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The 121M Amino Acid Analyzer 
runs samples as small as 0.1 nmole 
This new Beckman Amino Acid Analyzer offers the 
important advantages of microcolumn operation- 
rapid, high sensitivity analyses, less sample volume, 
and 1/10 the reagent consumption of conventional 
systems. 

With its microbore (2.8 mm) columns, the 
Model 121M can analyze samples as small as 0.1 
nanomole per component. That's 20 times the sensi- 
tivity of our Model 121 Analyzer which uses conven- 
tional bore (9.0 mm) columns. Model 121M sample 
volume can be as little as 20 l, an important plus 
when only a limited amount of sample is available. 
And, a typical hydrolyzate run takes only 90 minutes 
at conventional column pressures. 

The fully automatic Model 121 M will analyze up 
to 72 samples without operator attention. You can get 
computed results, too-in concentration, percent 
concentration, molar ratio, and 440/570 nm ratio-by 
adding the new Beckman System AA Computing 
Integrator. 

Let us send you full information on the 121M. 
Write Spinco Division, Beckman Instruments, Inc., 

1117 California Avenue, Palo Alto, Calif. 94304. 

...in as little as 
90 minutes 

INSTRUMENTS, INC. 
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Fear of crime can help see growth of 
tissue 
tides 

traffic jams 
corrosion 

construction projects 
storms 

birds' nests 

Pick up one of these 

Widespread worry over suspicious or by converter from 117 V, 60 Hz 
activities brought forth the KODAK outlet. Aperture adjusts itself to the 
ANALYST Super 8 Camera. The quan- . light conditions up to f/1.9. Lens has 
tity produced has been sufficient to focusing scale and zooms to permit 
keep the price less than $245, com- choice of field coverage from 10 inches 
plete with mounting bracket, sound- x 14 inches at 6 feet to 45 feet x 61 feet 
absorbent box, sighting mirror. at 150 feet. 

If interested in acquiring one or more, write Kodak, Takes a variety of films that come in 50-ft super 8 
Graphic Data, Department 661B, Rochester, N.Y. 14650. cartridges, including KODAK 4-X Reversal Film 7277 at 
(Hold your payment. Just write.) 400 daylight speed, color films at 160 tungsten speed, 

The camera takes 3600 pictures at a loading, 7200 if black-and-white films that can be processed to a negative 
you can forego showing them on a movie screen. Choose or reversal image either commercially or with your own 
your interval anywhere from 11/4 seconds to 90 seconds. simple equipment. Also takes 100-ft cartridges of KODAK 
For longer intervals a suitable timing device can be MEX Film that can be processed to a negative or positive 
plugged in. Shutter speed is 1/100 sec. Operates as cold for study on a film editor or viewer. Interesting frames 

as -18 C. Powered by 4 AA-size 1.5 V alkaline batteries can be blown up to paper prints. 

N 
Price sublect to change without notice. 
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MEASUREMENT OMPUTATION: changing things for the better 
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The HP 70: a new business problem in any order and change any number in 
the problem without having to re-enter the other 

calculator you won't outgrow. numbers-a nice convenience. 
The HP-70 also has two addressable memories 

A little over a year ago, we introduced the and a four-memory operational stack. This stack, 
HP-8o, the first pocket-sized calculator for time- plus the non-algebraic computer logic we use 
and-money management. Although we designed in all our pocket calculators, lets you solve all 
it expressly for the financial specialist, it wasn't problems in the same consistent way, even when 
long before non-specialists were buying it by the they include serial, chain, or mixed calculations. 
thousands, simply because the HP-80 served the (You'll find more information on our non- 
needs of business far better than any existing algebraic approach across the page.) You never 
pocket-sized calculator. Out of this realization have to jot down and re-enter intermediate results 
came the new HP-70. obtained during chain calculations because the 

Designed to solve the general time-and-money operational stack stores them for you and brings 
problems of the businessman rather than the them back to the working register-automatically. 
special calculations of the financial professional, Each of the HP-70's two addressable memories 
the HP-70 is easier to use than its financial coun- (the K and M keys) lets you store any number that 
terpart. Its keyboard is simpler. Yet the HP-70 you might want to use later in a lengthy calcula- 
retains the row of five financial keys found on the tion or repeatedly in a series of calculations. 
HP-80, pre-programmed to solve more than 100 Since you can use one of these registers (M) as an 
time-and-money problems. Problems such as accumulator, you can keep two running totals at 
compound interest, effective return on invest- the same time-one in the stack and one with M +. 

ment, declining balance depreciation, mortgage As you discover more and more ways to put 
payments, finance charges, future value of an your HP-70 to work, its exceptional calculating 
annuity, etc. All you do is press the keys. The power will give you capability you won't out- 
ponderous equations and cumbersome tables are grow. And the quality and care of its manufacture 
stored electronically in the HP-70. mean that it will be fully operational when you 

To make these powerful financial keys really need it. The $275* price includes rechargeable 
easy to use, we gave each its own memory bank. batteries, AC adapter and battery charger, soft 
Now you can enter the numbers of a financial case, owner's handbook, and reference guide. 



HP pocket-sized calculators of time figuring out how to put them into an al- 
ebraic calculator. "A plus B times C minus D give you answers you can trust. divided by E equals" won't do it. 

(Why we chose to be different.) You find you must write down intermediate 
answers to re-enter later. You may work your 

Most pocket-sized calculators have an = key, way through a long equation and see an answer 
and you can pick up one you've never seen be- you know is wrong. Where did you goof? 
fore and solve a simple equation by entering Or you may get a wrong answer and think it's 
values the way they're written and pressing = to right. Disaster. 
see your answer. Our non-algebraic approach not only makes it 

Pick up one of our pocket-sized machines and unnecessary for you to write and re-enter inter- 
you'll hunt in vain for the key. Instead you'll mediate results, but gives you the continuous 
see one that says ENTER and you'll wonder what feedback you need to avoid ending up with a 
to do with it. wrong answer. 

To find out, you'll have to look in the Operating It's an approach we first adapted and applied 
Manual. When you do, you may think, "Why some years ago, using an unambiguous, paren- 
did they go this route when they could have kept theses-free language developed by the Polish 
it simple?" mathematician Jan Lukasiewicz. 

But as you work the examples in the manual Before you invest in a pocket-sized calculator, 
and practice with your own problems, you'll you should look beyond its ability to solve simple 
find yourself thinking, "This is very easy, and problems in the most obvious way. To under- 
I'm getting answers I can really trust." stand more fully the difference between our 

Easy because you always enter your data the approach and the algebraic one, return the cou- 
same way-from left to right, the way you read pon for a copy of the booklet ENTER VS. =. You owe 
an equation, but without having to keep track it to yourself to read it. We will also send you 
of parentheses and brackets. information on our pocket-sized calculators: 

Trust because you see the result of each inter- the HP-35 electronic slide rule ($22 5*), the HP-45 
mediate calculation displayed as you perform it, advanced scientific calculator ($325*), the HP-65 
and you can check your progress and correct programmable computer calculator ($795*), the 
errors as you go. You can also go back and review HP-70 business calculator ($275*), and the HP-80 
stored numbers at any time. financial calculator ($395*) 

When we started out to design a small, power- 
ful scientific calculator several years ago, we 
assumed it would have an = key. It did, in the For more information on these products 
breadboard stage. write to us. Hewlett-Packard, 1507 Page Mill 

But along the way from breadboard to proto- Road, Palo Alto, California 94304. 
type, our designers realized that there was a bet- 
ter method which got around some of the severe 'Domestic USA prices only 00434 

limitations inherent in the "algebraic" approach. .. 

These limitations start showing up as problems . Mail to: Hewlett-Packard, 1507 Page Mill Road, Palo Alto, CA 94304 

get more complicated and you have to spend a lot 
* Please send ma the ENTER VS = booklet, together with 

* information on HP pocket-sized calculators. 

* Hame____________________________ Title___________________ 
* Company HE WLETT PACKARD ______________ 

Address_______________________________________________ 

Sales and service from 172 offtces in 65 countries. City Slate Zip 
Pain Ala Cailornia 94304 



Things like our patented Combi-vial packaging, the safest and most convenient 
ever devised for labeled compounds. The contents can be extracted by syringe 
directly through the teflon-lined rubber septum, or the multi-dose closure can be 
removed by an easy tear tab for pipeffing or multiple withdrawals, resealing with 
the screw cap. Very small volumes of liquid are packaged in our Combi-V-vial 
with its tapered reservoir insert. 

Simple, logical, beffer. The Combl vial l5 one of many reasons why 
people choose New England Nuclear 

- '.:j II 

I 

* New England Nuclear 
Albany Street, Boston, Massachusetts 02118 

customer Service 617-482-9595 

Canada: NEN Canada Ltd., Dorval, Quebec, H9P-1B3, Tel: (514) 636-4971, Telex: 05-821808 
Europe: NEN Chemicals GmbH, D6072 Dreleichenhain, Siemensstrasse 1, W. Germany. Tel: Langen (06103) 85035 
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E ngineers at Western Electric's Engineering 
Research Center have developed an 
improved method for controlling the growth 

of the crystals used in light emitting diodes (LED's) 
The new technique represents one more 
step toward low-cost, mass produced LED's. 

LED's have found many uses in tele-crystals of uneven 
communications equipment as illuminators, diameter are difficult 
indicator lamps and numeric displays. They to process economically and efficiently. X-ray imaging now yields crystals 
consume very little power and last from 10 tO of a diameter within a tolerance 
100 times longer than the devices they replace. of?1116 inch. 

LED's used in the Bell System are made 
from gallium phosphide (GaP) single crystals. .. CRYSTAL PULLER 

Economical processing using standard-sized meniscus during growth 
fixtures requires crystals of uniform diameter. is picked up bya 

But because GaP single crystals must be grown television camera and' 

inside a high pressure vessel, monitoring and displayed onamonitor 
controlling crystal growth has been a problem. outside the chamber. 

Previously, crystal growth could only be X-RAY SOURCE 

monitored visuallyThe halo surrounding the 
growing crystal was observed through closed 
circuit television. Since the halo would expand 
and contract with the diameter of the growing 
crystal, it provided some measure of control. 
But phosphorous vapors condensing on the MENiscus 
viewing window partly obscured the halo, ., *-cRYsTAL 
making precise control difficult. 

The new monitoring technique is similar HEATiNG 

to the use of a fluoroscope in medicine. 
X-ray imaging provides an unobstructed 
view of the men iscus formed where the solid . . . 

crystal meets the liquid melt. Western Electric 
engineers have correlated the height and 
angle of this meniscustothe crystal's growth 
conditionThis is useful because a change in 'CFWCISLE 
the shape of the men iscus signals a change in the 
temperature of the melt before it is manifested 
as a change in the crystal's diameter. 

A change of just 40 in the liquid-solid 
contact angle can be observed, allowing Growing crystals: 

adjustments to be made in eithertemperature seed is dipped into crucible (4 .,...' <18O of molten GaP, mointained or pulling rate to maintain uniform growth. just above melting temperature. 
It is rotated and X-ray imaging is in production use at withdrawn at controlled rate, 

Western Electric's plant in Reading, Penn. producing cylindrical crystal. 
THE LIQUID SOLID 

Benefit: X-ray imaging of the meniscus CONTACT ANGLES 

of a growing crystal has permitted a X-ray image of the 
marked improvement in the monitoring at various temperatures. The smaller NEIl the angle, the lower the temperature. and control of crystal growth. Iin5 The larger the angle, the higher 
It helps insure high yields of the temperature. An angle of 180' indicates 
uniform diameter crystal wafers the desired "steady state" 

for processing into LED's. \/estern Electric 

We make things that bring people closer. 
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AMERICAN ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE Circum-Pacific Energy and Mineral Resources 

Science serves its readers as a forum for the 
presentation and discussion of important issues 
related to the advancement of science, including 
the presentation of minority or conllicting points Before raw materials can be utilized, they must be found and the 
of view, rather than by publishing only material magnitude of the resources evaluated. These tasks are the function of 
on which a consensus has been reached. Accord- economic geologists. When this particular clan gathers, formal speeches 
ingly, all articles published in Science-including 
editorials, news and comment, and book reviews- are not fully revealing. However, much additional information can be 
are signed and reflect the individual views of the 
authors and not official points of view adopted by gleaned from private conversations. The recent Circum-Pacific Confer- 
the AAAS or the institutions with which the authors ence on Energy and Mineral Resources':' in Honolulu provided an un- 
are affiliated. usually good window on prospects for future supplies. Registrants in- 

Editorial Board cluded geologists from more than 50 countries. 
1974 

ALFRED BROWN FattNtc w. PUTNAM On the agenda for the conference were many excellent papers. A 
JAMEs F. CROW MAXINE p. SSNoER significant phenomenon was the ubiquity of competent native geologists 
SEYMOUR S. KETY GORDON WOLMAN in countries throughout the Pacific rim. In an earlier period such compe- 
FRANK PREss 

1975 tence was confined to the advanced countries, which were able to drive 
HERBERT S. GuTowsKY DONALD LtNDSLEY hard bargains in the exploitation of the world's resources. 
N. BRUCE HANNAY RUTH PATRIcK The papers devoted to mineral resources indicated a vista of abun- 
DONALD KENNEDY RAYMOND H. THOMPSON dance. Both formally and informally, there were many reports of new 
DANSEL E. KOSHLAND, JR. 

Editorial Staff discoveries and extensions of existing deposits. Optimism was partly 
Editor: PHsLw H. ABELSON based on the effectiveness of geochemical and geophysical tools. The 
Business Manager: HANS NUSSBAUM concept of plate tectonics and the images obtained from the Earth 
Managing Editor: ROBERT v. ORMEs Resources Technology Satellite have helped order and stimulate the 
Assistant Editors: ELLEN E. MURPHY, JOHN E. thinking of economic geologists. They now know better where and how 

RINGLE to look for minerals. 
Assistant to the Editors: PATR5CIA ROWE The picture with respect to energy was neither so clear nor so cheery. 
News and Comment: JOHN WALSH, LTJTHER J. Some oil is being found off the coast of East Asia and in the vicinity of 

CARTER, DEBORAH SHAPLEY, ROBERT GILLETTE, NICHO- 
LAS WADE, CONSTANCE HOLDEN, BARBARA J. CULLITON, Indonesia. In the headwaters of the Amazon in eastern Peru there are 
SCHERRAINE MACK substantial reserves of oil. The total quantities reported, while significant 

Research News: ALLEN 1. HAMMOND, WtLLIAM to the nations involved, are not great in comparison with current world 
D. Mgrz, THOMAS H. MAUGH II, JEAN L. MARX, 
ARTHUR L. RoBINsoN, GINA BARI KOLATA, FANNIE consumption. 
GROOM 

Book Reviews: KATHERINE LIvINosToN, LYNN Many papers were devoted to geothermal energy. This was to be 
MANFtELD, ANN OBsueN expected, for the circum-Pacific region has been picturesquely termed 

Cover Editor: GRAYCE FINGER the Rim of Fire. Some indication of the possible magnitude of potentials 
Editorial Assistants: MAROARET ALLEN, ISABELLA was provided by D. Hadikusumo and L. Pardyanto of Indonesia. They 

BOULDIN, ELEANORE BUTZ, MARY DOEFMAN, SYLVIA pointed out that, in their country, there are many hundreds of volcanoes 
EBERHART, JUDITH GIVELBER, CORRINE HARRIS, NANCY 
HARTNAOEL, OLIVER HEATWOLE, CHEISTsNE KARLIK, and hot springs. They estimated that, by the year 2000, Indonesia might 
MAROARET LLOYD, ERIC POOOENPOHL, JEAN ROCEWOOD, be enjoying an installed capacity of 60,000 megawatts of electricity 
LEAH RYAN, Lots SCHMITr, RICHARD SEM5KLO5B. based on its geothermal resources. 
YA Li SWIOART, ELEANOR WARNER 

Guide to Scientific instruments: RICHARD SOMMER Thus one had .the impression of substantial energy potential. However, 

Membership Recruitment: GWENDOLYN HUDDLE; other papers indicated that there may be a long road between potential 
Subscription Records and Member Records: ANN and fulfillment. Much or even most geothermal energy is associated with 
RAGLANO 

hot water heavily loaded with salts of various kinds. Some are corrosive; 
Advertising Staff others clog pipes when the water is cooled. 

Director Production Manager A small sample of the problems to be encountered was provided by 
EARL J. SCHERAGO MARGARET STERLING 

Advertising Sales Manager: RICHARD L. CHARLES a description of results of drilling near the Hawaiian crater Kilauea, from which frequently emerges lava at a temperature of about 12000C. 
Sales: NEW YORK, N.Y. 10036: Herbert L. Burklund 
11 W. 42 St. (212-PE-6-1858); SCoTCH PLAINS, NJ: The drill hole was pointed toward the predicted location of a hot 
07076: C. Richard Callis, 12 Unami Lane (201-889- pool of lava. In the first 490 meters, some of the temperatures en- 
4873), CHICAGO, ILL. 60611: Jack Ryan, Room 
2107, 919 N. Michigan Ave. (312-DE-7-4973); BEv- countered were lower than those at the surface. About 500 meters below 
ERLY HILLS, CALIF. 90211: Wino Nance, 111 N. La the surface and 500 meters above sea level, the drill encountered rocks 
Cienega Blvd. (213-657-2772); DORsET, vT. 05251: 
Fred W. Dieffenbach, Kent Hill Rd. (802-867-5581) fully saturated with Water having a salinity greater than that of seawater. 

EDITORIAL CORRESPONDENCE: 1515 Massa- The hole bottomed at 160 meters below sea level, and the maximum 
chusetts Ave., NW, Washington, D.C. 20005. Phones: temperature noted was 1 370C. 
(Area code 202) Central Office: 467-4350; Book Re- 
views: 467-4367; Business Office: 467-4411; Circula- The world does not now face acute shortages of mineral resources. 
tion: 467-4417; Guide to Scientific Instruments: 4l- They are abundant, and techniques for exploitation are well developed. 
4480; News and Comment: 467-4430; Reprints and 
Permissions: 467-4483; Research News: 467-4321; In contrast, energy resources are either limited or the techniques for 
Reviewing: 467-4440. Cable: Advancesci. Washington. using them are not established.-PHILIP H. ABELSON 
Copies of "Instructions for Contributors" can be 
obtained from the editorial office. See also page xv. ' General chairman of the conference was Michel T. Halbouty of Houston, Texas. Selected 
Science, 28 June 1974. ADVERTISING CORRE- 
SPONDENCE: Room 1740, 11 W. 42 St., New York, papers from the conference are to be published in a memoir. 
N.Y. 10036. Phone: 212-PE-6-1858. 
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