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You'// find more data on all Fisher Scientific 
solvents in the Fisher Chemical Index. 
For your free copy, write Fisher Scientific Co., 
1392 Fisher Building, Pittsburgh, Pa. 15219. 

Fisher Scientific provides 152 solvents. And you can rely on the 
purity of each. Because all Fisher solvents meet, often exceed, 
specified purity levels. Three examples: Fisher Anhydrous Ethyl 
Ether is practically free of water and ethanol; yet there's no worry 
over the buildup of dangerous peroxides. Only 0.000005%o of 
sodium diethyldithiocarbamate* inhibits oxidation. Fisher 1,4- 
Dioxane's freezing point averages +11.7?C-higher than any 
other available; so low in peroxides and carbonyls no stabilizer 
is needed. Fisher Chloroform is the lowest in price; yet none 
other rates higher in purity. Three reasons why if your first 
thought isn't Fisher solvents, think again. Fisher... first. F73 

*U.S. Pat. No. 2,818,438 ( 
CHEMICAL DIVISION 
FISHER SCIENTIFIC CO. 



You throw the switches... 

Let 
this new 

fermentor 
do the 
rest! 

Growing cultures in the new 
Fermacell fermentor can now be 
achieved with push-button conven- 
ience. Set the dials-throw the 
switches-and a series of sequen- 
tial operations control steam 
sterilization and environmental 
growth conditions. You enjoy 
simple, semi-automated, up-front 

control from initial sterilization to 
final harvesting-including inlet 
and outlet sterilization, agitation, 
aeration, temperature, pressure, 
foam and pH. The switches are 
electrically interlocked to operate 
in perfect sequence no matter 
which switch is energized first. 

Fermacell is available in three 
sizes for working volumes of 40, 
100 or 200 liters. One person 
can remove the fermentor vessel 

for cleaning, emptying or refilling 
in less than 3 minutes. Designed 
for basic laboratory research, this 
pilot-plant fermentor is used to 
grow aerobic and anaerobic 
bacteria, streptomycetes, molds 
and yeasts, as well as mammalian 
and plant tissue cultures. A wide 
range of accessories is available. 

BNB$ 
New Brunswick Scientific Co., Inc. 

1130 Somerset Street, New Brunswick, N.J. 
West Coast Office, San Jose, Calif. 09515 
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Ready for a 
switch? 
Write 
today for 
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BIOLOGICAL AND BIOCHEMICAL 
ESSAYS IN BIOSYNTHESIS AND 
MICROBIAL DEVELOPMENT 
By J. D. BU'LOCK, Department of Chemistry, Uni- 
versity of Manchester. 

1967 71 pages $5.95 

RADIATION RESEARCH: 
Proceedings of the Third International Congress 
of Radiation Research held at Cortina d'Am- 
pezzo, Italy, 1966. 
Edited by G. SILINI, Laboratorio di Radiobiologia 
Animale, Rome. A North-Holland (Interscience) 
book. 

1967 927 pages $39.00 

CURRENT TOPICS IN RADIATION 
RESEARCH 
By MICHAEL EBERT and ALMIA HOVARD, both 
of Paterson Laboratories, Christie Hospital and Holt 
Radium Institute, Manchester, England. A North- 
Holland (Interscience) book. 

Volume 1 1965 272 pages $ 9.75 
Volume 2 1966 398 pages $14.50 
Volume 3 1967 226 pages $ 9.75 

CELL BIOLOGY OF HYDRA 
By T. L. LENTZ, School of Medicine, Yale Uni- 
versity. An Interscience book. 

1966 199 pages $12.95 

MORPHOGENESIS OF THE VERTEBRATES 
Second Edition 

By T. W. TORREY, Department of Zoology, Indiana 
University. 

1967 448 pages $10.95 

ELECTRON MICROSCOPE IN MOLECULAR 
BIOLOGY 
By G. . H HAGGIS, D. MICHIE, A. MUIR, P. M. B. 
WALKER, all of the University of Edinburgh, and 
I. B. ROBERTS, London Hospital Medical College. 
An Interscience book. 

1964 401 pages $8.50 

METHODS OF BIOCHEMICAL ANALYSIS 
Volume Fifteen 

By DAVID GLICK, Stanford University Medical 
School. An Interscience book. 

1967 531 pages $15.00 

CHEMISTRY OF ETHER LINKAGE 
By S. PATAI, Department of Organic Chemistry, The 
Hebrew University, Jerusalem, Israel. An Interscience 
book. 

1967 785 pages $29.50 

POLLUTION AND MARINE BIOLOGY 
By T. OLSON, School of Public Health, University 
of Minnesota and F. BURGESS, School of Engineer- 
ing, Oregon State University. An Interscience book. 

1967 364 pages $12.00 

LIGHT AS AN ECOLOGICAL FACTOR 
R. BAINBRIDGE, G. C. EVANS and 0. ROCK- 
HAM, all of the University of Cambridge. Blackwell 
Scientific Publications. 

1967 452 pages $13.50 

BIOSYNTHETIC PATTERNS IN MICRO- 
ORGANISMS AND HIGHER PLANTS 
By J. GRISEBACH, University of Freiburg, Freiburg, 
Germany. 

1967 110 pages $7.95 

ADVANCES IN ENZYMOLOGY 
Volume 29 
By F. F. NORD, Fordham University. An Interscience 
book. 

1967 643 pages $18.75 

HUMAN RADIATION CYTOGENETICS 
By H. J. EVANS, University of Aberdeen, W. M. 
COURT BROWN, Western General Hospital, Edin- 
burgh, and A. S. MCLEAN, United Kingdom Atomic 
Energy Authority, London. A North-Holland (Inter- 
science) book. 

1967 218 pages $11.50 

ADVANCES IN BIOMEDICAL ENGINEER- 
ING AND MEDICAL PHYSICS 
Volume 1 

By S. N. LEVINE, State University of New York, 
Stony Brook. An Interscience book. 

1967 408 pages $16.00 

MODELS OF THE NERVOUS SYSTEM 
By S. DEUTSCH, Department of Electrical Engi- 
neering, Polytechnic Institute of Brooklyn. 

1967 266 pages $9.95 

IMMUNOCHEMISTRY AND THE BIOSYN- 
THESIS OF ANTIBODIES 
By F. HAUROWITZ, Department of Chemistry, In- 
diana University. An Interscience book. 

In press 

BIOCHEMICAL PREPARATIONS 
Volume 12 
By W. E. M. LANDS, Editor-in-Chief, University of 
Michigan. 

1968 approximately 160 pages $8.50 

CHEMISTRY AND CHEMICAL 
ENGINEERING 

ORGANIC REACTIONS 
Volume 16 
By A. C. COPE, deceased, formerly of the Massachu- 
setts Institute of Technology. 

1968 424 pages $12.50 

CYCLOADDITION REACTIONS 
By L. L. MULLER, Associate Professor Chemistry, 
St. Mary's Dominican College and J. HAMER, Asso- 
ciate Professor of Chemistry, Tulane University. An 
Interscience book. 

1967 362 pages $15.50 

JOHN WILEY & SONS, Inc. 605 Third Avenue, New York, N.Y. 10016 
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ORGANOSULFUR CHEMISTRY, 
Reviews of Current Research 
Edited by MATTHIJS JANSSEN, University of 
Groningen, The Netherlands. An Interscience book. 

1967 351 pages $18.00 

PRACTICE OF GAS CHROMATOGRAPHY 
By L. ETTRE, The Perkin-Elmer Corporation and 
A. ZLATKIS, University of Houston. 

1967 571 pages $14.95 

ORGANIC REACTION MECHANISMS 1966 
By B. CAPON and M. J. PERKINS, King's College, 
University of London, and C. W. REES, University 
of Leicester. An Interscience book. 

1967 481 pages $13.00 

PROGRESS IN PHYSICAL ORGANIC 
CHEMISTRY 
Volume 5 
By A. STREITWIESER, University of California, 
Berkeley and R. W. TAFT, University of California, 
Irvine. An Interscience book. 

1967 358 pages $16.00 

PRINCIPLES AND APPLICATIONS OF 
WATER CHEMISTRY 
By S. D. FAUST, Harvard University and J. V. 
HUNTER, Rutgers University. 

1967 643 pages $13.95 

SPECTROMETRIC IDENTIFICATION OF 
ORGANIC COMPOUNDS 
Second Edition 
By R. M. SILVERSTEIN and G. C. BASSELER, 
both of Stanford Research Institute. 

1967 256 pages $9.95 

TABLE OF ISOTOPES-SIXTH EDITION 
By M. LEDERER, J. M. HOLLANDER, both with 
Lawrence Radiation Laboratory and I. PERLMAN, 
University of California, Berkeley and Associate Di- 
rector of the Lawrence Radiation Laboratory. 

1967 594 pages $7.95 cloth, $4.95 paper 

THE ANALYTICAL TOXICOLOGY OF 
INDUSTRIAL INORGANIC POISONS 
Chemical Analysis, Volume 22 
By the late MORRIS B. JACOBS, formerly of the 
School of Public Health, Columbia University. An 
Interscience book. 

1967 943 pages $25.00 

INDEX AND BIBLIOGRAPHY OF MASS 
SPECTROMETRY 1963-1965 
By F. W. McLAFFERTY and J. PINZELIK, both 
of Purdue University. An Interscience book. 

1967 176 pages $12.00 

RADICAL IONS 
By E. T. KAISER, University of Chicago and L. 
KEVAN, University of Kansas. An Interscience book. 

1968 In press 

AN INTRODUCTION TO ALKALOIDS 
By G. A. SWAN 

1967 326 pages $10.50 

AN INTRODUCTION TO TRANSITION- 
METAL CHEMISTRY 
Second Edition 
By L. ORGEL, Resident Fellow, Salk Institute, San 
Diego. 

1966 186 pages $5.95 

REACTION INDEX OF ORGANIC 
SYNTHESES 
By S. SUGASAWA, Emeritus Professor, Tokyo Uni- 
versity and SEIJURO NAKAI, Chiro Chemical Cor- 
poration. An Interscience book. 

1967 251 pages $8.75 

INTERNAL REFLECTION SPECTROSCOPY 
By N. J. HARRICK, Electro-Optics Section, Philips 
Laboratories. An Interscience book. 

1967 327 pages $16.50 

TOPICS IN STEREOCHEMISTRY 
Volumes 1 and 2 
By N. L. ALLINGER, Wayne State University and 
E. ELIEL, University of Notre Dame. An Interscience 
book. 

Volume 1 1967 254 pages $12.50 
Volume 2 1967 252 pages $12.50 

THIN-LAYER CHROMATOGRAPHY 
By J. G. KIRCHNER, The Coca-Cola Company. 
Technique of Organic Chemistry, Edited by A. 
WEISSBERGER, Volume XII. An Interscience book. 

1967 788 pages $21.95 

FORMATION AND PROPERTIES OF 
PRECIPITATES 
By A. G. WALTON, Case and Western Research 
University. An Interscience book. Vol. 23, Chemical 
Analysis Series. 

1967 232 pages $11.00 

MACROMOLECULAR REVIEWS 
Volume 2 
Editors: A. PETERLIN, Camille Dreyfus Labora- 
tory; M. GOODMAN, Polytechnic Institute of 
Brooklyn; S. OKAMURA, Kyoto University; B. H. 
ZIMM, Revelle College; and H. F. MARK, Poly- 
technic Institute of Brooklyn. An Interscience series 
book. 

1967 295 pages $13.50 

THE BIOLOGY OF MARINE ANIMALS 
Second Edition 
By J. A. C. NICOL, Plymouth Laboratory of the 
Marine Biological Association. An Interscience book. 

1967 699 pages $15.95 

TECHNIQUES OF VACUUM ULTRAVIOLET 
SPECTROSCOPY 
By J. A. R. SAMSON, G.C.A. Corporation. Wiley 
Series in Pure and Applied Spectroscopy. 

1967 348 pages $13.95 

FUROPYRANS AND FUROPYRONES 
By AHMED MUSTAFA, Cairo University. The 
Chemistry of Heterocyclic Compounds Series, Edited 
by A. Weissberger, Volume 23 (Interscience). 

1967 376 pages $21.00 

JOHN WILEY & SONS, Inc. 605 Third Avenue, New York, N.Y. 70016 
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MATHEMATICS AND SCIENCE 
DIFFERENCE METHODS FOR INITIAL 
VALUE PROBLEMS 
Second Edition 
Interscience Tracts in Pure and Applied Mathe- 
matics #4. 
By R. D. RICHTMYER, University of Colorado and 
K. W. MORTON, Culham Laboratory, Abingdon 
Berkshire, England. An Interscience book. 

1967 405 pages $14.95 

ELEMENTS OF NONPARAMETRIC 
STATISTICS 
By G. E. NOETHER, Boston University. SIAM 
Series in Applied Mathematics. 

1967 104 pages $7.95 

AN INTRODUCTION TO PROBABILITY 
THEORY AND ITS APPLICATIONS 
Volume 1. Third Edition 
By WILLIAM FELLER, The Rockefeller Univer- 
sity. 

1968 496 pages $10.95 

PHYSICS 

PROGRESS IN ELEMENTARY PARTICLE 
AND COSMIC RAY PHYSICS 
Volume 9 
By J. G. WILSON, University of Leeds and S. A. 
WOUTHUYSEN, University of Amsterdam. An In- 
terscience book. 

1967 315 pages $15.50 

MOLECULAR FORCES 
Based on the Baker Lectures of Peter J. W. Debye 
By BENJAMIN CHU, University of Kansas. An In- 
terscience book. 

1967 176 pages $10.00 

SPATIAL DISPERSION IN CRYSTAL OPTICS 
AND THE THEORY OF EXCITONS 
Volume 18 
By V. M. AGRANOVICH and V. L. GINZBURG, 
both at the Academy of Sciences of the U.S.S.R. Mon- 
ographs in Physics and Astronomy, Volume 18. An 
Interscience book. 

1966 316 pages $17.00 

NUCLEAR PHYSICS: THEORY AND 
EXPERIMENTS 
By R. R. ROY, Arizona State University and B. P. 
NIGAM, The University of Wisconsin. 

1967 616 pages $15.95 

PRINCIPLES OF ATOMIC SPECTRA 
By BRUCE W. SHORE and DONALD H. MEN- 
ZEL, both of the Harvard College Observatory. 
Wiley Series in Pure and Applied Spectroscopy. 

1968 In press 

ADVANCED OPTICAL TECHNIQUE 
By A. C. S. VAN HEEL, late Professor of Physics, 
Technological University of Delft. Wiley Series in 
Pure and Applied Optics. A North-Holland book. 

1967 678 pages $35.00 

MOSSBAUER EFFECT DATA INDEX, 
1958-1965 
Compiled by ARTHUR H. MUIR, JR., KEN J. 
ANDO, and HELEN M. COOGAN, all of North 
American Aviation Science Center, Thousand Oaks, 
California. With a foreword by RUDOLF L. MOSS- 
BAUER, Nobel Laureate. An Interscience book. 

1966 351 pages $9.00 

PRINCIPLES OF RADIATION PROTECTION: 
A Textbook of Health Physics 
Edited by K. Z. MORGAN and J. E. TURNER, 
both of the Oak Ridge National Laboratory, Oak 
Ridge, Tennessee. 

1967 622 pages $13.95 

MOLECULAR CRYSTALS 
By J. L. AMOROS and M. CANUT-AMOROS, both 
of Southern Illinois University. Wiley Monographs 
in Crystallography. 

1968 In press 

INTERMOLECULAR FORCES 
Edited by J. 0. HIRSCI-IFELDER, University of 
Wisconsin. Advances in Chemical Physics, Volume 12 
(Interscience). 

1967 644 pages $22.50 

OPTICAL LASERS IN ELECTRONICS 
By E. L. STEELE, Autonetics, A Division of North 
American Aviation. Wiley Series in Pure and Applied 
Optics. 

1968 280 pages $11.95 

PSYCHOLOGY 

A HISTORY OF GENETIC PSYCHOLOGY: 
The First Science of Human Development 
Edited by R. E. GRINDER, University of Wiscon- 
sin. 

ODOUR PREFERENCES 
By R. W. MONCRIEFF. 

1967 247 pages $8.95 

1966 357 pages $14.95 

A MANUAL OF PSYCHOPHYSIOLOGICAL 
METHODS 
Edited by P. H. VENABLES, Birkbeck College, Lon- 
don and IRENE MARTIN, Institute of Psychiatry, 
London. An Interscience book. 

1967 557 pages $12.50 

DATA PROCESSING 
AND INFORMATION RETRIEVAL 

BASIC PROGRAMMING 
By J. G. KEMENY and T. E. KURTZ, both of 
Dartmouth College. 

1967 122 pages $4.95 

THE GROWTH OF KNOWLEDGE: 
Readings on Organization and Retrieval of In- 
formation 
Edited by M. KOCHEN, University of Michigan. 

1967 394 pages $14.95 

JOHN WILEY & SONS, Inc. 605 Third Avenue, New York, N.Y. 70076 
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COMPUTERS, SYSTEM SCIENCE, AND 
EVOLVING SOCIETY: 
The Challenge of Man-Machine Digital Systems 
By HAROLD SACKMAN, System Development Cor- 
poration. 

1967 638 pages $14.50 

FORTRAN WITH ENGINEERING 
APPLICATIONS 
By D. D. McCRACKEN, McCracken Associates, Os- 
sining, New York. 

1967 237 pages $6.95 

MISCELLANEOUS 

COLOR SCIENCE: CONCEPTS, METHODS 
AND QUANTITATIVE DATA AND 
FORMULAE 
By G. WYSZECKI, National Research Council, Ot- 
tawa, Canada and W. STILES, Richmond, Surrey, 
England. 

1967 628 pages $27.50 

THE COLLECTION AND PROCESSING 
OF FIELD DATA 
By E. F. BRADLEY and 0. T. DENMEAD, both of 
Commonwealth Scientific and Industrial Research 
Organization, Canberra, Australia. An Interscience 
book. 

1967 597 pages $17.50 

OPTICAL AND PHOTOGRAPHIC 
RECONNAISSANCE SYSTEMS 
By N. P. JENSEN, University of California at Los 
Angeles. 

In press 

PRESENTING TECHNICAL IDEAS: A GUIDE 
TO AUDIENCE COMMUNICATION 
By W. A. MAMBERT. 

1968 216 pages $6.95 

GRAPHIC COMMUNICATION 
By W. BOWMAN, Stanford University. 

1968 210 pages $9.95 

TECHNICAL CORRESPONDENCE: 
A Reference Handbook for the Professional 

By H. M. WEISMAN, National Bureau of Standards. 
1968 218 pages $6.95 

WRITING FOR PROFESSIONAL AND 
TECHNICAL JOURNALS 
By JOHN H. MITCHELL, University of Massachu- 
setts. 

In press 

GEOLOGY 

AERIAL DISCOVERY MANUAL 
By CARL STRANDBERG, Data Analysis Center, 
ITEK Corporation. 

1967 249 pages $14.95 

BASALTS: 
The Poldervaart Treatise on Rocks of Basaltic 
Composition 
Volumes 1 and 2 
Edited by H. H. HESS, Princeton University and 
the late ARIE POLDERVAART, Columbia Uni- 
versity. Interscience books. 

Vol. 1: 1967 482 pages $22.00 
Vol. 2: 1968 432 pages $22.00 

MANTLES OF THE EARTH AND 
TERRESTRIAL PLANETS 
By S. K. RUNCORN, Newcastle Upon Tyne Uni- 
versity, Newcastle Upon Tyne, England. A London 
(Interscience) book. 

1967 584 pages $25.00 

POLYMER SCIENCE 
GRAFT COPOLYMERS 
By H. A. J. BATTAERD and G. W. TREGEAR, both 
of Central Research Laboratory, Victoria, Australia. 
Polymer Reviews, Volume 16 (An Interscience book). 

1967 551 pages $27.50 

ORDER FROM YOUR BOOKSELLER OR USE THIS HANDY COUPON FOR DIRECT SERVICE 
MR. IRVING ROSEN, JOHN WILEY & SONS, Inc., 605 Third Avenue, New York, N.Y. 10016 

Please send me the following books on ten-day approval. I agree to pay for the books within ten days or 
return them in good condition. (Wiley pays postage on orders accompanied by remittance.) 
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3-D Diagrams now produced 

automatically by computer-plotter 

Crystal structure analysis picks up a lot of speed with the use of the computer- 
plotter combination to turn out 3-dimension diagrams automatically. 
These three diagrams were prepared with the CalComp Plotter for the Defence 
Standards Laboratories, Victoria, Australia. 

D. A. Wright of DSL reports: 
"The three crystal structures plotted in 3-dimension diagrams are 
(1) Hydrogen Bond (2) Titanium Tetramethoxide, and (3) Benzyli- 
denemalononitrile. 

"They will be used as illustrations to papers in Acta Crystallographica 
to be published shortly. 
"All the plots look superb when viewed through prisms." 

For information on the CalComp Plotting Systems available for this 
tific analysis, write: Dept. T-l, California Computer Products, 
Anaheim, California 92803. Phone (714) 774-9141. 

TITANIUM TETRAMETHOXIDE 

and similar scien- 
Inc., 305 Muller, 

HYDROGEN BOND (CaCOT) 

Standard of the Plotting Industry 
SCIENCE, VOL. 159 238 



Obsolescence can be exceedingly expensive. That's why lasers built by the 
TRG Division of Control Data Corporation offer you the power you need 
. . . up to the gigawatt range . . . with a wide choice of capabilities and 
accessories to perfectly match your current requirements . . . plus the 
modular construction that makes it possible to economically modify your 
system to meet future requirements. May we tell you more? Contact: 
TRG Division of Control Data Corporation, Section S, 535 Broad Hollow 
Road, Melville (Long Island), New York 11746. Phone (516) 531-6343. 

19 JANUARY 1968 

TRG 
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This IR spectrum came 

from a $3,000 instrument. 

It's from Perkin-Elmer-and did you 
ever see such performance from an 
instrument costing $3,000? 

Here's the perfect IR training or 
research tool for the academic lab, 
and.for industrial plants where many 
reliable spectrophotometers are 
needed for analytical and quality 
control work. 

Its performance is what you'd ex- 

pect from a quality instrument. That's 
because-even with its low cost-the 
Model 700 offers a grating mono- 
chromator for good resolution, the 
convenience of push-button opera- 
tion, and clean, unbroken chart pre- 
sentation, linear in frequency with a 
scale change at 2000 cm'. 

The Model 700 operates from 4000 
to 650 cm" (2.5-15.4/,)-the most in- 

formative area of the spectrum. 11 
has many features that we'd like tc 
tell you more about. Our new bro 
chure is ready. Write to Instrumen 
Division, Perkin-Elmer Corporation 
723 Main Avenue, Norwalk, Con 
necticut 06852, or better yet, see i 
at your nearest Perkin-Elmer office 

PERKIN-ELMER 

FREQUENCY (CM') 
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The new Model 700. 
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CHECK THE BENEFITS YOU GET WITH 
A CARY MODEL 14 

DEPENDABILITY 
The first GARY 14 was purchased 13 years 
ago. It's still performing. So is every other 
one made since then. 

SIMPLICITY 
Easy to operate. Switch at will to eight dif- 
ferent scan speeds. Read wavelength and 
absorbance data more easilythrough direct 
linear recording. There's no need to change 
paper to study a wide variety of spectra. 

VERSATILITY 
Accessories make the GARY 14 adaptable 
for a wide variety of studies. Accessories 
include dewars, fluorescence, reflectance, 
and both sample handling and digitizing 
devices. 

ECONOMY 
Low-cost operation and maintenance. De- 
preciate the GARY 14 in five years-appre- 
ciate it for many more. 

ACCURACY 
Outstanding for a recording spectropho- 
tometer. 0.002 absorbance near zero and 
0.0005 with expanded scale. Wavelength: 
better than 4A. Resolution: IA in Visible 
and UV; 3A in Near-Infrared. 

REPRODUCIBILITY 
Excellent for repeatable, linear wavelength 
and photometric readings. Records data 
with minimum of correcting or reprocessing, 

QUALITY 
Sound engineering practices demand care 
in the design and selection of components. 
Tough tests and extensive calibration also 
provide more reasons why CARY makes 
the world's finest research instruments, 

Need additional information? Then send 
today for the GARY 14 brochure E604-18 

instruments . a varian subsidiary 
2724 South Peck Road, Monrovia, Calif. 91016 

UV/VIS/IR/ Raman Recording Spectrophotometers 
Manual Spectrophotometers * Spectropolarimeters 

Vibrating Reed Electrometers & Amplifiers 
_ ...... 



Don'f Order N 
14C Compounds 

Custom-9ynfhesized- 
ORDER THEM 

FROM TOCK !. 

( Mallinckrodt/Nuolear N 
offers the most complete 
line of standard carbon 

labeled compounds 
t fo be found anywhere.. 

NUCLEAR 
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Waring's Explosion Proof Blendor Base* Protects You in 

Hazardous Atmospheres or when Blending Hazardous Compounds. 
This is the only Blendor Base for use in blending explosive materials. It is the 
only Blendor Base for use in areas where gases, vapors or particles are found 
in explosive quantities. Because exposed motor arcing is eliminated, the Waring 
Explosion-Proof Blendor Base can be operated safely in atmospheres permeated with: 
Acetone/Methyl Alcohol/Benzene/Petroleum/Ether/Natural Gas/Butane/Propane/ 
Gasoline/Naptha. The powerful 2-speed lifetime lubricated motor gives total blending. 
of all volatile substances quickly, efficiently, safely. Ask your supplier about the 
Waring Explosion-Proof Blendor. Your lab-and your life-may depend on it. $289.00 No. EP-1 

STAINLESS STEEL CONTAINER NO. SS510 
Made from 302 Stainless to 
assure greater durability and 
chemical resistance. Surgical 
steel blending blades. $24.95 

WARING PRODUCTS CO . 

WS I A r JDivision of \y~ a Ir^ J DYNAMICS CORPORATIONA NEW HARTFORD, 
of AMERICA CONN. 06057 

EXPLOSIVE-PROOF SWITCH NO. EPS-2 

*Specially designed unit 
for 2-speed operation. 
* May be connected via 
conduit for remote control of 
Explosion-Proof Blendor Base. $29.95 

AVAILABLE IN CANADA 
Please write for full specifications or for 
answers to any questions you may have. 

*Shown with SS510 Stainless Steel container 
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IW e 've turned our insides out Sherer has been working for years to perfect 
Growth Chambers. We've struggled to make controls more flexible and durable and precise-striven to improve 
working parts you may never see. 

Now we've decided to turn our insides out-to reflect the quality which is inside with a new, modern look outside. 
The new look will really perk up your working environment while the good old inside quality will continue to 
let you execute a wide range of experiments with total accuracy. 

53' SHERER ] 
ENVIRONMENTAL DIVISION 

SHERER-GILLETT COMPANY 

37 sq. ft. working 7'sq. ft. plant bed- 14 sq. ft. plant bed- Portable- Wide range of sizes Marshall 3, Michigan 49068 
area-up to 5,000 O0F or 50? with up to 5,000 7 sq. ft. bed- in controlled, 

foot candles 4,500 foot candles foot candles light intensity 3,500 constant 
foot candles temperature rooms 
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Before you invest in an ultracentrifuge... 

call in these G-Men 
Together, they carry a lot of weight in 
the ultracentrifuge field. The IEC man SOME INSIDE INFORMATION 

is a specialist in ultracentrifugation sys- lEC features advanced rotor design 
tems. The S/P man is an expert in * no derating-you receive a lifetime 
installation and continuing service. Call guaranee 

slotted ball and socket design- them in. They arrive as a team to help makes rotors easy to load and 
provide your lab with the most advanced unload 
ultracentrifugation system available. * long tube rotor design provides 
Before you spend a load of G's, contact exceptionally high resolution for 

density gradient studies 
us and investigate them. density gradient studies 

fi scientific products 
DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 

GENERAL OFFICES: 1210 LEON PLACE, EVANSTON. ILLINOIS 
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New Brinkmann Stainless Steel Multi-plate Tank 
An all-stainless steel developing tank with grooves that suppor 
up to 17 E. Merck-type pre-coated glass TLC plates (20 x 20 cm). 

INTERESTED IN ANY OF THE ABOVE? 
SEND FOR OUR COMPLETE TLC CATALOG. JUST WRITE: TLC DIVISION, BRINKMANN INSTRUMENTS, CANTIAGUE ROAD, WESTBURY, N. Y. 11590 

.'.:BRINK.MANN INSTRUMENTS 
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HOW PURE CAN A FRACTION BE? 
(PREP-DISC ELECTROPHORESIS GIVES AN ILLUMINATING ANSWER!) 

Many researchers have seen analytical Disc Electrophoresis 
reveal heterogeneity in fractions thought to be pure, pre- 
pared by conventional separation techniques. Now, the high- 
resolution capabilities of the Disc technique can be put to 
work on the preparative scale to eliminate this heterogeneity in 
samples of useful size. More than two hundred investigators 
are already using Prep-Disc for separations of proteins, en- 
zymes, polynucleotides, polypeptides and hormones. Here are 
just a few of the many materials Prep-Disc is purifying: 

isolated insulin 
granule proteins 

fibrinogen 
prothrombin 
other blood factors 
macroglobulins 
al and a2 globulins 
transferrin 
mycobacterum 

tuberculosis proteins 
milk proteins 
histones 
ribosomal proteins 
glycoprotein 
serum lipoprotein 
L-asparaginase 
pituitary gonadotropins 
LDH 
denatured collagen 

horse spleen ferritin 
staphylococcus enzymes 
cytochrome 
various plant 

enzymes and proteins 
RNA 
tumor tissue proteins 
phosphorylases and dehydrases 

from bacterial extracts 
beta glucuronidase 
saliva proteins 
mucosal cell extracts 
polypeptides (PTH) 
body fluid proteins 
carbonic anhydrase 
placental lactogens 
isocitric dehydrogenase 
5-carboxymethyl protein 

derivatives 

APPARATUS: The Canalco Prep-Disc equipment offers unique 
advantages over any other form of large-scale gel electro- 
phoresis apparatus. Included: 

a fully visible, externally ad- 
justable elution slit eliminates 
clogging and optimizes wash- 
off for highest fraction con- 
centrations; 
* you can use either of two 

~* reversible:tested gel systems for fast (1-4 
hour) cuts of both high and low 
molecular weight materials, and 

r:~*~ ?r?.::?for fine cuts of closely-related 
materials as well; 
* interchangeable gel columns 

;i,:.:::,of three sizes allow gel prepara- * ilI( s~tion outside the basic apparatus. 
You can prepare for a run while 

Prep-Disc Apparatus one is already in progress; 

* reversible electrodes (for anodic or catlodic migrating mate- 
rials) are safety-interlocked with Canalco power supplies; 
* pretested Canalco chemicals minimize or eliminate problems 
of gel shrinkage or swelling and other artifacts; 
* you get detailed procedural instructions and the full backup 
of the Disc Electrophoresis Information Center for continuing 
guidance and assistance in problem-solving. 

EVIDENCE: Shown here are typical examples, in the form of 
high-resolution analytical-Disc Electrophoresis patterns, of 
separated fractions taken from Prep-Disc columns. Each set 
shows starting material, plus one or more purified components 
separated from it. 

Whole post- 
rabbit albumin 
serum 

Bacterial Fraction 1 
cell 

extract 

transferrin 

. .;.. {i 
?i:iii~i'i~i:fi iiiil ', iii i i 
*i.ii:.ii ? .:;:i, I 

.... ;..n 

Fraction 4 

:i,Xa::::::::::::::::::::::::: . . . . ............ j 8.. ....: 
............. _ 

Mucosal Fraction 1 Horse Fraction 1 Fraction 2 Fraction 3 
cell spleen 

extract ferritin 

slow 
alpha 

WIDE-TRACK FLOW 
ANALYZER Canalco's 
Wide-Track flow moni- 
tors are a useful adjunct 
to the Prep-Disc tech- 
nique, providing a record 
of fraction elution. 
4- 

Write today for a detailed bulletin describing Prep-Disc! 

Fraction 6 

CANAL INDUSTRIAL CORPORATION 
f ,4 :LCO 5635 Fisher Lane Dept. S-1P 

Rockville, Maryland 20852/(301) 427-1515 

Sales Offices in- 

* BOSTON * CHICAGO * CINCINNATI * CLEVELAND * DENVER 
* HOUSTON * LOS ANGELES * MINNEAPOLIS * NEW YORK 
* OTTAWA * PHILADELPHIA* PITTSBURGH ? SAN FRANCISCO 
* WASHINGTON, D.C. 
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Shown here is a typical 
haptoglobin pattern. 
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Send for the easiest 

to order from catalog 

rNew Ace Glass Catalog 67-1 
|NAME ,I 

TITLE I 

COMPANY NY ___ I 
I I 

I I 
I ADDRESS I 

CITY. I 
SAE___ZP __I I 
STATE ZIP 

l . - . 

What A Time Saver! 

The new Ace catalog contains 381 pages of scientific 
glassware and apparatus. Many new products and new 
product groups, including: 
* Ace Instatherm?-the heat without mantle. 
* No-clamp, no-spring interchangeable liquid 

chromatography system. 
* Threaded glass/nylon adapters. 
* Improved design high vacuum stopcocks available 

at a lower price. 
* And more reflecting our research and development 

which is as much a part of our tradition as Ace crafts- 
manship! 

S 

And you can save time ordering by code. 
You no longer have to write long descrip- 
tions: each size and capacity has its own 
two digit code. Send for the easiest-to- 
order-from Ace 1967 catalog. Use coupon 
or write on your letterhead. 

AC E GLASS INCORPORATED 

Vineland,tNew Jersey 

Louisville, Ky. Springfield, Mass. 
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The IMPROVED 1968 FMI LAB PUMP is: 
* Valveless-No valves to clog U Positive Displacement-RR piston type 
* Variable Flow-0-. 100% in either direction I Corrosion Resistant-316 SS liquid end 
* Versatile-Meters upstream or downstream U Precise-Micrometer controlled 
I Reversible-Even when operating U Discrete-Down to 0.01 ml/min 

* Powerful-To 100 psig-1.8 liters/min 
Inexpensive-Any model less than $200 

3,X05'- 

-is,96 t S ? 8 S t * 0.$ ?Is-L' 0..' .. :: ..":i $~~~~~~~~~~~~~~~~~~":~~~ 
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SpaceSn wfs 
THREE NEW NALGENE? 
RECTANGULAR CARBOYS 

Precision molded of linear poly- 
ethylene for extra strength, 
these new rectangular shape 
carboys offer big space saving 
advantages for every lab. Large 
neck openings for easy filling 
and cleaning. Both the tubula- 
tion of the aspirator bottle and 
the threaded boss of the carboy 
with spigot are integrally 
molded. No leaking. Each car- 
boy has a built-in shoulder loop. 
Available in 2 gal. (O.D.-1332" 
high x 8Y2" long x 51X6" wide) 
and 5 gal. (O.D.-148" high x 
12/2" long x 8Y" wide) sizes. 
Molded hand grips on the 5 gal- 
lon size. 

The Nalgene name is molded 
right in-your assurance of 
highest quality. More labs spec- 
ify Nalgene Labware than all 
other brands of plastic labware 
combined. How about you? 
Specify Nalgene Labware from 
your lab supply dealer. Ask for 
our 1967 Catalog or write Dept. 
21131, Nalgene Labware Divi- 
sion, Rochester,, N. . 
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teaching a subject develops a greater 
depth of knowledge than merely "tak- 

ing courses." In addition, students who 
teach gain maturity and poise and 
should develop the ability to express 
themselves before a critical audience. 

7) Many of our recent applications 
for faculty positions reveal that the in- 
dividual has had no teaching expe- 
rience. We should not be encouraging 
this same shortcoming in our better 
students. 

8) Our teaching-assistant budget has 
been unable to provide funds for teach- 
ing assistance in advanced courses. 
Additional help would allow the facul- 
ty time for more meaningful teaching, 
for needed revisions, and for laboratory 
improvements. 

9) Differentials in the dollar value 
of various types of support have led 
to a certain amount of discontent on 
the part of some of our students. 

10) Departmental allocation of var- 
ious types of support has proved diffi- 
cult and complex. 

Because of these concerns, we pro- 
posed to our administration that a 
Teaching Fellow Program be initiated 
and suggested the following procedures: 

1) All graduate support funds (schol- 
arships, fellowships, traineeships, 
NDEA's, NASA's, teaching assistant- 
ships, and various types of research 

assistantships) would be considered as 
one budget. This budget would deter- 
mine our total support level. Individual 

stipends would be set at a level mid- 
way between the current experienced 
teaching assistantships and inexperi- 
enced teaching assistantships, less state 
and federal taxes. (The stipends should 
be tax-free as teaching would be made 
a degree requirement.) 

2) Teaching and research assign- 
ments would be made equitably (re- 
search assistants would teach less) with 

everyone doing some teaching. Ideally, 
new graduate students would be as- 
signed lighter teaching loads to speed 
their academic adjustment. 

3) Annual raises for teaching fel- 
lows would be based on merit, not 
automatically awarded for "experience" 
as is done now. Another possibility 
would be to set aside a percentage of 
raise money to be administered auto- 
matically for "experience" while the 
rest would be awarded on "merit." 

The proposed system, as outlined 
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The proposed system, as outlined 
above, was tested "on paper," using 
our current budget, and it actually in- 
creased the number of graduate stu- 
dents we could support. In addition, 
the system proved easier to administer 
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at the departmental level. Various fed- 
eral and state regulations prohibit our 
proposal from being tested locally, but 
there is a possibility that such a sys- 
tem might be funded by a granting 
agency on an experimental basis with 
the state of Wisconsin providing the 
financial support currently provided for 
the teaching assistant budget. Such an 
experiment should improve both un- 
dergraduate and graduate education. 

RICHARD A. PAULL 
Department of Geology, 
University of Wisconsin-Milwaukee, 
Milwaukee 53201 

The Draft: Tormenting Uncertainty 

Abelson's conclusion that the draft 
is the "focal source" of discontent 
("Student anxiety," 1 Dec., p. 1139), 
coincides with my own observations. 
Many of the students themselves do 
not fully realize the degree to which 
the draft disturbs them. I believe the 
draft is at the root of an anxiety and 
disturbance which spreads to all youth. 
Although a professional army at the 
enlisted as well as officer level seems 
to me to be the best solution, there are 
alternatives. At any rate, the present 
draft program is unsatisfactory and a 
menace to our social equilibrium now 
and for the future. 

LOWELL H. HATTERY 

School of Government and Public 
Administration, American University, 
1901 F Street, NW, Washington, D.C. 

Unrest on our college campuses . . . 
may very well result from our present 
draft policy, which exempts young men 
from military service while they re- 
main in college. The immorality of this 
policy, especially during a war which, 
we must assume, is of limited dura- 
tion, and which therefore will result 
in some youths' permanent exemption 
from the rigors of warfare, is very 
likely having a more profoundly dis- 
turbing effect than any question of 
the validity of the war itself. It is not 

easy for men to live with the knowl- 
edge that their lives are being spared 
because they have been born into a 
social class that achieves college. It is 
easier to grow cynical about every- 
thing, than to face that reality, and 

at the departmental level. Various fed- 
eral and state regulations prohibit our 
proposal from being tested locally, but 
there is a possibility that such a sys- 
tem might be funded by a granting 
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the state of Wisconsin providing the 
financial support currently provided for 
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The EM 9A, designed for easy, depend- 
able, and trouble-free operation, is a 
powerful research instrument, yet simple 
enough to operate for teaching purposes. 

At the turn of a lever, the automatic 
photographic system sets correct expo- 
sure, takes the picture, numbers micro- 
graphs sequentially and neatly stacks up 
to 75 negatives without reloading. 

The EM 9A, with all electrical units 
built in, is a compact instrument which 
requires very little space in the labora- 
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prevent operation errors, and to protect 
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tained-distortion-free. The accelerating 
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tages of both step and continuous focus- 
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good light transmittance and is equipped 
with high-eyepoint eyepieces for eye- 
glass wearers. 

Write or phone for complete informa- 
tion. Carl Zeiss, Inc., 444 Fifth Avenue, 
N.Y.,N.Y. 10018. Phone: 212 736-6070. 
Complete service facilities available. 
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With this steady flow HOLTERM pump 

you handle 

two fluids simultaneously 

at different rates (0-2500 ml/hr) 

The RL175 Holter bilateral roller pump offers laboratory workers 
and clinicians the means of pumping two discrete systems at 
linearly related rates. 

A high and a low RPM range for the roller head provide 
optimum control of pumping rates. Within each range, 
speed is infinitely variable. Internal solid state voltage regulation 
contributes to a pumping accuracy of ?1%. Delivery volume 
vs. pressure curves are flat up to 290 mm Hg positive pressure 
and 200 mm Hg negative pressure. 

Precision molded silicone elastomer pumping chambers elimin- 
ate the hysteresis effects that make PVC and polyethylene un- 
desirable in precision work. Useful life of the chambers is well 
over 2,000 hours. Provided in two internal diameters, they are 
autoclavable and easily interchangeable. Because the chambers are 
completely occluded by the head rollers, the RL175 does not 
"dribble" when shut off. You stop and start with identical, virtually 
non-pulsatile flows. 

The circuitry and mechanical safety features of the RL175 suit it 
admirably to unattended operation. 

Write or call today for full information and prices on this versa- 
tile laboratory pump, and on other pumps and devices from 
Extracorporeal. 
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. .. I am intrigued by the frequent 
omission in such discussions [of the 
draft policy] of one possible technique 
for eliminating this uncertainty. I 
refer to the simple process of en- 
listment, which is easily accomplished 
at a time to minimize interference 
with graduate school, career, or mar- 
riage, and offers in-service oppor- 
tunities and choices not open to 
those drafted. Any student who finds 
himself living in "tormenting uncertain- 
ty" can expeditiously eliminate that un- 
certainty in this way, and failure to 
do so suggests that he at least prefers 
the uncertainty to this alternative. 

JOHN L. PRATHER 

Department of Physics, 
PMC Colleges, 
Chester, Pennsylvania 19013 

... I think it is an exaggeration to 
attribute "tormenting uncertainty" and 
all the ills supposedly resulting from 
it solely to the threat of the draft. 
Many students will live in a state of 
major uncertainty regardless of the na- 
tion's military needs, because this is a 
natural condition of the transition 
from youth in an educational milieu to 
adulthood in a practical world. 

The draft is not quite as bad as you 
seem to make it. Perhaps the malaise of 
some students is due not so much to the 
uncertainty of the draft as to the fact 
that they might be compelled to per- 
form a service for their country that 
could be uncomfortable or might inter- 
fere with their private plans. In other 
words, if the draft were 100 percent 
certain, in the form of universal ser- 
vice, I suspect that these young men 
would be no happier than they are 
now. What are they really against, un- 
certainty or service? 

Also, there are many reasons for 
doubting that a lottery would be any 
less uncertain than current methods of 
selection. Under the 1967 draft law, 
students are guaranteed a deferment 
until they have obtained a bachelor's 
degree, and many will be assured of 
deferment through graduate school as 
well. This gives them a great deal of 
certainty. Then too, about 50 percent 
of all young men are certain of avoid- 
ing service altogether because of dis- 
qualification on physical or other 
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qualification on physical or other 
grounds. For these, there is no uncer- 
tainty. . . Proponents of a lottery 
seem to think that by a simple casting 
of lots the country can decide once and 
for all whether or not a particular young 
man's services will be required for the 
national defense. This is an extremely 
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simplistic view of the nation's security 
and of its military needs, since these 
change markedly from year to year. 
But in the case of the prospective col- 
lege student, the coin you are suggest- 
ing be tossed has on one side, "mili- 
tary service" and on the other, "college 
education." I wonder whether you real- 
ly mean to advocate that college ad- 
mittance be determined by the laws 
of chance. 

JOHN D. ALDEN 

Engineering Manpower Commission, 
Engineers Joint Council, 
345 East 47 Street, 
New York 10017 

An interesting solution to the short- 
range problem is presented in Wolfle's 
editorial "Selective service solution" (8 
Dec., p. 1271). For the longer range, 
the academic and scientific communi- 
ties generally endorse legislation em- 
bodying the "lottery" approach. I would 
like to suggest some guidelines for such 
legislation incorporating one important 
new concept: 

1) A lottery by which the individual, 
as close to the time of high school grad- 
uation as possible, is placed into one 
of two groups: exempt or eligible. 

2) Exempt individuals would be free 
of any potential responsibility unless 
major new military requirements arose 
and the Congress took further action 
as a result. 

3) Eligible individuals would be sub- 
ject to call during a period of 2 years 
only. During this period, until and un- 
less called to duty, they would be eligi- 
ble for benefits for attending school 
identical with those already provided 
to veterans. 

This plan would have all the ad- 
vantages of equity and maximum pos- 
sible certainty which make any lottery 
plan attractive. In addition, it provides 
an option of socially useful compensa- 
tion to those who must live with the 
uncertainty, and it provides a finan- 
cial incentive for the government to 
optimize the size of the pool of eligi- 
bles. 

Details, of course, are optional. The 
essential points are equity in the de- 
termination of callable individuals, max- 
imum possible certainty for our young 
men, and compensation and induce- 
ment for continued schooling for those 
who must live with an uncertainty not 
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ephadex 
Laboratory Columns 

A product of over six years' 
research know-how 
brings you these"exclusive" 
column features: 

I AQUEOUS AND ORGANIC SOLVENT SYS- 
TEM COLUMNS-only columns specially de- 
signed for use in these chromatographic systems 

2 MIXING CHAMBER-of less than 1/10% of 
bed volume minimizes sample dilution to Insure 
optimal zone sharpness for critical separations 

3 INERT NYLON OR TEFLON NETTING-on the 
sample applicator, bottom endpiece or flow 
adaptor eliminates adsorption of biologic material 

4 DESCENDING TO RECYCLING OR UPWARD 
FLOW-easily converted by replacing both end- 
pieces with new Sephadex Flow Adaptors 

5 SAMPLE APPLICATOR-distributes the sam- 
ple evenly over the bed surface to Insure sharp 
zones for critical separations and protects as 
well as stabilizes the bed 

6 SPECIAL DESIGN BED SUPPORT-elImI- 
nates troublesome sintered glass disc 
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AVAILABLE SEPHADEX COLUMNS AND ACCESSORIES 
SEPHADEX COLUMNS 
AQUEOUS SYSTEMS 

ACCESSORIES 
Size Cooling Sample Flow 

Type cm Jacket Applicator Adaptors 

K 9/15 0.9x15 - - - 
K 9/30 0.9x30 - - - 

K 9/60 0.9x60 - - - 
K 15/30 1.5x30 - - - 
K 15/90 1.5x90- - - 

K 25/45 2.5x45 S O 
K 25/45 "Jacketed" 2.5x45 S S 0 
K 25/100 2.5x100 S O 
K 25/100 "Jacketed" 2.5x100 S S O 
K 50/100 "Jacketed" 5.0x100 S - S 

SEPHADEX COLUMNS "SR" 
RESISTANT TO ORGANIC SOLVENTS 

SR25/45 2.5x45 - - S 
SR25/100 2.5x100 - - S 

S = Standard Accessories O = Optional Accessories 
FLOW ADAPTORS* 

Flow Adaptors To fit all K 25 Sephadex Lab. Columns 
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*Two Flow Adaptors should be used when conducting upward flow or recycling chromatography. 

Information Service A comprehensive reference list, abstract cards, and other informa- 
tion on Sephadex products are available. Direct inquiries on your letterhead to the local 
Pharmacia representative or to: 

PHARMACIA FINE CHEMICALS INC. 
800 Centennial Avenue, Piscataway, N. J. 08854 
Pharmacia (Canada) Ltd., 110 Place Cremazie, Suite 412, Montreal 11, P. Q. 

(Inquiries outside U.S.A. and Canada should be directed to PHARMACIA FINE CHEMICALS, Uppsala, Sweden.) 
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Beech Aircraft supplements large 
computers with Monroe electronic 

printing calculators for support in 

working out stress problems. 
For other kinds of business stress, 

we have other calculators. 

"Computers are fine when you 
have long, complex problems," says 
Roger Stevens, Staff Assistant at 
Beech Aircraft Company, one of the 

leading manufacturers of private, mil- 

itary and business aircraft. "But 
sometimes our engineers need quick 
answers to less complex, shorter prob- 
lems. Often a test flight will turn up 
a stress problem without time to pre- 
pare a computer program or available 

computer time. So the engineers turn 
to a programmable EPIC? electronic 

printing calculator and work out the 

answers themselves, on the spot. It 
saves time and it saves money. More 

important, our Monroe EPIC gives 
the engineer a flexible, figure-work 
tool under his immediate control." 

Beech engineers also appreci- 
ate the flexibility of the EPIC calcu- 
lator. No longer is it necessary to 
work out problems twice to check the 

accuracy of a solution; verification is 
now a simple matter of checking tlhe 

figures on a paper tape. 
Nor does the EPIC end its use- 

fulness there. It does complex calcu- 
lations and works out square roots in 
a fraction of a second. And it can per- 

form the most difficult calculations 

just as easily as it handles the most 

ordinary problems. 
Monroe first introduced its 

solid-state electronic printing calcu- 
lators two years ago. Today, we sell 
more different kinds of calculators 
than any other company in the world. 
Which means you're assured of find- 

ing the right calculator for your par- 
ticular operation, without having to 

pay for more computing sophistica- 
tion than you actually need. 

Write or call your nearest 
Monroe representative for informa- 
tion on the full line of full-value 
Monroe calculators. You can depend 
on them. 

MONROE EB 
?1968 MONROE INTERNATIONAL, ORANGE, N.J. A DIVISION OF LITTON INDUSTRIES 
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AMERICAN ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE 

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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Social Planning and Our Medical Schools 
Medical schools are in danger of becoming service organizations in- 

stead of gatherings of gifted persons living in an atmosphere of free- 
dom, independence, and emotional quiet conducive to good pedagogy 
and research. They are expected to (i) teach medical students, 
(ii) train paramedical students, (iii) do the major part of medical 
research, (iv) conduct large programs of postgraduate education, (v) 
service many governmental committees and voluntary health organiza- 
tions, and (vi) practice medicine. 

Under the terms of the Heart Disease, Cancer, and Stroke program 
recently established by Congress, the schools are now being asked to 
take responsibility for the health of the community. In addition, some 
commentators have called for leadership from the medical schools on 
such urgent social problems as the control of population and of environ- 
mental pollution, abolishment of poverty by "the best possible medical 
care," creation of psychological environments in which human beings 
can develop and prosper, cost and use of drugs and cosmetics, and the 
foods we eat. 

In the face of such demands medical school faculties and interested 
laymen must define what kind of schools they want and what kind 
society needs. A practical institution for the training of practitioners and 
the delivery of "health care" to the community is one extreme; the other 
is an institution little concerned with its social responsibilities. I doubt 
that we want either. Nor do we want a mere average of the two-that 
is, an organization excellent in neither sense. Without going to either 
extreme, we can have schools that preserve an atmosphere of scholar- 
ship, critical and skeptical, and time enough to think, but only if we are 
careful to understand, and say, what we want in a medical school. To 
an important degree the future physician depends on the imprinting he 
receives during his medical school experience. 

Defining the function of medical schools, however, does not solve the 
problem of delivery of medical care, although it may insure that practi- 
tioners will be better able to undertake it. The dean of Cornell Univer- 
sity Medical School, John Deitrick, has made a wise suggestion: that com- 
munity hospitals, after being upgraded, take over most of the responsi- 
bilities of health care now being foisted onto the medical schools. Some 
of these institutions have already grown in stature, and many now have 
structures similar to those of the medical schools and centers. They are 
efficiently performing teaching duties as well as providing specialty 
services and emergency-room care. Health education programs for the 
community are also possible. 

Besides the great potential of the community hospitals, there is that of 
group practices and clinics in many cases entirely able to assume the 
responsibilities I have been discussing. Too often planners seem to be 
unaware of the fact that private practice is being powerfully supple- 
mented by group practice and clinics. Training programs for interns and 
specialists of groups not affiliated with a university are at least as good 
as those at most medical schools. They provide a way, which is already 
at hand, for dealing with problems that seem to have grown so large in 
the imaginations of many as to provoke legislative and fiscal panic. 

I am hoping that the "Ivory Tower" aspect of medical schools will not 
be destroyed and suggest that the necessary community, social, and 
medical functions can better be assumed by other existing agencies. I 
believe that it was a mistake to have saddled the medical schools with 
becoming the core of leadership for the Heart Disease, Cancer, and 
Stroke Regional Program. There is little to suggest that they are prepared 
for such responsibilities, nor should they be. 

-IRVINE H. PAGE, Cleveland Clinic 
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that intensity might be represented by 
the number of fibers active. R. F. 
Schmidt pointed out that in some pre- 
parations significant responses could 
jbe evoked by a single afferent impulse. 
No simple ideas of "frequency modula- 
tion" could be generalized to the whole 
sensory system. 

The relationship between signaling 
processes of this kind and "feature 
extraction" systems seems as yet un- 
clear. Granted that, as H. B. Barlow 
indicated, features such as moving con- 
tours might be detected and signaled 
even at the retinal ganglion cell level 
(in rabbit), how is such information 
integrated with that from other types of 
retinal cell? Barlow suggested some rea- 
sons for associating the rabbit's direc- 
tionally sensitive units with the control 
of reflex eye movements rather than 
with visual perception; but what of the 
"complex" and "hypercomplex" corti- 
cal cells found by Hubel and Wiesel in 
cat and monkey? Are their outputs, as 
Barlow suggested, the triggers of pat- 
tern recognition and clues to binocular 
depth perception; or do they supply 
only collateral cues to higher neuronal 
mechanisms, perhaps including those 
that facilitate or inhibit whole classes 
of recognitive process? There appeared 
to be little firm evidence on such ques- 
tions, but it seems healthy that they 
were raised at a time when the connec- 
tion of feature detectors with pattern 
recognition is often taken for granted. 

Evidence was also sparse regarding 
the precise transformations borne by 
sensory signals at different processing 
stages. For example, sensitivity of single 
neurons to rate of change of frequency 
is enhanced in the higher levels of the 
auditory system, as reported by E. F. 
Evans and I. C. Whitfield; but does this 
indicate the function of these levels, or 
is it only a by-product? Again, Jung 
pointed out that in the visual system 
the level of spontaneous activity is pro- 
gressively lower at each stage on the 
way to cortex, typically dropping from 
40 per second in optic nerve to 20 per 
second in lateral geniculate to 5 per 
second in visual cortex. Information on 
"brightness" and "darkness" is separated 
in the retina and signaled to cortex 
in two antigonistic systems, and en- 
hancement of contrast is present at 
all levels. But whether these facts re- 
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ferent stages is ,still unknown. 
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Richards proposed the unsuspected 
function of size-transformation, partly 
on the basis of evidence that single 
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geniculate units in unanesthetized 
monkeys change their firing rate with 
the approach or withdrawal of objects. 
A neural "zoom lens" at this level, it 
was suggested, might serve to maintain 
size and distance constancy. Here 
again, simultaneous microelectrode re- 
cording from many cells would be nec- 
essary to demonstrate such "remap- 
ping" directly. 

Another hard question which pro- 
duced few answers was whether tem- 
poral patterning of impulses, as distinct 
from mean firing rate, carried signifi- 
cant sensory information. W. M. Sie- 
bert had calculated that if all temporal 
information in the observed activity of 
the auditory nerve in response to a tone 
burst were exploited, human frequency 
discrimination could be orders of mag- 
nitude better than it is. In practice it 
seemed to be roughly what one would 
expect if our performance were based 
only on the overall statistical distribu- 
tion of cochlear cell activity. A few ex- 
ceptional cases are of course well 
known in binaural localization, for ex- 
ample, where interaural time differences 
of a few tens of microseconds can be 
detected. Again, in Aplysia, a train of 
pulse-pairs of constant frequency has 
been found to have different effects 
according to the interval separating 
each pair. By and large, however, evi- 
dence for rhythm coding of informa- 
tion in single fibers is as yet negli- 
gible. 

Between the impulses in convergent 
fibers, small intervals of time can have 
large effects, but we have still no di- 
rect evidence that significant sensory 
information is represented by the rela- 
tive temporal patterning of impulses 
in parallel channels. One reason for 
interest in the question is that if this 
principle were used in the nervous sys- 
tem, differential changes in the speed of 
propagation of convergent fibers could 
modify the response of the system to 
different input rhythms. This would 
offer an additional possible mechanism 
for the long-term retention of adaptive 
changes. A second advantage of rhythm 
codes, illustrated by the Morse code call 
system used in many hospitals, is the 
possibility they offer of specific selec- 
tivity without specific connections to 
the central office. 

Two warnings emerged from discus- 
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Two warnings emerged from discus- 
sion which may be worth reporting 
here. The first concerns the drastic 
effects of different anesthetics, even 
in liminal amounts, on the picture 
obtainable of cortical unit sensitivity to 
sensory stimuli. Techniques of im- 
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Announcing the fastest, most sensitive and stable 

ELECTROMETER 
ever made. It 

RESOLVES 

2 MICROVOLTS 

1017 AMPERE 

5x1016 COULOMB 
The Keithley 640 all solid state electro- 
meter brings new versatility to 
physicists, chemists, engineers, biol- 
ogists and others looking to extend their 
measurement capabilities. 

Operating ease? The 640 is loaded with 
built-in, not added on, extras. Like a 
battery mode with rechargeable bat- 
teries. Switch selectable high megohm 
resistors. A 20 pf integrating capacitor. 
And many other conveniences which 

Keithley is a name known and trusted make the $1875 price just about un- 
for years in advanced electrometer de- beatable. 
sign. This time, their advance is a See what we mean by getting our free 
breakthrough. The 640 has full scale 640 engineering note and a personal 
ranges from 30 Av to 30v, 3x10-5 to demonstration. Call your experienced 
lxlO-15 ampere and 6x10-10 to 2x10-14 Keithley Sales Engineer. Or Keithley 
coulomb. It features stability of 20 micro- Instruments, Inc., 28775 Aurora Road, 
volts per day, 1016 ohms input resistance, Cleveland, Ohio 44139. Europe: 14 
10 milliseconds response on milli- Ave., Villardin, 1009 Pully, Suisse. 
volt ranges and noise less than +1 f Prices slightly higher outside the 
microvolt with 1 megohm source. U.S.A. and Canada. 

KEITHLEY 640 
Vibrating Capacitor Electrometer 

SEE US AT THE PHYSICS SHOW, BOOTHS 367-368 
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To put it in 

writing.. 

look first to B R USH 

No matter what your direct writing recording 
requirements, look first to Brush for the 
optimum answer. There's the famous Mark 
200 series of modular systems plus a com- 
plete line of portable and general purpose 
recorders: 

Mark 200-8 Channel Recorder 

New generation Series 
1707 system combines _ 
all solid state electronics . 
with modular construction '|. 
for tailoring to specific . -;-. -!; 
requirements. Choice of 
channel widths and input 
preamplifiers. Range of 
chart speeds 0.05 to 200 | 
mm/sec. Patented pres- 
surized-i n k writing system. 

| .: :: Mark 220 Portable ' 
__ Recorder 

High performance two analog channel unit weighs 
only 25 pounds, writes in any position. Has the 
Mark 200 writing system. Chart speeds from 1 to 
125 mm/sec. One millivolt sensitivity. Portable. 

Mark 250 Strip Chart Recorder 
Fastest, most versatile 5" 

where. Contactless servo. 
Detac ha ble chart maga- 
zine. Has the Mark 200 

writing system. Chart 
speeds from 0.2 sec/div. 

to 5 min/div., sprocketed 
drive. Portable. 

:i "~~ ::!1i Mark 280 Dual 80mm 
: Recorder 

: :::: Feedback penmotor unit 

has two "double width" 
. ......... . ..analog channels. Has the 

Mark 200 writing system. 

Choice of three high per- 
formance models with up 
to 25 channels, frequency 
response to above 5000 Hz, variety of chart speeds 
.002 ips to 120 ips. Writing speeds to 60,000 ips. 
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planted electrodes enabling single units 
to be studied in unanesthetized animals 

promise to revolutionize many accepted 
ideas of sensory information process- 
ing. The other warning arose in con- 
nection with the use of computers to 
estimate the information content of 
sensory signals, when it was empha- 
sized that what an observer can ex- 
tract from a neural signal may bear 
very little relation to what the organ- 
ism can do with it. Computer analyses 
only determine upper bounds, which 
can be ludicrously unrealistic as esti- 
mates of performance. 

A third topic of great interest but of 
frustratingly small information-content 
was the central regulation of sensory 
information processing. Whitfield and 
Jung indicated that in most sensory 
pathways efferent fibers have been 
found which are presumed to lay 
open peripheral mechanisms *to central 
control. What purpose might be served 
by such central regulation? 

Automatic or voluntary gain control 
is one obvious possibility; but for this 
one would scarcely need the large num- 
ber of efferent fibers observed in the 
auditory and visual pathways. Control 
of resolving power, differential control 
of sensitivity among members of a 
neuronal population, and even code- 
switching according to the current per- 
ceptual task, were among other sug- 
gestions. However, apart from the hint 
that receptive fields in unanesthetized 
animals are not fixed in shape, little 
relevant evidence was adduced. 

A somewhat different class of effer- 
ent signal discussed by H.-L. Teuber 
and others is the corollary discharge 
presumed (though not yet unequivocal- 
ly demonstrated) to run from motor 
to sensory centers, to prevent misin- 
terpretation of the sensory effects of 
voluntary movement. If this hypotheti- 
cal device were to operate by suppress- 
ing incoming signals (for example, 
from the eyes during voluntary eye- 
movements) this could employ some of 
the efferents in the optic pathway; but 
it was not clear that the suppression 
need take place at such a peripheral 
level, or even that it must take place 
at all. There seemed to be general 
acceptance for the view that only re- 
evaluation and not cancellation of sen- 
sory changes is required during vol- 
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to sensory centers, to prevent misin- 
terpretation of the sensory effects of 
voluntary movement. If this hypotheti- 
cal device were to operate by suppress- 
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from the eyes during voluntary eye- 
movements) this could employ some of 
the efferents in the optic pathway; but 
it was not clear that the suppression 
need take place at such a peripheral 
level, or even that it must take place 
at all. There seemed to be general 
acceptance for the view that only re- 
evaluation and not cancellation of sen- 
sory changes is required during vol- 
untary movement. 

It will be evident that from a theo- 
retical standpoint sensory psychophysi- 
ology was felt to be in a rather pre- 
carious state. Old presuppositions are 
being upheaved, but their last traces 
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have not disappeared (and perhaps 
rightly) from much of current experi- 
mentation. The need for clearer thought 
about the relation between physiological 
and psychological phenomena was ur- 
gently felt. It was generally agreed that 
with proper cross linkage the study of 
perception could supply useful clues 
to the design of fruitful physiological 
experiments, and vice versa. The role 
of the theory of information processing 
seems promising in this connection, 
since it belongs in a sense to both areas, 
and offers a kind of "interlingua" in 
terms of which data from one can be 
expressed so as to suggest or discipline 
ideas in the other. 

On the other hand, the conceptual 
structures "ready-made" on the theo- 
retical side today were felt to be woe- 
fully inadequate for all but the simplest 
of sensory situations. R. B. Livingston 
particularly emphasized the lack of any 
clear logical link between sensory ex- 
perience and functional anatomy, sug- 
gesting that the "central gray core" of 
the central nervous system might be 
most relevant to the search for correla- 
tions. There was a general feeling that 
the simpler problems should be tackled 
first. As Mountcastle put it, with the 
strong concurrence of Eccles and Phil- 
lips, it is still from simple experiments, 
done well, that we shall learn what we 
most need to know in sensory physi- 
ology today. 

Functional Organization of Movement 

The shift of emphasis from static to 
dynamic system properties was amply 
illustrated in the third session (chaired 
by C. G. Phillips) where we were con- 
cerned with the preparation and con- 
trol of ongoing action. What physio- 
logical signs may there be of the 
planning of voluntary action? How 
should we conceive of sensory-motor 
integration at a neural level? Have we 
enough circuit information on the cere- 
bellum-or even on the spinal cord- 
to attempt a mathematical theory? 
These were typical of the questions 
that troubled us, tempered by Phillips' 
admonition that only problems with a 
reasonable prospect of solution were 
worth discussing. 

One of the early triumphs of neural 
communication theory was the elucida- 
tion of the a-y muscle control system 
as a follow-up servo. Now, it seems, 
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gain available is sufficient, and Phillips 
quoted evidence of Evarts and others 
that in higher mammals effective feed- 
back loops extend up to cortex. Does 
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cortex then compute the mismatch be- 
tween the action realized and the 
action intended, and use the result to 
initiate corrective force? If so, one 
could expect to record two kinds of 
cortical activity: one concerned with 
corrective action and the other reflecting 
the setting of the goal, as it were, be- 
fore each action was initiated. 

Data presented by E. V. Evarts sup- 
ported this suggestion and aroused 
great interest. Electrodes 'recording 
from pyramidal cells of unanesthetized 
monkeys allowed cortical signals to be 
monitored during a highly motivated, 
learned movement. These signals were 
found to match closely the activity of 
the spinal motoneurons with which 
they were associated, varying accord- 
ing to the load against which the limb 
was working rather than merely specify- 
ing its position. Neighboring units were 
found to differ considerably and non- 
randomly in their activity patterns, 
raising the question whether the motor 
cortex might not be compartmentalized 
in its organization in much the same 
way as the sensory cortex, so as to en- 
able motor goals to be spelled out in 
fine detail. The fact that human sub- 

jects can quickly learn to control in- 
dividual units selectively in their own 
motor nerves was cited as confirming 
the astonishing degree of detailed 
specificity present at least in the human 
motor-cortical population. The notion 
of reflex fields first introduced by Sher- 
rington now seems to have a cortical 
counterpart, which may be considered 
to correspond to the idea of receptive 
fields on the sensory side. As was 
pointed out by Sherrington, such fields 
could change in size and shape. In dis- 
cussion it was generally agreed that this 
area had reached a stage at which col- 
laboration between control theorists and 
physiologists might be particularly 
fruitful in suggesting crucial experi- 
ments. 

And so we turned to the cerebellum, 
most invitingly schematic of all verte- 
brate neural systems. Here, if any- 
where, said Eccles, the computer engi- 
neer should come into his own. In the 
last few years, thanks largely to work 
in Eccles' own laboratory, our knowl- 
edge of cerebellar physiology has 
reached an unprecedented level of de- 
tail, backed by the anatomical work of 
Szentagothai and others. High hopes 
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know which of the main components 
are excitatory and which are inhibitory. 
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Because of the astonishing regularity of 
cerebellar structure we can generalize 
about the directions in which excitatory 
and inhibitory signals run, as well as 
about their cells of origin and destina- 
tion. Transmission times, synaptic time 
constants, thresholds-almost all key 
parameters are known. What then is 
lacking? Why did our discussion echo 
the feeling, expressed at other recent 
meetings on the cerebellum, that de- 
tailed theoretical modeling may still be 
premature? 

The reason, I think, was twofold. 
First, at a neuronal level, a vital part 
of the functional circuit of the cerebel- 
lar system lies outside the well-mapped 
cerebellar cortex, in the deep nuclei 
and other regions less well known. In- 
deed, as Eccles pointed out, some of 
its most important integrative feedbacks 
come from the evolving movement it- 
self. Moreover, although cortical con- 
nection patterns have been carefully 
established, the quantitative implica- 
tions of multiple reciprocal innerva- 
tion, by populations with differently 
shaped arborizations, involve too many 
still-undetermined quantities to be easily 
tabulated at this stage. In any case it is 
clear that the experimental and natural 
conditions are not strictly comparable. 

Second, at a functional level, we 
lack any clear idea or even a sharp 
hypothesis, as to what the cerebellum 
is there to do. To be sure, the effects of 
cerebellar lesions, both clinical and ex- 
perimental, give a general picture of its 
function as a modulator, integrator, and 
stabilizer of the components of volun- 
tary action. But whether it stores 
learned patterns, or merely insures 
obedience to those stored elsewhere; 
whether it functions as a timing organ 
or merely as a smoothing device; what 
use it makes of the sensory information 
projected to it from all modalities- 
these and a host of other clues to a 
sensible theory are still missing or 
highly debatable. Our discussion, stim- 
ulated by a perceptive summary of the 
contrast between cerebellar and cere- 
bral cortex by V. Braitenberg, left the 
theorists among us soberly encouraged 
that, in this area at least, there was 
plenty of scope for good ideas as well 
as good data. 

The role of sensory signals in the 
regulation of movement, it was sug- 
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The role of sensory signals in the 
regulation of movement, it was sug- 
gested by H. H. Kornhuber, offers as 
yet the most promising field for the 
application of systems analysis to neuro- 
physiology. But there are serious snags, 
due to the adaptive nature of neural 
systems. The Nyquist analysis of the 
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oculomotor system, for example, works 
well for periodic stimuli; but with un- 
predictable stimuli the system constants 
change in ways too complex for theo- 
retical treatment. Only for lower forms 
such as insects and crabs has exact 
cybernetic analysis of sensorimotor co- 
ordinations been successful. 

Qualitatively, however, some quite 
complex sensorimotor relationships have 
been clarified, particularly in the con- 
trol of eye movements, and of limbs 
under cutaneous feedback. Evidence 
was mentioned that the cerebellum par- 
ticipates in the planning as well as the 
execution of saccadic eye movements; 
and Teuber reported the discovery by 
E. Bizzi at M.I.T. that the position of 
the eyes, rather than the force in the 
eye muscles, is represented in neural 
activity of the frontal eye field. Con- 
vergence of different sensory modalities 
on single motor cortical neurones is 
common, but how this sensory informa- 
tion is used is far from clear. 

Intriguing clues which are emerging 
from studies of adaptation to sensory 
rearrangements were also reported by 
Teuber. Distortion of visuomotor co- 
ordination by prism spectacles, as in 
the work of Held and Hein, can be 
overcome more rapidly and completely 
if the corrective information is gained 
from the sensory results of active move- 
ments rather than from passive obser- 
vation. The same movements imposed 
passively, in such a way as to generate 
no corrective information, of course 
produce no improvements. The sugges- 
tion was made that readaptation here 

requires, or is facilitated by, the pres- 
ence of the hypothetical corollary dis- 
charge, but more direct evidence is still 
lacking. 

Methodological Stocktaking 

As may be imagined, a good deal of 

stocktaking went on in the concluding 
discussions under each of the fore- 

going heads; but as the last half-day 
was expressly devoted to methodologi- 
cal topics it will be convenient to re- 
port the substance of all these discus- 
sions together. Broadly speaking, we 
asked ourselves three questions: 

(1) What types of investigation seem 
most promising as sources of bridge- 
building material between experiment 
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vergence of different sensory modalities 
on single motor cortical neurones is 
common, but how this sensory informa- 
tion is used is far from clear. 

Intriguing clues which are emerging 
from studies of adaptation to sensory 
rearrangements were also reported by 
Teuber. Distortion of visuomotor co- 
ordination by prism spectacles, as in 
the work of Held and Hein, can be 
overcome more rapidly and completely 
if the corrective information is gained 
from the sensory results of active move- 
ments rather than from passive obser- 
vation. The same movements imposed 
passively, in such a way as to generate 
no corrective information, of course 
produce no improvements. The sugges- 
tion was made that readaptation here 

requires, or is facilitated by, the pres- 
ence of the hypothetical corollary dis- 
charge, but more direct evidence is still 
lacking. 

Methodological Stocktaking 

As may be imagined, a good deal of 

stocktaking went on in the concluding 
discussions under each of the fore- 

going heads; but as the last half-day 
was expressly devoted to methodologi- 
cal topics it will be convenient to re- 
port the substance of all these discus- 
sions together. Broadly speaking, we 
asked ourselves three questions: 

(1) What types of investigation seem 
most promising as sources of bridge- 
building material between experiment 
and theory? 

(2) What trends do we feel to be 
most profitable in theoretical model- 
making today? 

(3) What implications are there, if 
any, for the training of research work- 
ers in this area? 

and theory? 
(2) What trends do we feel to be 

most profitable in theoretical model- 
making today? 

(3) What implications are there, if 
any, for the training of research work- 
ers in this area? 

SCIENCE, VOL. 159 SCIENCE, VOL. 159 344 344 



Bridge-building material. Even if the 
best bridges between experiment and 
theory are those formed in one and the 
same head, different types of experi- 
mental study obviously vary in the sug- 
gestiveness, precision, or manageability 
of their material for the theorist. What 
the theoretical model maker wants most 
of all is the kind of data that enable 
him quickly to narrow down his range 
of options: to decide that a whole 
class of alternatives "won't do." It may 
easily happen that some of the most 
important studies for this purpose be- 
come relatively neglected, either be- 
cause of the intrinsic physiological in- 
terest of some other types of ex- 
periment, or because of mere tryanny 
of fashion. 

Thus a severe restriction on any 
neural theorist is that the system he 
postulates must have been capable of 
growing that way. Some genetic, em- 
bryological, and developmental data 
may be more crucial to the early stages 
of his theorizing than many measure- 
ments on mature brains. 

Similarly, the fact that more primi- 
tive animals can employ simpler neural 
structures to do a given job may help 
considerably to identify the more es- 
sential features of a complex system 
like the cerebellum; and the abilities 
lacking in these simpler animals may 
offer clues to the functions of the ele- 
ments they lack. 

The effects of brain lesions, both 
experimental and clinical, have similar 
potentialities, though fraught with dif- 
ficulties of interpretation, especially in 
clinical cases. There was particularly 
strong agreement with the views ex- 
pressed by Teuber and Mountcastle as 
to the growing value of psychophysical 
studies for sensory physiology, both 
under normal conditions and those of 
stimulus deprivation or distortion. 

The growth of small neural nets in 
tissue culture, and neural transplanta- 
tion experiments, were mentioned as 
useful ways of isolating small enough 
systems to tackle mathematically. This 
was also a point in favor of studying 
animals such as Aplysia with ganglia 
having very few and easily identified 
neurons. 

The theoretical importance of simul- 
taneous multiunit records was fre- 
quently stressed, as a necessary com- 
plement to the single-unit studies 

Bridge-building material. Even if the 
best bridges between experiment and 
theory are those formed in one and the 
same head, different types of experi- 
mental study obviously vary in the sug- 
gestiveness, precision, or manageability 
of their material for the theorist. What 
the theoretical model maker wants most 
of all is the kind of data that enable 
him quickly to narrow down his range 
of options: to decide that a whole 
class of alternatives "won't do." It may 
easily happen that some of the most 
important studies for this purpose be- 
come relatively neglected, either be- 
cause of the intrinsic physiological in- 
terest of some other types of ex- 
periment, or because of mere tryanny 
of fashion. 

Thus a severe restriction on any 
neural theorist is that the system he 
postulates must have been capable of 
growing that way. Some genetic, em- 
bryological, and developmental data 
may be more crucial to the early stages 
of his theorizing than many measure- 
ments on mature brains. 

Similarly, the fact that more primi- 
tive animals can employ simpler neural 
structures to do a given job may help 
considerably to identify the more es- 
sential features of a complex system 
like the cerebellum; and the abilities 
lacking in these simpler animals may 
offer clues to the functions of the ele- 
ments they lack. 

The effects of brain lesions, both 
experimental and clinical, have similar 
potentialities, though fraught with dif- 
ficulties of interpretation, especially in 
clinical cases. There was particularly 
strong agreement with the views ex- 
pressed by Teuber and Mountcastle as 
to the growing value of psychophysical 
studies for sensory physiology, both 
under normal conditions and those of 
stimulus deprivation or distortion. 

The growth of small neural nets in 
tissue culture, and neural transplanta- 
tion experiments, were mentioned as 
useful ways of isolating small enough 
systems to tackle mathematically. This 
was also a point in favor of studying 
animals such as Aplysia with ganglia 
having very few and easily identified 
neurons. 

The theoretical importance of simul- 
taneous multiunit records was fre- 
quently stressed, as a necessary com- 
plement to the single-unit studies 
favored by some participants. The 
brain, as Gerstein put it, is a parallel 
system, in which most of the informa- 
tion is carried by the ensemble of neu- 
rons rather than the single unit. We 
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must find ways of studying the en- 
semble if progress is to be made. 
Stochastic multichannel stimulating and 
recording techniques were described 
by D. G. Lampard and S. L. Redman 
which may point to one way ahead 
here. 

Sequential records from different sites 
are of limited value as a substitute; for 
(i) in an adaptive system it is not pos- 
sible to assume that responses to the 
same stimulus recorded successively 
from different units are equivalent to 
simultaneous recordings; and (ii) to 
discover statistical dependencies be- 
tween many units on the basis of se- 
quential recordings is virtually impos- 
sible. 

What we most lack is any means of 
identifying the significant elements of 
signal traffic in large cell masses-of 
passing from the single cell level to the 
level at which the slow-traveling waves 
of cortical activity are our data, for 
example. What would constitute a 
simple, well-done experiment at that 
level? Does the study of cortical sur- 
face potentials, or of evoked electroen- 
cephalogram potentials in human sub- 
jects who can report their perceptual 
correlates, offer a useful way in? Some 
of us felt that these techniques, now 
greatly sharpened by the advent of 
powerful computing methods and used 
in conjunction with single-unit studies, 
hold considerable promise. Others were 
not so sure. All were agreed on the 
special care needed in the design and 
interpretation of EEG experiments, with 
proper regard to individual differences 
in cortical anatomy, if the literature 
were not to be flooded with results of 
little generality. 

Neuronal biochemistry, especially 
with the development of multibarrelled 
micropipette techniques, is opening up 
a whole new dimension for the neural 
theorist. The importance of axonal 
transport phenomena and other dynam- 
ic aspects of neuronal metabolism 
was emphasized by F. 0. Schmitt and 
other participants. On the whole, how- 
ever, it seemed too early to assess the 
relevance to the theory of neural in- 
formation-processing. Current specula- 
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other participants. On the whole, how- 
ever, it seemed too early to assess the 
relevance to the theory of neural in- 
formation-processing. Current specula- 
tions as to the possible storage of infor- 
mation in neuronal RNA were not 
discussed. 

Present trends in model-making. 
What then has happened to "neural 
net modeling" over the past 20 years? 
Cowan, in introducing the topic, felt 
that the most noticeable shift had been 
from Boolean formalisms postulating 
switch-like McCulloch-Pitts "formal 
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Read concentration 
or absorbance directly with 

the Gilford 300 
Spectrophotometer 

Versatility, combined with operational simplicity, makes the 
Gilford 300 Spectrophotometer a useful instrument for both 
clinical and research operations. 

A single switch gives you your choice of reading either 
absorbance or concentration directly. In either mode the 
measurement you get is in clear linear digital form. You 
read numbers - not needle position. No external computers 
are needed. No time consuming calculations. 

A unique sample handling system on the Gilford 300 
makes it possible to completely process 100 or more samples 
per hour (500 microliters or less). Flow cells and standard 
cuvettes may also be used. The wavelength range is 340 
700 millimicrons. The absorbance scale is linear, 0 - 2 A. 

A diffraction grating monochromator with 8 nm. band 
width plus the latest solid state circuitry make this modestly 
priced instrument a true member of the Gilford family of 

high quality spectrophotometric systems. 

We invite you to find out more about this versatile instru- 
ment. Write or phone for your-copy of booklet B43. 

GILFORD INSTRUMENT LABORATORIES, INC. 
Oberlin, Ohio 44074 * Phone: Area 216/774-1041 
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This thermometer 
measures the 
temperature of your 
eyeball - or almost 
anything else - without 
touching it. 
Lots of things - like eyeballs - don't like to be 
touched. Sometimes you just can't. 'Because 
to touch by old-fashioned thermocouples or 
thermometers means to interrupt, to disturb, 
to mar, possibly destroy. Or maybe it isn't 
convenient. So how do you measure their 
temperature? 
Barnes non-contact thermometers are the 
best way. 
These ingenious thermometers measure 
surface temperatures of almost anything. 
From -50? to +4650?F. Instantly. Accurately. 
Moving or still. Near or far. Makes no difference. 
Just point the instrument at the target and read 
temperature directly on an associated meter. 
Or plot it with a recorder. Or do both. 
It's a short hop from here to a complete 
non-contact temperature control system. Great 
for controlling temperatures of processes that 
don't like to be touched. Better investigate. 
Return coupon below for complete data. 

O ^-^ INSTRUMENT DIVISION | 

( BARNES ENGINEERING COMPANY | (~ 
30 Commerce Roadl Stamford, Connecticut 06902/ Telephone: 203 348-5381 I 

j Please send details on Non-Contact Thermometers. ! 

Name Title 
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Address 
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Pyrometer shows that Tracerlab's 
LTA-600 can ash samples thoroughly 
at temperatures well below 150?C 
-low enough to leave all inorganic 
constituents unaltered. A cold 
plasma of atomic oxygen does the 
ashing, while our accessory pyrom- 
eter keeps you posted on the tem- 
perature. 

This low-temperature dry asher 
permits more accurate quantitative 
elemental and structural analyses of 
plant and animal tissues, bones, 
coal, oil well cores, polymers, and 
radioactive materials. Prepares pure 
samples for atomic adsorption spec- 
trophotometry, mass spectrometry, 
emission spectroscopy, X-ray diffrac- 
tion, and electron microscopy. 
Send for literature on equipment, 
techniques and services. 
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neurons" to powerful stochastic proc- 
ess techniques for the analysis and pre- 
diction of pulse-interval distributions 
and mass activity. He and others em- 
phasized that different kinds of mathe- 
matical approaches are required for dif- 
ferent purposes. To handle the prob- 
lems of neuronal potential fields there 
would always be a need for biophysical 
models of the sort elegantly developed 
by Rall. To deal with local system 
properties differential equations were 
useful, as in the models of R. L. Beu- 
rle; to handle global properties the 
possibilities of multidimensional to- 
pology were being explored-with what 
value remained to be seen. Between the 
two extremes there is a gap at present 
unfilled. 

H. C. Longuet-Higgins spoke in 
favor of trying to design automata to 
perform brain-like functions, in the 
hope that the unsuspected problems 
we would encounter might force us to 
discover soluti6ns that the brain also 
may have had to employ. It was gen- 
erally agreed that mere imitation of 
function could be a snare unless the 
solution had a reasonable chance of 
being unique; but it was suggested that 
information-flow-modeling on the prin- 
ciples of automata .theory did offer a 
most appropriate conceptual framework 
for the design and interpretation of ex- 
periments on large-scale behavior. As 
G. C. Quarton put it, "loyalty to 
structure" and "loyalty to function" 
may call for quite different kinds of 

model-making. A. M. Uttley pointed 
out that by looking at a neural network 
simply as a conditional probability 
machine -and imposing a very general 
criterion of informational efficiency, 
one could arrive at predictions leading 
to fruitful experiments. 

The usefulness of model neuromimes 
was illustrated by a neat and remark- 
ably successful simulation by G. Szekely 
of the spinal circuit controlling a sala- 
mander's leg movements; but the pros 
and cons of hardware models versus 

computer simulations versus mathemat- 
ical analyses were not much discussed. 
Generally it was felt that the nature of 
the problem, rather than dogmatic 
prejudice, must be allowed to dictate 
the choice of method. It seemed clear 
that the kind of insight offered by each 
would have a different appeal to dif- 
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theory-a question raised more than 
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our 33 various reactions to theories 
proffered during the week, it seems 
woefully possible that the releaser of 
the "aha!" feeling for a mathematician 
may sometimes be quite different from 
that for an experimentalist. "Reduction 
to the familiar" for the theorist may 
mean the discovery that a barbarous 
physiological situation can be reduced 
to formal order by a familiar mathemat- 
ical technique. For the experimentalist 
it may mean the recognition of a quali- 
tative analogy between a new and a 
familiar situation, both equally intrac- 
table mathematically. Each may be 
tempted to reply "so what?" to the 
protestations of the other that he now 
"understands." Once again, we face 
Eccles' reminder that it is problem- 
centered rather than technique-centered 
investigation that makes good science. 

What to teach. This perhaps brings 
us naturally to our concluding topic. 
How can we train research biologists 
to take advantage of what both theory 
and experiment have to offer in this 
area? Should every physiology student 
have courses in information theory, 
servo theory, automata theory, and 
high-powered mathematics, for ex- 
ample? 

The general feeling among physiol- 
ogists was that at the undergraduate 
stage at least there was too much es- 
sential biology to be learned for any- 
thing so ambitious to be added. Enough 
acquaintance with mathematics (includ- 
ing geometry) to give some idea of its 
scope and limitations; familiarity with 
the qualitative ideas of feedback theory 
and communication theory; and a work- 
ing knowledge of statistics and com- 
puter programming as applied to ex- 
perimentation: these seemed to be as 
much extra as we could expect a good 
physiology-degree course to include. 
The general principles of experimental 
design-for example, that an experi- 
ment gives most information when the 
probabilities of its various outcomes 
are equal-should also be covered, as 
a standard part of any science course. 

Nor was there much support for the 
idea of hybrid undergraduate degrees 
in brain science. People should con- 
centrate on mastering the facts of anat- 
omy and of animal behavior by the 
age of 20, said Whitteridge; other 
things can follow in due course. Other 
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was thought best to accept the fact 
that only a proportion of students will 
be suited to both theoretical and experi- 
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uncoated margin on each side for handling 
ease. Cost: $150. 
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Unoplan Semi-Automatic Model SA 
. .. hinged side drops to allow plates 
to be side loaded. Platform is covered 
with an aluminum sheet and plates 
rest on two rubber strips. Swinging 
the lever closes the hinged side and 
simultaneously raises the platform up 
against the lips of the guide rails. 
Reversing the lever allows coated 
plates to be lifted out easily and 
quickly. Note finger recesses in the 
rubber strips to allow handling of 
plates without damaging the layers. 
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TLC Adjustable Spreader: The Shandon spreader contains 
an aluminum doctor blade with specially hardened finish to 

counteract variations in the slurry head and to smooth the 

substrate to an even layer. The spreader gap is set simply 
and accurately with one of eleven feeler gages. Used for both 

Shandon leveller models, the spreader is filled with slurry 
and drawn smoothly along the guide rails, depositing an even 

layer of absolutely uniform thickness. Price: $48. 

Send for complete catalog on Thin Layer Chromatography and 
Thin Layer Electrophoresis to Shandon Scientific Company, Inc., 
515 Broad Street, Sewickley, Pa. 15143 (Pittsburgh District). 
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N OW! Shandon gives you a 

choice for coating TLC plates 
Shandon Unoplan? Levellers enable TLC plates to be coated 
with the certainty of even layers of uniform thickness on every 
plate. In both the Model P and Model SA, the plates are 

pressed upward against the lips of the guide rails so that the 

top surfaces are in the same plane, regardless of variations 
in plate thickness. 
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mental thinking. As Barlow put it, one 
should strengthen people at their strong 
points rather than their weak points. 
They can then choose the specialist 
theoretical techniques (stochastic proc- 
ess theory, hierarchic automata theory, 
advanced computer techniques, servo 
system analysis were mentioned) to, be 
acquired later according to their abili- 
ties and the research problems that 
come to interest them. Inasmuch as 
educational experiments of this sort are 
now being mounted on different lines in 
various countries, it was pointed out 
that we should have more concrete evi- 
dence to go upon in the near future. 

Perhaps the greatest unanimity was 
on the human and personal aspects of 
a good interdisciplinary research train- 
ing. To have a "feeling" for several 
disciplines cognate to one's own, so 
that one knows roughly the shape of 
questions that can be sensibly asked 
in case of need, may be far more im- 
portant than to have a rusting arma- 
ment in one of them which one seldom 
uses. But knowledge of this kind is best 
acquired through personal contact be- 
tween specialists in each discipline who 
are prepared to give time to listen to 
one another on favorite topics. Similar- 
ly, it is through regular personal con- 
tact with the older hands who can pass 
on their enthusiasm in research to the 
next generation. Their job, as Teuber 
and Eccles particularly emphasized, is 
to exhibit attitudes as much as to teach 
facts and techniques: to stir imagina- 
tion and curiosity and to convey that 
combination of critical power with hu- 
mility that marks the true scientist. 
Perhaps personal contact is also the 
best way to convey two other qualities 
suggested as desirable-the ability to 
express thoughts with precision in ordi- 
nary language, and an ability to profit 
from the history and the philosophy of 
science. 

Who then is sufficient for these 
things? Perhaps it is as well for our 
peace of mind that we disbanded with- 
out any formal resolutions, other than 
one of gratitude to the supporting 
bodies who made possible this unusual 
and rewarding inquiry. 

The present report, compiled with 
the assistance of E. F. Evans, J. C. G. 
Nicholson, D. Regan, and J. P. Wilson, 
is of course a personal and highly con- 
densed sample, but has benefited 
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At last... At last... 

ActuallyVisible ActuallyVisible 
For the first time, the hexagonal structure of 
graphite has been seen, with the Siemens 
Elmiskop. A 6-sided carbon cell of 5 A 
diameter, made up of 3 carbon crystal cells, or 
only 10 atoms, was photographed by 
R. D. Heidenreich of Bell Telephone 
Laboratories in New York and H. Fernandez 
Moran of the University of Chicago. Although 
this form of carbon is well known by x-ray and 
electron diffraction, this is indeed the first 
time that the structure had been actually 
visible. The visibility of the hexagonal cells, 
using axial illumination, indicates that a point 
to point resolution of 2 A can be obtained 
with the Elmiskop I A, due to its short objective 
focal length of 2.2 mm. Another example 
of Siemens performance. 
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ties, medical centers and 
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Do you have the latest technical information 
about laminar flow devices for laboratory or 
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most complete, best-engineered line of 
equipment available-everything from clean 
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work stations, to wall modules for an entire 
clean room. Featuring 99.99% HEPA filter 
efficiency; 0.3 micron cleanliness, all work 
stations exceed class 100 Fed. Std. 209. 
Microvoid? equipment is in use in labora- 
tories all over the world. Send for complete 
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4130, Tucson 85717) 

3-7. American Acad. of Allergy, annual 
mtg., Boston, Mass. (J. 0. Kelley, Execu- 
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New AAAS Symposium Volumes 
FORMULATION OF RESEARCH POLICIES September 1967 

Editors: Lawrence W. Bass and Bruce S. Old 
218 pp., tables, illus., 6 x 9, cloth. $7.75. 
AAAS members' cash orders: $6.75. 
A collection of papers, presented at the Gordon Research Conference 
held in Santa Barbara, California, in 1966, analyzing and describing 
past and present science policies at national, international, and 

corporate levels. 

MOLECULAR MECHANISMS OF TEMPERATURE ADAPTATION July 1967 

Editor: C. Ladd Prosser 

398 pp., 41 tables, 127 illus., bibliogr., index, 6 x 9, cloth. $12.50. 
AAAS members' cash orders: $10.50. 

Papers by 24 contributors on the general physiology of genetic and 

environmentally induced temperature adaptation in cold-blooded 

animals, plants, and microorganisms. 

ESTUARIES January 1967 

Editor: George E. Lauff 

776 pp., 85 tables, 525 illus., bibliogr., index, 73,4 x 101/2, cloth. $27.00. 
AAAS members' cash orders: $24.00. 
Definitive volume on estuarine research: physical factors, geomor- 
phology, sedimentation, microbiota, nutrients, biological productivity, 
ecology, physiology and evolution, fisheries, human influences, and 
pollution. 
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ES.&M 6th & Byrd Streets - Richmond, Virginia 

For additional information- write for Bulletin PB2-65 
Circle No. 125 on Readers' Service Card 
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3 new journals from 

[plenumG *PUBLISHING CORPORATION 

pharmaceutical chemistry 
Khimiko-farmafsevficheskii zhurnal 

managing editor: A. D. Kuzovkov 
translated from Russian 

A new monthly covering a wide variety of research into problems in 
the development of new drugs for the treatment of malignant neo- 
plasms and cardiovascular, neuropsychic, viral and other major dis- 
eases. It covers both experimental methods and research as well as 
practical achievements in the field. Many articles will be devoted to 
trends in the pharmaceutical chemistry industry, quality of manufac- 
tured drugs, methods of analysis, preparation and control. In addition, 
economic, organization, production and planning problems will also be 
discussed. The most urgent questions concerning the structure and 
biological activity of drugs, the technology and apparatus of drug pro- 
duction, and other advanced areas of research and engineering will 
be covered. This important journal is of wide interest to chemists, phar- 
macists, biochemists, biologists, physiologists, medical research workers 
and all those concerned with the pharmaceutical industry. 
SUBSCRIPTION VOLUME 1 (12 ISSUES): $80.00 
(OVERSEAS SUBSCRIBERS: PLEASE ADD $5.00) 
SINGLE ISSUE: $30.00 SINGLE ARTICLE: $15.00 

mathematical bulletin 
of the Academy of Sciences of the USSR 
Izvestiya Akademii Nauk SSR-Seriya Matematicheskaya 

managing editor: Academician 1. M. Vinogrodov 
translated from Russian 

SUBSCRIPTION VOLUME 31 (6 ISSUES): $185.00 
(OVERSEAS SUBSCRIBERS: PLEASE ADD $5.00) 
SINGLE ISSUE: $40.0t0 SINGLE ARTICLE: $15.00 

environmental space 
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