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A basic formula from Information Theory ... provides a measure of the amount of information in a particular type of message, such as TV .. helps determine the frequency 
bandwidth, for example, required to transmit the messages. Information Theory, pioneered at Bell Laboratories, guides the search for better communications systems. 

AT BELL TELEPHONE LABORATORIES 
New knowledge comes in many forms. Sometimes it comes in 

?^FY I ^ J ^^ *^ V ? 1^ 1 a mathematical formula. Usually it comes after much thought 
and experiment and the fruitful interaction of different minds 
and abilities. Most often, too. a particular discovery is small. 
But many small discoveries have a way of leading to big ad- 
vances at Bell Laboratories-advances like the transistor... 
or. more recently, the gaseous optical maser, forerunner of 
communications at optical frequencies. Opportunities for dis- 

covery are enhanced by the abilities of the scientists 
and engineers and the range of the facilities at Bell ..1.- 
Laboratories. world center of communications re- 'S 
search and development. s 



CES CONTRACT STERILIZATION will sterilize your product 
for you- permitting market-testing of new products with- 
out immediate eauipment purchase. 

Tommy is having a ball. But, while these bandages may 
make amusing playthings, their real purpose requires abso- 
lute sealed-in sterility. That's where Castle Engineered 
Sterilization, or "CES," comes in. 

CES research provides the know-how and equipment to 
sterilize a thousand and one such hard-to-process items- 
from adhesives to photographic film. All sterilization is its 
province-the product, package, packaged product, selec- 
tion and operation of equipment, and the handling, storage 
and shipment of sterile supplies. 

Whatever your problem, if it involves sterilization, you 
can count on Castle Engineered Sterilization for the answers. 

WRITE today for literature. Initial CES research 
and planning are without cost. 
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CES PROCESS DEVELOPMENT will research and "pilot LIGHTS AND STERILIZERS 
test" your production process for you, for best integration of ;strilization. WILMOT CASTLE CO., 8012A, E. HENRIETTA RD., ROCHESTER 18, N. Y. 
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Short-lived radioisotope produc- 
tion and neutron activation, radia- 
tion effects and solid state work, 
radiobiology, energy level deter- 
minations, and (with conversion) 
massive-dose studies, catalysis and 
polymerization are a few of the 
possible areas of use. An English 
producer of medical supplies will 
use the 4 kw electron output for 
sterilizing his product in bulk 
quantities. A U.S. university will 
use KN-4000 as a central tool in 
neutron physics. 

In short, with KN-4000 in your 
laboratory, your research program 
can be diverse, yet of the highest 
caliber. This machine will both at- 
tract and utilize top scientific and 
engineering personnel. 

A 

Versatile 

New 

Van de Graaff" 

A new Van de Graaff accelerator 
has appeared on the scene. It did 
not spring full-blown from the 
brow of an inspired design engineer 
and, in fact, bears a remarkable re- 
semblance to its predecessors. It 
evolved rather from both an in- 
spired customer's need and im- 
proved state of the art. The 
KN-4000, at 4 Mev, does fill in a 
gap in the voltage range of stand- 
ard equipment. It offers great 
versatility of use, low installation 
cost, and delivers a very respect- 
able 400 ,a of current at rated volt- 
age. A convertible machine, it will 
also accelerate a full milliampere 
of electrons (4 kilowatts). 

In addition to offering "beam 
purity" and precision, with ade- 
quate energy for a fundamental re- 
search program, its output is high 
enough to permit a variety of ana- 
lytical and engineering uses. Neu- 
tron production would be 2 x 1012 
n/sec. from the prolific Be9 (d,n) 
B10 reaction. Nanosecond pulsing 
is available. By "beam purity" we 
mean that accelerated particles 
are monoergic to within 10 0 elec- 
tron volts. Electronically regulated 
beam stability is better than one 
part in several thousand. Beam 

HIGH VOLTAGE ENGINEEDRING 
BURLINGTON, MASSACHUSETTS, U. S. A. 

APPLIED RADIATION CORPORATION 

HIGH VOLTAGE ENGINEERING (EUROPA) N. V. 

SCIENCE, VOL. 134 

ELECTRONS 
4 kilowatts of 
ionizing radia- 
tion 

POSITIVE 
IONS 

400 microam- 
peres 

X-RAYS NEUTRONS 
3000r per min. 2 x 1012 neu- 
at 1 meter trons per sec. 
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The Twelve-Pound Book 

When this number of Science is published we will have barely room 
enough in our binder for volume 134 (July to December) to squeeze 
it in. Last year we had the same problem, so we enlarged the binders 
to take care of the expected growth. But we are at the end of that 
road, for larger binders than we used this year are not available. 
Even if they were, we would hesitate to use them, since the. current 
volume and its binder will make an unwieldy twelve-pound book. We 
have adopted an obvious expedient: in 1962 we will publish four 
instead of two volumes. 

For Science, the last few years have been notable for growth in 
circulation as well as in physical size. Both phenomena are in part 
attributable to the combination of the Scientifc Monthly with Science 
in January 1958. It is instructive to compare Science in the year now 
ending with Science in 1957, the year before the combination. The 
following increases have occurred: circulation, from 38,000 to 71,000 
(87 percent); number of editorial pages, from 1836 to 2502 (36 
percent); number of advertising pages (in the face of annual increases 
in advertising rates), from 896 to 1686 (88 percent); gross advertis- 
ing revenue, from $264,000 to about $800,000 (230 percent); total 
number of pages, from 2732 to 4188 (57 percent). Two-thirds of 
the increase in the number of editorial pages is attributable to the 
greater space devoted to leading articles, which went up in number 
from 101 in 1957 to 134 in 1961 and in number of pages from 449 
to 811 (81 percent), and to letters, which went from 15 to 94 pages. 

If we focus our attention on the differences between 1961 and 
1960, we find that both circulation and advertising volume have 
climbed at a rapid rate: circulation went from 63,000 to 71,000 (13 
percent); advertising pages from 1403 to 1686 (20 percent); and total 
pages from 3842 to 4188 (9 percent). 

The growth in circulation is gratifying, but the growth in size gives 
us concern. How big should the weekly issues become? Our staff 
thinks that we have approached what should be our limit in those 
issues that once a month carry the customer's service or "bingo" card 
so dear to advertisers. Accordingly, we plan two steps. For one thing, 
as soon as the machinery for processing returns can be set up, we 
shall put "bingo" coupons in the 40 issues that do not contain the 
cards. If readers will use the coupons, advertisers may be more willing 
to use the smaller issues and thus reduce the peak loads. Secondly, 
we have put an upper limit on the amount of advertising that may 
appear in any number except the Instrument Issue. 

As advertising increases, so should the amount of editorial material. 
We think it desirable that the editorial material should make up not 
less than about 42 percent of the total pages in any issue. Thus, if 
advertising should continue to increase, despite the rise in rates which 
takes effect next month, Science would continue to grow at a rate of 
about two pages of text for each additional three pages of advertising ac- 
cepted. 

We hope that the steps we plan to take will result in issues of more 
equal size and that at some not too distant time our annual growth in 
size will become asymptotic. So much for the mechanical problems we 
can foresee. They could be worse.-G.DuS. 
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LABO.fRATORY MICROSCOPESL 
See the advantage of optimum magnification. 
The revolutionary new B&L MicroZoom* optical 
system that makes "step magnification" obsolete. 
Now you can study and photograph specimens 
at the ideal magnification for all detail of every 
specimen from 17.5X to 1940X! 

And you'll see better than ever .. new high 
resolution 1.30 N.A. objective... new 1.30 N.A. 
condensers ... new Hi-Intensity illuminator (10 
to 20 times brighter than any other). 

You'll enjoy more convenience, greater com- 
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Meetings 

The Nature of the Real 

A series of conferences on the nature 
of the real was held at Marquette Uni- 
versity, Milwaukee, Wisconsin, from 
12 to 15 June 1961. 

Of the six principal speakers, three 
were physicists and three were philoso- 
phers. The physicist speakers were 
Eugene P. Wigner (Princeton Univer- 
sity), Alfred Lande (Ohio State Uni- 
versity), and Robert Maurer (University 
of Illinois). The philosopher speakers 
were R. J. Henle (St. Louis University), 
Paul Weiss (Yale University), and 
Charles DeKoninck (Laval University). 
Three other philosophers formally com- 
mented on the papers of the three 
physicists and three other physicists 
commented on the papers of the philos- 
ophers. The philosopher commentators 
were G. Klubertanz (St. Louis Univer- 
sity), Richard Blackwell (John Carroll 
University), and James Weisheipl (Do- 
minican House of Studies). The physicist 
commentators were Max Dresden (State 
University of Iowa), Albert Rose (RCA 
Laboratories), and L. W. Friedrich 

(Marquette University). 
It was pointed out by the physicists 

that the reason why the problems of 

epistemology and ontology are of in- 
creased interest to the contemporary 
physicist is that he has found it impossi- 
ble to give a satisfactory description of 
atomic phenomena without explicit 
reference to consciousness. It was sug- 
gested by one physicist that there are 
two kinds of reality: that of my con- 
sciousness, which is absolute, and that 
of other objects, which is relative and 

ranges over a wide spectrum. 
Causality was discussed by both the 

philosophers and the physicists. At- 

tempts to hold out for cause-effect con- 

tinuity in all of reality falter when one 
encounters quantum mechanical inter- 

pretations of atomic phenomena. Two 
of the physicists expressed the fear that 
their colleagues have become so en- 
thralled by the success of the mental 
constructs, or concepts, used by physi- 
cists that they unwittingly fail to dis- 

tinguish purely mental concepts from 
the real world. As an example of this, 
reference was made to Bohr, who was 
accused of transferring the uncertainty 
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of prediction expressed by the Heisen- 

berg uncertainty principle into an in- 

determinacy of being itself, thereby 
treating the analysis of concepts as 

though such analysis were equivalent to 
an examination of primary data. 

One of the philosophers explained 
that we discover physical reality 
through a primary form of human ex- 
perience which is at the same time the 
primary content of human conscious- 
ness. This experience is a concrete en- 
counter with a complex object, or set 
of objects. It is a knowledge encounter 
as well as an encounter with objects. 
The physical reality which we discover 
through continuing encounters is not 
only a world of existing extended be- 
ings; it is a world of movement and 

change, of interaction and interrelation. 
Insightful reflection and inference bring 
us to see that the existence and activity 
of the physical world must be under- 
stood within a framework of causes and 
of causal explanation. 

Another of the philosophers pointed 
out that scientific study gives us a more 

objective, precise, and systematic grasp 
of reality than is obtainable by the com- 
monsense man. Nevertheless, it does 
not give us the ultimately real. Grasp of 
ultimate reality is possible "only through 
speculation, in a dialectically sustained 

systematic account of the content of 
common experience, distilled and gen- 
eralized." 

It was agreed by most of the par- 
ticipants that, although the vast array 
of reproducible experiments demon- 
strates that there are an extraordinarily 
large number of phenomena that are 

causally related, yet the causal principal 
is not valid for all known sequences of 

phenomena. Some observables remain 
erratic and unpredictable despite the 
refined techniques used to measure 
them. Physicists do not attribute this to 
the limitations of their techniques. That 
leaves little choice but to accept, as an 
ultimate fact of the real world, the 
absence of causal relation linking these 

phenomena. 
Not much light was cast during these 

conferences on how the acausal, rela- 

tively random, behavior at the atomic 
level can be the basis for ordered causal 
behavior at the macroscopic level. It is 
difficult to determine where the transi- 
tion (if it can be called that) occurs 
between random, acausal behavior and 
ordered behavior, or between a random 
distribution of elementary particles and 
an ordered structure of which those 
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M. Singer, FAS, 1700 K St., NW, Wash- tawa, Ont., Canada) 
ington 6) 5-9. Electroforming Applications, symp., 
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25-27. Western Soc. for Clinical Re- Sacramento, Calif. (M. W. Cummings, 
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New England Center Hospital, 171 Har- 
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autoclaving. Tooled to fit the standard No. 12 rubber stopper. 
EASIEST TO HANDLE! Weighs only 21 pounds (versus 11 pounds 
for glass). And wet or dry, it never gets slippery like glass. Next time 
you order, specify Nalgene-and see how much easier these new solu- 
tion bottles are on you ... and on your budget. Just check . 
with your laboratory supply dealer. 

WRITE Dept. 2112A for new catalog of the complete 
line of Nalgene laboratory ware. 
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Urbana, Ill. (B. B. Ewing, Dept. of Sani- 
tary Engineering, Univ. of Illinois, Ur- 
bana) 

14-16. Biophysical Soc., 6th annual, 
Washington, D.C. (D. Cowie, Dept. of 
Terrestrial Magnetism, Carnegie Institution 
of Washington, 5241 Broad Branch Rd., 
NW, Washington 15) 

14-16. Solid State Circuits, intern. conf., 
Philadelphia, Pa. (L. Winner, 152 W. 42 
St., New York 36) 

14-17. National Soc. of College Teach- 
ers of Education, Chicago, Ill. (E. J. 
Clark, Indiana State College, Terre Haute) 

16-18. Medical Congr. in Honor of the 
Centennial of Bretonneau, Tours, France. 
(Directeur, Ecole Nationale de Medecine, 
Tours) 

17-24. Pan American Medical Women's 
Alliance, 8th congr., Manizales, Colombia. 
(C. Carthers, 1661 Riverside Ave., Suite 
B, Jacksonville, Fla.) 

18-22. American Inst. of Mining, Metal- 
lurgical, and Petroleum Engineers, annual, 
New York, N.Y. (E. O. Kirkendall, AIME, 
29 W. 39 St., New York 17) 

18-22. Technical Assoc. of the Pulp and 
Paper Industry, annual, New York, N.Y. 
(TAPPI, 360 Lexington Ave., New York 
17) 

19-21. American Educational Research 
Assoc., Atlantic City, N.J. (G. T. Buswell, 
1201 16 St., NW, Washington 6) 

19-21. Tracking and Command of Aero- 
space Vehicles, Inst. of the Aerospace Sci- 
ences, San Francisco, Calif. (IAS, 2 E. 
64 St., New York 21) 

19-22. American Concrete Inst., annual, 
Denver, Colo. (W. A. Maples, 22400 W. 
Seven Mile Rd., P.O. Box 4754, Redford 
Station, Detroit 19, Mich.) 

19-22. Industrial Ventilation Conf., E. 
Lansing, Mich. (Engineering Dept., Michi- 
gan State Univ., E. Lansing) 

19-23. American Soc. of Civil Engi- 
neers, Houston, Tex. (W. H. Wisely, 345 
E. 47 St., New York 17) 

19-23. Automatic Control in the Iron 
and Steel Industry, intern., Brussels, Bel- 
gium. (Institut Belge de Regulation et 
d'Automatisme, 98 Chausee de Charleroi, 
Brussels 6) 

20-21. International Inst. of Sugar Beet 
Researchers, winter congr., Brussels, Bel- 
gium. (0. J. Kint, IISBR, 152 rue Beau- 
duin, Tirlemont, Belgium) 

21-25. National Assoc. for Research in 
Science Teaching, Washington, D.C. (H. 
Branson, Dept. of Physics, Howard Univ., 
Washington 1) 

22-24. American Acad. of Forensic Sci- 
ences, Chicago, Ill. (W. J. R. Camp, Univ. 
of Illinois, 1853 W. Polk St., Chicago 12) 

22-24. Genetics Soc. of Canada, Winni- 
peg, Man., Canada. (Scientific Liaison 
Office, Natl., Research Council, Sussex 
Dr., Ottawa, Ont., Canada) 

23-24. American Physical Soc., Austin, 
Tex. (K. K. Darrow, APS, Columbia Univ., 
New York 27) 

23-24. Canadian Aeronautical Inst., 
mid-season meeting, Halifax, Nova Scotia. 
(Scientific Liaison Office, Natl. Research 
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23-24. Canadian Aeronautical Inst., 
mid-season meeting, Halifax, Nova Scotia. 
(Scientific Liaison Office, Natl. Research 
Council, Sussex Dr., Ottawa, Canada) 

25-1. Pan American Assoc. of Oto- 
Thino-Laryngology and Broncho-Esopha- 
gology, Caracas, Venezuela. (C. M. Norris, 
3401 N. Broad St., Philadelphia 40, Pa.) 
(See 22 December issue for comprehensive list) 
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