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or dry, GeneScreenPlusm is highly 
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tearing, or shrinking. 
Binding of all sizes of DNA is so 
strong you don't need to waste 
time baking the membranes. No 
need for refrigeration either; just  
keep the box handy on the shelf. 

Colony/PlaqueScreenm Discs 
Colony/PlaqueScreenm Discs have 
all of the performance and conven- 
ience features of GeneScreenPlusm 
and are precut to culture dish 
sizes. The gentle curl of the discs 
makes them easier to place on 
the agar plate without smudging, 
and moisture causes them to lie 
flat with minimal air entrapment. 
Removal is easier too, because 
they are strong and tear resistant. 

New England Nuclear" 

Our Applications Laboratory is 
available to answer your questions 
about hybridization methods using 
either of these products. Mean- 
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formance characteristics. Simply 
call New England Nuclear or circle 
the Reader Service Number. 

U.S. method of use patent pending 

New England Nuclear 
549 Albany Street. Boston. MA 02118 
Call toll free: 8002251572. Telex: 94-0996 
Mass. and Internat'l: 617-482-9595 
Europe: NEN Chemicals GmbH.D-6072. Dreieich. W. Germany 
Postfach 401240,Rl. (06103) 8034. Telex 417993 NEN D 
NEN Canada: 2453 46th Avenue. Lachine. Que H8T X 9  
El. 514-636-4971, Telex 05-821808 O 1983 NEN 

Circle No. 208 on Readers' Sewice Card 

10 FEBRUARY 1984 527 



ISSN 0036-8075 

10 February 1984 
Volume 223, No. 4636 SCIENCE 

LETTERS Antisatellite Weapons: R.  L. Garwin; EPA's Studies of the Greenhouse Effect: 
D. L. Keyes et al.; G. M. Woodwell et al. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  538 

. . . . . . . . . . . . . . . . . . . . . . . . .  EDITORIAL Science, Engineering, and Technology: A. J. Harrison 543 

ARTICLES Chemistry and Chemical Intermediates in Supersonic Free Jet Expansions: 
T. A. Miller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  545 

Communications Satellites: Countdown for INTELSAT VI: L. Pollack and 
H.  Weiss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  553 

Chromosome 4 Jt Gene Controls Murine T Cell Surface I-J Expression: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C. E. Hayes et al. 559 

NEWS AND COMMENT The Reagan Budget: More of the Same. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  564 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Missile Talks Doomed from the Start.. 566 

Briejng: Archeologist to Head Smithsonian; Ban on Shooting Animals for 
Research Is Lifted; International Group Suspends Nest16 Boycott; DOE 
Managerial Reshuffle: No Plans to Self-Destruct; Medical Groups Protest New 
"Baby Doe" Rules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  568 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Newman's Impossible Motor. 571 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  RESEARCH NEWS Tracking the Lost I-J Suppressor Region 573 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Briejing: Through a Lens Darkly; Splashdance 574 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Manganese Nodules Grow by Rain from Above 576 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Why Are There Any Nodules at All?. 577 

AAAS NEWS Societies Look at Professional Ethics Programs; AAAS Socio-Psychological Prize; 
Grants to Self-sponsored Foreign Graduate Students to Attend 1984 Annual 

WARD 01 MRICTOW M W D  A W*LLWIO 
-J - Pmd"M.Ewl 

ROBERT W BEiMR WANClE L. OOlQALa - UVHYua - WALTER E. UASBM 

M A S  ~ICTIOWS PSY001.OOY (J) SOCuL. #X)WOUC. AM0 POcmOS KI Pn*080PI(Yw N -#NO RI) 
JuwcT.5#no K m 0 l J . m  M J. K.rw W A W Y r  

O.HdL.sa8 0 w m L . W  W . W W  



FOR THE 

Meeting; Calendar of Major Scientific Meetings; Guide to Research Activities 
Available; Networking Projects Involving Native American Scientists and 
Engineers; Obituaries.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  578 

BOOK REVIEWS Mary Somerville and the Cultivation of Science, 1815-1840, reviewed by 
S .  Sheets-Pyenson; Haphazard Reality, D. C .  Cassidy; Chromosome 
Mutation and Neoplasia, A. M. R .  Taylor; Handbook of Experimental 
Pollination Biology, B. Rathcke; Relativistic Astrophysics, J .  Silk; 
BooksReceived . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . .  REPORTS Bismuth Bronze from Machu Picchu, Peru: R.  B. Gordon and J.  W .  Rutledge 

Phosphorylation Events During Miillerian Duct Regression: J. M. Hutson et al. . 
Inhibitors of Poly(Adenosine Diphosphate-Ribose) Synthesis: Effect on Other 

. . . . . . . . . . . . . . . . . . . .  Metabolic Processes: K. M. Milam and J.  E. Cleaver.. 

Cerebellar Autonomic Function: Direct Hypothalamocerebellar Pathway: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E. Dietrichs 

Antigenic Similarity Between Cells Transformed by Ultraviolet Radiation in vitro 
and in vivo: M. S. Fisher, M.  L. Kripke, G. L. Chan . . . . . . . . . . . . . . . . . . . . . .  

Adaptive Response of Human Lymphocytes to Low Concentrations of Radioactive 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Thymidine: G. Olivieri, J. Bodycote, S .  W o l f f . .  

Identification of an Erythrocyte Component Carrying the Duffy Blood Group Fya 
. . . . . . .  Antigen: T. J. Hadley et al. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. 

. .  Virus-Like Sensitivity of the Scrapie Agent to Heat Inactivation: R .  G.  Rohwer. 

A New Type D Retrovirus Isolated from Macaques with an Immunodeficiency 
Syndrome: M. D. Daniel et al. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Epinephrine Enables Pavlovian Fear Conditioning Under Anesthesia: 
N. M.  Weinberger, P. E. Gold, D.  B. Sternberg.. . . . . . . . . . . . . . . . . . . . . . . . . .  

Prolongation of Rat Islet Allograft Survival by Direct Ultraviolet Irradiation of the 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Graft: H. Lau, K.  Reemtsma, M.  A. Hardy.. 

Male Crickets Feed Females to Ensure Complete Sperm Transfer: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S.  K.  Sakaluk 

IROTHY NELKIN SHEllA E. WIDNALL WILLIAM T. GOLDEN WILLIAM 0. CAREY 
HN E. SAWYER HARRIET ZUCKERMAN Treasurer Executive Oilicer 

:OLOGY AND GEOGRAPHY (E) BIOLOGICAL SCIENCES (6) ANTHROPOLOGY (H) 
nlel F. Menlam Chartme P. Mangum Richard A. Gould 
Thomas Dutro. Jr. Walter Chavin Prlsitla Reining 
iDlCAL SCIENCES (N) AGRICULTURE (0) INDUSTRIAL SCIENCE (P) 
rman Krelchmer Leo M. Walrh Net C. Robertson 
iathan E. Rhoads Cov( T. Wilson Roberl L. Stem 
'ATISTICS (U) 
~ m l n  E. Moses 
ward J. Wegman 

ATMOSPHERIC AND HYDROSPHERIC (w) GENERAL (x) 
Hans A. Panofsky Lora M. ShWds 
Bernice Ackerman Rodney W. Nichols 

le American Aseocialion for me Advanwment of Science was founded in 1848 and iwxporated in 1874. )ts 3pcb 
e to further the work of bcientista, to faplKate oooperstion among them, to faster scisnUfi freedom and rerpoo8 11ny 
improve the effectlvenesa of scienm in the rwnotmn of humen wlfere, and to Inma#, publlc undw91anding a d  
wedation of tho imporlance and promlse o!Ib methods of science In human progress. 

COVER 

Interference contrast photomicrograph 
of a hypothalamic neuron (close to the 
ventral surface of the brainstem) retro- 
gradely labeled with wheat germ agglu- 
tinin-horseradish peroxidase after in- 
jection in feline cerebellar cortex. The 
demonstration of a hypothalamocere- 
bellar projection introduces a pathway 
through which cerebellum may be di- 
rectly influenced by higher autonomic 
centers (about x 3900). See page 591. 
[Espen Dietrichs, Anatomical Institute, 
University of Oslo, Oslo 1, Norway] 



1 Only with the new LKB Horizontal El 

Unequalled flexibility in 
READY-TO-USE GELS FOR MAXIMUM 
CONVENIENCE 
All the owner of the LKB Horizontal 
Electrophoresis System needs to cover a wide 
rangeof electrofocusing applications is a supply 
of the popular and successfbl LKB Ampholine 
PAGplates. These allow the researcher to avoid 
the time and trouble involved in casting gels in 
the laboratory, while guaranteeing both high 
resolution and excellent reproducibility. As 
many as 96 samples can be separated 
simultaneously on a single PAGplate, enabling 
users with high workloads to spend their time 
screening samples instead of casting gels. 
Eightphenotypes of al -antimpsin are clearly 
identified using one of the convenient LKB 
Ampholine PAGplates V 

ULTRATHIN GELS FOR MAXIMUM 
ECONOMY 
Anticipating the need for less expensive 
electrofocusing gels, LKB developed the new 
UltroMould: a simple device designed to cast 
bubble-free gels as thin as O.lmm in less than 30 
seconds. Based on a patented sliding plate 
method, UltroMould is easy to use, producing 
perfectly accurate and uniform gels and 
ensuring a high standard of reproducibility. 
Adding UltroMould to the LKB Horizontal 
Electrophoresis System means that 
significantly less gel solution and smaller 
sample volumes are required, resulting in far 
more economical electrofocusing. 
LKB UltroMould casts bubble-free ultrathingels 
in only30 seconds, makinggel casting quicker, 
easier and more certain b 

THICK GELS FOR MAXIMUM CAPACITY 
Original electrofocusing techniques used 
thicker gels, and even today you may still wish 
to work this way in order to achieve higher 
capacity. The LKB Horizontal Electrofocusing 
System lets you easily cast and run Ampholine 
gels up to 2 mm thick, allowing much greater 
sample volumes to be analyzed successfully. The 
2 mm thick gels are also ideal if you are new to 
electrofocusing and are following a procedure 
described in the literature. 

After the thickgel has been cast, the sample is 
introduced with the helr, ofthe sam~le 

I 
. , 

application foil b 

1 This is one in a series of advertisements d e s e .  
unrivalled versatility of the LKB Horizontal 
Electrophoresis System. For further information about 
analytical eledrofocusing, and the many other 
applications ofthe system, send today for our brochure. 
THE LKB SYSTEM 
Only LKB can offer the research scientist a complete, 
integrated system in which each component works with 
and complements all the others. Based on the new and 
im~roved Multi~hor 11. the svstem also includes a 5KV 
p&er supply, t6ermoskitic circulator, laser 
densitometer and data evaluation software. 
In addition to the instrumentation, LKB provides a 
range of 18 major kits plus a complete programme of 
high quality chemicals, supplies and accessories, 
backed by the full worldwide support of the market 
leader in electrophoresis and electrofocusing. 
LKB - the electrophoresis experts. 



AGAROSE GELS FOR MAXIMUM POROSIJT 
Another of the many options available to the 
user of the LKB Horizontal Electrophoresis 
System is the application of Agarose 
electrofocusing gels. LKB supplies extremely 
pure agaroses, carefully developed for 
electrofocusing, and the original capillary 
casting method simplifies the task of producing 
0.5 rnrn gels on GelBond Film backing sheets. 
Agarose is non-tmic and easy to handle and the I 
entire analysis procedure, including casting and 
running, is very rapid. 
Separating the GelBond Film from theglass 
?late gives a 0.5 mm agarosegel,.firmly attached 
b its support and ready to use b 

IMMOBILINE GELS FOR MAXIMUM 
RESOLUTION 
The unique LKB Imrnobiline System is 
significantly different to traditional gels in that 
its pH gradient is an integral part of the gel. The 
system is designed to allow the user to select a 
pH gradient as wide as 3.0 pH units, or as 
narrow as 0.1 pH units, anywhere in the range 
3.6 to 9.5. This tailoring of the gradient to suit 
specific applications permits extremely high 
resolution to be achieved with the LKB 
Horizontal Electrophoresis System. Stable and 
reproducible linear gradients having a slope as 
low as 0.01 pH unitslcm are possible, allowing 
you to separate proteins whose pI values differ 
by as little as 0.001 pH units. 
Comparison of traditional electrofmusing and 
LKB Imrnobiline System (courtesy ofDrA Giirg 
et al, Technische Universitiit, Miinchen) b 

ine pH35-9s 

I 
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Box 305, S-16126 Bromma, Sw( 

I 
n l .  08-98 00 40, telex 1MQ 
Main US sdea offi 
LKB Instsuments, I 
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UK sales office: 

I LKB Instruments Ltd., 
232 Addington Road, S. Croydon, 

Surrey CR2 8YD. England. 
Tel. 01-657 8822, telex 264414 

Other sales offices in: 
Antwerp, Athens (for Middle East), Bangkok, 

Copenhagen, Lucerne, Moscow, Munich, 
I Paris, Rome, 'hrku, Vienna, Zoetermeer 
' Circle No. 158 on Readers' Service Car ' 



- - . - . . 

FLEXlCOKlNG converts as lead deact~vates an automobile's proneer thermal process wlth one major 
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highquality Fuels. even harder to process very hot, granular coke The upward flo 
of hydrocarbon vapors and Injected 
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today IS to ensure the most eff ~c~ent con- Refining To01 cles, permlttlng the hydrocarbons to 
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I contact the coke on all sides The heavy 
Into the hlghest value products Thls IS 

But sclentlsts and engineers at ~xxon  hydrocarbon molecules fracture as they 
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Model TR-1 
Table Rotary 
Shaker 
Ideal, low profile shakers. 
Rugged, silent, smooth run- 
ning, space-saving. Delivers 
uniform. reproducible motion. 
Variety offered matches partic- 
ular research needs. 
Reader service card No. 200 

Braun- 
Sonic 
2000 
This high energy, ultrasonic 
homogenizer/cell disrupter 
occuples little bench space, 
digital readout, unique design 
diminishes heat, increases run- 
ning time. Disrupts all known 
cell types. 
Reader service card No. 204 

Distributed by: 
Fisher Scientific Co. 
Curtin Matheson Scientific, Inc. 
VWR Scientific, Inc. 
Sargent-Welch Scientific Co. 

B. Braun Instruments 
875 Stanton Road 
Burlingame, CA 94010 
(415) 692-6022 
To Order: (800) 258-9000 

MSK 
Cell 
Homogenizer 
Superior instrument for dis- 
ruption of suspended yeast 
enzymes . . . extraction, 
emulsification and homogeni- 
zation. Eccentric motion of 
flask with beads produces 
product in seconds. 
Reader service card No. 201 

ThermomixB 
1419M.. . 
Compact 
The 1419M is complete with 
bridgekooling coil, bath, ref- 
erence thermometer. Rack for 
20 test tubes. This is aconstant 
temperature circulator system 
at the most competitive price. 

Reader service card No. 205 
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B. Braun. 
Forceps 
Precise 
Precision standard and micro- 
instruments for dissection. 
Complete selection includes 
bayonet micro sizes for micro- 
scopic work. Tough, smooth. 
longer last~ng. 
Reader service card No. 202 

Thermomixm 
1441 BKU, 1441 E 
All-purpose 
1441sare B. Braun's most ver- 
satile thermoregulators. Fea- 
tures great safety reserve for 
5 litre to 18 litre baths. Primary 
control circuit is solid state; 
automatic heat regulation. 
BKU and E models. 
Reader servrce card No. 206 

Biostatm M 
Mini- 
Ferrnenter 
Biostat M is specifically de- 
signed for research and uni- 
versity use. Computer com- 
patible, continuous or batch 
operation, stable stir-speed. 
exact temperature stability, 
slide-in modules and more. 
Reader service card No. 203 
r I 
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Thermomixm 
1480 BKU, 1480 E 
To +250°C 
1480s are precise thermo- 
regulators featuring digital 
temperature settings. The 
1480 E is without combjned 
bridge. Both guarantee ac- 
curacy of + .004O C @ 37' C. 

Reader service card No. 207 

B. Braun successfully designs, manufactures, 
distributes, sells and services a complete line 
of precision biotechnological instrumentation. 
Because it is the very best. 

Nobody does it better. 
' B. Braun Instruments 1983 
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9th AAAS R& D Colloquium 
Washington, D. C. 
29 & 30 March l984 

Advance 
Registration 
Form (Sl) 

Thursday & Friday, 29 & 30 March, at The Shoreham Hotel, 2500 Calvert St., N. W., Washington, D. C. 

Registrant's Name 
(last name) (first name and initial) 

Mailing Address 
(street and number) 

(city) (state and zip) (telephone number) 

13 Please check here if you need special services due to handicap. We will contact you prior to the meeting. 

Enclosed is a check, purchase order, or credit card information (see below) for: 
13 $125 Full Registration (sessions, three meals, three publications) 

$ 90 Partial Registration (sessions, three publications) 
13 $ 45 Student Registration (sessions, three publications; full-time graduate and undergraduate students only) 

Separate Meal Tickets: Lunches, $17.50 each; Breakfast, $5. No refund for meals after 26 March. 
13 Lunch on Thursday, 29th 13 Continental Breakfast on Friday, 30th Lunch on Friday, 30th 

Packets will be mailed to preregistrants on 16 March. Registrations received after 16 March will be held at the AAAS 
Registration Desk at The Shoreham Hotel. All registrants will receive AAAS Report ZX: Research and Development, FY 
1985 at or before the Colloquium, published Proceedings following the meeting, and a supplementary report, 
Congressional Action on R&D in the FY 1985 Budget, in the fall. 

Charge to my VISA or 13 MASTERCARD Number Expires 

Cardholder's signature 

Return both top & bottom forms (full page) to the following address: 
AAAS Meetings R& D, 1515 Massachusetts Ave., N. W, Washingon, D. C. 20005 

Shoreham Hotel Reservation- AAAS Colloquium (29 & 30 March 1984) 
(Reservations received after 28 February cannot be guaranteed) 

Names and Addresses of All Occupants of Room: 

Name Name 

Address Address 

City - State- Zip City State- Zip 

Room: -Single ($78*) -Double ($94*) -Twin ($94*) 

Arrival: Date Time 

Departure: Date Time 

(*Plus 10% D. C, sales tax and $1 occupancy tax.) 

Be sure to list definite arrival and departure date and 
time. Hotel reservations will be held only until 6 
p.m. unless otherwise speciJied. Check-out time is 
1:OOp.m. 

Please indicate any special 
housing needs due to handicap 

Enclose separate check, made out to The Shoreham Hotel, for first night's room deposit or indicate major credit card 
number: 

Credit Card Name Number Expires 

Cardholder's signature 
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Pater uick- ~ t e d  B ~ C K I I I ~ I I  y 
Seal tubes eliminate mc 
the time-consuming ste] 
preparing tubes. 

No caps to assemble, n u  
stems, crowns, gaskets, or 
t o rqu ing .  S imply  fill t h e  
Quick-Seal tube, place it in 
the Sealer, and  in secc ' 

your tube  is safely s e  
and ready to spin. 

Available in Ultra-C1e 
and polyallomer materia 
Ideal for b lohazardous  
radioactive samples .  A 
they hold 20 percent mc 
volume than conventior 
capped tubes. 

For a free Quick-Seal tul 
mail coupon to Ger t r  
Burguieres, PO. Box 10 
Palo Alto, CA 94304. 

argue that historical changes in vegeta- 
tive cover have produced greater atmo- 
spheric loadings of C02 than previously 
believed. Although these conclusions are 
far from receiving universal acceptance 
(Research News, 9 Dec., p. 1107), their 
implications for global warming deserve 
serious consideration. 

In our work, we assumed a small his- 
torical contribution of COz from the bio- 
sphere and thus a relatively high fraction 
of anthropogenic C02 emissions which 
remained airborne (an airborne fraction 
of about 0.6 in 1980). We also assumed 
no net addition of C02 from the bio- 
sphere in the future. To test the sensitiv- 
ity of our results to these assumptions, 
we developed a new scenario using the 
median estimate of Woodwell et al. of 
the historical airborne fraction (0.30) and 
their projection of future C02 contribu- 
tions from the biosphere assuming zero 
population growth in 2100 (6). In this 
new scenario, we also held the airborne 
fraction constant over time rather than 
assuming, more realistically, that it 
would gradually increase. 

Our new modeling results showed only 
a modest change in the medium term- 
the projected date of a climatically signif- 
icant temperature rise (2°C) was delayed 
from 2040 to 2050. Longer term changes 
were more substantial-the assumptions 
of Woodwell et al. reduced the tempera- 
ture rise projected for 2100 by 26 per- 
ce,nt, from 5.0" to 3.7"C. Our results 
indicate that the estimates by Woodwell 
et al. of larger net releases of C02 from 
the biosphere and lower fraction of air- 
borne carbon partially offset each other 
until forests effectively disappear (by 
2060 in the scenario of Woodwell et al.). 
Thereafter, the lower airborne fraction 
reduces the rate of C02 and temperature 
rise. 

In summary, the main concldsion of 
Can We Delay a Greenhouse Warming? 
appears to be robust-fossil fuel policies 
are unlikely to prevent a significant 
warming by the middle of the next centu- 
ry, although they could substantially re- 
duce total warming that occurs by 2100. 
rhis study also demonstrates that l e m -  
ing more about the sinks and sources and 
thus future growth of greenhouse gases 
3ther than C02, and about the thermal 
sensitivity of the atmosphere to all 
greenhouse gases, will be critical to re- 
iucing uncertainty about warming in the 
text 50 years and beyond. Developing 
successful strategies for adapting to cli- 
nate change will depend on better un- 
ierstanding of the timing and effects of 
global warming. 

Much of EPA's research has focused 
In adaptation-that is, on ways to re- 

duce potential negative effects of climate 
change and exploit pbsitive ones. 

For example, two pilot studies were 
undertaken to assess the value of antici- 
pating future Sea level rise in Charleston, 
South Carolina, and Galveston, Texas. 
The results suggest that preparing for sea 
level rise could reduce property losses 
due to storm damages and coastline ero- 
sion by hundreds of millions of dollars in 
each of these communities (7). The im- 
portance of anticipating changes in sea 
level to siting hazardous waste and sew- 
age treatment facilities was also investi- 
gated. Another study analyzed the po- 
tential opportunities and risks faced by 
the forest products industries as a result 
of changes in C02 and climate. These 
and other studies clearly demonstrate 
the importance of narrowing remaining 
uncertainties about the trend and distri- 
butions of future climate change as fast 
as possible. 

D. L. KEYES 
1315 Kalmia Road, NW, 
Washington, D.C. 20012 
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J. G. TITUS 
Strategic Studies Staff, 
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Washington, D.C. 20460 
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Science, Engineering, and Technology 
In exploring the relations among science, engineering, and technology, 

we are hampered by a vocabulary developed in a less technical age. Terms 
such as genetic engineering, social engineering, biotechnology, and manage- 
ment technology indicate the magnitude of change in recent years. The 
manner in which the terms science, engineering, and technology are used 
influences the course of analysis and the results of the analysis. To  think of 
each as  a process is consistent with current activities, and I am strongly 
attracted to the analyses that flow from this approach. Science is the 
process of investigation of physical, biological, behavioral, social, econom- 
ic, and political phenomena. Process is used in a collective sense, encom- 
passing everything the investigator does from the selection of the phenome- 
na to  be investigated to the assessment of the validity of the results, and 
includes the selection of methodology, the selection of instrumentation, the 
delineation of protocol, the execution of protocol, the reduction of data, the 
development of constructs, and the assessment of the certainty associated 
with the results. The details depend upon the relative roles of observation, 
experimentation, and theoretical modeling. The legacy of investigations of 
phenomena, the legacy of science, is scientific knowledge consisting of a 
database, an array of methodologies, and an array of concepts. 

Engineering is the process of investigation of how to solve problems. 
Here again process is used in the collective sense to include everything the 
investigator does from the acceptance of the problem to the proof of the 
validity of the solution. The legacy of the investigations, the legacy of 
engineering, is engineering knowledge consisting of a database, an array of 
methodologies, and an array of concepts. 

Technology is the process of production and the delivery of goods and 
services, and technological innovation is the process of investigating how to 
produce and deliver more effectively goods or services, modify significantly 
their characteristics, or create and deliver new goods or services. Again, 
process is  a collective term and includes everything from the identification 
of concept to the successful delivery of a product. The legacy, technological 
knowledge, consists of a database, an array of metholodogies, and an array 
of concepts. 

The sum of scientific, engineering, and technological knowledge is a 
continuously expanding resource of unprecedented richness and value. 
Without a term for this body of knowledge, it is frequently referred to as 
scientific knowledge. This has enhanced the arrogance of scientists, de- 
meaned the contributions of engineers and institutions of technology, and 
confused issues related to national security and international competition. 

A conventional wisdom of scientists is that science drives engineering and 
technology. A strong case can be made that both engineering and technolo- 
gy drive science. (Artifacts of past civilizations attest to  the long practice of 
engineering. Observations made in breweries initiated investigations of both 
chemical and biological phenomena.) A less prejudicial view is that the 
three-science, engineering, and technology-are synergistic. 

Science and engineering are generic terms-umbrella terms-each en- 
compassing a multiplicity of disciplines. At the same time that scientific 
disciplines and engineering disciplines are proliferating, the two umbrellas, 
science and engineering, are moving closer together and may overlap, with 
scientists increasingly involved in problem-solving and engineers increas- 
ingly involved in the investigation of phenomena. 

Many endeavors of society such as medicine and education are in part 
science, in part engineering. and in part technology.-ANNA J. HARRISON, 
Mount Holyoke College, South Hadley, Massachusetts 01075. 



D D I N G  
YOUR O W  

CONCLUSIONS 

. . .Is Easy With The Versatile HIPADTM DT-114 
From Houston Instrument. 

Enter a whole new universe of graphics, made possible 
by programs tailored to the HIPAD digitizer. 

Exciting new applications in computer-aided drafting 
are now available, allowing you to create subdivision 
plats, machine drawings, schematics, architectural eleva- 
tions and circuit-board artwork. . . with your micro- 
computer. . . at your desk. . . with no training as a 
draftsman. 

Use of the HlPAD in medicine is increasing. With cur- 
rently available software, physicians and dentists can pre- 
pare graphics of anatomical features for diagnosis and 
correction. 

Artistic efforts are complemented by the HIPAD. With 
customized software, free-form renditions can be created 
quickly and precisely. Colors to fit the moment can be 
selected . . . and easily changed at a later time. The 

HlPAD provides access to the realm of high technology 
graphics. 

The HlPAD features a full-size 11" x 11" digitizing area, 
and is both UL listed and FCC approved. 

The Conclusions You Draw Are Clearly Correct. 
The HIPAD will open the door to a universe of 
form and color. . . and creativity. 

For the name, address and phone number of your 
nearest representative, write Houston Instrument, P.O. 
Box 15720, Austin, TX 78761. Phone 512-835-0900, or 
800-531-5205 if outside Texas for the name and location 
of your nearest representative. In Europe contact Bausch 
& Lornb Belgium NV., Rochesterlaan 6,8240 Gistel, 
Belgium. Tel. 059-27-74-45, Tlx. 846-81 399. 

houston instrument 
HlPAD is a trademark of Houston Instrument 

Circle No. 143 on Readers' Service Card 4P013 




