ocean 
currents; the mining and farming of the oceans to 
sustain the future population of the world; the indi
vidual seas and oceans and their submarine canyons, 
abyssal trenches, and mountain ranges, and the 
mineral wealth of the oceans, 

Van Nostrand Reinhold Company/ 
126 Alexander St/Princeton/NJ/08540 
Please send me the books I have checked 
below for a free examination. At the end 
of 10 days, I will either send in my reo 
'mittance or return the books. 

o Firth-Encyclopedia of Marine 
Resources . . . .. , ....... , ..... $25.00 

o Fairbridge-Encyclopedia of 
Oceanography. . $25.00 

Name 

Address 

City State Zip 

Enclose payment now and we'll pay post
age and handling. Same return privilege. 

SA 9/69 
L ________________ _ 
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Books that expand 
your understanding 

of the ocean 

RACHEL CARSON 

The Edge 
of the Sea 

"Rachel Carson has moved 
in from the vasty deeps 
and made a beachhead 
on the ground roughly 
bounded by the rise and 
fall of the tides - the 
evolutionary home of man 
. She explores and 
celebrates a world of fer
ment and vitality." - Time 
Illustrated by Bob Hines. 

$5.50 

ANTHONY NETBOY 

The Atlantic 
Salmon 

A VANISHING SPECIES? 

"The first and only up-to
date synthesis of world 
literature pertaining to the 
Atlantic salmon . . . . a 
significant contribution to 
the fields of ichthyology 
and fisheries science . . . . 
both enjoyable and infor
mative." - Choice. Profuse
ly illustrated. $6.95 

PETERSON FIELD 
GUIDES TO SHELLS 

"Top books in their do
mains - and bargains." 

- Saturday Review 

A Field Guide to the 
Shells of OUf Atlantic 
and Gulf Coasts $5.95 

A Field Guide to 
Shells of the Pacific 
Coast and Hawaii$4.95 

by PERCY A. MORRIS 

"Must be welcomed heart
ily by amateurs and profes
sionals alike." - Atlantic 
Naturalist. Profusely illus
trated with photographs, 
many in full color. 

At your bookstore 

HOUGHTON MIFFLIN COMPANY 
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OCEANS: AN ATLAS-HISTORY OF MAN's 

EXPLORATION OF THE DEEP. Edited 
by G. E. R. Deacon. Paul Hamlyn, 
1962. 

BIOLOGY OF SUSPENSION FEEDING. C. B. 

Jorgensen. Pergamon Press, 1966. 

THE PHYSICAL RESOURCES 
OF THE OCEAN 

THE MINERAL RESOURCES OF THE SEA. 

John L. Mero. Elsevier Publishing 
Company, 1965. 

MINERAL RESOURCES OF THE WORLD 

OCEAN: PROCEEDINGS OF A SYMPOSI

UM HELD AT THE NAVAL WAR COL

LEGE, NEWPORT, RHODE ISLAND, JULY 

11-12, 1968. Edited by Elisabeth 
Keiffer. Graduate School of Oceanog
raphy, University of Rhode Island, 
Occasional Publication No.4, 1968. 

USES OF THE SEAS. Edited by Edmund 
A. Gullion. Prentice-Hall, Inc., 1968. 

ENCOURAGING DEVELOPMENT OF NON

LIVING RESOURCES. Marine Science 
Affairs-a Year of Broadened Partici
pation: The Third Report of the Presi
dent to the Congress on Marine 
Resources and Engineering Develop
ment. U.S. Government Printing Of
fice, January, 1969. 

ENHANCING BENEFITS FROM THE COAST

AL ZONE. Marine Science Affairs-a 
Year of Broadened Participation: The 
Third Report of the President to the 
Congress on Marine Resources and 
Engineering Development. U.S. Gov
ernment Printing Office, January, 
1969. 

PETROLEUM RESOURCES UNDER THE 

OCEAN FLOOR. National Petroleum 
Council, 1969. 

THE FOOD RESOURCES 
OF THE OCEAN 

LIVING RESOURCES OF THE SEA: OPPOR

TUNITIES FOR RESEARCH AND EXPAN

SION. Lionel A. Walford. The Ronald 
Press Company, 1958. 

FISHERIES BIOLOGY: A STUDY IN PoPU

LATION DYNAMICS. D. H. Cushing. 
University of Wisconsin Press, 1968. 

MARINE SCIENCE AND TECHNOLOGY: 

SURVEY AND PROPOSALS. REPORT OF 

THE SECRETARy-GENERAL. United 
Nations Economic and Social Council, 
E/4487, 1968. 

THE STATE OF WORLD FISHERIES: 

WORLD FOOD PROBLEMS, No.7. Food 
and Agriculture Organization of the 
United Nations, 1968. 

WORK OF FAO AND RELATED ORGANIZA

TIONS CONCERNING MARINE SCIENCE 

AND ITs ApPLICATIONS. FAO Fisheries 
Technical Paper No. 74. Food and Ag-

Read and Explore 
New Frontiers 

of Oceanography! 
Internationally known for its editorial 
excellence in the field of oceanographic 
publishing, Compass Publications, Inc. 
invites you to read and explore the new 
frontiers of' oceanography through 
these outstanding books and publica
tions: 

o A GUIDE TO SUNKEN 
SHIPS IN AMERICAN WATERS 

Authoritative, informative and educational. 
Over llOO accessible sbipwrecks never before 
publisbed. Cargoes identified and locations 
plotted. Stories of unusually exciting ship 
disasters provide bigb drama. Hardbound 
and illustrated, size 6" x 9"-200 pages. $5.95 

More than a reference-fascinating true stories 
with authentic details of shipwrecks. 

o A GLOSSARY OF OCEAN 
SCIENCE & UNDERSEA 
TECHNOLOGY TERMS 

An autboritative source of over 3500 engi. 
neering and scien tific terms used in tbe field 
of oceanography, underwater sound, marine 
sciences, underwater pbysiology and ocean 
engineering. Softbound and illustrated, size 
8U" x llU'-200 pages ............. $5.95 

An essential engineering and marketing tool. 

o GREAT SEA POETRY 
Tbis unique literary classic presents an un· 
usual collection of great poetry of tbe sea, as 
a tribu te to the men and legends of tbe sea. 
Vividly brings tbe sea alive. For inspiration, 
words to relax by, add this deligbtful classic 
to your library. Hardbound and illustrated, 
size 5" x 7'-160 pages .............. 54.95 

Something in these verses for everyone who 
wants to feel the spirit of sea adventure. 

o UNDERWATER MISSILE 
PROPULSION 

First comprebensive tecbnical book on un· 
manned underwater missile and propulsion 
systems covering {undamen tals, propulsor 
systems, etc. A must for engineer, scientist 
and student. Hardbound witb over 300 iIIus· 
trations, size 7' x 9'-512 pages ..... $16.00 

Contains detailed technical data never before 
published in the field of underwater weapons. 

o UNDERSEA 
TECHNOLOGY /WASHINGTON 
LETTER OF OCEANOGRAPHY 

Concise, comprebensive bi.weekly newslet. 
ter. Presents fast breaking news on eco· 
nomics, politics, engineering, science and 
marketing.analyzed for its effect on oceanog· 
raphy. 26 newsletters airmailed. 

$32.00 Yearly. 

Exclusive, informative, concise, up.to.the
minute. 

Also Publishers of 

• 
Undersea Technology 

Magazine 
U nderseaTechnology 

Handbook/Directory 

COMPASS PUBLICATIONS, INC. 
lll7 N. 19tb Street, Suite 1000SA 

Arlington, Virginia 22209 
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Brand New 
from Rand 

M9Naily 

• More than $3,000,000.00 to 
design and produce 

• The first "great" world atlas 
priced below $50.00 

• A true "World" Atlas, with 
equal emphasis on Europe, 
Africa, Asia, and the Amer
icas 

• Every map drafted especially 
and exclusively for The In
ternational Atlas 

• 558 giant (11 x 143,4") pages 
... 334 in full color 

• Similar areas drawn to the 
same scale permitting exact 
comparisons of continents, 
countries, states, metropoli
tan areas, and cities 

• Definitive 160,000-entry In
dex including latitude and 
longitude for each entry 

• At-a-glance tables of basic 
information on 226 countries 
• . .  the perfect reference for 
the student 

• $29.95 pre-Christmas price 
(Deluxe slipcased edition 
$40.00) 

the gift of distinction 

lM 
international 
atlas 
The $3,000,000.00 Rand 
McNally Atlas you can give 

Wherever Books are Sold 

Rand M�Nally 

riculture Organization of the United 
Nations, September, 1968. 

TECHNOLOGY AND THE OCEAN 

THE SUBMERSIBLE AS A SCIENTIFIC IN
STRUMENT. A. Conrad Neumann in 
Oceanology International, Vol. 3, No. 
5, pages 39-43; July-August, 1968. 

MARINE SCIENCE AFFAlHS-A YEAR OF 
BROADENED PARTICIPATION: THE 
THIRD REPORT OF THE PRESIDENT TO 
THE CONGRESS ON MARINE RESOURCES 
AND ENGINEERING DEVELOPMENT. 
U.S. Government Printing Office, Jan
uary, 1969. 

THE OCEAN AND MAN 

INTERGOVERNMENTAL OCEANOGRAPHIC 
COMMISSION (FIVE YEARS OF WORK). 

Intergovernmental Oceanographic 
Commission Technical Series No. 2. 
UNESCO, 1966. 

MARINE SCIENCE AND TECHNOLOGY: 

SURVEY AND PROPOSALS. REPORT OF 
THE SECRETARy-GENERAL. United Na
tions Economic and Social Council, 
E/4487,1968. 

THE LAW OF THE SEA: INTERNATIONAL 
RULES AND ORGANIZATION FOR THE 
SEA. PHOCEEDINGS OF THE THIRD AN
NUAL CONFERENCE, 1968. Law of the 
Sea Institute, University of Rhode Is
land, 1969. 

AN OCEANIC QUEST: THE INTERNATION
AL DECADE OF OCEAN EXPLORATION. 
National Academy of Sciences Publi
cation No. 1709, 1969. 

MATHEMATICAL GAMES 

GEOMETRICAL CONSTHUCTIONS WITH A 
RULER GIVEN A FIXED CIRCLE WITH 

ITs CENTEH. Jacob Steiner. Translated 
from the first German edition (1833) 
by Marion Elizabeth Stark. Edited 
by Raymond Clare Archibald. Scripta 
Mathematica, 1950. 

THE GEOMETRY OF THE FIXED-COMPASS. 

Arthur E. Hallerberg in Mathematics 
Teacher, Vol. 52, No.4, pages 230-
244; April, 1959. 

GEORG MOHR AND EUCLIDIS CURIOSI. 
Arthur E. Hallerberg in Mathematics 
Teacher, Vol. 53, No. 2, pages 127-
132; February, 1960. 

THE AMATEUR SCIENTIST 

EXPEHIMENTAL IMMUNOCHEMISTRY: 
REVISED AND ENLAHGED. Elvin A. Ka

bat and Manfred M. Mayer. Charles 
C Thomas, Publisher, 1961. 

IMMUNODIFFUSION. Alfred J. Crowle. 
Academic Press, 1961. 

New 
evidence for 
continental 
drift 
THE HISTORY 
OF THE 
EARTH'S CRUST 
Edited by 
Robert A. Phinney 
An exciting presentation,chiefly 
from recent sea-floor studies, of 
new evidence for continental 
drift. The papers herein are 
based upon the 1966 Goddard 
Institute for Space Studies Con· 
ference. Employing evidence 
from solid state physics, ocean 
basins, paleomagnetism, base· 
ment age dating, fossil faunal 
distributions, and the structure 
of mountain belts, they attest to 
the relative youth of the crust 
under the oc�ans and to the I to 
5 centimeter per year drift of 
continental blocks. 

"Can be recommended to any· 
one wishing to learn more of 
the quite revolutionary develop· 
ments taking place at the mo
ment in our study of this par
ticular planet." 

-Americ(/II ScielitiJI 

"The rich and satisfying order 
in these studies seems all but 
linal."-Sciellti/ic Allleric(lIl 

101 graphs, charts and maps 
S 13.50 

At your bookstore or from: 

Princeton 
University 
Press 
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We invite you 
to save 500/0' 
on the most 

important books 
of history and 

world affairs 

• Actually, a conservative esti
mate of what you can save on 
the selections you choose in the 
next year pills what you save on 
your 991 introductory package. 

617. THE GREEK ADVENTURE 
By Pierre Leveque. The evolution, 
spread, and lasting influence of the 
remarkable ancient Greek civiliza
tion. $12.50/$8.75 

371. CIVIL WAR DICTIONARY By 
M. M. Boatner 111. Encyclopedic 
inventory of battles, leaders, units, 
. weapons, etc. $15.00/$8.95 

661. A HISTORY OF THE VIKINGS 
By Gwyn Jones. Their progress 
traced from prehistory to 1066, 
from Russia and Constantinople 
to North America. $9.75/$6.95 

591. LOUIS XIV By John B. Wolf. 
A major reassessment of the " Sun 
King" as soldier-ruler of a rising 
France. $12.50/$8.75 

653. ETERNAL QUEST: The Story 
of the Great Naturalists By Alex
ander B. Adams. Man's search for 

his place in the natural world. 
$10.95/$7.50 

6 4 4 .  G A N D HI AND MO D E RN 
INDIA By Penderel Moon. Gandhi 

portrayed as saint and politician 
in his role in achieving India's 
independence. $6.95/$5.80 

614. G ETTYSBURG CAMPAIGN 
By Edwin B. Coddington. "A com
prehensive view not only of Get
tysburg itself but the personali
ties on the scene. It may weH come 
to be regarded as the standard 
work on the subject." Virginia 
Kirklls Service. $15.00/$9.95 

ENROLL NOW TO RECEIVE UP TO $45.00 
WORTH OF FINE BOOKS FOR ONLY 99¢ 

THE HISTORY BOOK CLUB, Stamford, Conn. 06904 
Please open a Trial Membership for me and send the introductory pack

age of books indicated below. Bill me 99¢ for the three. At the same time, 
send the membership book I have also indiCated and bill me for it at the 
low Member's Price. 

I understand that I may return the books within 2 weeks if I am not 
delighted with· them and that their return will. automatically cancel my 
membership. Otherwise I shaH complete my Trial Membership by purchas· 
ing 4 more selections during the coming year from among more than 130 
offered at money-saving Member's Prices in the monthly REVIEW. (A reply 
card is always enclosed with the REVIEW.) Completion of my Trial Mem
bership will entitle me to choose a Bonus Book for every 4 books I pur
chase thereafter. 

(NOTE: A small postage and packing charge is added to each shipment.) 

Fill in numbers of yo·ur three intro. 
ductory books, 99� for all three 

DOD 
Fill in number of your 

choice at member's price 

o 
Name __________________________________________________ ___ 

(please print) 

Addr€ss __________________________________________________ _ 

City ----________ State _______ Zip ____ _ 

]� Canada. same savings. Shipment of books and all services 
will be handled- within Canada. Bonus plan differs slightly. 
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657. THE CREATION OF THE 
AMERICAN REPUBLIC, 1776-
1787 By Gordon S. Wood. The 
evolution of American political 
thought from 1776 to the making 
of the Constitution. $15.00/$9.95 

604. CONQUISTADORS WITH
OUT SWORDS Ed. by Leo Deuel. 
42 archaeologists recount the quest 

for the New World's prehistory. 
$12.50/$8.95 

A National Book Award Winner 

651. WHITE OVER BLACK: Amer· 
ican Attitudes Toward the Negro, 
1550-1812 By Winthrop D. Jordan. 
An outstanding study of the ori
gins of racism in the U.S. 

$12.50/$8.95 

607. FROM SLAVERY TO FREE
DOM: A History of Negro Amer
icans By John Hope Fral,klin. A 
top-ranking, historian traces the 
Negroes· course from Afr ican 

origins to contemporary North and 
South America. $10.75/$7.40 

TAKE 

�eY3 
valuable books for only 

99£·u 
three 

with trial membership in 
The History Book Club 

First price is Publisher's List; 
Boldface shows Member's 
Price. 

466. THE TWO VIET-NAMS (2nd 
Rev. Edition ) By Bernard B. Fall. 
A historical study. "The most 

comprehensive and illuminating 
study yet available ... of the total 
situation in Yiet-Nam." N. Y. Times. 

$7.95/$6.80 

370. THE SPANISH CIVIL WAR . 
By Hugh Thomas. A speHbinder
the complete history of the grim 
"dress rehearsal for World War 
Two." $10.00/$7.50 

677. WITCHCRAFT AT SALEM By 
Chadwick Hansen. A fresh, objec

tive reinterpretation of the original 
documents. $6.95/$5.75 

621. THE INDIAN HERITAGE OF 
AMERICA By Aldn M. Josephy, Jr. 
The history, archaeology, and 
ethnology of all Indian cultures 
in the Americas since th\, Ice Age. 

$10.00/$6.95 

554. THE TRIAL OF THE GER
MANS: Nuremberg, 1945-46 B y  
Eugene Davidson. Twenty-two bril
liant studies of the war criminals 
which build a total picture of 
Nazi Germany. $12.50/$8.95 

5 4 3 .  AN C I E N T  EU R OP E  By 
Stuart Piggoll. From 6000 B.C. to 
the Roman era, a fascinating sur
vey of prehistoric, barbarian Eu
rope.194iIlustrations. $7.50/$6.15 

633 •. THE ARMS OF KRUPP,· 
1587-1968 By William Manches
ter. The saga of the Krupp dy
nasty. $12.50/$7.50 

Three good reasons to join The History Book Club: 
.. Dramalie savings. As a trial member, you can save over 50% on 

your choice of the finest works of history and world affairs-more 
than 130 titles to choose from each month. 

. 

.. Liberal bonus plan; You are free to select your bonus books from 
our entire list ... no restrictions as in most clubs. After trial mem
bership, you earn a bonus cenificate with every four books you 
purchase. 

.. Exceptional quality. The History Book Club always brings you new 
volumes identical with or superior to original publishers' editions 
... never economy "book club" reprints. 
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Cameron ball valves and operators 
for offshore platforms and underwater 
pipelines. 

Cameron vacuum-melted alloys for bi-spher

ical pressure hull for the 8000' operating Deep 
Quest. 

Cameron highly-specializEd wellheads and blow
out preventers for underwater drilling_ 

Cameron heavy wall extruded pipe 
for pipelines and offshore platform 
supports. 

Cameron's technologies in the ocean 

Cameron's four technologies have found broad application in the ocean. Cameron 
ball valves and remote pipeline connectors aid the difficult task of laying and 
operating offshore pipelines. 

Cameron drilling and completion systems, tailored for the marine environment, 
have aided the global search for oil off shore. 

Cameron vacuum-melted materials have provided pressure hulls for most of the 
deep diving submersibles in use and under construction. 

Cameron extruded pipe provides structural members for drilling vessels and 
platforms. 

These technologies are available to you for your ocean application. 

CAMERON IRON WORKS. INC. 
World Headquarters: Houston, Texas 
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Here _ are. 
Right back where we started from. 

We crawled out of the sea and it looks like we're crawl
ing right back again. Half the world's known oil, huge 
mineral deposits and tomorrow's dinner are down there. 

It isn't easy to go to work underwater. There's a lot 
of pressu re . At only 200 feet with compressed air you 
feel like a senseless drunk. Go deeper and it can kill you. 

Union Carbide's Ocean Systems, Inc. has developed 
a helium oxygen mixture that allows divers to do a job 
even below 600 feet. We're experimenting with other 
gas mixtures to e l iminate the squeaky duck·like voice 
that hampers underwater talk. 

We designed and operate habitats that allow men to 

swim in for a little coffee break 600 feet under. And 
then go back to work without wasting time with decom-

pression until the return trip home. 
Ocean Systems has a lot of men under a lot of water 

a lot of the time. And not just fishing around. But work
ing on practical jobs. 

We have divers assisting in oil exploration off the 
coast of four continents, welding pipelines at the mouth 
of the Mississippi, inspecting cables sitting on the 
ocean floor. 

We've even devised an underwater dry welding proc
ess that's as effective as welding on dry land. 

The world knows more about the back of the moon 
than about the bottom of the sea. But if we can help 
put a man a quarter of a million miles away, we're not 
going to let a little water keep us up. 

© 1969 SCIENTIFIC AMERICAN, INC


