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Eight years ago you couldn't make 
a physiological fluid analysis 
automatically. Five years ago it took 
fifty hours. Today Beckman Analyzers 
and Beckman Custom Spherical 
Resins make amino acid analysis a 
practical tool in a host of new areas 
of investigation. 

Spruce seedlings, serum, food 
supplements, animal feeds- whatever 
the biological sample, a complete 
physiological fluid analysis can be made 
in just eleven hours. When a protein 
hydrolyzate analysis is indicated, it 
can take as little as two hours. 

The Beckman Model 120C Amino 
Acid Analyzer is the classic instrument 
for use where there is a volume and 
variety of work and-more importantly 
-for use wherever elegant results 
are in order. 

If the insight provided by amino 
acid analysis could add a new 
dimension to your work, let the 
Beckman Model 120C make it the 
clearest possible insight. To get more 
information, representative 
chromatograms, and an applications 
bibliography, write for Data 
File 120-5. 

INSTRUMENTS, INC. 

SPINCO DIVISION 

PALO ALTO, CALIFORNIA * 94304 

INTERNATIONAL SUBSIDIARIES: GENEVA; MUNICH; GLENROTHES, SCOTLAND; TOKYO; PARIS; CAPETOWN; LONDON; MEXICO CITY 
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Pallu de la Barriere- 
Optimal Control Theory 

By R. Palu de la Barriere, University 
of Caen, France. 

Here is a text and reference by a well- 
known and respected French mathe- 
matician-translated into English for 
the first time. Dr. Pallu de la Barriere 
has written a book that contains the 
basic elements of functional analysis, 
harmonic analysis, theory of distribu- 
tions, probability theory, and Markov 
processes sufficient to establish a 
sound mathematical foundation for 
optimal control theory. A wealth of 
helpful examples contribute to making 
each concept readily understandable 
and quickly illustrate various applica- 
tions to the reader. 

411 pages * Illustrated a $8.00 

New-Published March, 1967! 

Petrovskii--Partial 
Differential Equations 

By I. G. Petrovskii, Moscow State 

University, U.S.S.R. 

This translation from the Russian 
provides a modern treatment of three 
basic types of partial differential equa- 
tions: elliptic, parabolic, and hyper- 
bolic. The first section of the text. an 
introduction and classification of 
equations, covers such areas as S. 

Kovalevskaya's theorem and the 
uniqueness of the solution of the 
Cauchy problem in the domain of 
non-analytic functions. In the section 
on hyperbolic functions, the author 
considers the Cauchy problem in the 
class of non-analytic functions and 
oscillations in bounded bodies. 

410 pages * Illustrated ? $9.00 

New-Published April, 1967! 
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Zukhovitskiiy & Avdeyeva- 
Linear and Convex 

Programming 
By S. . ZIklhovitskiny and L. I. Avde- 

yeva, both at Kiev Institute, U.S.S.R. 

In this outstanding text and reference 
in advanced programming, the authors 
utilize a geometric approach. Jordan, 
Eliminations form the basis of the 
computational methods. Application 
of the basic simplex method to linear 

programming is presented in the first 
four chapters of the book, followed 
by a chapter devoted to Chebyshev 
Approximation. The sixth and final 

chapter carefully treats the subject of 
convex programming. 

286 pages Illustrated * $8.00 

New-Published October. 1966! 

Heider & Simpson- 
Theoretical Analysis 

By the late Lester J, Heider, S.J., for- 
merly of Marquette University; and 
James E. Simpson, University of Ken- 
tucky. 

Suitable for an undergraduate course 
in Real Variables, this text incorpo- 
rates the recommendations of the 
CUPM and includes such topics as 
real numbers, complex numbers, set 
theory, metric spaces, euclidian 
spaces, continuity, differentiation, the 
Riemann-Stieltjes integral, series of 
numbers, series of functions, and 
series expansions. The first half of the 
text is concerned with fundamentals 
and construction of proofs; the sec- 
ond half presents a number of ad- 
vanced topics of value to the gradluate 
student. 

About 380 pp. * Pls r. ? About $8.50 

New- Ready July, 1967! 

Postnikov-- Variational 
Theory of Geodesics 

By M, M,. Postnikov, U.S.S.R. Acad- 
emy of Sciences, Kanev. 

In this concise volume, the author 
presents riot only t:he most fundamen- 
tal aspects of modern differential ge- 
ometry and the calculus of variations, 
but also the basic tools required for 
the study' of the Morse Theory. 
Throughout the book, specific empha- 
sis is given to the analytical rather 
than the topological aspects of the 
variational theory of geodesics. Self- 
contained and meticulously clear, this 
text can be effectively studied outside 
the discipline of the classroom. A 
so:lid grounding in calculus is the pre- 
requisite to understanding this book. 

200 pages * Illustrated * $6.00 

New-Published January, 1967! 

r I 
W. B. Saunders Company 

I West Washington Square 
I Philadelphia, Pa. 19105 

Please send and bill me: 
SC 6-2-47 

_ Pallu de la Barriere- 
I OPTIMAL CONTROL 

THEORY ..8........ $8.00 
I Q Zuk:hovitskiy-Avdeyeva- 

LINEAR & CONVEX 
PROGRAMMING .....$8.00 

I Postnikov- 
I VARIATIONAL THEORY 

OF GEODESICS ......$6.00 
I Petrovskii-PARTIAL 

DIFFERENTIAL 
EQUATIONS .........$9.00 

I Heider-Simpson- 
THEORETICAL 
ANALYSIS .....about $8.50 

] Discount accorded to full time teachers 
|I listing affiliation. 
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Lymphocytes in vitro: Z. J. Lucas ...................................... 1237 

Transport and Phosphorylation as Factors in the Antitumor Action of 
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The interac tion of Sun, atmosphere, 
Land oceans is a first step in a geo- 
chemical process which brings many 
substances to the sea. These interact 
with the components already in the 
ocean. Some salts remain in solution. Resedith Sitgreavea Other materials, including clays, are 
precipitated. For a discussion of the 
chemical equilibria involved, see 
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The hope of doing each other some good prompts these advertisements 

For the infrared file 
Do you know Jack Stolp? You probably do if you have ever 
had to look seriously into the matter of a suitable, insoluble 
material for transmitting or refracting infrared radiation, par- 
ticularly if you had thought you'd be better off without cold 
flow or cleavage planes. If you anticipate a concern with the 
subject, please clip or photocopy the following table and put it 
where you can find it so that when you do get in touch with 
Jack, you two can get down to cases right away without 
floundering around: 

IRTRAN 2 Lenses of 1,2, and 3-inch focal length are stocked *About as hard as a steel file fAbout as hard as hard coal 

Details from W. J. Stolp, Eastman Kodak Company, Apparatus and Optical Division, 

Rochester, N.Y. 14650, phone 716-325-2000, ext. 5166 

An alignment jig for NMR 
Over about a 45? temperature range 4,4'-Bis(hexyloxy)azoxy- 
benzene (EASTMAN 10120) is aligned in one dimension and 
randomly arranged in the other two dimensions, a state termed 
nematic.and recognized long ago as fraught with possibilities. 
One such now flickering into prominence is use of EASTMAN 
10120 for aligning other molecules with the magnetic field of a 
nuclear magnetic resonance machine. 

Let's say your solute is benzene. No longer (it is reported in 
Journal of the American Chemical Society 86:5023) is one 
hydrogen nucleus indistinguishable from another on the ben- 
zene ring. No longer, therefore, does the NMR spectrum of 
benzene consist of a single narrow line. Now our nematic 
product seizes upon the flatness of the benzene molecule, while 
the magnetic field seizes upon its wr-clouds. Each of the hitherto 
indistinguishable protons now "sees" a "para," two "ortho," 
and two "meta" neighbors. Each affects the other's magnetic 
environment, both directly and through electrons. The inter- 
actions transform the one-line NMR spectrum into about 50 

lines, all predictable on the assumption that benzene is a reg- 
ular hexagon. Very neat. Lends further, if no longer necessary, 
confirmation to the picture of the benzene molecule that 
awoke Herr Kekule from his legendary, troubled, and pre- 
scient snooze by the fireplace in 1865. 

For the convenience of those concerned with molecules where con- 
firmation of postulated shape is still necessary, Distillation Products 
Industries, Rochester, N. Y. 14603 (Division of Eastman Kodak Com- 
pany) offers 4,4'-Bis(hexyloxy)azoxybenzene at $9.10 for 5 grams; 
$17.05 for 10 grams. It is, indeed, convenient to introduce some orien- 
tation without freezing the magnetic nuclei into a full-fledged three- 
dimensional crystal, where a virtual infinity of couplings smears the 
spectrum into a continuum. The EASTMAN Organic Chemicals catalog 
is full of many other conveniences. 

Prices subject to change without notice. 

A service for the bubble-chamber trade 
Kodak is now thinking in terms of two basic bubble-chamber films for 
high-energy physics: bright-field and dark-field. The two films need be 
nothing more than points of departure for further adaptation to special 
requirements, as necessary. A reorganized and growing force of 
Kodak men is busy working out details with the designers and opera- 
tors of bubble chambers. Their mission is to hold and extend a position 
of leadership in this branch of photographic technology. This can be 
accomplished only through the physical results delivered. It is a hard 
route, without alternatives. Newcomers to the dialogue make contact 
by addressing Instrumentation Products, Eastman Kodak Company, 
Rochester, N. Y. 14650. 

There is a lot of money in high-energy physics, which fact 
creates severe problems for the physicists and justifies Kodak's 
interest in it under terms of Kodak's charter. Because goings- 
on in the subnuclear zoo have large denominators in their 
probabilities, bubble chambers consume film by the ton. 
Millions of pictures of tracks of bubbles are screened at public 
expense by large numbers of ladies to find which ones are 
worth submitting to further scrutiny by computers in hopes 
that a few of the pictures will shake out as possible evidence 
for or against hypotheses tentatively put forth by a few the- 
oreticians and tentatively questioned by a few others. The cost 
of the film and the wages of the ladies represent, of course, 
only a small fraction of the bill that the physicists have to 
explain, somehow. When ladies sit packing sardines into cans 
instead of looking at pictures of bubbles, no explanation is 
required. 

This man likes sardine 
sandwiches. He also votes 
in congressional elections. 

he drives a cab in Manhat- 
tan or tries to grow a litt le 

tobacco in Kentucky. In 
either case, life hasnot been 
easy. He hope s his son will 
do better. Bright kid, doing 
real well in college, where 

he has a scholarship and 
where in th e physics de- 
partment is displayed they don't know 
bubble-track picture from 
Brookhaven National Laboratory that established the exis- 

tenc e of the omega- minu s particle. 
The what? 
The kid wants to go on for a doctor's degree in physics. He 

probably has to know what things like that mean. 
We are of two minds about that man's son. On the o ne hand, 

we'd like to see him use his time in physics lab toward an 
engineering career. We simply cannot understand why more 
kids aren't going into engineering. Maybe they don't know 
what an engineer does, how he determines the most efficient 
way to get things done, whether it's getting sardines into a can 
with less labor or manufacturing photographic film or hunting 
intermediate vector bosons or saying how much photographic 
quality is worth in the boson hunt. Engineers find money con- 
venient, particularly for the measurement of efficiency, 
and we can understand that. 

On the other hand, if the kid thinks he wants to under- 
stand more than that, maybe he ought to make . 
himself into one of those hypothesizing theore- . 
ticians who keep the film-consuming 
bubble chambers busy. 
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KODAK Infrared Optical Material 

IRTRAN 1 IRTRAN 2 IRTRAN 3 IRTRAN 4 IRTRAN 5 IRTRAN 6 
PoeycrystallinePolycrystalline Polycrystalline Polycrystalli ne P olycrysta lline 
Magnesium Zinc Calcium Zinc Magnesium Cadmium 

Fluoride Sulfide Fluoride Selenide Oxide Telluride 

Transmittance 
>50% at 2 mm 1-8/ 1-13.5/ 0.4-10/i 1-19i 0.7-7.5i 2-28e/ 

thickness __ 
Refractive index 1.378 at li, to 2.291 at 1\. to 1.432at0.6/tto 2.485 at L0,, to 1.746atO.5s,,to 2.734 at 1.5/. to 

at 25 C 1.263 at 8x, 2.151 at 13, 1.300 at 10, 2.310 at 20s, 1.482 at 8H 2.672 at 10.0i 

Hardness 576 Knoop 354 Knoop 200 Knoop 150 Knoop 640* Knoop 45t Knoop 

Water solubility Insoluble Insoluble rnicllys | Insoluble Insoluble Insoluble 

Maximum diameter | inches 8 inches 6 inches 7 inches 6 inches 3 inches 

Maximum thickness inch inch inch inch 4 ih nch 
(circularflats)ol inc j/ic ?n 
Dome or lens 9-inch 9-inch Maximum-size ns r de that can be made rm maximum- 
capability hemispherical hemispherical Maximum-size lens or dome that can be made from maximum- 
(diameter) dome dome size fat disk.n 

Relative prices Low MdeLowate Mo derat e Moderate Moderate High 
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1. A program for GRAPHIC 
engineer W. H. Ninke draw 
diagram on a cathode ray i 
using familiar component s 

3. He next guides componer 
place.Where necessary, he c 
certain ones "variable" by p 
slant arrow across each. 

5. He asks the central coml 
use this information to calct 
display a curve of gain vs. fr 
response for the circuit. 

Programming Complex 

Problems Simply 

Scientists at Bell Telephone Labora- 
tories have improved communications 
between engineers studying circuits 

. and the computer that helps them. The 
key is an experimental console on which 
the engineer works with familiar graph- 
ics: component symbols, performance 
curves, and so on. 

The engineer composes a circuit on 
a cathode-ray tube, inserts component 
values, makes certain components var- 
iable, as required. The display equip- 
ment responds immediately to his com- 
mands. As he proceeds, the console 
displays appropriate operating instruc- 
tions. At his request, the computer cal- 

I lets 2. In describing a circuit problem culates and displays circuit perform- 
a circuit to the computer, he guides nodes ance. He may adjust the variable com- 
tube, (circuit junction points) into place ponents or revise the circuit and call 
;ymbols. with a light pen. for performance calculation again. 

This sophisticated tool is not needed 
in routine circuit design. Its principal 
use will be where well established, 
highly automated design procedures 
do not exist-for example, when inves- 
tigating effects of temperature, com- 

, ...... a ponent tolerances, and stray coupling. 
The "conversational" ability promises 
to make this hardware-software system 
a valuable laboratory tool. 

The console itself is GRAPHIC i, a 
man/machine computer terminal de- 
veloped at Bell Laboratories. It includes 
a cathode-ray display, a keyboard for 

ts ino 4 ih eyor,wiheemls inserting letters or numbers, a light pen nts into 4.With a keyboard,which resembles for selecting and positioning symbols for selecting and positioning symbols 
-an mark a typewriter, he inserts the values 

'acng a othvrosopon the tube, and a small display-control 
lacing a of the various components and the computer. Network analysis is handled 

operating cond itions of the circuit. by a separate large digital computer 
on a shared-time basis. 

The circuit-analysis program is only 
one of several compiled for GRAPHIC I 
at Bell Laboratories. Others help gen- 
erate integrated-circuit masks, design 
wiring patterns for magnetic-core logic 
devices, or retrieve documents. A spe- 
cial compiler (program for making 
programs) has been developed for 
GRAPHIC I. It is GRIN-for GRaphic 
INput. 

Based on GRAPHIC I, a new genera- 
tion ofgraphic terminalswill be installed 
as part of an overall computer fa- 
cility at Bell Laboratories. :uter to 6. Seeing the curve, he may modify 

jlate and the circuit, insert new values for var- 
equency iable components, request the com- I \ BellTelephone Laboratories 

puter to recalculate performance, 45) Research and Development Unit of the Bell System 
0- 
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Weigh the Facts: By simply changing the heads 
on the MSE Superspeed 65 or the Superspeed 50 
your centrifugation capabilities go from .. 

CONVENTIONAL to ZONAL. 
One MSE unit does the job of TWO machines. 

Weigh the Facts: The MSE Ultracentrifuge is 
rugged, quiet and it's ALL SOLID STATE. 

Weigh theFacts: The MSE Ultracentrifuge of- 
fers smoother operation to provide better resolution. 

Weigh the Facts: The MSE Ultracentrifuge ex- 
tends versatility from standard rotors up to 65,000 
rpm to the new B XIV and B XV ZONAL rotors. 

6tu9 LINCORPORATED 

Weigh the Facts: The MSE Ultracentrifuge fea- 
tures a unique, simple overspeed protective mech- 
anism . . . precise speed pre-selection and control 
.. exact control and continuous indication of ac- 
tual specimen temperature during all operational 
phases . . built-in oil recirculation system . , 
easy access to all components, 

Weigh the Facts: MSE Ultracentrifuges are the 
product of more than two decades of experience in 
the design and building of the world's most com- 
plete line of centrifuging equipment, 

Weigh the Facts: . . . before you decide how 
best to meet your Ultracentrifuge requirements .. 
Write, wire or call . r. 

811 SHARON DRIVE * WESTLAKE, OHIO 44145 
Tel: (216) 871-7980 TWX 216-871-3470 

In Canada: Bach-Simpson Ltd., P. 0. Box 2484, London, Ontario 
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MULTI PLE PHOTOMETRIC COMBINATIONS. 

Flame Photometer 

A 

Photomultiplier Unit 

Atomic Absorption 

Temperature-controlled Cell 

Fluorophotometer 

HITACHI PERKIN-ELMER MODEL 139 

Flow-through Cell 

Non-dispersive Fluorophotometer 

Long Path Cell 

Time Drive Recorder 
Diffuse Reflectance 

Spectral Energy Recording 

TAKE YOUR PICK. 
No other spectrophotometer at any price matches the versatility of 
the Hitachi Perkin-Elmer Model 139 from Coleman. It's the basic 
instrument for entry into advanced photometric techniques. With 
it, you have a complete spectrophotometry laboratory at your 
service. All the accessories above offer you multiple choices for 
adapting the Model 139 system to suit your needs. You'll also have 
a spectrophotometer that out-performs any other single-beam 
UV-VIS-NIR instrument in the moderately priced class. Call your 
Coleman distributor for a demonstration. Write for Bulletin SB-301A. 

COLEMAN INSTRUMENTS MAYWOOD, ILLINOIS 60153 

A Division of The Perkin-Elmer Corporation 
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DU PONT COMPANY, ROOM 490148 
WILMINGTON, DELAWARE 19898 
Send J name of nearest Distributor J Prices 
: Du Pont Reagents Lab Handbook & Catalog Sheet. 

Name_ 

Title 

Fir;m *, 

AddrazsI 

City 

Telepoone No 

State Zip 
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PAR Model TDH-9 
Waveform Eductor 
Photo #1 is an actual oscillogram of 
a signal obscured by noise - a situ- 
ation unfortunately prevalent in many 
research areas; such as, studies of bio- 
medical evoked potentials, seismol- 
ogy, spectroscopy, fluorescent life- 
time studies, and vibration analysis. 
Photo #2 shows the dramatic im- 
provement in signal-to-noise ratio 
when the noisy signal was processed 

1176 

by the PAR Model TDH-9 Wave- 
form Eductor. 

This new instrument employs a highly 
efficient waveform- averaging tech- 
nique, and at the same time offers the 
fastest sweep rates obtainable in sig- 
nal processing equipment of the signal- 
averaging type. Sweep durations as 
short as 100 microseconds, with dwell 
times per channel of 1 microsecond, 
are obtainable. The high resolution 
capability of the Model TDH-9 allows 
observation of waveforms or transi- 
ents which have heretofore been un- 
resolvable by averaging instruments 
employing a greater number of 
channels. 

Although the Model TDH-9 Wave- 
form Eductor sells for only $4,200, 

we invite functional comparison with 
the higher-priced digital averagers. 
We believe you will be pleasantly 
surprised. For more information about 
the PAR Model TDH-9, ask for 
Bulletin No. T-126. 

Have a noise problem? 
PAR's technical staff, unusually 
knowledgeable in signal processing 
problems and techniques as a result 
of its experience in the development 
and application of Lock-In Ampli- 
fiers, welcomes your specific inquiries. 
Please call or write. 

\\PRINCETON 
\\ AAPPLIED RESEARCH CORP. 

\\ Dept. G 

Box 565, Princeton, N. J., Tel. (609) 924-6835 
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New Fields, 
New Work 

After forty years of research, a 
Nobel Prize winner presents a 
general theory of sensory inhi- 
bition that inter-connects the 
fields of vision, hearing, touch, 
taste, and smell. Many of the illus- 
trated experiments can be per- 
formed by the reader and are 
relevant to many disciplines. Orig- 
inally the Herbert Sidney Langfeld 
Memorial Lectures at Princeton 
University. 188 illustrations. $8.50 
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count for the election of Bronk. Efforts 
to vitalize the Academy into the effec- 
tive organization that it has become 
under the leadership of Bronk and Seitz 
began 2 years before the nomination 
of Conant, and had acquired sufficient 
momentum by April 1950 to override 
a nomination that to the majority meant 
a return of the Academy to the func- 
tions of "electing members and writ- 
ing obituaries." It is pure journalese to 
ascribe the election of Bronk to a 
"seething vendetta." 

JOEL H. HILDEBRAND 

Department of Chemistry, 
University of California, 
Berkeley 94720 

L'Accademia Nazionale dei Lincei 

The issue of 11 March 1966 con- 
tained an excellent article, by Stillman 
Drake, on the Accademia dei Lincei. 
The article was mainly devoted to the 
early history of the academy and its 
connection with Galileo. The purpose 
of this letter is to draw attention to 
another recent publication, L'Accade- 
mia Nazionale dei Lincei (ed. 2, 
1966, quarto, 68 pages), by Mauro 
Picone, the eminent mathematician 
who is now academician-administrator 
of the academy. The book contains a 
short history of the academy, with a 
list of some of the great men of the 
past who were members of this illus- 
trious body; some details about the 
numerous publications of the academy; 
and a list of the recipients of its pe- 
riodic prizes, which are awarded on a 
worldwide basis to scientists, writers, 
and artists who make outstanding con- 
tributions to the world's knowledge and 
culture. (Some of the awards are in 
monetary value equal to or superior to 
the Nobel Prizes. Among the several 
American recipients are Wallace O. 
Fenn and Albert Bruce Sabin, who re- 
ceived prizes in medicine in 1964.) 

The book contains a reproduction of 
the academy's constitution with the sig- 
natures of its earliest members, includ- 
ing Galileo, and 17 large photographs 
of the two beautiful and historic 
palaces, Palazzo Corsini and Villa 
Farnesina, occupied by the academy. 
It may be ordered for 3500 lire ($5.80) 
from the Office of Publications, L'Ac- 
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Fish Meal: Food of the Ancients Fish Meal: Food of the Ancients Fish Meal: Food of the Ancients Fish Meal: Food of the Ancients Fish Meal: Food of the Ancients 

At last the FDA has approved the 
use of fish meal as a food additive 
for human consumption (News in 
Brief, 3 Mar., p. 1087). May I quote 
from Arrian's account of the voyage 
of Nearchus along the eastern shore 
of the Persian Gulf in the year 325 
B.C. (1). And may I call this quotation 
especially to the attention of my 
friend, Ed Muskie, who has worked so 
hard to promote this addition to the 
industries of Maine. 

Below the Gadrosians ... dwell the 
people called "The Fish Eaters." . . . 
Thinking here to seize corn by force Ne- 
archus attacked the town, but the natives 
showed freely their flour, ground down 
from dried fish; but only a small quantity 
of corn and barley. . . . Only a few of 
them fish, for few have proper boats or 
any skill; for the most part it is the reced- 
ing tide which leaves fish in pools which 
provide their catch. The more tender ones 
they eat raw, the larger and tougher ones 
they dry in the sun until quite sere and 
then pound them and make flour and a 
bread of them. ... Even their flocks are 
fed on dried fish so that the mutton has 
a fishy taste like the flesh of sea birds. 

While I trust the modern product 
is more palatable than that found by 
Nearchus, I commend to the reader 
the patience of the Ichthyophagae 
who, after 2292 years, have at last 
succeeded in selling their idea to the 
government of the United States. 

PHILIP R. WHITE 
A natolia College, 
Thessaloniki, Greece 

Reference 

1. Condensed from Arrian, "History of Alex- 
ander and Indica," Robson, trans. (Harvard 
Univ. Press, Cambridge, Mass., 1933), vol. 2, 
pp. 383, 393. 

Ph.D.'s and the Mother Tongue 

The retention of Ph.D. foreign lan- 
guage requirements by a university is 
justified only if foreign languages are 
needed in a particular field of study. 
If so, those languages should be used 
during the graduate student's educa- 
tion with readings assigned for semi- 
nars or classes. Papers and research 
projects should refer to literature in 
those languages, not merely as a lin- 
guistic exercise but because the litera- 
ture is essential to the field. If a 
graduate student can get his doctorate 
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What requirement then might be a 
useful substitute? Many ideas come 
to mind, including a broadening in 
those subjects suggested by Hartman 
(Letters, 24 Mar.). I would like to 
suggest another-a proficiency re- 
quirement in the graduate student's 
own language-English. Much just 
criticism is made of Ph.D. candidates' 
common inability to express their 
ideas lucidly in writing. I suggest 
that they be required to pass a test in 

literary criticism and report com- 

position, including a judgment of the 

organization and clarity of an average 
paper in the student's own field. Such 
a test would be difficult to evaluate 

objectively, but the requirement in gen- 
eral would go far to improve Ameri- 
can scholarship. 

TOMAS FEININGER 

Apartado Aereo 980, 
Medellin, Colombia 
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Sluggish Process of Purification 

Rainey's estimates of the flushing 
times for removal of pollution from 
the Great Lakes ("Natural displace- 
ment of pollution from the Great 
Lakes," 10 Mar., p. 1242) are de- 
cidedly underestimates, even allowing 
for his simplifying assumptions. In- 
creased eutrophication causes an in- 
crease of pelagic and benthic biomass 
which acts as a trap for nutrient 
elements and energy, which in turn per- 
mits recycling within each basin. Such 
systems are most dramatically evident 
in estuaries possessing two-layered, 
countercurrent flow, and which are au- 
tomatically self-enriching. It is entirely 
likely that even open systems such as 
the Great Lakes, once enriched, will 
be "permanently" changed. A "major 
disaster for which there is no apparent 
solution" has already occurred in the 
lower lakes, since it is unlikely that 
the present rate of eutrophication will 
decrease in the next few decades. It is 
absolutely imperative that all available 
measures be taken to prevent the addi- 
tion of phosphorus, in particular, to 
closed or semiclosed basins and to re- 
duce the input of this element into 
open systems if any headway is to be 
made, whether in the next decades or 
centuries, toward controlling dis- 
astrous changes in freshwater ecosys- 
tems. 
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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 

HY 6 SPECIAL DESIGN BED SUPPORT-elimIl 
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 - 0 
K 25/45 "Jacketed" 2.5x45 S S O 
K 25/100 2.5x100 -S O 
K 25/100 "Jacketed" 2.5x100 S S O 
K 50/100 "Jacketed" 5.0x00 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 

*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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ANALOG MONOLOGUE 
On Means for Modelling, Measuring, Manipulating, & Much Else 

THE SEARCH FOR CERTAINTY... or MUCH TO DO ABOUT NOTHING: 

Classical philosophy was chiefly occupied by an unremitting 
quest for the Absolute . . . the Essence. Modern "scientific" 
philosophers spurn the hunger for certainty,calling it immature, 
unworthy of their finely-wrought intellects, and (perhaps more 
to the point) demonstrably hopeless. OK - or perhaps we 
should say certainly. 

Nevertheless, in at least one important phenomenological 
field - feedback - we can enjoy the confidence inspired by one 
Absolute thing: Absolute Zero, or Null. This condition of null is 
not to be confused with the Oriental Nirvana, or Nothingness; 
nor is it like Lord Kelvin's Absolute Zero of temperature. It is, 
rather, the balance point in a continuum of values that stretches 
from very positive to very negative. Think of it as a perfect 
equilibrium between pairs of equal and opposite forces. In 
Analog Electronics (the busiest arena of feedback) our ambi- 
tions have a Classical flavor. We know what perfection is - it is 
Null Zero. We know what must be done to approach it. We also 
know that we shall never attain it - which should console the 
Modernists. 

SUMMING POINT 

(;- '2) 
--- - 0 (CURRENT NULL) 

n -- 0 (VOLTAGE NULL) 

--~ z2 

Volume 1, No. 5 

PART I - WHY & WHAT 

Consider the fundamental circuit shown . . . by now quite 
familiar to faithful readers of this series. It is essentially a 
demonstration of how amplification (gain) may be used to 
activate a passive network (Zl and Z2) so as to achieve the 
desired input/output relationship, with a fidelity that is 
virtually independent of the exact magnitude of the gain of the 
amplifier. If the gain is very high, it forces en toward a null. 
(Perfect null requires infinite gain.) To establish the null, the 
amplifier causes e to approach a value satisfying the equilibrium: 

e, e 
Z, Z2 

The performance required of many practical feedback circuits 
dictates a state of null perfection that is unknown and un- 
achievable in any discipline other than electronics. For example, 
in some 100-Volt circuits, the "null uncertainty" must not 
exceed a few microvolts ... or a few parts in 100 million. How 
may we achieve a null that is so very nearly zero? And how may 
we know when we have it? 

Perhaps the primary requirement in achieving a good null 
(other than very high gain) is the absence of extraneous forces. 
Is the null achieved by balancing only two opposing forces, or 
are there other, perhaps anomalous, forces acting on the sum- 
ming point? Unfortunately, there always are. Even the most 
perfect amplifier is unable to present a completely passive input 
circuit to the summing point. Tiny voltages and currents are 
generated in the amplifier, tending to "offset" the null, and 
much of our day-to-day activity for the past twenty years has 
been devoted to reducing the magnitude and effects of these 
voltage and current offsets. 

The most obvious remedy is to introduce into the summing 
point an equal and opposite voltage or current so as to cancel 
(offset?) the offset ... if it is known or calculable. This remedy 
does not provide a complete cure, if applied as a simple, static 
correction, because the offset currents and voltages produced by 
a practical amplifier are not perfectly constant, but vary with 
both time and temperature. One might eliminate most of the 
temperature effects by placing the amplifier in a nearly iso- 
thermal environment, but time variations are another matter. 
(Even a latter-day Classicist hesitates to tamper with time.) 

To give you some feeling for what can be done, in practical 
run-of-the-bench low-uncertainty amplifiers, consider the 
SP2B parametric Operational Amplifier pictured here. At an 
output voltage (e) of 10 Volts, and a load of 10 milliamperes 
(i.e., 0.1 watt), the equivalent null errors at constant tempera- 
ture will be less than 10 ,uV and 0.1 picoampere (i.e., 1 attowatt). 

We plan to discuss ways and means of reducing null un- 
certainty in feedback circuits in Part II. Meanwhile, we invite 
you to send for a file on our search for Null Certainty... con- 
sisting of technical data on some of our highly practical "near 
misses." You may share our null-seeking frustrations and ambi- 
tions without any obligation ... even to sympathize. Address 
Philbrick Researches, Inc., 25 Allied, Drive at Route 128, 
Dedham, Massachusetts 02026. 

PHILBJRICK 
A TELEDYN E COMPANY 
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ders' Judgment 
iodically, we ask a sample of readers to react to selected features 
icies of Science. In response to past questionnaires, readers have 
tently said they consider the lead articles to be of greater interest 
)fessional value than any of the other sections of the magazine. 
preference was confirmed in the most recent study, in which we 
for readers' judgment in three different ways: In what order do 
urn to the major features of Science? In what order do you 
them in terms of interest to you? How would you reallocate 
ble space among the several sections? Of course the answers varied. 
readers go through an issue systematically from front to back. 

s turn first to whichever section they usually find of greatest 
st. Some prefer one section; others prefer another. Some wanted to 
d and others to contract each section. Nevertheless, majority 
ents were unequivocal. 
the basis of all the rankings of each respondent, the several sec- 
fall into the following order of preference: lead articles are in 
dlace by a substantial margin (two-thirds of the readers ranked 
ad articles as first or second choice); research reports and the 
and Comment section are about tied for second place (between 

id 50 percent gave each of these sections first or second rank); 
, the editorial, and book reviews are bunched; and the section 
:eting reports trails. 
ence is written for scientists. It is therefore encouraging, even 
t surprising, to find the scientific content highly regarded. But 
'e is more than a scientific journal. Sometimes in lead articles 
often in letters, editorials, and News and Comment, Science 
hes a substantial amount of material on social policy, government 
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Scientists develop 
new Fourier analysis 
algorithm and test it with 
an earthquake. 

Ever encounter a calculation that 
takes a long time to perform even on a 
large computer? 

Richard Garwin of the IBM Watson 
Laboratory at Columbia University did 
when he decided to carry out a large 
Fourier transform problem in a spin cal- 
culation for solid helium 3 (He3). With 
the programs then available he esti- 
mated at least four hours of high-speed 
computer time. 

Garwin had a hunch there might be 
a better way. He discussed it with John 
Tukey of Princeton University and Bell 
Telephone Laboratories who proceeded 
to outline a computer algorithm which 
he thought would handle Fourier trans- 
forms far faster than existing programs. 

Recognizing the potential and impor- 
tance of the algorithm, Dr. Garwin took 
his notes to IBM's James W. Cooley at 
the IBM Thomas J. Watson Research 
Center at Yorktown Heights. A pro- 
gram development project was started, 
and in April, 1965 Mathematics of 
Computation published the Cooley- 
Tukey paper, "An Algorithm for the 
Machine Calculation of Complex Fou- 
rier Series." 

For large N (where N is the number 
of terms in each Fourier series), con- 
ventional techniques of computation 
require a number of complex multiply- 
add operations proportional to N2. With 
the fast Fourier transform (FFT) the 
number of operations is proportional 
to only Nlog2N. The fast Fourier trans- 

form, therefore, increases the speed of 
calculation by a factor proportional to 
kN/log2N, k ranging roughly between ? 
and 2, depending on programming effi- 
ciency. On paper, it looked good. With 
the new algorithm much less computer 
time would be required to solve the 
large Fourier transform problem. 

Then came the test to prove it. 
Lee Alsop, an IBM scientist at Lamont 

Geological Observatory, decided on a 
direct comparison of the new algorithm 
with a conventional Fourier transform 
program. 

For the test, he chose an earthquake 
that shook Rat Island, Alaska in 1965. 
Its seismograph record consisted of 2048 
numbers representing longitudinal dis- 
placements at instants equally spaced 
over a 13.5 hour period. 

To solve the problem, the conven- 
tional program took 1567.8 seconds. 

The new Fourier analysis algorithm 
took only 2.4 seconds. But the test 
didn't stop there. 

Having verified the greater speed of 
FFT, Dr. Alsop together with Dr. Ali 
Nowroozi then ran an accuracy check, 
using a time series generated from a 
sum of seven sines and cosines of har- 
monics of a base frequency. (This time, 
computer analysis took 464.4 seconds 
with the original program and just 1.2 
seconds for FFT.) Then, by computing 
back again from the transform, the re- 
sults of each program were compared 
to the original series. 

FFT was both faster and more accu- 
rate. Even though this conventional 
program had been developed specifi- 
cally for accuracy at a sacrifice of 
speed, the new FFT beat it. For scien- 
tists and mathematicians, it is a new, 
faster way to handle Fourier analysis. 
It can cut computer time by a factor of 
approximately (log2N)/N. That's why 
the new algorithm is now part of IBM 
SYSTEM/360's Scientific Subroutine 
Package, a library of more than 200 
mathematical and statistical subrou- 
tines available to IBM customers. 

An interesting sidelight to this story 
is the fact that it was later discovered 
that the basic method had been pro- 
posed years before in a paper by Runge 
and Konig, published in Germany in 
1924, and that its application was de- 
scribed in 1942 by Danielson and Lanc- 
zos who were working with X-ray scat- 
tering problems. Unfortunately the 
technique lay buried, and modem com- 
puters have been working at only a frac- 
tion of their potential speed on Fourier 
transform problems. 

Like to know more about these pro- 
grams? Write to Director, Scientific 
Development, IBM Corporation, De- 
partment 805-351, 112 East Post Road, 
White Plains, New York 10601. While 
you're at it, ask for a copy of the paper 
that gives the derivation of the algo- 
rithm. It's titled "An Algorithm for the 
Machine Calculation of Complex Four- 
ier Series." We'll gladly Send a copy. 

IBM. 
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new Sepharose 
Extends gel filtration separation and fraction- 
ation of high molecular weight substances: 
viruses, nucleic acids, proteins, polysaccharides 
The new "bead form" of agarose - Sepharose - now ex- 
tends the gel filtration method to the separation and 
fractionation of molecules with molecular weights in the 
millions. Sepharose is prepared in the "bead form" from 
agarose, the neutral portion of agar. By altering the concen- 
tration of agarose during preparation, Sepharose gels with 
different fractionation ranges are produced. Sepharose 
gels complement the present series of Sephadex? 
gels, and together they extend the limits of the gel filtra- 
tion method for the fractionation of molecules with 
molecular weights ranging from essentially zero to 
approximately 25 million. 

SEPHAROSE 
Sepharose Particle Percent Fractionation 

Type Size Microns Agarose Range 

2B 60-250 2 2x106 to 25x106* 

4B 40-190 4 3x105 to 3xl06* 

*Determined with polysaccharides. 
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Separation of 32P-labeled adeno- 
virus and poliovirus on Sepha- 
rose 2B. 

Separation of the 
replicative RNA 
intermediate (first 
peak) synthesized 
in RNA phage- 
infected cellsfrom 
single stranded 
cellular RNA (sec- 
ond peak) on 
Sepharose 4B. 
Erikson and Gor- 
don, Biochem. Bio- 
phys. Res. Com- 
mun. 23 (1966) 
422-428. 
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Elution volume ml. 

Separation of a mixture of KB-cell nucleic acids and 32P-labeled polio- 
virus RNA on Sepharose 2B. The first peak contains KB-cell DNA, fol- 
lowed by poliovirus RNA, KB-cell r-RNA and KB-cell s-RNA. 

For additional technical information on SEPHAROSE, write to 

l 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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K V 
AAAS Symposium Volume 

MAN, CULTURE, AND ANIMALS: 
THE ROLE OF ANIMALS IN 

HUMAN ECOLOGICAL ADJUSTMENTS 
Editors: Anthony Leeds and Andrew P. Vayda 

304 pp., illus., bibliog., indexes, August 1965. Price: 
$8.00. AAAS members' cash orders: $7.00. 

The volume is based on a symposium held at the 
AAAS meeting in Denver, December 1961. It pre- 
sents case studies of the relationships among human 
populations, the animals they use for food or food- 
getting, the plants significant for maintaining both 
animals and men, and the socio-cultural usages by 
which plants, animals, and men are linked in eco- 
systems. 

Anthropologists and geographers discuss animal 
characteristics, populations dynamics, diets, and other 
ecosystem variables, including culture. The case ma- 
terial is used for a unique effort to rethink the logic 
of functional analysis in anthropology in terms of 
general systems approaches. 

AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 

1515 Mass. Ave., NW, Washington, D.C. 20005 
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ology, Univ. of Chicago, 950 E. 59 St., 
Chicago, Ill. 60637) 

15-18. American Therapeutic Soc., mtg., 
Atlantic City, N.J. (A. F. Kreglow, 1801 
Eye St., NW, Washington, D.C.) 

15-19. American College of Chest 
Physicians, Atlantic City, N.J. (M. Korn- 
feld, 112 E. Chestnut St., Chicago, Ill. 
60611) 

16-17. American Geriatrics Soc., At- 
lantic City, N.J. (E. Henderson, Execu- 
tive Director, The Society, 10 Columbus 
Circle, Room 1495, New York 10019) 

17. Academy of Tuberculosis Physicians, 
Atlantic City, N.J. (G. P. Bailey. 1295 
Clermont, Denver, Colo.) 

17-18. Academy of Psychosomatic 
Medicine, 4th symp. on anxiety and de- 
pression, Atlantic City, N.J. (E. Dunlop, 
150 Emory St., Attleboro, Mass. 02703) 

17-18. American Diabetes Assoc., At- 
lantic City, N.J. (J. R. Connelly, The As- 
sociaton, 18 E. 48 St., New York 10017) 

17-18. Society for Surgery of the Ali- 
mentary Tract, Atlantic City, N.J. (J. 
Van Prohaska, The Society, 950 E. 59 St., 
Chicago, 111. 60637) 

17-19. Reliability and Maintainability, 
6th annual conf., Cocoa Beach. Fla. 
(Meetings Dept., American Inst. of Aero- 
nautics and Astronautics, 1290 Sixth Ave., 
New York 10019) 

18-21. Botanical Soc. of America, 
Northeastern Section, summer field mtg., 
Tuxedo, N.Y. (R. K. Zuck, Dept. of 
Botany, Drew Univ., Madsion, N.J.) 

18-22. American Medical Assoc., 116th 
annual conv., Atlantic City, N.J. (The As- 
sociation, 535 N. Dearborn St., Chicago, 
Ill. 60610) 

18-22. Health Physics Soc., 12th an- 
nual mtg., Washington, D.C. (J. C. Vill- 
forth, Radiological Health Lab., 1901 
Chapman Blvd., Rockville, Md.) 

18-22. Society for Investigative Derma- 
tology, Atlantic City, N.J. (G. W. Ham- 
brick, Jr., The Society, Johns Hopkins 
Hospital, 601 N. Broadway, Baltimore, 
Md. 21205) 

18-23. American Soc. of Ichthyologists 
and Herpetologists, annual mtg., San 
Francisco, Calif. (W. I. Follett, California 
Acad. of Sciences, Golden Gate Park, San 
Francisco 94118) 

18-30. Electron Microscopy, workshop, 
Northeastern Univ., Boston, Mass. (C. 
Youse, Continuing Education, Northeast- 
ern Univ., 360 Huntington Ave., Boston) 

19. Scombroid Phylogeny: Ideas and 
Approaches, symp. of American Soc. of 
Ichthyologists and Herpetologists, San 
Francisco, Calif. (B. J. Rothschild, Tuna 
Ecology Program, Bureau of Commercial 
Fisheries, P.O. Box 3830, Honolulul Ha- 
waii 96812) 

19-21. Automatic Data Processing Sys- 
tems in Local Government, 3rd annual 
conf., New York, N.Y. (H. Sellin, School 
of Continuing Education, New York Univ., 
New York 10003) 

19-21. Colloid, 41st natl. symp., Buf- 
falo, N.Y. (P. Becher, Chemical Research 
Dept., Atlas Chemical Industries, Wilming- 

ology, Univ. of Chicago, 950 E. 59 St., 
Chicago, Ill. 60637) 

15-18. American Therapeutic Soc., mtg., 
Atlantic City, N.J. (A. F. Kreglow, 1801 
Eye St., NW, Washington, D.C.) 

15-19. American College of Chest 
Physicians, Atlantic City, N.J. (M. Korn- 
feld, 112 E. Chestnut St., Chicago, Ill. 
60611) 

16-17. American Geriatrics Soc., At- 
lantic City, N.J. (E. Henderson, Execu- 
tive Director, The Society, 10 Columbus 
Circle, Room 1495, New York 10019) 

17. Academy of Tuberculosis Physicians, 
Atlantic City, N.J. (G. P. Bailey. 1295 
Clermont, Denver, Colo.) 

17-18. Academy of Psychosomatic 
Medicine, 4th symp. on anxiety and de- 
pression, Atlantic City, N.J. (E. Dunlop, 
150 Emory St., Attleboro, Mass. 02703) 

17-18. American Diabetes Assoc., At- 
lantic City, N.J. (J. R. Connelly, The As- 
sociaton, 18 E. 48 St., New York 10017) 

17-18. Society for Surgery of the Ali- 
mentary Tract, Atlantic City, N.J. (J. 
Van Prohaska, The Society, 950 E. 59 St., 
Chicago, 111. 60637) 

17-19. Reliability and Maintainability, 
6th annual conf., Cocoa Beach. Fla. 
(Meetings Dept., American Inst. of Aero- 
nautics and Astronautics, 1290 Sixth Ave., 
New York 10019) 

18-21. Botanical Soc. of America, 
Northeastern Section, summer field mtg., 
Tuxedo, N.Y. (R. K. Zuck, Dept. of 
Botany, Drew Univ., Madsion, N.J.) 

18-22. American Medical Assoc., 116th 
annual conv., Atlantic City, N.J. (The As- 
sociation, 535 N. Dearborn St., Chicago, 
Ill. 60610) 

18-22. Health Physics Soc., 12th an- 
nual mtg., Washington, D.C. (J. C. Vill- 
forth, Radiological Health Lab., 1901 
Chapman Blvd., Rockville, Md.) 

18-22. Society for Investigative Derma- 
tology, Atlantic City, N.J. (G. W. Ham- 
brick, Jr., The Society, Johns Hopkins 
Hospital, 601 N. Broadway, Baltimore, 
Md. 21205) 

18-23. American Soc. of Ichthyologists 
and Herpetologists, annual mtg., San 
Francisco, Calif. (W. I. Follett, California 
Acad. of Sciences, Golden Gate Park, San 
Francisco 94118) 

18-30. Electron Microscopy, workshop, 
Northeastern Univ., Boston, Mass. (C. 
Youse, Continuing Education, Northeast- 
ern Univ., 360 Huntington Ave., Boston) 

19. Scombroid Phylogeny: Ideas and 
Approaches, symp. of American Soc. of 
Ichthyologists and Herpetologists, San 
Francisco, Calif. (B. J. Rothschild, Tuna 
Ecology Program, Bureau of Commercial 
Fisheries, P.O. Box 3830, Honolulul Ha- 
waii 96812) 

19-21. Automatic Data Processing Sys- 
tems in Local Government, 3rd annual 
conf., New York, N.Y. (H. Sellin, School 
of Continuing Education, New York Univ., 
New York 10003) 

19-21. Colloid, 41st natl. symp., Buf- 
falo, N.Y. (P. Becher, Chemical Research 
Dept., Atlas Chemical Industries, Wilming- 
ton, Del. 19899) 

19-21. Heat Transfer and Fluid Me- 
chanics Inst., La Jolla, Calif. (D. B. Olfe, 
Dept. of Aerospace and Mechanical Engi- 
neering Sciences, Univ. of California at 
San Diego, La Jolla) 
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"Far and away 
the greatest 

publishing 
service to mathematical logic in 31 years," says 

Willard Van Orman Quine of this collection of the funda- 
mental texts of the classical period of modern logic. "The 
volume will be very valuable not only for the history of 
science but also as a reference volumne for use in current 
research. Every serious logician will have to have it. ." 

FROM FREGE TO GODEL 
A Source Book In Mathematical Logic, 1879-1931 

Edited by Jean van Heijenoort 
Source Books in the History of the Scieo ces 
$18.50 
Andc by Tillcard Van Ormtan Quinme 
Mathematical Logic. Revised edition., $5.50 

Set Theory and its Logic. A Belknap Press Bookl. $5.95 

Elementary Logic. Revised edition, $3.50 

From a Logical Point of View. 2nd edition, rlevised. $4.50 
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Estuaries is the first comprehensive col- lists the more recent contributions to the 

lection of scientific papers covering the com- discipline, 
paratively new field of estuarine research. Edited by George H. Lauff and published 
The volume contains seventy-one articles on in April 1967 by the American Association for 
physical and biological factors, geomor- the Advancement of Science, Estuaries con- 
phology, sediments and sedimentation, mi- sists of 776 pages, a supplementary bibliog- 
crobiota, ecology, evolution, fisheries, human raphy of 437 entries, 1639 literature cita- 
influences, and pollution. Estuaries is based tions, 525 illustrations, 85 tables, and an 
on the 1964 Conference on Estuaries, Jekyll index of more than 14,000 entries. 
Island, Georgia; additional papers have 
been included to make it the definitive work Cash orders by AAAS members $24.00, 
on the subject. A supplementary bibliography regular price $27.00. 

British Agents: Bailey Bros. and Swinfen, Ltd. 
Warner House, 48 Upper Thames Street, ILondon E.C.4 England 

To AAAS PUBLICATIONS, 1515 Massachusetts Ave., NW, Washington, D.C. 20005 

Please accept my order for ._ volumes of Estuaries. 

My check or money order in the amount of $ __is enclosed. 

Name (please print) 

Address 

City _State Zip Code _____ 
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