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After a double-take...read the fine print 
Here are two Beckman pH meters made to look alike...but which are sig- 
nificantly different internally. Both instruments provide broad flexibility, 
precision, and a high degree of accuracy in electrochemical measurement. 

ZEROMATICG II pH METER...When you 
need an instrument for general lab pH 
measurements, look to the Zeromatic 
II. This is an instrument ideally suited 
and designed for general-purpose use in 
the laboratory. The taut-band meter, 
with an 8.2-inch scale, offers the ulti- 
mate in readability and permits read- 
out over the 0 to 14 pH or 0 to ? 700 mv 
range, which may be extended up to 
? 1400 mv. It is a line-operated instru- 
ment with the capabilities required for 
most applications. 
EXPANDOMATIC? pH METER... When 
you need an instrument for more pre- 
cise pH measurements on an expanded 
scale to spot minute differences in pH 
or millivolts, the Expandomatic should 
be used. A standard scale covering the 
full 0 to 14 pH (0 to ? 1400 mv) range 

is available for ordinary pH and milli- 
volt measurements. An expanded scale 
displays any 2 pH units or 200 milli- 
volts over full scale with ?+0.01 accu- 
racy. A logarithmic scale, corresponding 
to the expanded scale, permits the cor- 
relation of any two pH units with their 
hydrogen-ion activity. 

Otherwise, these two pH meters have 
the same outstanding features: ?0.05 
relative accuracy and ?+0.015 repeat- 
ability over the full standard scale; an 
extra large, taut-band meter that is pre- 
cise and highly readable; easy-to-use 
push button controls for convenient 
operation; a die-cast aluminum case 
resistant to chemicals; a continuously 
adjustable temperature network which 
covers the full 0 to 100?C temperature 
range; and a drift-free performance am- 

plifier. Added to this is the unequalled 
background and back-up of Beckman 
sales and service, based on 31 years of 
experience in perfecting the technique 
of pH measurement. 

Take a second look - choose between 
the ZEROMATIC II or EXPANDO- 
MATIC. Or you may want both for 
your laboratory. Contact your local 
Beckman Sales Office for a demonstra- 
tion. Or write for Data File No. 2. 

INSTRUMENTS, INC. 

SCIENTIFIC AND PROCESS 
INSTRUMENTS DIVISION 

FULLERTON, CALIFORNIA * 92634 

INTERNATIONAL SUBSIDIARIES: GENEVA; MUNICH; GLENROTHES, SCOTLAND; 
TOKYO; PARIS; CAPETOWN; LONDON; MEXICO CITY 
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When this spiral is rotated, it appears 
to shrink or expand, depending on 

MEDICAL SCINCES (t~ DNTIST Y (Nthe 'direction of rotation. But when 

ATI..... A . i bert Olson S I Kr sl rstopped, it continues to appear to 
shrink or expand, in the opposite di- 
rection. This cannot ,be caused by eye movement since the apparent shrink- 
age or expansion occurs in all direc- 

.B > ........... ?tions at once. The effect is paradoxical 
.......... B~~~~~-there is movement, but no change in position or size. See review of 

o, f-A,nioSnw oe4 4aiootEye and Brain, page 252. [World 
University Library, McGraw-Hill 
Book Company] 



BRUSH UP. 
If you've been out of school five years or more, you realize 

the difficulty of keeping up in your field. Wiley does more than 
hold your hand. 

Effective Writing 
for ENGINEERS * MANAGERS * SCIENTISTS 

By H. J. TICHY, Hunlter College of the City University of New 
York. With lively sympathy, understanding, and humor, this new 
book by an experienced technical writing instructor helps the pro- 
fessional meet every writing problem of his working day-from 
articles and reports to simple memos. For fifteen years the author 
has served as a writing consultant to large and small companies, and 
has dealt with the various branches of science, management, and 
technology. 1966. 337 pages. $5.95. 

APPLIED COMBINATORIAL MATHE- 
MATICS. Edited by EDWIN F. BECKEN- 
BACH, University of California, Los Angeles. 
Special attention to problems in the biological, 
social, physical, and mathematical sciences. 1964. 
608 pages. $13.95. 

MECHANISMS OF ANIMAL BEHAVIOR. 
By PETER MARLER, The Rockefeller Univer- 
sity; and WILLIAM J. HAMILTON, III, Uni- 
versity of California, Davis. A unified treatment 
of the physiological, psychological, and zoological 
viewpoints on the mechanisms that control ani- 
mal behavior, with examples drawn from both 
vertebrate and invertebrate behavior. 1966. 771 
pages. $14.95. 

EXPERIMENTAL TECHNIQUES IN 
ELECTRON SPIN RESONANCE. By 
CHARLES P. POOLE, JR., University of South 
Carolina. The only book that shows how to build 
and use an electron spin resonance spectrometer, 
and how to obtain the maximum amount of in- 
formation from the data provided. Most complete 
bibliography yet available. An Interscience Book. 
1966. In Press. 

INTRODUCTORY COMPUTER PRO- 
GRAMMING: FORTRAN, Logic, Statisti- 
cal Problems, Mathematics, 110 Exercises. 
By FREDRIC STUART, Hofstra University. 
Designed to train professionals in diverse fields 
to do their own programming, including physical 
operation of the console. 1966. 115 pages. $5.95. 

PRIMATES: Comparative Anatomy and 
Taxonomy. Volume 6: Catarrhini Cercopithe- 
coides Cercopithecinae, A Monograph. By W. C. 
OSMAN HILL, Zoological Society of London. 
The latest in an impressive and lavishly illus- 
trated series of monographs. An Interscience 
Book. 1966. 757 pages. $45.95. 

INTRODUCTION TO SOLID STATE 
PHYSICS, 3rd Edition. By CHARLES KIT- 
TEL, University of California, Berkeley. A com- 
pletely modern revision of the standard book in 
its field, with clear explanations and many illus- 
trations. 1966. Approx. 624 pages. $12.50. 

MATHEMATICAL METHODS IN THE 
PHYSICAL SCIENCES. By MARY L. BOAS, 
DePaul University. Problems-ranging from sim- 
ple drill exercises to a few that could be short 
papers-parallel the book's coverage of virtually 
every area of mathematical physics encountered 
in the physical sciences. 1966. Approx. 712 pages. 
$11.95. 

SIGNAL DETECTION THEORY AND 
PSYCHOPHYSICS. By DAVID M. GREEN, 
University of Pennsylvania and Bolt, Beranek, & 
Newman; and JOHN A. SWETS, Bolt, Beranek, 
& Newman. A systematic analysis of psycho- 
physical problems from the viewpoints of statis- 
tical decision theory and statistical communica- 
tion theory. 1966. 455 pages. Prob. $12.95. 

Order from your Bookseller or 

John Wiley & Sons, Inc. / Interscience Publishers 
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HUMAN SPATIAL ORIENTATION. By 
I. P. HOWARD and W. B. TEMPLETON, both 
at the University of Durham, England. Inte- 
grating the several relevant disciplines, the au- 
thors discuss man's spatial orientation as it re- 
lates to gravity, egocentric localization, shape dis- 
crimination and orientation, etc. 1966. 533 pages. 
$13.50. 

FUNDAMENTALS OF IMMUNOLOGY, 
4th Edition. By WILLIAM C. BOYD, Boston 
University Medical School. Completely rewritten 
in this edition, with numerous practical applica- 
tions to diseases and laboratory methodology, and 
new chapters on immunological tolerance and tis- 
sue transplants. An Interscience Book. 1966. In 
Press. 

PEPTIDE SYNTHESIS. By MIKLOS BO- 
DANSZKY, Western Reserve University; and 
MIGUEL A. ONDETTI, Squibb Institute for 
Medical Research. Concentrates on the organic 
chemical problems of peptide synthesis, giving a 
detailed critical review of the literature based on 
the authors' own laboratory experience. An Inter- 
science Book. 1966. 294 pages. $9.50. 

PROGRAMMED TEMPERATURE GAS 
CHROMATOGRAPHY. By W. E. HARRIS, 
University of Alberta, Edmonton; and H. W. 
HABGOOD, Research Council of Alberta, Ed- 
monton. Unifies the various theoretical treatments 
of programmed temperature gas chromatography 
and gives practical information on the interpre- 
tations of PTGC chromatograms. 1966. 305 pages. 
$11.00. 

MULTI-SULFUR AND SULFUR-OXY- 
GEN FIVE- AND SIX-MEMBERED HET- 
EROCYCLES. By DAVID S. BRESLOW and 
HERMAN SKOLNIK, both of Hercules Incor- 
porated. (Vol. 21, Chemistry of Heterocyclic 
Compounds series.) An Interscience Book. 1966. 
Part 1: Approx. 610 pages. Part 2: Approx. 816 
pages. Prob. $65.00. 

MUSCULAR AFFERENTS AND MOTOR 
CONTROL. Edited by RAGNAR GRANIT, 
Nobel Institute for Neurophysiology. Outstanding 
research papers presented at the First Nobel 
Symposium, June, 1965-covering every impor- 
tant aspect of nerve and muscle apparatus. An 
Interscience Book. 1966. 466 pages. $20.00. 

THE SALICYLATES: A Critical Biblio- 
graphic Review. Edited by J. H. SMITH, 
King's College Hospital Medical School, London; 
and the late PAUL K. SMITH, formerly of The 
George Washington University School of Medi- 
cine. A series of objective appraisals of the im- 
portant research on the salicylates since 1948. 
An Interscience Book. 1966. 314 pages. $10.00. 

THE STATISTICAL ANALYSIS OF SE- 
RIES OF EVENTS. By D. R. COX and P. A. 
W. LEWIS. Deals with statistical methods for 
the analysis of such point events as emission of 
radioactive particles. (One of the Methuen Mono- 
graphs on Applied Probability and Statistics.) 
1966. 398 pages. $11.50. 

ARTIFICIAL INTELLIGENCE 
THROUGH SIMULATED EVOLUTION. 
By LAWRENCE J. FOGEL, ALVIN J. OWENS, 
and MICHAEL J. WALSH, all of Decision Sci- 
ence, Inc. A new approach to the full use of com- 
puter capability for solving a wide variety of 
problems. 1966. 170 pages. $9.95. 

PHYSICAL CHEMISTRY, 3rd Edition. By 
FARRINGTON DANIELS and ROBERT A. 
ALBERTY, both of the University of Wisconsin. 
A comprehensive first course in physical chemis- 
try that stresses logical development and clear 
explanation. Over 1,000 problems provided. 1966. 
676 pages. $9.95. 

ADVANCED INORGANIC CHEMISTRY, 
2nd Edition. By F. ALBERT COTTON, Massa- 
chusetts Institute of Technology; and GEOF- 
FREY WILKINSON, Imperial College, London. 
A thorough revision of a best-seller, with mod- 
ernized chapters on elemental chemistry and a 
new discussion of ligand field and molecular orbi- 
tal theory. An Interscience Book. 1966. 1136 
pages. $14.50. 

OUTLINES OF BIOCHEMISTRY, 2nd 
Edition. By ERIC CONN and P. K. STUMPF, 
both at the University of California at Davis. Up- 
dated and expanded, this best-selling text is or- 
ganized around the chemistry and intermediary 
metabolism of the major cellular constituents. 
1966. 468 pages. $9.50. 

THE BIOLOGY OF POPULATIONS. By 
R. H. MacARTHUR, Princeton University; and 
J. H. CONNELL, University of California, Santa 
Barbara. A rigorous introduction to the whole 
field of population biology-covering history, ge- 
ography, ecology, evolution, and behavior. Basic 
Biology Series. 1966. Approx. 226 pages. $5.95. 

ADVANCES IN ENZYMOLOGY AND 
RELATED SUBJECTS OF BIOCHEMIS- 
TRY: An Annual Publication. Edited by 
F. F. NORD, Fordham University. Volume 28: 
contributions from five countries. An Interscience 
Book. 1966. 548 pages. $15.00. 

STUDIES ON CHEMICAL STRUCTURE 
AND REACTIVITY: Presented to Sir 
Christopher Ingold. Edited by J. H. RIDD. A 
selection of topics representative of the investi- 
gations of Sir Christopher Ingold. 1966. 290 
pages. $8.25. 

ELECTRON DENSITY PROFILES IN 
IONOSPHERE AND EXOSPHERE. Edited 
by JON FRIHAGEN, Norwegian Defence Re- 
search Establishment, Kjeller, Norway. Proceed- 
ings of the NATO Advanced Study Institute held 
at Finse, Norway, April 1965. A North Holland 
Interscience Book. 1966. 629 pages. $18.75. 

605 Third Avenue. New York, N. Y. 10016 
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Very nice acrylamide 
Disc electrophoresis, the widely used technique for finger- 
printing with magnificent resolution the protein patterns in 
human serum, in birds' eggs, and wherever else characteriza- 
tion by protein makeup makes sense, was first publicized in 
1962 to the world scientific community by us in the ordinary 
course of pushing EASTMAN Organic Chemicals. We still don't 
know why we got the chance, but we are proud that it was 
given us. We have not been especially proud of the quality of 
the key EASTMAN Organic Chemical that the technique em- 
ploys, Acrylamide. Too often, practitioners of disc electro- 
phoresis have advised us that they have fallen into the habit of 
first purging it of a small accumulation of acrylic acid. We 

Thin stuff 
Kodak photographic film-the genuine silver-halide-sensitized 
article-can now be made pretty thin if you want it that way, 
and with a resolving power of 200 lines/mm for a test-object 
contrast as low as 1.6:1. ESTAR Ultra Thin Base, nominally 
11/2 mils thick, is getting down to resemble cellophane. Film 
that limp calls for careful attention to the design of your 
cameras, processors, and printers to handle it. If you are still 
game and want some for a few experiments, state your case to 
Special Applications, Eastman Kodak Company, Rochester, 
N.Y. 14650 (phone 716-325-2000, ext. 6156). 

One experiment should be tried even before phoning. Send 
the boy out for a couple of rolls of KODAK VERICHROME Pan 
Film and make a few exposure tests to decide whether an 
emulsion only about 1/30 as fast is likely to serve your purpose. 
Such is the only film we can supply at present on ESTAR Ultra 
Thin Base and no vast quantities of that. 

would have felt far worse if any had told us that a purer grade 
was available elsewhere, or if there had been complaint from 
the originators of disc electrophoresis, with whom we remain 
in good contact. 

This is now mentioned in order to announce a special elec- 
trophoresis grade of Acrylamide (EASTMAN X5521) with acid 
content below 0.01% at $5.60 for 25 g., $18.85 for 100 g. When 
informed of this, one of the originators commented, "Very 
nice." We had expected more enthusiasm. 

Reprints of the papers on disc electrophoresis theory and technique 
are still available from Distillation Products Industries, Rochester, 
N.Y. 14603 (Division of Eastman Kodak Company), as is a copy of 
List No. 44 of EASTMAN Organic Chemicals. 

Prices subject to change without notice. 

Random access at a distance 
80 thin-layer chromatograms 
80 airports 
80 bubble-chamber events 
80 stratigraphies 
80 microcircuifs 
80 cities 
80 poisonous mushrooms 
80 output-input tables 

80 psychotic patients 
80 disc-electrophoresis patterns 
80 antenna radiation patterns 
80 common skin lesions 
80 uncommon minerals 
80 kinds of surface finish 
80 kinds of ocean bottom 
80 kinds of forest cover 

Eighty of anything can be depicted on 80 slides that go into a 
KODAK CAROUSEL Projector Slide Tray, and any one of them 
can be on the screen in no more than 4 seconds after the in- 
structor or demonstrator up front, or the museum visitor out 
front, sets the dial to the number he wants and presses the 
button. Specification sheet for KODAK CAROUSEL Projector, 
Model RA-950, and name of dealer can be supplied by East- 
man Kodak Company, Motion Picture and Education Divi- 
sion, Rochester, N.Y. 14650. You may have a use for it even 
more urgent than education, if anything can be. You may 
never even get to twist the dial and yet have the satisfaction of 
hooking up a few wires to knock the bottom out of the going 
price in the hardware market for graphic data storage 
and readout. In color, yet. Just as easy. 

The hope of doing each other some good prompts these advertisements 

SCIENCE, VOL. 154 

i:i 

?. 

:jSi 
j 

208 



a-P32 ribonucleoside triphosphates 
(To get them as hot as possible, why not try to 

find out when we're about to make some.) 

If there were just some way that you could 
find out when we were scheduling a new 
batch of an a-P32 ribonucleoside 
triphosphate, you'd really have it made. 
You'd have the hottest a-P32 ribonucleoside 
triphosphate around, because, shortly after 
we first had it in our hands, you'd have it 
in yours. 
Well, there is a way you can learn of our 
manufacturing plans. Ask us. 
If you do, we'll do two things: (1) we'll 
send you our production schedule for the 
near term so that you can correlate our 
production dates with your research needs, 

and (2) we'll remind you by mail every 
time a new production run is imminent. 
We now schedule regular production of the 
adenosine, cytidine, guanosine, and 
uridine a_p32 labeled ribonucleoside 5'- 
triphosphates. These compounds are 
prepared by enzymatic phosphorylation of 
the corresponding ribonucleoside 5'- 
monophosphate to which the P32 
phosphate group has been attached by 
chemical procedures. 
Noteworthy specifications: radiochemical 
purity in excess of 97%, specific activity 
from 200-900 mc/ mmole, initial 

concentration at 0.5 mc/ ml. And with 
each shipment to you, we include a 
Product Analysis Report with a 
radioautogram which gives the analytical 
data on the batch you receive and 
enables you to leave the quality control 
worries to us. 
The cost? Only: 250/Xc/$150, 
500Ac/$225, and 1000 ,c/$375. (The 
production schedule and follow-up 
reminders that we send you, the Product 
Analysis Report and the confidence it 
engenders, and our new catalog too if you 
don't already have it, are all on the house.) 

Schwarz BioResearch, Inc. 
Orangeburg, New York 10962 



New 
oPPortunities 
in 
PhYSical 
and 
occupational 

will start 
You can 
subsidy 

1. College program for occupational undergr 
therapy majors. If you want to present 
become a professionally qualified one of th 
occupational therapist, the Army in Washi 

210 

t helping in your junior year. 
receive a monthly education 
while you complete your 
aduate studies at your 
school. Then you'll study at 
ie Army's modern hospitals 
ington, San Francisco or 

San Antonio. There you'll receive 
clinical training in occupational 
therapy to fully qualify you for 
military or civilian practice. 

2. Clinical affiliation for occupational 
therapists. Occupational Therapy 
Students may be selected for 
participation in the 36-week Army 
clinical affiliation. This unique 
program includes supervised 
training and experiences second to 
none. As a second lieutenant, you 
may accumulate creditable time 
towards pay and longevity while 
receiving your training. 
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3. Physical therapy program for 
college graduates. The Army offers 
college graduates one of the finest 
physical therapy programs in the 
Nation. As a commissioned officer 
you will attend the Medical Field 
Service School at Fort Sam Houston, 
Texas. After completing this 
curriculum you will be fully qualified 
for military or civilian practice. 

4. Today's challenge gives 
therapists valuable new clinical 
experience. The challenge to 
professional occupational and 
physical therapists comes from 
wounded American soldiers. While 
serving in the Army Medical 
Specialist Corps, you can gain 
valuable professional experience 

14 OCTOBER 1966 

on cases seldom seen in civilian 
practice. You will work on the finest 
professional staffs. You will have 
broad opportunities for continuing 
education, professional 
advancement and travel that are 
designed to meet your professional 
and personal interests. 

Learn about all the 
opportunities waiting for you 
in the Army Medical Specialist 
Corps. Mail this coupon today. 

ArmySCENCE -14 
Medical Specialist Corps 
Office of the Surgeon General 
Department of the Army 

. Washington, D.C. 20315 
: MEDPT-MP 

Please send me full details on my opportuni- 
ties in the Army Medical Specialist Corps. 

( ) I am a college student in my---- year. 

My major is 

I expect to graduate in 

( ) I am a college graduate. 
My major was- 
I am interested in 

( ) occupational therapy. 
( ) physical therapy. 

( ) I am a qualified physical therapist. 
( ) I am a qualified occupational therapist. 

? Name 
Address 

: City - State- 

Age Zip Code- ? 
... . . .. .. .. ............... . .?e.211 
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WASHINGTON, D. C. * 133rd AAAS 
Order Your General Program 

It provides complete, detailed information about all the sessions and symposia scheduled, the 

Annual Exposition of Science and Industry, and the Science Theatre. 

Program Highlights 

Moving Frontiers of Science: Lynn White on The Historical Roots of Our Ecologic 
Crisis; Th. Dobzhansky on the Changing Man; Thomas F. Malone on Weather 

Modification; D. S. Greenberg on Problems of Securing Constructive Legislation. 

Washington Academy of Sciences Invited Address: P. M. S. Blackett, Nobel 

laureate in physics, president of the Royal Society, "The Ever-Widening Gap." 

Interdisciplinary Symposia: Science in International Perspective with Sir Law- 

rence Bragg, Victor F. Weisskopf, et al.; Political Aspects of the Population 
Explosion; Exchange and Use of Scientific Information; Systems of Pollution 

Control. 

Special Sessions: AAAS Presidential Address by Henry Eyring, "Untangling Bio- 

logical Reactions"; Joint Address of Sigma Xi and Phi Beta Kappa by Walter 

Orr Roberts, "Science, a Wellspring of Our Discontent"; George Sarton Me- 

morial Lecture by George Wald, "Color Vision: Model and Reality"; and Na- 

tional Geographic Society Illustrated Lecture by Ralph Gray, "International 89." 

AAAS Committees: Committee on Arid Lands symposium on Migration to Arid 

Lands; Committee on Science in the Promotion of Human Welfare symposium 
on Utility of the Construct of Race; Commission on Science Education. 

Sections and Societies: The 20 AAAS Sections and some 90 participating societies 

are scheduling specialized symposia and papers. 

AAAS Science Theatre: The latest foreign and domestic films. 

Exhibits: The Annual Exposition of Science and Industry is in the Exhibit Halls 

of the Sheraton-Park Hotel, AAAS Headquarters. 

Advance Registration: By registering in advance, you avoid delay at the Registra- 
tion Center on arrival; you receive the General Program in time to plan your 
dates at the meeting; and your name is posted in the Visible Directory of Regis- 
trants when the meeting opens. Use the coupon below. 

J. Stinchcomb 

AAAS 
1515 Massachusetts Ave., NW Date of Application ............................................... 

Washington, D.C. 20005 

(Check la or lb) la. E-Enclosed is $5 Advance Registration Fee. This brings me the General Program and a Convention Badge. 
lb. [--Enclosed is $3 for the General Program. (If I attend the meeting, the Badge, which I need to obtain the privileges 

of the meeting, will cost me $2 more.) 

2. FULL NAME (Dr., Miss, etc.) ................................. ............ ... . . .... ... . ..** * * ... *... **. ** **.**.*** 

(Please print or typewrite) (Last) (First) (Initial) 

3. OFFICE ] OR HOME E] ADDRESS ............................................................................................... 

(For receipt of General Program) 

CITY .STATE .......O e :. I... ZIP CODE ..... 

4. ACADEMIC, PROFESSIONAL, OR 
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MEETING * 26-31 DECEMBER 
Reserve Your Hotel Room 

Make sure you have the accommodations you prefer. The AAAS headquarters is the Sheraton- 
Park; the other hotels are co-headquarters. 

The hotel sleeping accommodations are for your convenience in making your 
room reservation in Washington. Please use the coupon below and send it directly 
to the AAAS Housing Bureau in Washington. Give a definite date and estimated 
hour of arrival, and also your probable date of departure. The Housing Bureau 
will make the assignment and promptly send you a confirmation. 

For more details on all of the above facilities and services, and for a list of the 
headquarters of each participating society and section, see the 22 July issue of 
Science, page 437. 

Moator Inn H1524 1 1i 18 - 5 $2 

Shoreham 12-14 16-18 16 -18 35 $2 
(900) 

Motor Inn 15 19 19 Free for 
(100) registered 

Washington Hilton 14-16 18-20 18-20 50-75 $2 

*All rooms are subject to a 4% District transient room tax. 
' 
One-bedroom parlor suites; rates for larger suites available upon request. 

.National Park Service There is no charge for children at any of the hotels. National Park Service 

AAAS Housing Bureau 
1616 K Street, NW 

Date of Application ................., 
Washington D.C. 20006..................... 

Please reserve the following accommodations for the 133rd Meeting of the AAAS in Washington, D.C., 26-31 December 1966 

First Choice of Hotel ............................ Second Choice ......... 
........................................Third 

hoice 

Type of room: Single i] Double j Double, twin beds Li 
Suite Rate desired .Maximum rate.. 
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IN THE SERVICE OF SCIENCE 

The Answer is the UltroRac!!! 
The NEW ULTRORAC is the smallest fraction collec- 
tor with a 200 standard test-tube capacity. 

Having rugged precision it is as dependable as the 
world-famous RadiRac. Remove a ten-tube rack, it 
continues working-put it in the cold, it continues 
working- treat it roughly, it continues working - pre- 
set the run to end at 50 fractions and it stops at 
your command. 

We guarantee it for 3 years too. 

/ Designed to Save Space 
V Designed for Coldroom use 
/ Designed for Standard test tubes 
V Compact, removable electronic unit for remote control 
V For time, drop and volumetric capabilities 
V Stainless steel column-support rods-polypropylene racks 
V Provision for event marking 
/ Power outlet for flow pump 

LKB INSTRUMENTS, INC., 12221 Parklawn Drive, Rockville, Maryland 20852 
LKB-PRODUKTER AB, P.O. Box 76, Stockholm-Bromma 1, Sweden 
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*SCIENCE IN THE MAKING 

By Joel H. Hildebrand; This book con- 
tradicts the popular notion that 
the world of the scientist is lim- 
ited and separate from the rest 
of human experience. "Dr. 
Hildebrand's competent argu- 
ments . . . are presented with 
great vigor and clarity and 
make for exciting reading."- 
Library Journal No. 31 $1.25 

*THE DREAMS OF REASON 

Science and Utopia by Rene Dubos; One 
of the final non-fiction candi- 
dates for the National Book 
Award in 1962. "Everyone who 
reads Dr. Dubos' presentation 
. . . will gain an insight into the 
nature of our times in relation 
to science that is, alas, all too 
rare."-I. B. Cohen, N.Y. 
Times Book Review No. 44 

$1.75 

*THE ATOMS WITHIN US 

By Ernest Borek; Winner of the 1961 
Thomas Alva Edison Founda- 
tion Award for the best science 
book for youth, THE ATOMS 
WITHIN Us recounts the history 
of biochemical research, its 
methods, its discoveries, and its 
goals. No. 35 $1.95 

*LITTLE SCIENCE, BIG SCIENCE 

By Derek J. de Solla Price; "contains 
essays based on one guiding 
idea-to apply scientific method 
to the whole structure of mod- 
ern science itself and thus help 
to create The New Science of 
Science. ... Compulsory read- 
ing for every scientist."-Nature 

No. 62 $1.25 

See themn at your college bookstore, or write for 
examttintationt copies and complete paperback catalog, 
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minimum flush-out Gerard estimated 
for rapid mixing. If temporary multi- 
ple sluices were provided within both 
dams at appropriate depths, the Sound 
could be purged through them rather 
than by spillover. Because of salinity- 
density stratification, the water flow- 
ing through the submerged sluices 
would be considerably more saline 
than surface overflow. For sluice flow 
to match flow into the reservoir, the 
water level in the fresher Sound must 
be sufficiently 'above that in the sea to 
more than offset 'the pressure head of 
the denser sea water overlying the 
sluices. Furthermore, the sluices must 
have sufficient capacity for the effec- 
tive pressure difference to 'handle res- 
ervoir influx. These requirements, con- 
sidering the lack of tide in the reser- 
voir, seem practical without land en- 
croachment. 

Fresh water influx can pump out salt- 
ier water than that which would over- 
flow 'the dams in the plan suggested 
by Gerard. 

HAROLD LAMPORT 
Department of Physiology, Mt. 
Sinai School of Medicine, New York 

One possible benefit that Ger- 
ard does not mention is the creation 
of a freshwater harbor by removal of 
material needed to build the dam. A 
dam 20 m high, 50 m wide at the top, 
90 m wide at the bottom, and 12.8 
km long would contain 18 X 10a) m3 
of material. This is sufficient to create 
a hole, which might be used as a 
harbor, 18 m deep and 1 km square. 
Such a harbor near the mouth of the 
Connecticut River could provide suf- 
ficient capacity to relieve some of the 
congestion in New York Harbor. 

W. I. NEEF 
E. T. MERRILL 

Battelle-Northwest, P.O. Box 999, 
Richland, Washington 99352 

Chemotaxis: Divided and Defined 

At one time I sided with Disraeli's 
"I hate definitions." Now it seems 
as though science proceeds by appli- 
cation of the razor and hone to defini- 
tions and I have switched to Emer- 
son: "He shall be as a god to me, 
who can rightly divide and define." 
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It is not yet clear whether the re- 
sponses shown by Escherichia coli are 
directed or random in orientation, but 
Adler ("Chemotaxis in bacteria," 12 
August, p. 708) proposes that the 
mechanism used by E. coli is the 
"avoiding reaction," which Fraenkel 
and Gunn (2) favor as a random 
kinesis. Since Adler's data are not con- 
cerned with responses per se, but with 
the end result of the responses, I sug- 
gest that these and other similar results 
be described as aggregation, or better 
yet, chemical attraction, a phrase which 
describes the end result with no com- 
mitment to mechanism. A general defi- 
nition of chemical attraction which 
may be useful to others in this field 
is: responses that serve to bring and 
keep organisms within the vicinity of 
an attractant (3). 

Such quibbling over words does 
not detract from the elegant nature 
of Adler's experiments. But I feel there 
is something to be gained by adhering 
to Fraenkel and Gunn's definitions of 
chemotaxis and related terms, or im- 
proving these definitions. 

AUSTIN J. MACINNIS 
Department of Zoology, University of 
California, Los Angeles 90024 
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tation of Animals (Dover, New York, 1961), 
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Of Porpoises and Bedbugs 

This is a time for rejoicing. Our 
military researchers (who will spend 
$7 billion during the next year) have 
discovered that the porpoise can be 
used to find enemy submarines by dif- 
ferentiating metals (New York Times, 
23 April), and the bedbug, by its 
"yowl" when sensing human flesh, may 
help to hunt the Vietcong (New York 
Times, 6 June). 

An Office of Military Zoology is 
clearly needed to cultivate this new 
frontier of science. What valuable spill- 
over for civilian technology may come 
from these efforts! Perhaps the new Of- 
fice of Military Zoology could give us 
the boon of an anti-bedbug (ABB), a 
zoological equivalent of the anti-ballis- 
tic missile (ABM). 
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New! From MC&B: 

for convenient, safe lab use 

MC&B now offers sodium and potassium in a number of forms selected 
for convenient and safe laboratory use. Careful preparation and 
packaging prevents surface oxidation and preserves high activity. 

Sodium Wire and Spheres 
Extruded wire packaged under kerosene SX246* 9905* Sodium Wire, 1/16" 
and spheres under kerosene and mineral oil SX247* 9904* Sodium Wire, 1/8" 
facilitate weighing and handling. Thus, the SX240* CB1035* Sodium, Spheres 1/16"-1/4" 
inconvenience and hazards associated 
with cutting pieces from large chunks 
are eliminated. 

Sodium & potassium dispersions 
Dispersions are much safer to handle than SX232* 9906* Sodium Dispersion, 15-20 micron 
bulk sodium. They can be readily weighed (50% Sodium- 50% Paraffin) 
and poured and afford much greater active SX233* 9907* Sodium Dispersion, 1 micron 
surface area. Reactions can be carried out (40% Sodium - 60% Light Oil) 
with dispersions that are impossible with SX234* 9908* Sodium Dispersion,5 micron(in Xylene) 
the massive metal. Furthermore, reactions SX653* 9909* Sodium-Naphthalene, mole/mole 

crushed solid with dispersions give higher yields with crushed solid with dispersions give higher yields with PX1326* 9910* Potassium Dispersion, 1 micron fewer side reactions. ~fewer side reactions. ^ p(30% Potassium-70% Light Oil) 

Active sodium chemicals 
Four new active sodium chemicals are also SX538* P9853* Sodium Ethoxide, Pract. NaOCH2CH3 
now offered for your convenience by MC&B. SX738* P9911* Sodium iso-Propoxide, Pract. 
All except sodium acetylide are supplied as NaOCH(CH3)2 
stable white powders. SX393* 9912* Sodium Butoxide, NaOCH2CH2CH2CH3 
Other active sodium compounds are avail- SX273* 9945* Sodium Acetylide, (30% Sodium 
able on a custom basis. Acetylide - 70% Light Oil), Na2C2 

Available from all MC&B distributors and warehouses. Write for price list. 

Division of the Matheson Company 
Norwood, Ohio/East Rutherford, N. J./Los Angeles, Calif. 
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Science serves its readers as a forum for 
the presentation and discussion of impor- 
tant issues related to the advancement of 
science, including the presentation of mi- 
nority or conflicting points of view, rather 
than by publishing only material on which 
a consensus has been reached. Accordingly, 
all articles published in Science-including 
editorials, news and comment, and book 
reviews-are signed and reflect the indi- 
vidual views of the authors and not official 
points of view adopted by the AAAS or 
the institutions with which the authors are 
affiliated. 
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Academic Responsibility 

Many questions have arisen concerning the proper conduct of a 

faculty member in relation to other persons, his university, and the 
agencies that provide research support. Some of the worrisome questions 
were illustrated in the account in last week's Science of the summer 
activities of Professor Stephen Smale. On a quite different front, medical 
and behavioral scientists have been troubled by the disregard a few of 
their fellows have shown for the rights of human beings used as experi- 
mental subjects. Despite much discussion of the management of grants, 
problems persist. It seems likely that among all the persons whose 
work is supported by federal funds there are a few scoundrels who 
have accepted salary from two sources for the same period, or in some 
other fashion have violated common standards of honesty. The number 
who are dishonest, callous, or foolish may be small, but frequency is 
not the issue. It takes only a few to make a large amount of trouble, 
and they can continue to do so as long as the majority shrug off mis- 
behavior as the business of someone else. 

Standards are established either by government decree or through 
voluntary self-discipline, and both methods have their appropriate uses. 
Penal codes and tax rates, for example, are subject to government 
control, while academic standards, accrediting procedures, and codes 
of ethics are adopted voluntarily. 

When the federal grant program started, the scientific judgment, 
honesty, and good sense of scientists were expected to control the ways 
in which money was used. Elaborate rules established by government 
action were not considered necessary. More recently, as the number of 
grantees and the amount of money involved have increased many fold, 
government regulations have multiplied, for informal surveillance by 
professional colleagues and academic or research administrators has no 
longer seemed to provide adequate controls. 

Many scientists object to this trend. They dislike time-keeping 
requirements and the necessity of receiving advance permission for 
what their scientific judgment tells them are necessary changes in bud- 
get allocations or desirable changes in research plans. The trend toward 
greater government control has also been a matter of controversy in 
government circles. Critics have advocated stronger central controls 
at the same time that science agencies have argued that control should 
be primarily a voluntary and institutional rather than a governmental 
responsibility and have pleaded with universities and research lalbora- 
tories to accept that responsibility. University presidents have generally 
understood the importance of keeping control at the institutional level. 
But scientists often have not, and some have failed to recognize the 
need that there be public confidence that public funds are used prudently 
and honorably. They have talked much of academic freedom without 
accepting the correlative requirement of academic responsibility. 

Sooner or later there is going to be a messy public scandal. When 
that happens, the damage will be much less if the universities, with 
the wholehearted support of their faculties and the scientific com- 
munity, can demonstrate that they have recognized the danger, have 
established responsible standards, and can deal promptly and effectively 
with violations. If they cannot, the warning is clear: government con- 
trols will grow stricter; reporting requirements will become more 
onerous; and the whole enterprise will suffer.-DAEL WOLFLE 
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ly 50 percent of the subjects had re- 
lapses after 15 and 10 days, respec- 
tively, of treatment. 

Longer periods of treatment with tet- 
racycline were evaluated in man. Pro- 
phylaxis with 0.5 gram of tetracycline 
twice daily for 28 days completely pre- 
vented illness. The same schedule for 
14 days failed. Illness occurred both 
during and after a 20-day course of 
tetracycline treatment given every other 
day. Treatment with 2 grams of tet- 
racycline daily, in divided doses, for 
15 days or longer prevented relapses, 
but limiting the treatment to, 10 days 
resulted in relapses in 42 percent of 
volunteers. 

R. J. Zentner (U.S. Army Biologi- 
cal Laboratories) described studies on 
toxic effects of oxygen on aerosolized 
and on lyophilized bacteria. He re- 
ported on the threshold concentration 
of oxygen toxicity and suggested that 
the lethal effect is caused by dehydra- 
tion of the bacteria. 

M. T. Hatch (Naval Biological Lab- 
oratory) described the effect of an- 
other type of stress, namely, shifts in 
relative humidity, on airborne bacteria. 
The studies show that changes in rel- 
ative humidity influence the survival 
of airborne S. marcescens and P. pestis. 
There was no indication of which rates 
of changes in humidity were most 
lethal. Hatch stressed the physiological 
rather than the physicochemical na- 
ture of this effect. 

Experimental airborne transmission 
of several viral, fungal, and bacterial 
diseases was discussed. W. S. Miller 
(U.S. Army Biological Laboratories) 
described studies on the infectivity of 
Venezuelan equine encephalomyelitis 
(VEE) virus for pigeons by the res- 
piratory route. He reported that this 
virus can infect an avian host through 
the lower respiratory tract but that 
marked differences exist among species. 
Subcutaneous injection produces a dis- 
ease indistinguishable from the disease 
produced by the respiratory route. 
Treatment of pigeons with a combina- 
tion of Casa-terramycin and Hep Zide 
or with Casa-terramycin alone for 2 
weeks prior to exposure to the VEE 
aerosols reduced resistance to respira- 
tory challenge. In his comments, W. 
S. Gochenour (Walter Reed Army In- 
stitute for Research) stressed the sig- 
nificance of the observations of the re- 
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sistance of pigeons to infection when 
exposed to low concentrations of VEE 
virus, which can accumulate to a large 
dose over a long period of time (3 
hours). 
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Report from 

Found: A rapid route 

to the shortest path 

The critical feature of Shen Lin's 
method is its speed; it makes many 
good approximations in a reason- 
able time and selects the best. 

To make one approximation, the 
computer chooses a "starting path" 
at random. It removes three links 
of this path (thus breaking it into 
three sections - see figures) and 
connects the sections differently to 
see if a shorter path results. If not, 
it systematically removes other 
combinations of three links in the 
original random path, until all com- 
binations have been tried. But, 
whenever such a reconnection does 
produce a shorter path, it takes 
this as a new starting path, and be- 
gins the series of breaks again. One 
"approximation" is completed 
when no further improvement re- 
sults from such breaking and 
reconnection. 

In the same way-beginning 
each time with a new and different 
"starting path"-many additional 
approximations are found. They 
usually have some path sections in 
common; it simplifies the problem 
to assume that these are part of 
the absolute minimum path. So, 
they are routinely incorporated in- 
to every new starting path and no 
longer broken. This speeds com- 
putation and the time that's saved 
is used to find even more approxi- 
mations. 

In general, using a high-speed 
digital computer, 100 approxima- 
tions take about 0.75n3 millisec- 
onds (n=number of points). For 
a typical 40-point problem, experi- 
ments indicate that about one out 
of 16 approximations will be the 
actual minimum solution; for 60 
points, about one out of 64. So, 
if we find 300 approximations in a 
60-point problem (roughly eight 
minutes on a computer) there is 
a high probability that one of these 
is the shortest possible. 

Start with a random path... 

Break it into three sections... 

Reconnect them differently. 

What is the shortest path through 
a number of points, touching each 
just once and ending at the start- 
ing point? This "traveling sales- 
man problem" is important in 
many areas of modern business 
and technology, where "shortest 
path" may really mean the least 
hook-up wire, travel time, or 
transmission power. 

It might seem that the problem 
could be solved by measuring all 
paths and taking the shortest but, 
even with a computer, this is a 
colossal task. At a million paths 
per second, for instance, it would 
take several billion years to 
compute and compare all paths 
in a 25-point problem! Shortcut 
methods have been devised, but 
they are still too slow when, say, 
60 points are involved. In practice, 
approximate solutions (almost- 
shortest paths) are found largely 
through the educated judgments 
of engineers looking at graphs or 
maps . . . or for certain limited 
problems, through special com- 
puter programs. 

Now, mathematician Shen Lin 
of Bell Telephone Laboratories 
has developed a new way of get- 
ting good approximate solutions 
to problems of up to 145 points. 
Because his method is fast, it is 
possible to find many such 
approximations. It is then easy to 
pick the shortest of these. Often 
(see left), this is the absolute 
minimum. If not, it is at least 
short enough for most engineering 
purposes. 

Bell Telephone Laboratories 
Research and Development Unit of the Bell System 
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liable results in their field. 

For complete information, write for a copy 
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P. S. Brachman (Communicable 
Disease Center) presented data on ex- 
posure of cynomolgus monkeys to 
naturally produced aerosols containing 
Bacillus anthracis. Anthrax infection 
was observed in approximately 25 per- 
cent of the exposed monkeys. The path- 
ological findings of mediastinal edema 
and hemorrhagic lymphogenitis and 
necrosis were similar to those in mon- 

keys exposed to experimental aerosols 
of B. anthracis and also to those in 
humans who developed fatal inhalation 
anthrax after industrial or accidental 

laboratory exposures. With the low dose 

present in chronic exposure to natural 
aerosols, the incubation period ap- 
peared to range from 5 to 17 days. 
There was no evidence suggesting the 

development of a subclinical anthrax 
infection. 

Epidemiology of airborne staphylo- 
coccal infection was reviewed by R. E. 
O. Williams (Wright-Fleming Institute 
of Microbiology, England) and A. D. 

Langmuir (Communicable Disease Cen- 
ter). Williams suggested that the chief 
way staphylococci become airborne is 
by shedding of particles of skin from 
permanent or .temporary carrier sites. 
The magnitude and the frequency of 
such dispersal was discussed, together 
with factors that may influence it and 
the manner in which airborne staphy- 
lococci travel in hospitals. 

Most airborne particles containing 
staphylococcus range in size from 8 to 
18 microns in diameter, and most of 
them contain one to four viable cocci. 
The bulk of each particle presumably 
consists of the epithelial squame. It is 
difficult to obtain conclusive evidence 
of the way in which airborne bacteria 
gain access to the new host or on the 
relative importance of airborne and 
"contact" routes of spread. The possi- 
bilities of direct airborne infection of 
wounds in surgical operating rooms, 
primary acquisition of the nasal car- 
rier state in newborn infants in hos- 

pitals, and acquisition of staphylococci 
in the nose in adult patients in hospi- 
tals were discussed. The difficulty in de- 
termining the relation between dose and 
effect and the importance of attempts 
to do so were stressed. Langmuir dis- 
cussed in broader terms the epidemiol- 
ogy and the mechanisms of transmis- 
sion of airborne infection. 

H. M. Yamashiroya (lIT Research 
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as well as an aerosol booster follow- 
ing either respiratory or subcutaneous 
vaccination appear to be effective pro- 
cedures. H. C. Bartlema (Medical 
Biological Laboratory, Netherlands) 
achieved similar results in mice by us- 
ing dead cells of Bordetella pertussis 
as an adjuvant. 

Effects of nitrogen dioxide and ozone 
on resistance to respiratory infection 
were discussed by R. Ehrlich (IIT Re- 
search Institute) and D. L. Coffin 
(U.S. Public Health Service). The 
work reportedi suggests a more sensi- 
tive indicator of biological effects of 
selected air pollutants, as demonstrated 
by reduction in resistance to infection. 
A single 2-hour exposure to 3.5 ppm 
of nitrogen dioxide before or after res- 
piratory challenge with Klebsiella pne- 
utmoniae significantly increased mortal- 
ity in mice. Continuous exposure to 
0.5 ppm for 3 months produced the 
same effect. Mortality also increased in 
mice exposed to less than 0.1 ppm of 
ozone for 3 hours before challenge with 
Streptococcus sp. Similar reduced re- 
sistance was observed after 4 hours of 
exposure to photochemical automobile 
smog. 

The conference was cosponsored by 
the U. S. Army Biological Laboratories 
and the lTT Research Institute, under 
the chairmanship of E. K Wolfe (U.S. 
Arnmy Biological Laboratories), Mark 
Lepper (University of Illinois), and 
Richard Ehrlich (IIT Research Insti- 
tute). The proceedings of the confer- 
ence are scheduled for publication in 
Bacteriological Reviews. 

RICHARD EHRLICH 

Life Sciences Research Division, 
lIT Research Institute, 
Chicago, Illinois 60616 
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