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Which of these Ultracentrifuge Accessories 

can you.use in your rese.arch.I 

2 

No matter what your centrifugation 
needs, Beckman can supply them. In ultra- 
centrifugation, Beckman offers four LS 
models with top speeds from 40,000 to Beckman fixed angle, swinging bucket, 
75,000 rpm, plus a full line of rotors, tubes 
and accessories. 

example, Beckman provides the gradient 
materials, the gradient former, the frac- 
tionating device to remove the fractions ... 
after the run, and the flow cell and , analytical capability with absorption optics. 
spectrophotometer to provide a written 
record. All highest quality; all designed to 
work together. 

chure SB-400; for accessories ask for cata- y 

log PL-174. Write Beckman Instruments, 
Inc., Spinco Division, 1117 California   < 9. Schljeren Optics provides photographs of 
Avenue, Palo Alto, CA 94304 particle movement. 

.13 EKMAN.?. 
Circle No 82 an Readers' Service Card 



For unattended 
water and ambient air 
temperature recording 

up to 180 days... 

...the new Ryan Model J 

portable,waterproof thermograph! 

Here's an ideal instrument Model J instruments are available for 
for water resources studies, short-term rentals or purchase. Send 
thermal pollution measure- this coupon for a free brochure: 
ments, and fishery research 
projects.. .onethat charts F? 

P.O. Box 599 
water or air temperatures with 
unattended scientific accu- PeaE5dy Ryan Kirkland, WA. 98033 
racy up to 6 months with the ryan insIruenIs, IflC. Cable: Ryansea 
Model J-180, 3 months with the I A PeabodyCompany TWX 910-449-2870 

Model J-90. I 
Easy-to-read temperature changes I Name _______________ I 'Company 

are recorded by a fast response probe I 
on a 2 inch by 24 foot pressure- I Address______________________ 
sensitive strip chart, contained in a re- I City___________________________ I 
movable cartridge. Quartz mechanism I State, Zip 
provides precise movement. Ryan 
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Volume II in the annual AAAS series 

111 all 

This series is sponsored by the AAAS and its Committee on Science and Public Policy and 
prepared under the direction of Willis H. S.hapleyT, former budget official and Associate 
Deputy Administrator of NASA, who has had extensive xperience in research and develop- 
ment, national defense, and space programs.. 

RESEARCH & DEVELOPMENT IN THE and analytical re ort on R&D in the federal budget. 
FEDERAL BUDGET: FY 1978 by. 14 They ident'fyi $.u.of major importance to scientists, 

Shapley, Don I. Phillips and Hedwrt R back ' engineers, esearch institutions, administrators, and 

offers a timely analytic summary> ml interpr . K students of public policy. 
report on R&D in this year's annua budget an 
stimulating discussion of significant ur ent, tial reading in this changing climate of govern- 

basic issues: upport of R&D. 

* FY 1977 budget outcome i dry urcopies now. 

* FY 1978 budget analysis 

* Future R&D budget outlook 

* Congressional role in R&D budgeting ER ORM 9 

* How R&D budget decisio ould be made Plea e nd in di item(s) checked below: 

RESEARCH & DEVELOPMENT IN THE El i&Din th Federal Budget: FY 1978 
FEDERAL BUDGET: FY 1977 y Will s H ( vailable inJune 1977) 
Shapley, lays the foundation for Y 1978 a d suc asl $5 AAAS member price: $4.95 

ceeding volumes. It gives an in-d pth analyt of how ? El R&D the Federal Budget: FY 1977 
the federal budget is prepared and urvey th broad Retail $5 50 AAAS member price: $4.95 

range of continuing issues affecting research and El Both publications at the special rate 

development budgets. An incisive analysis of lasting K Retail. $9.00 AAAS member price: $8.10 
significance. 

All orders $5 or less must be prepaid. 

These two volum s unravel the mysteries and com (Please allow 6 to 8 weeks for delivery) 

plexities of the budgeting process and give a clear ___________________________________________________ 

Send orders to Department L 
 American Association for the Advancement of Science 

1515 Massachusetts Avenue NW, Washington, DC 20005 
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MILES BIOCHEMKALS 1977 

1977 edition features two new sections: 
Electrophoresis and Molecular Recombination Reagents. 
Other sections include: Stable Isotopes, Immobilized 
Biochemicals, Polypeptides, Lipids, Lectins, Nucleic Acids, 
Enzymes, Blood Proteins and Immunochemicals. 

On its 171 fact-filled pages, you'll find not only a listing r------------------- 
and a description of products, but also applications, 3 Please rush me my free copy of the 3 
assay methods and pertinent references. 1977 Miles Biochemical Catalog. 

No other catalog gives you so much useful informa 
tion at a glance. It can serve as a handy reference book ___________________________________ I 
and an alphabetical index makes everything easy to * NAME: ______________________________________ 
find. U ____________ 

What's more, this unique catalog is backed by Miles' 3 DEPARTMENT: I 
24-hour ordering system. You can phone us at any I I 
time (even Saturdayat4A.M.) and placeyourorderfor * ORGANIZATION:________________________________ 
immediate shipment the next working day. You can I ________________________________ I 
also phone for quick assistance or information on any * ADDRESS 
product. 3 

Togetyourcopyofthel977Miles Ci I 
Biochemical catalog, just fill out Mail to: U 
and mail the coupon. What 4.  Miles Research Products, Miles Research Ltd mAP Miles Laboratories, Inc., Miles Laboratories' 
could be easier? 3 Elkhart, IN 46514 P.O. Box 37 I 

<4. 5C1-7-22 SLOUGH SL2 4 

kINPEIILu.rn.mm....mi.E  Poges UNITED KINGDOM - - m - 
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ThE FUTUIiE 
Is 

HEME 

we ou reQd for It? 

Avoiding future shock - being ready for the prospect that tiny 
integrated circuits like the one shown here will increasingly govern 
the way you work, play, and interact with the world around you - 
is a major goal of the new AAAS compendium, ELECTRONICS: 

THE CONTINUING REVOLUTION. It is not necessary to 
understand the technology of an integrated circuit in detail to be 

aware that their decreasing costs and growing power are spearheading 
the continuing revolution. And integrated circuits are only a part of 
the technology that is shaping the future of science, business, leisure 

activity - even cooking appliances. ELECTRONICS: THE CONTINUING 
REVOLUTION explores the past, present, and potential role of 

electronics in such diverse areas as banking, medicine, communications, 
education, defense, employment, and more. 

Be ready to take full advantage of the electronic advances that are 

coming your way. Order your copy of ELECTRONICS now. 

ELECThORIOS 
A Glance At The Pest - A View Of The Future 

Retail: $12.95 Casebound, $4.95 Paperbound. 
AAAS Member: $11.95 Casebound, $4.45 Paperbound. 

Series and bulk order information upon request. 
Please allow 6-8 weeks for delivery. 

110W * To order your copy, write to: 
American Association for the 
Advancement of Science QvQiIQbIe Department D-1 
1515 Massachusetts Avenue, N.W. from Washington, D.C. 20005 
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Science 

for Listening 

CANCER - the latest in the AAAS audiotape cassette album series. 

WHY? This most baffling question is asked every day by over 1000 Americans. Cancer, a disease of fear, anxieties, and of 
the unknown. A disease that strikes for no apparent reason. Is there an answer? Is there hope? On four hour-long cas- 
settes, science journalists interview 19 leading physicians and cancer researchers. Listen to what the experts in medical 
science know and the potential that research holds. The newest audiotape album from AAAS is accompanied by a 40-page 
booklet condensing much of the information contained in the series of tape-recorded narratives. Order the entire package 
or the booklet alone. 

List price: $49.95 Booklet alone; $2.50 
(special PREPAID member price: $44.95. Booklet alone: $2.00) 

AND NOW ... for a limited time only, the Association is able to offer its readers the following proven favorites at a 
special low price to enable you to expand your collection. Which ones do you need for classroom discussions, personal 
study, or library reference? Look over the list and note how prices have been reduced. Increase your knowledge while 
we decrease our prices. Order NOW while the supply lasts. 

El Energy: A Dialogue physicists and the lay public can share 'the 
A six-tape album plus booklet which thrill of discovery and the satisfaction of 
focuses on three major themes: the energy understanding." The accompanying 

what it is and how it got that way; booklet contains reproductions of many of r# ORDER FORM crisis, the slides used in the original presentations. 
the technological options, what they are 
and how much they will cost: and the List price: $69> 

Cancer Album 
interrelationship of energy with environ- .___ $49.95 Reiaii ($44.95 AAAS number. 
ment and politics and how it affects our El Speaking of Science prepaid) 
lifestyles and family budgets. To help you understand the world through Cancer Booklet 

$2.50 Retail ($2.00 AAAS member. 
List price: $4.99<   00 science, AAAS created this three-volume prepaid) 

series of audiotapes. Thirty-six conversa- 
tions between well-known scientists and Please send the following at the reduced 

El Origins science writers explore pertinent scientific prices: 
What is man's deepest mystery? How did issues, discoveries and topics of research. ____ Energy: A Dialogue--$35.00 

life begin? What is the genesis, life, and Designed for listening both in the home ___ Origins- $30.00 
death of stars? How was the universe and in the classroom, each volume con- rbe Pbysical World --$55.00 
created? Four of the world's leading scien- tans 12 scintillating half-hour conversa- -$35.00 
tists probe these and other questions in tions certain to spark hours of interesting Speaking of Science (Vol. Ii) 
Origins, an audiotape album with four and informative discussions. The volumes -$35.00 
50-minute cassettes and accompanying may be purchased separately or in a set. Speaking of Science (Vol. lii) 
booklet. For the inquisitive mind, for the Quantities are limited. -$35.00 

____ Speaking of Science lTbreeVoiurne science student, for anyone who wants to A partial listing of conversations Self -$85.00 
learn more about his own origin or that Volume I: Health Care and Delivery; Tech- TOTAL AMOUNT ENCLOSE[) _______ 

of his world. nology To - Finit rth, Crieck or Purcbase Order must accompany 

List price: f000 List pric$ OU 00 all orders. DO NOT SEND CASH 

Name ______________________________ 
Volume II: The Dilemma of Prisons; New 

El The Physical World Dimensions in Human Genetics; Energy Address _____________________-- 
Designed for the graduate physicist and Rationing. Ci 

other scientists, The Physical World con- List price: 9.r9? ' 3$ 00 
tains six lectures selected from presenta- State Zip - -._______________ 
tions at the 14th General Assembly of the Volume III: The Science of Violence, Popu- Mail in: 
International Union of Pure and Applied lation Policy and Human Development, AAAS. Depi. A-i 
Physics. The lectures explore such topics The Earth's Fire. 1515 Massacbusetis Ave. NW. 

as the theory and techniques of scattering List price: $339< , 3$ 00 Wasbingion. D.C. 2111)1)5 
methods, the evolution of solid state ' (Please allow b8 weeks for delivervl 

theory, the various types of nuclear pheno- Three-Volume Set (Vols. I-Ill) 
mena, as well as questions about how List price: $.99r9< / 8500 ________________ 
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NEAL ASSAYS 
VNQ14 ATO$, INC 

- .  n9 .L4Y1J$- I4I87-873Q 
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This new development offers you these five Name 
important advantages. 

- Single, time-saving incubation. 
Title 2. New antibody significantly lowers cross- -- - 

reactivity to 1 1-deoxycortisol. 
K Direct sample processing; no heat denatur- Institution! Department ation, no dilution. 
I- - Employs a new tracer with higher count 

rate. 
K Eliminates the need to wash tubes after Address 

aspiration or decantation. 

State Zip For more information send coupon or call toll free City 
1-800-225-1241 (in Massachusetts call collect 
617-492-2526 or TWX: (710) 320-6460). 

Phone 
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Introducing the hungry ECLIPSE. 
Data General's new ECLIPSE S/i 30 corn- cal big-computer peripherals, software and 
puter has a bigger appetite for work than any worldwide support. 
other mid-range mini. And enough speed and Now, you don't have to skimp along with an 
versatility to wolf down any kind of data you undernourished mini that's too limited for your 
have to dish out. work. Or splurge on one that's too fat just to 

The hungry ECLIPSE computer is built get the performance ycu need. Just order an 
around the same powerful architecture as our ECLIPSE S/130 computer. It will make your 
super high-speed ECLIPSE S/230. Added to work load a lot leaner. Want more food for 
that is a host of special features that make the thought? Send for our brochure. 
hungry ECLIPSE unique. like our fast micro- El Send your S/130 brochure. 

coded floating point and efficient character string El Send your S/130 brochure and have your sales representative call. 
instruction sets. And our second-generation Mail to: Data General, Westboro, MA 01581 

WCS general-purpose user microprogramming Name____________________________ 

ability that results in unmatched throughput in Title__________________________________ 

demanding applications. To top it off it also Company 

includes AOS, our amazing new heuristic multi- Address Tel __________ 
prograrmning advanced operating system, and of City a of Data State Zip ECLIPSE General Corporation 

course the full range of Data General's economi- ?Data GeneralCorporation, 1977 

I r Data General 
It's smart business. 

Data General, Westboro, MA 01581, (617) 366-8911. Data General (Canada) Ltd., Ontario. 

Data General Europe, 15 Rue Le Sueur, Paris 75116, France. Data General Australia, Melbourne (03) 82-1361. 
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and of carbon tetrachioride into the Ka- We need a strategy for public water sup- placing his sand filters with carbon which 
nawha and Ohio rivers were discovered, ply, and such a strategy should include ... would interfere with chlorination 
However, over the years, smaller but preserving and developing protected wa-.I don't think so. Carbon filtration 
continuous chemical discharges are not tersheds for water supplies that are to be can be employed before chlorination. 
discerned by routine monitoring and are used for drinking. Polluted rivers make This would enhance the disinfective effi- 
only partially revealed by their impact on excellent sources of water for the many ciency of chlorination, reduce the chlo- 
fish in these rivers. Fish from the Hud- nonpotable needs of an industrial so- rine demand, and also reduce the hazard 
son River are unsuitable for human con- ciety of forming persistent chloroorganics 
sumption, but the Corps of Engineers DANIEL A. OKUN which are of ecological concern. 
recommended in March 1977 that New Department of Environmental Sciences If for some reason the New Orleans 
York City tap the Hudson for additional and Engineering, School of Public plant must employ chlorination before 
water supply. Health, University of North Carolina, carbon filtration, there is still good rea- 

While our present knowledge may not Chapel Hill 27514 son to believe that disinfection would be 
justify the great expenditures that chang- satisfactory. What is encumbered is a re- 
ing our present sources of water would Referring to the views of Stuart H sidual level of disinfectant desired in the 
require, certainly we might avoid making Brehm, director of the Sewage and Wa- distribution system as a safety precau- 
major new investments in developing ter Board of New Orleans, Nicholas tion against secondary contamination. 
water sources of questionable quality. Wade states .... . there is no point in re- This can be added by a secondary chlori- 
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alkalis as with a.cids. 
Dispensette is the universal volumes from 0.1 to SGml with better 

bottle-top dispenser that does lots of than ?1 GOb accuracy and ?0.10/0 
things better than conventional all- reproducibility. All can be auto- 
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nation procedure. An advantage of this 
Cut density radient chlorination will remove system is that carbon filtration following 

* 110 formed in the chlorination process as 

pin 
S WI 

ime aSorvaii the human health concern over chiori- well as excess chlorine. Furthermore, in C-5 centrifu e and light of the ecological concern, as well as g nated organics, it is becoming fashion- 

able again to investigate use of water 
55-90 vertical rotor. supply disinfectants other than chlorine. 

informed public utili- 
ties that average householders are not 

- - willing to pay an additional $7 per year 
- for clean water? 

D. J. BAUMGARTNER 
Marine and Freshwater Ecology Branch, 

- - Corvallis Environmental Research 
Laboratory, Environmental Protection 

- Agency, Corvallis, Oregon 97330 

ergy and Inspiration 

hilip H. Abelson's editorial "Energy 
- - - conservation is not enough" (10 June, p. 

- 1159) criticizes the National Energy Plan 
for not having enough "inspiration" and 

-- 2- for providing "no basis.., for the pub- 
- - lic to hope that America's technological 

5- -' - fl -- capabilities will be effectively mar- 
- 4: - - shaled." This statement is inconsist- 

- - ent with the Plan as I read it. Specifical- 

- ly the Plan places tremendous-but re- 
alistic-dependence upon U.S. tech- 
nology. Where else do we look to learn 
how to utilize coal resources in an ef- 

The Sorvall? RC-5 refrigerated superspeed centrifuge fective way? Are we willing to claim that 
with a Rate Controller is ideal for density gradient work. The technology offers no hope of our achiev- 
soft start and soft stop characteristics of the Rate Controller ing greater use of coal with less environ- 
prevent mixing of the gradient at speeds between 0 and mental impacts? Where else can we 
1,000 rpm. 

With this feature and the new Sorvalle SS-90 vertical rotor, place our dependence if we are to devel- 
the RC-5 provides high resolution with reduced spin times. op much more efficient ways to utilize 
The rotor holds the tube at a fixed angle of 00 while the energy? 

reorients from horizontal to vertical. This means the The great challenge offered in the Na- gradient tional Energy Plan is to seriously commit 
particle must travel only the width of the tube, not the length. this nation to substituting technological 
lt also improves resolution by increasing the surface area and ingenuity for brute-force energy con- 
reducing the depth of the starting zone. In fact, the K factor sumption. In the past we have over- 
calculated for the ultracentrifuge swinging bucket rotor of 
comparable volume is 265, while the K factor for the 88-90 focused on developing "gee-whiz" ener- 
vertical rotor is 210. And since the 88-90 holds 8 tubes gy supply technologies. The Plan may 
instead of 6, you can spin more total volume, bring us back a little closer to Earth, but 

The Sorvall? RC-5 also features solid state speed and it certainly doesn't lack for challenges to 
temperature control systems, direct reading tachometer and American technological leadership. 
temperature gauge, and an instrument panel with convenient Environment Center, JOHN H. GIBBONS 

push-button controls. And it accepts RC-2B as well as RC-5 University of 
rotors. It is built with the high quality and attention to detail that Tennessee, Knoxville 37916 
have been characteristic of Sorvall? centrifuges for years. In his editorial of 10 June, Abelson 

For more information on the Sorvalr RC-5 centrifuge, rightly points out that the National Ener- 
just write Du Pont Instruments, Biomedical Division, gy Plan's "missing element is in- 
Room 23708A, Wilmington, DE 19898 spiration." I think we should be crasser. 

_____________________________________________________________________ The missing element is financial in- 
centive to find more fuels, to develop 

__ ,?iTIIIIN\ new technologies, and even to bring 
Du rent umuiuuuuuwuw JUI1I about more energy conservation. 
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It takes supreme confidence for the Sla 
cratic fiat (as would be done for oil and sh density gradient Administration to set prices by bureau- gas) and then declare that the supply will spin time with a Sorvall? 
come forth. If it does not come forth, we 
will find ourselves importing more oil OTD ultracentrifuge and and liquified natural gas or gasifying coal 
at a far higher cost than what we would   
have to pay the oil and gas moguls in the new verica FULUF. 
Southwest. For some reason, we are 
asked to take our chances on handing 
OPEC more money than on giving Texas 
any incentive to find more oil and gas. 

The treatment of electric utilities is an- - 

other example. The Plan offers the utili- 
ties little incentive to emphasize coal and aa\ 

nuclear technologies because it starts out >'\ - 

with assumptions that make the job look 
easy. After all, it is estimated that fuel 
demand by the industry will grow only 5 
percent per year without the Plan and 4.4 
percent with it (1, p.95). Furthermore,  

the Plan will save the industry a colossal >?'5-5-5->5-' 

$40 billion by 1985 if implemented (1, 5-> 44-K \ 

p. 97). These savings seem to be both ... - -, / >\\\ 
dubious and thoroughly undocumented 
(2), and the fuel estimates seem to be no -- - 

more than guesswork. But with such -5-5-su -- 

slow growth and huge savings on the ??t? 

way, the Administration provides few 5- 

real financial incentives in the Plan to al- 5-h.? 5-S 2 
ter the fuel mix. -  

Finally, what incentives are provided - -:  cs2 - - 

to those who want to develop new ener - 

gy sources, other than some tax credits 
that may or may not be high enough? 
When the price of conventional fuels is Sorvall? OTD ultracentrifuges with oil turbine drive and 
kept down exotic energy sources look Automatic Rate Controller are ideal for density gradient work. 
less economic. For that matter, does the The soft start and soft stop characteristics of the ARC and 
present research structure do the job? Reograd mode of deceleration prevent mixing of the gradient 
Can government agencies that are far at speeds between 0 and 1,000 rpm. 
from the marketplace and huge corpora With these features and the new Sorvall? vertical rotor, 
tions that might be affected adversely by Sorvall? ultracentrifuges give high resolution with reduced 
the development of new energy sources spin times. The rotor holds the tube at a fixed angle of oc while 
be expected to produce them? Perhaps the gradient reorients from horizontal to vertical. This means 
the answer would be to create COM the particle must travel only the width of the tube, not the 
SAT-like private corporations to develop length. It also improves resolution by increasing the surface 
and market new energy devices. They area and reducing the depth of the starting zone. In fact, 
would clearly have the incentive to do the K factor calculated for the highest performance ultraspeed 
so, because those devices would be their swinging bucket rotor is 45, while the K factor for the Sorvall? 
only sources of income (3). TV865 vertical rotor is only 10. 

If we are going to have a successful en The oil turbine drive eliminates failure-prone gears, belts 
ergy plan we have to hamess the force and brushes. And Sorvall? OTD-50 and OTD-65 ultracen- 
that made American capitalism great: trifuges have self-contained cooling systems - eliminating 
old-fashioned greed. problems with hard water as well as installation of plumbing, 

LEONARD S. HYMAN filters, valves and gauges. Both are built with the high quality 
Wainwright Securities Inc., and attention to detail that have been characteristic of Sorvall? 
245 Park Avenue, centrifuges for years. 
New York 10017 For more information on Sorvall? OTD ultracentrifuges, 

just write Du Pont Instruments, Biomedical Division, Room 
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AMERICAN ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE 
Science serves its readers as a forum for the pre- L  Resorts 

sentation and discussion of important issues related to ai 
the advancement of science, inciuding the presentation 
of minority or conflicting points of view, rather than by 
pubiishing only materiai on which a consensus has been In the 1976 presidential race, Governor Carter reportedly took the posi- 
reached. Accordingly, all articies published in Science- tion that in solving our energy problems he would rate nuclear energy as a 
including editorials, news and comment, and book re- 
views-are signed and reflect the individual views of the last resort. Some weeks ago, when the Carter Administration was found to 
authors and not officiai points of view adopted by the 
AAAS or the institutions with which the authors are  be cutting red tape to speed the licensing of nuclear power plants, one of his 
fiuiated. retinue explained the apparent change of heart by saying, "Now we are 

Editorial Board down to last resorts. 
1977: WARD GOODENOUGH, CLIFFORD GROBSTEIN, Political rhetoric and rationalizations aside, this startling response gives 
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MAXINE SINGER, PAUL E. WAGGONER, F. KARL WIL- economy. Perhaps it will not come to that, but it very well may. 
LENBROCK Again and again, we look at the disarray in our national energy policies 

Publisher and at the absence of a national will to face the bleak facts. What is missing 
WILLIAM D. CAREY is the kind of resolution and action which marked the era of wartime mobili- 

Editor zation, when private preferences were overridden by the common emergen- 
PHILiP H. AJIELSON cy. Obviously, it is futile to wish for a return of that sort of unity while we 

Editoral Staff can indulge ourselves in rising imports of energy supplies and in the con- 
Managing Editor Business Manager solations of long-term research and development, which may help by the 
ROBERT v. ORMES HANS NUSSaAUM 

Assistant Managing Editor Production Editor end of the century. The case could be quite different if the situation falls 
JOHN E. RINGLE ELLEN E. MURPHY apart in five years or even ten. Perhaps an awakening to the meaning of a 
News and Comment: BARBARA J. CULLITON, Editor; "last resorts" society can get us moving in the near term. 

LUTHER J. CARTER, CONSTANCE HOLDEN, DEaORAH 
SHAPLEY, NICHOLAS WADE, JOHN WALSH. Editorial We have grown accustomed to having things turn out right, in general, 
Assistant, SCHERRAINE MACK 

Research News: ALLEN L. HAMMOND, Editor; GINA and we expect it as a matter of course. To be sure, things have not gone 
BARI KOLATA, JEAN L. MARX, THOMAS H. MAUGH II, exactly right for some groups in our society, and there is still that bill to be 
WiLLIAM D. METZ, ARTHUR L. RoaINsoN. Editorial paid. But on the whole, our situation compares graphically with that of most 
Assistant, FANNIE GROOM 

Associate Editors: ELEANORE BUTZ, MARY DORF- of the rest of the world. In this country, especially, affluence and consumer 
MAN, SYLVIA EBERHART, JUDITH GOTTLIEB satisfaction have brought living stindards and expectations to a state for 

Assistant Editors: CAITILIN GORDON, RUTH KUL- which history offers no parallel. 
STAD, Lots SCHMITT 

Book Reviews: KATHERINE LIVINGSTON, Editor; LIN- What can happen to the emotional and social stability of a very rich, if not 
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Editor; CORRINE HARRIS, MARGARET LLOYD 
Guide to Scientific Instruments: RICHARD SOMMER is that these societies have 2000 years or more of cultural development be- 
Assistant to the Editors: RICHARD SEMIKLOsE hind them and are able to draw upon the perspectives and resilience that are 
Membership Recruitment: GWENDOLYN HUDDLE the fruits of their embattled pasts. It is a different case with the American 
Member and Subscription Records: ANN RAGLAND 

EDITORIAL CORRESPONDENCE: iSiS Massachu- expenence, short and one-stded as lt has been. 
setts Ave., NW, Washington, D.C. 20005. Area code So the question remains troubling. Is our national character prepared for 202. General Editorial Office, 467-4350; Book Reviews, a reversal of our fortunes and our optimistic expectations if events trans- 
467-4367; Guide to Scientific Instrument, 467-4480- 
News and Comment, 467-4430; Reprints and Per form the good society to a condition of last resorts? Will we take the same missions, 467-4483; Research News, 467-4321; Cable- 
Advancesci, Washington. For "Instructions for Contrib: generous view of human and economic rights, and of our relations with 
utors," write the editorial office or see page xi, Science, other peoples and races, when there is not enough to go around-much less 
26 March 1976. 
BUSINESS CORRESPONDENCE: Area Code 202. enough to assure us the lion's share? 
Business Office, 467-4411; Circulation, 467-4417. We are taking a lot for granted. We do not seem to believe that the Ameri- 

Advertising Representatives can experience, as we know it, can be altered drastically and unpleasantly. 
Director: EARL J. SCHERAGO We seem to think that our luck will somehow hold out, and that a worst-case 
Production Manager: MARGARET STERLING future cannot materialize. We refuse to examine the social and human impli- 
Advertising Sales Manager: RICHARD L. CHARLES 

Sales: Naw YORK, N.Y. 10036: Herbert L. Burklund, 11 cations of last resorts. 
W. 42 St. (212-PE-6-1858); ScoTcH PLAINS, N.J. 07076: That is why the present condition of policy-making in energy is so alarm- C. Richard Callus, 12 Unami Lane (201-889-4873); CHI- 
CAGO, ILL. 60611: Jack Ryan, Room 2107, 919 N. Mich- lng, and why it may presage other policy dilemmas which will arise as global 
igan Ave. (312-DE-7-4973); BEVERLY HILLS, CALIF. issues sharpen in the next decade. A nation reduced to last resorts is one in 90211: Winn Nance, lii N. La Cienega Blvd. (213-657 
2772); DORSET, VT. 05251: Fred W. Dieffenbach, Kent trouble.-WILLIAM D. CAREY 
Hill Rd. (802-867-5581) 
ADVERTISING CORRESPONDENCE: Room 1740, 
11 W. 42 St., New York, N.Y. 10036. Phone: 212-PE-6- 
1858. 

22 July 1977, Volume 197, Number 4301 SC I E 1CE 

AMERICAN ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE 
Science serves its readers as a forum for the pre- L  Resorts 

sentation and discussion of important issues related to ai 
the advancement of science, inciuding the presentation 
of minority or conflicting points of view, rather than by 
pubiishing only materiai on which a consensus has been In the 1976 presidential race, Governor Carter reportedly took the posi- 
reached. Accordingly, all articies published in Science- tion that in solving our energy problems he would rate nuclear energy as a 
including editorials, news and comment, and book re- 
views-are signed and reflect the individual views of the last resort. Some weeks ago, when the Carter Administration was found to 
authors and not officiai points of view adopted by the 
AAAS or the institutions with which the authors are  be cutting red tape to speed the licensing of nuclear power plants, one of his 
fiuiated. retinue explained the apparent change of heart by saying, "Now we are 

Editorial Board down to last resorts. 
1977: WARD GOODENOUGH, CLIFFORD GROBSTEIN, Political rhetoric and rationalizations aside, this startling response gives 

H. 5. GUTOWSKY, N. BRUCE HANNAY, DONALD KEN- 
NEDY, NEAL E. MILLER, RAYMOND H. THOMPSON us plenty to think about. It raises the question of how ready we are, as a 

1978: RICHARD E. BALZHiSER, JAMES F. CROW, people, to take the medicine that is implicit in a "last resorts" political 
HANS LANDSBERG, EDWARD NEY, FRANK W. PUTNAM, 
MAXINE SINGER, PAUL E. WAGGONER, F. KARL WIL- economy. Perhaps it will not come to that, but it very well may. 
LENBROCK Again and again, we look at the disarray in our national energy policies 

Publisher and at the absence of a national will to face the bleak facts. What is missing 
WILLIAM D. CAREY is the kind of resolution and action which marked the era of wartime mobili- 

Editor zation, when private preferences were overridden by the common emergen- 
PHILiP H. AJIELSON cy. Obviously, it is futile to wish for a return of that sort of unity while we 

Editoral Staff can indulge ourselves in rising imports of energy supplies and in the con- 
Managing Editor Business Manager solations of long-term research and development, which may help by the 
ROBERT v. ORMES HANS NUSSaAUM 

Assistant Managing Editor Production Editor end of the century. The case could be quite different if the situation falls 
JOHN E. RINGLE ELLEN E. MURPHY apart in five years or even ten. Perhaps an awakening to the meaning of a 
News and Comment: BARBARA J. CULLITON, Editor; "last resorts" society can get us moving in the near term. 

LUTHER J. CARTER, CONSTANCE HOLDEN, DEaORAH 
SHAPLEY, NICHOLAS WADE, JOHN WALSH. Editorial We have grown accustomed to having things turn out right, in general, 
Assistant, SCHERRAINE MACK 

Research News: ALLEN L. HAMMOND, Editor; GINA and we expect it as a matter of course. To be sure, things have not gone 
BARI KOLATA, JEAN L. MARX, THOMAS H. MAUGH II, exactly right for some groups in our society, and there is still that bill to be 
WiLLIAM D. METZ, ARTHUR L. RoaINsoN. Editorial paid. But on the whole, our situation compares graphically with that of most 
Assistant, FANNIE GROOM 

Associate Editors: ELEANORE BUTZ, MARY DORF- of the rest of the world. In this country, especially, affluence and consumer 
MAN, SYLVIA EBERHART, JUDITH GOTTLIEB satisfaction have brought living stindards and expectations to a state for 

Assistant Editors: CAITILIN GORDON, RUTH KUL- which history offers no parallel. 
STAD, Lots SCHMITT 

Book Reviews: KATHERINE LIVINGSTON, Editor; LIN- What can happen to the emotional and social stability of a very rich, if not 
DA HEISERMAN, JANET KEGG 

Letters: CHRISTINE KARLIK spoiled, society when it is confronted suddenly with an economy of last 
Copy Editors: ISABELLA BOULDIN, OLIVER HEAT- resorts? What can become of the decency that underlies behavior in a fortu- 

WOLE nate and civilized democracy? One thinks of Western societies with which 
Production: NANCY HARTNAGEL, JOHN BAKER; YA we share historical and institutional beginnings, and whose material for- Li SWIGART, ELEANOR WARNER; JEAN RocKWooD 

LEAH RYAN, SHARON RYAN tunes lately have gone sour. They are already close to their last resorts, yet 
Covers, Reprints, and Permissions: GRAYCE FINGER, they seem to have come to terms with misfortune. The difference, possibly, 

Editor; CORRINE HARRIS, MARGARET LLOYD 
Guide to Scientific Instruments: RICHARD SOMMER is that these societies have 2000 years or more of cultural development be- 
Assistant to the Editors: RICHARD SEMIKLOsE hind them and are able to draw upon the perspectives and resilience that are 
Membership Recruitment: GWENDOLYN HUDDLE the fruits of their embattled pasts. It is a different case with the American 
Member and Subscription Records: ANN RAGLAND 

EDITORIAL CORRESPONDENCE: iSiS Massachu- expenence, short and one-stded as lt has been. 
setts Ave., NW, Washington, D.C. 20005. Area code So the question remains troubling. Is our national character prepared for 202. General Editorial Office, 467-4350; Book Reviews, a reversal of our fortunes and our optimistic expectations if events trans- 
467-4367; Guide to Scientific Instrument, 467-4480- 
News and Comment, 467-4430; Reprints and Per form the good society to a condition of last resorts? Will we take the same missions, 467-4483; Research News, 467-4321; Cable- 
Advancesci, Washington. For "Instructions for Contrib: generous view of human and economic rights, and of our relations with 
utors," write the editorial office or see page xi, Science, other peoples and races, when there is not enough to go around-much less 
26 March 1976. 
BUSINESS CORRESPONDENCE: Area Code 202. enough to assure us the lion's share? 
Business Office, 467-4411; Circulation, 467-4417. We are taking a lot for granted. We do not seem to believe that the Ameri- 

Advertising Representatives can experience, as we know it, can be altered drastically and unpleasantly. 
Director: EARL J. SCHERAGO We seem to think that our luck will somehow hold out, and that a worst-case 
Production Manager: MARGARET STERLING future cannot materialize. We refuse to examine the social and human impli- 
Advertising Sales Manager: RICHARD L. CHARLES 

Sales: Naw YORK, N.Y. 10036: Herbert L. Burklund, 11 cations of last resorts. 
W. 42 St. (212-PE-6-1858); ScoTcH PLAINS, N.J. 07076: That is why the present condition of policy-making in energy is so alarm- C. Richard Callus, 12 Unami Lane (201-889-4873); CHI- 
CAGO, ILL. 60611: Jack Ryan, Room 2107, 919 N. Mich- lng, and why it may presage other policy dilemmas which will arise as global 
igan Ave. (312-DE-7-4973); BEVERLY HILLS, CALIF. issues sharpen in the next decade. A nation reduced to last resorts is one in 90211: Winn Nance, lii N. La Cienega Blvd. (213-657 
2772); DORSET, VT. 05251: Fred W. Dieffenbach, Kent trouble.-WILLIAM D. CAREY 
Hill Rd. (802-867-5581) 
ADVERTISING CORRESPONDENCE: Room 1740, 
11 W. 42 St., New York, N.Y. 10036. Phone: 212-PE-6- 
1858. 



GALEN MICROSCOPE .slides have never .. 
vo.u..Ioo.kd.good 

Look at your ow * In-base, varia 
.s.lidesthrougho nator. l30-watU. 
GALEN microscope and see how - - * Ideal for brightfield, darkfield and 
clear and fine the detail is. And notice phase contrast observations. 
that you get full 2" x 3" coverage. * Observation body rotates 3600, 
Named after the famous Greek phy- locks at any point. 
sician, GALEN meets exacting Bausch 
& Lomb standards. * Precentered substage with conven- 

ient low rack-and-pinion focusing. 
This fine instrument is ideal fcr rou- 
tine work in colleges, hospitals and * Graduated mechanical stage; low, 
industrial labs. And it mee saIl spec- 
ifications required for a microscope * Immediate of-f-the-shelf delivery. 
used to studV medicine * Bausch & Lomb guarantee, and na- 
The GALEN microscope is priced at __________ tionwide service. 
$746.00*jconsiderabiy less than many 
microscopes that don't have all its take our word for it. Arrange for a Scientific Optical Products Division features..free demonstration; Optics renter, Dept. 6 02 

1400 North Goodman 
Street 

think... this. is. the .best microscope.. Look into GALEN When OU re Rochester,N.Y. 14602 
value o..n. the... market today. But.don't. looking for a microscope: 

..Parfocal,coatedoptlcs..BALJSCH&LOIVIBi 

* 4x, lOx, 40x, lOOx (oil) achromatic 

objectives. .0. EN 
.Monocular, binocular, triocular 

models. professional microscope 
- *Monocular model $746, Binocular model shown $895. 

-I 

BAUSCH & LOMB I...... 
I Scientific Optical Products Division 
I Optics center, Dept. 6602 I 
I 20719 North Goodman Street 

Rochester, N.Y. 14602 Available on GSA contract. Consult 

Lii Have my B&L dealer contact me to arrange a convenient, I the Yellow Pages 
free demonstration. LII Send catalog 31 -2439. 1 for your local au- 

thorized Bausch & Name I Lomb dealer. 
Title 

I Institution or Company I 
I I 

Street 
I City State Zip 

GALEN. The scope of a more productive laboratory. I 
Circle No. 69 on Readers' Service Card I 



-. Deadline for Nominations: 15 September 1977 
AAAS-Newcomb Cleveland Prize: Contest Year Is Nearly Over 

The deadline for nominations of papers for the AAAS-New- Prize, AAAS, 1515 Massachusetts Avenue, NW, Washington, 
comb Cleveland Prize is fast approaching. Readers are invited to D.C. 20005. Final selection will rest with a panel of distinguished 
nominate papers published in the Reports section of Science from scientists appointed by tbe Board of Directors. 
3 September 1976 to 26 August 1977. The prize of $5000 and a The award will be presented at a session of the annual meeting at 
bronze medal is now given annually to the author of an outstanding which the winner will be invited to present a scientific paper re- 
paper that is a first-time publication of the author's own research. viewing the field related to the prizewinning research. The review 

Nominations must be typed and the following information pro- paper will subsequently be published in Science. In cases of 
vided: the title of the paper, issue in which it was published, au- multiple authorship, the prize will be divided equally between or 
thor's name, and a brief statement of justification for nomination, among the authors; the senior author will be invited to speak at the 
Nominations should be submitted to AAAS-Newcomb Cleveland annual meeting. 

stage. Other investigators (1, 4) have dis- 
cussed bringing material in from the as- 
teroid belt, about 2.5 astronomical units 

S. (A.U.) from the sun. Table 1 compares 
R eporis lunar missions with favorable missions to various asteroids, broken down in 

short-thrust velocity increments from 
low Earth orbit to a heliocentric Hoh- 

Mining the Apollo and Amor Asteroids mann transfer orbit (A Vesc), from transfer 
orbit to rendezvous with the asteroid 

Abstract. Earth-approaching asteroids could provide raw materials for space (AVrend), from departure from the aster- 
manufacturing. For certain asteroids the total energy per unit mass for the transfer oid to the vicinity of Earth (Ard), and 
of asteroidal resources to a manufacturing site in high Earth orbit is comparable to from injection into a high Earth orbit 
that for lunar materials. For logistical reasons the cost may be many times less. (AVheo). 

Optical studies suggest that these asteroids have compositions corresponding to Table 1 shows that a round trip of mm- 
those of carbonaceous and ordinary chondrites, with some containing large quan- imum energy to a main belt asteroid of 
tities of iron and nickel; others are thought to contain carbon, nitrogen, and hydro- very low inclination and eccentricity 
gen, elements that appear to be lacking on the moon. The prospect that several new would require energies (Avt per unit 
candidate asteroids will be discovered over the next few years increases the likeli- mass) several times those for selected 
hood that a variety of asteroidal resource materials can be retrieved on low-energy Apollo and Amor asteroids. The Earth- 
missions. approaching asteroids become even 

more economical candidates than main 
O'Neill (1) has suggested that it is pos- venient opportunities. To a first approxi- belt asteroids when solar energy is used 

sible, using existing technology, to con- mation, the energy of retrieval is propor- for transport. The main belt asteroids are 
struct large communities in a stable high tional to the mass and thus to the cost of in a region of solar flux five to ten times 
Earth orbit. These communities would the propulsion system required to move less than that at Earth, whereas the 
be built from factories that would pro-- materials through the velocity increment Apollo and Amor asteroids are in a re- 
cess materials launched by an electro- to the locations of their end use. The en- gion of solar flux one to three times less 
magnetic mass driver from the shallow ergy per unit mass of resources retrieved than that at Earth. Thus a transportation 
gravitational potential well of the lunar is proportional to the square of the veloc- system utilizing solar energy, with a 
surface (2). This concept has since been ity increment, Av, and so the evaluation power plant subtending a fixed area ex- 
expanded to include the manufacturing of Av for sample missions provides a use- posed to sunlight, would yield five times 
of satellite solar power stations in high ful data base for the economics of non- as much energy at a selected Apollo or 
orbit, and offers a favorable benefit-cost terrestrial mining. Amor asteroid as at a main belt asteroid. 
ratio for the delivery of terrestrial electri- Mascy and Niehoff (5) have outlined a When factored in with the comparisons 
cal power in less than 20 years (3). Small mission profile for a sample return from in the energy of transfer orbits (Table 1), 
asteroids have also been suggested as re- the Amor asteroid 433 Eros. Niehoff (6) it is possible to gain a factor of  30 in 
source candidates because of their zero has evaluated the opportunities of a mis- throughput for the transportation of ma- 
gravity fields and the possible availabili- sion to the recently discovered Apollo terial if a selected Apollo or Amor aster- 
ty of metals and other materials (4). asteroid 1976 AA and to the Amor aster- oid is used instead of a convenient main 

Comparing the cost of retrieving re- oid 1943 (1973 EC). He concluded that a belt asteroid. These considerations are 
sources from competitive sources in- 1-kg sample could be returned to the sur- obviously vital in discussing initial in- 
volves the study of a number of vari- face of Earth in a 3-year round-trip mis- vestments in space manufacturing. 
ables. Perhaps the single most important sion to asteroid 1943 launched in 1992 by Optimized round-trip missions to some 
parameter is the total energy required to one space shuttle containing a supply of Apollo and Amor asteroids require 
retrieve those resources at the most con- propellants and a recoverable upper energies comparable to those to the lunar 
22 JULY 1977 363 
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