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With the Beckman Oxygen Microelectrode, you can 

measure oxygen tension in vivo directly in arteries, veins, 

in the brain itself. The sturdy, miniaturized eiectrode 

fits inside an 18-gauge arterial needle for direct insertion 

into circulating blood, live tissue, body fluids in their 

natural environment...and transmits a continuous, ac? 

curate measurement of p02. You observe changes as 

they happen. You eliminate gaps in information. Since 

p02 is read directly, you do away with calculations. 

More than three hundred Beckman Oxygen Microelec- 

trodes are in use in a variety of physiological research 

investigations. If your requirements call for in vivo p02 

measurement, write Beckman Instruments, Inc, Spinco 

Division, Palo Alto, California, for Data File 160-5. 

Beckman INSTRUMENTS, INC. 

SPINCO DIVISION 

Palo Alto, California 

INTERNATIONAL SUBSIOIARIES: GENEVA, SWITZERLAND; 
MUNICH, GERMANY; GLENROTHES, SCOTLANO. 



Valuable Books from SAUNDERS 

For the Beginning 

Course in Chemistry 

FUMDAMEOTAL? 

OF CHEMISTRY 

New (9th) Edition 

Simplifies the Basic Course 

for Student and Teacher 

Tliis unusually clear text gives your 
survey-course students a compre? 
hensive coverage of inorganic, or? 

ganic, and bio-chemistry . . . writ? 
ten in a style that makes funda- 
mentals easier to teach and easier to 
learn. The skillful selection of essen? 
tial facts, and strong emphasis on 
the chemistry of the life processes, 
makes this work especially interest? 

ing and valuable to the non-chemis- 

try major. A minimum of high 
school science will provide sufficient 

background for understanding the 
material in this book. Incorporat? 
ing the latest trends in teaching 
methods, Dr. Bogert guides the stu? 
dent step-by-step to a full apprecia- 
tion of the significance and applica? 
tion of the basic facts in chemistry. 
The flexible organization of the text 
allows the teacher wide latitude in 

fltting the sequence of presentation 
to the needs of his students. 

Included in this New (9th) Edition: 
recent gains in knowledge of the 
electrical constitution of matter? 
new methods of teaching chemical 

reactions?description of many new 
and useful organic substances?de? 

scriptions of simple concepts of en? 

zyme action and intermediary me? 
tabolism. Gladly sent to teachers 
on approval. 
By L. Jean Bogert, Ph.D., Formerly: Instructor 
in Medicine, The University of Chicago; Instruc? 
tor in Experimental Medicine, the Yale Medical 
School; Lecturer in Chemistry, Connecticut Train? 
ing School for Nurses; Professor of Food Eco? 
nomies and Nutrition, Kansas State Agricultural 
Collegd; Research Chemist, Obstetrical Depart? 
ment, Henry Ford Hospital, Detroit, Michigan. About 640 pages, 6V&" x 9V4*Y with about 204 
illustrations. About $7.50. 

Neri (9th) Edition?Just Ready! 

SYNAPTIC TRANSMISSION A New Itooh 

Explains Mechanisms of Neural Impulses 

This New Book clearly describes the morphology of the synapse, elec? 
trical consequences of synaptic activity, and possible chemical sub? 
stances involved in transmission of neural impulses across the synapse. 
Principal interest centers on the mammalian central nervous system. 
Schematic drawings and micrographs amplify the text, as the author 
reviews the literature and reports on his own investigations. Features 
common to all synapses, and those properties exclusive to chemically 
or to electrically mediated synapses are summarized. Most of the ma? 
terial has been uncovered within the past five years. 
By Hugh D. McLennan, Ph.D., Associate Professor of Physiology, Faculty of Medicine, The 
University of British Columbia, Vancouver, Canada. 134 pages, 7V4" x 10W, illustrated. $7.00. 

A New Book?Published April, 1693. 

l##vo##\ ATLAS of MUMAN ANATOMY 

Riewe (2nd) I'Jdiiion 

Brilliant lllustrations-A Regional Approach 

Completely revised for this New (2nd) Edition, this beautifully or? 

ganized and magnificently illustrated atlas is ideal for anyone inter? 
ested in the structure of the human body. It clearly delineates ana- 
tomical details ranging from bones of the skull to joints of the foot. 

Many new illustrations have been added, while others have been 

replaced or revised. Dozens of variations of the "normal" are pictured, 
with indications of their incidence. Based on original dissections, and 
presented regionally, this book contains many illustrations in serial 
sets . . . showing progressively deeper dissections. 

By Barry J. Anson, Ph.D. (Med. Sc), Robert Laughlin Rea Professor, Emeritus, Department of Anatomy, Northwestern University Medical School; Research Professor, Department of Oto? 
laryngology and Maxillofacial Surgery, College of Medicine, State University of lowa, 632 illus? 
trations, 76 in color. $18.00. New (2nd) Edition?Published March, 1963. 

CARDIAC OUTPUT-and Um REGULATION 

fmtit/i?0Mt\ Cirenlatory Physiology: 

A Nenv Hook 

Gives You an Over-all Picture of Cardiac Regulation 

This New Monograph sums up present knowledge on cardiac pumping 
action and on blood flow through the vascular system. The subtle yet 
profound effects of blood viscosity and volume, intrapleural pressure, 
even degree of heart hypertrophy are covered, as Dr. Guyton formu- 
lates an over-all picture of cardiac regulation. The regulation of cardiac 
output in specific pathologic and physiologic states such as shock, 
anemia, A-V fistula, and cardiac shunt . . . is analyzed in a separate 
section. Interaction and interdependence of metabolic and reflex-control 
mechanisms clearly are defined. 

By Arthur G. Guyton, M.D., Professor of Physiology, University of Mississippi School of Medi? 
cine. About 480 pages, 6%" x 93/4", with about 199 illustrations. About $15.00. 

A New Book?Just Ready! 

Order /roroW. B. SAUNDERS COMPANY 

Please send and bill me: West Washington Square, Philadelphia 5 sce-28-63 

? Bogert's FUNDAMENTALS OF CHEMISTRY.About $ 7.50 

? McLennan's SYNAPTIC TRANSMISSION. $ 7.00 

? Anson's ATLAS OF HUMAN ANATOMY._. $18.00 

? Guyton's CIRCULATORY PHYSIOLOGY: CARDIAC OUTPUT.._About $15.00 
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Magnified front view of a male silk? 
worm moth (Antheraea pernyi). 
The branches of the feathery anten- 
nae contain numerous sensory re- 
ceptors. These receptors are the 
nerve cells by means of which the 
male perceives the female sex at- 
tractant odor from a distance of 
approximately 1 to 2 miles. See 
page 1367. [D. Schneider, Munich, 
Germany] 



VICKERS BRIEFS 

Instruments and 
Applications 

The Vickers Inverted 

Biological Microscopes 

Inverted Microscope with Baker Trilux Condenser 
allowing instant interchange between regular, 
dark ground and phase contrast examination. 

This new series of microscope 
stands has been produced to suit the 

needs both of those who are concerned 

with the examination of material in 

large flasks and those who wish to em- 

ploy all techniques of high-powered 
microscopy and photomicrography on 

preparations which may or must be 
viewed with slide or chamber in 
inverted position. 

A feature of the design is that the 

stage is fixed and does not move upon 
manipulation of the focusing controls. 

Stability is further increased by the em? 

ployment of ball bearing focusing 
slide ways, set unusually far apart and 
of extra length, which move objectives 
and body tube. An omni-directional 

gliding stage provides for fast scanning 
and precise positioning of the object. 

The focusing substage can be swung 
off the optical axis so as to accom- 
modate even very large bottles and 
flasks. With the substage in use ac? 
cessories are provided for normal 
transmitted light, dark ground or 

phase contrast examinations at all 

magnifications. A special long working 
distance objective is offered, initial 

magnification 20X, N.A. 0.25, working 

1360 

distance 14mm, which can be used 
either dry or immersed, with or with? 
out a cover-slip. 

Accessory equipment for simultane? 
ous viewing and 35mm photography 
can be employed. The new Vickers 
Automatic Exposure equipment (which 
provides for automatic integrating cal? 
culation of exposure time and actuation 
of electromagnetic camera shutter) 
ensures the obtaining of rapid, correct 
and uniform exposures. 

Vickers-Vinten Equipment for 

Time-Lapse Cine-photomicrography 

Vickers-Vinten Time Lapse Equipment. 

Featured in this new equipment is 

an Electronic Time Lapse unit of ex- 

traordinary versatility which has been 

developed in collaboration with Dr. R. 

Barer and Mr. J. Underwood, Oxford 

University. With this unit the 16mm 
Vinten Camera can be operated on 

Single Shot, Time Lapse or Contin? 
uous (8, 16 or 24 frames per second) 
settings, with changeover between 
these instantaneous. On the Time 

Lapse setting any of 15 time intervals 
from /4 second to one hour can be 
dialled in. Nine different exposure 
times from )i see. to 1 minute can be 
selected. A zeroing frame counter is 
fitted as well as provision for switching 
off an external light source between 

exposures (when interval times longer 
than one minute are selected). 

The Vinten 16mm Scientific Camera 
Mk 1. has been especially designed for 

time-lapse applications. It is remark- 

ably free of vibration. Construction is 
at once rugged and precise ? its op? 
eration is absolutely dependable at 

any speed and over long periods of 
time. A 200 ft. film magazine is 

supplied. 
The viewing system shown in the 

photograph allows the operator the 
choice of (1) viewing object or (2) 
monitoring light level, either simulta- 

neously with exposure. 

The McArthur Microscope 

The McArthur Microscope shown 
was originally designed for malaria 

diagnosis and control work in the field 
in Southeast Asia. It can be quite 
easily carried in a coat pocket, but re- 
tains all the performance advantages 
of a full size instrument. A full range 
of achromatic and fluorite objectives 
is available as well as dark ground 
accessories. Illumination can be by 
mirror or by a battery or transformer 

operated built-in light source. 

Biological ? Metallurgical ? Polarizing - MICROSCOPES - Student ? Routine ? Research ? Special Research 

COOKEi TR?mHTON-&:SiMlks> mccm^thm \ 9 1 W A t T ^ STREET,'' MA ?. D K ̂  > * , *f A S S A C W U S _T T"'s 
* 

IM CANADA: ?>ON Mr_t_S. ONTARIO .'" j 

Metallographs ? Dilatometers ? Thermobalances ? Particle Counting and Sizing Equipment 
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From Beckman ?first with a purged instrument to go to 185 m/x, then first to go 
to 170 m/x--comes another major advance in far-ultraviolet spectrophotometry. 
With the new Far UV DK-2A, you can perform analyses all the way to 160 m/x. It's 
a 15 m/x bonus over competitive instruments. 

The Far UV DK-2A goes to the other extreme, too ?3500 m/x. This is the widest 
continuous wavelength range commercially available! The Far UV DK-2A covers 
it with resolution of 0.2A for emission studies and 0.5A for absorption studies at 
210 m/x. Consider also: 7 separate scanning speeds, multiple wavelength scale ex? 
pansions, single-switch selection of 11 different chart ordinate presentations. Plus 
a wide variety of accessories. 

Your Beckman Laboratory Dealer has the full Far UV DK-2A story. Also facts on 
the Far UV DK-1A if you want the same range in a strip-chart recording instrument. 
And for work in the 185-3500 m/x region, ask about the DK-1A with strip-chart 
recorder or DK-2A with flat-bed recorder. Contact him or write direct for Data 
File LUV-38-163. 

Beckman INSTRUMENTS, INC. 

SCIENTIFIC AND PROCESS INSTRUMENTS DIVISION ? Fullerton, California 

International Subsidlaries: Geneva, Switzerland; Munlch, Germany; Glenrothes, Scotland, 



fastest, easiest to read (take 16 readings in two minutes) price $985 

Speed and convenience never before possible 
in fluorescence work is yours in the new 
Beckman Ratio Fluorometer. In fact, you can 
take up to 16 successive readings?without 
opening the sample compartment ? in 2 min? 
utes or less; and sensitivity is better than one 
part per billion (quinine sulfate). 

Load samples, change filters, and read con? 
centrations quickly and easily! The sample 
basket holds eight tubes. Push-pull lever to 

change samples in a series. Flip the knob at 
the side to switch filters and change the wave? 
length. Readout concentrations directly from 
the meter, or ratio-record by attaching your 
standard recorder?no modifications required. 
No other instrument can offer comparable 
performance and versatility. 
Ask your Beckman Laboratory Apparatus 
Dealer for a demonstration. Or write direct 
for Data File LF-38-163. 

Beckman INSTRUMENTS, INC. 

SCIENTIFIC AND PROCESS INSTRUMENTS DIVISION 
Fullerton, California 

International Subsidiaries: Geneva, Switzerland; Munich, Germany; Glenrothes, Scotland 



MODEL M5P 

MINI-POL YGRAPH 

> 
Fully modular 

> 2 to 5 channels 

^Rectilinear recording 

?Simultaneous 8" servo and 

other records on one graph 

Compact versatility?up to 

4 chopper, ECG, or EEG 

channels in any assortment 

?up to 2 servos...for a 

total of 5 channels 

? Each channel a complete, self-contained inter- 

changeable unit 

? One or two servos may be used, writing the full 

width of 8" chart. Sensitivity up to 6 millivolts 

full scale, traverse time approximately 1 second 

? Chopper amplifiers, for pressure or force with a 

Statham transducer, or for temperature with a 

thermistor bridge. IncJude Zener diode regu- 

lated power supply for bridge. May also be used 

as stable high gain DC amplifiers 

? Time and event markers included 

? Rectilinear recording ? simple and reliable 

linkage with only two moving parts 

? Transducers plug in directly ? no extra power 

supply or pre-amplifiers needed 

? Ease of record analysis ? the servo record is 

on the same chart as other records (EEG, ECG, 

pressure, etc.) ? all on 8"-wide fan-folded 

paper with millimeter square marking 

? Anti-clogging inking system 

? Instantaneous speed change without gear 

shifting ? 6 speeds 

? Rugged and sturdy construction 

MODEL M8PM FULLY MODULAR 8-CHANNEL MACRO-POLYGRAPH AVAILABLE 
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The American Association for the Advancement 
of Science was founded in 1848 and incorporated 
in 1874. Its objects are to further the work of scien? 
tists, to facilitate cooperation among them, to im? 
prove the effectiveness of science in the promotion 
of human welfare, and to increase public under? 
standing and appreciation of the importance and 
promise of the methods of science in human progress. 

DeviPs Advocates 

Increasingly the future shape of science is being determined by 
legislative actions taken by men who can be expected to have only 
a superficial knowledge of the technical facts embodied in their de? 
cisions. The government provides about two-thirds of the support 
for the nation's efforts in science and technology, and the fraction has 
been growing. 

On the surface it would seem that more money for science is a 

good thing. Indeed, I have heard some scientists say that it would 
be almost impossible to provide too much support. However, the 
realities today are that in many areas of science and technology the 
crucial bottleneck is brains, not money. For instance, top-quality 
physicists are in short supply, and this deficiency is likely to con? 
tinue. When Congress votes to expand activity in a field requiring 
first-rate physicists, it simultaneously makes the negative decision to 
remove them from other important endeavors. 

It has been pointed out that the educational background of mem? 
bers of Congress is heavily weighted toward the legal profession, 
with little representation from science. The remedy usually proposed 
is that more scientists should get into politics. On the surface this 

suggestion is attractive. One obvious difficulty is the time it would 
take for any considerable group to be elected. A second problem 
is that, in becoming politicians, the erstwhile scientists would in 

general lose their professional acuity. Moreover, there is no certainty 
that a man trained in science would bring as much wisdom to Con? 

gress as one trained in the law. Some of the most narrow-minded, 

uncompromising, chauvinistic individuals in this world are scientists. 

Many research workers are deeply convinced that their narrow area 
of inquiry is the only one worth pursuing. I recently sat on a panel 
which cheerfully toyed with the desirability of channeling the total 

gross national product into a single area of scientific endeavor. A 
man representative of such a body of opinion would be a dangerous 
nuisance on the congressional scene. 

The government does not suffer from a quantitative lack of scien? 
tific information. Rather, the difficulty is that most of the advice 
comes from special pleaders. The executive branch has good counsel 
from the Bureau of the Budget and Jerome Wiesner's office, but 
the Congress has no independent impartial source of advice. Since 
the legislative branch cannot evaluate technical proposals, the temp- 
tation arises to employ phony arguments in advocating major projects. 
In scientific circles there is a tendency to be more concerned with the 

glamorous, salable aspects of a proposal than with intrinsic merit. 
It seems well to consider other ways of improving the scientific 

judgments of Congress. To make good decisions it is not necessary 
to digest all the facts. It is necessary to be well advised. One of the 
more promising methods would be to make available to Congress a 

special group of scientific counselors. These would supplement existing 
staff and would not be permanent government employees. They could 
be nominated by such a body as the National Academy of Sciences 
on request of Congress. They might serve for short, intensive periods 
while retaining their professional connections. They would be ex? 

pected to act as deviPs advocates (the Washington Star recently 
made a similar suggestion), with a duty to insure that the public 
interests was well protected. If such a system could be properly imple- 
mented, a substantial improvement in the quality of science legisla? 
tion might ensue.?P.H.A. 



feature. . .i!S^w>>" 

Modular eoiiftructi^pf permitting manyj 
system combinations i Interchangeable 

input units for different applications ? 

Fast menutfy access (13 jisec. meinory 

cycle time) ? 1024 x 1024 address resolv? 

ing capability ? Patch-panel programmer 
for automatic operation ? Multiple dis? 

play modes for evaluat ing data ? Off-line 

matrix typing that saves computer time ? 

Read-in that permits summing of data. 

llll 

The most popular configuration for TMC's 4096 Chan? 
nel Pulse Analyzer Systems is for 2-Parameter studies 
of coincident nuclear events. To provide the flexibility 
needed for this general class of experiments, TMC has 
designed the Model 242, 2-Parameter Input Unit. The 
Model 242 will accommodate two Plug-in Logic Units 
to carry out PHA vs. PHA, PHA vs. TOF, TOF vs. TOF. 
It may also be stacked to provide 4 or 6 logic units 
for multiple-parameter studies. The above photo shows 
two Model 210 PHA Logic Units inserted. 

The 242 contains two 10-bit address registers, thereby 
providing dual 1024-channel address resolving capa? 
bility. The registers can operate in coincidence or in 
an independent fashion. Access to the registers is 
possible by parallel entry into all bits or by a serial 
pulse train into either 10-bit register. Neon indicators 
are provided for address identification. The output for- 
mat may be binary or BCD, as selected by a rear panel 
switch. In addition, register outputs are buffered so 
the unit can feed parallel address information simul- 

taneously to other equipment, such as an "on-line" 
general-purpose computer. 

Input flexibility in TMC 4096-channel systems is 
matched by readout/read-in variety. Data readout can 
be provided by magnetic tape, perforated paper tape, 
parallel printer, or typewriter. Read-in (with summation 
or subtraction) is possible by magnetic tape or per? 
forated paper tape. 

Representative 4096-channel systems include: 
MULTI-PARAMETER ANALYZERS ? MULTIPLE INPUT TIME- 
OF-FUGHT ANALYZERS ? TIME-OF-FUGHT vs. PULSE 
HEIGHT SYSTEMS ? CUSTOM-MADE UNITS 
Contact the nearest TMC office for all interesting details. 

I TECHNICAL MEASUREMENT CORPORATION 
441 Washington Ave., North Haven, Conn., CE 9-2501 

DOMESTIC: Gardena, Calif.; San Mateo, Calif.; La Grange, III.; 
Silver Spring, Md.; Stoneharr 
Ridge, Tenn.; Dallas, Texas. 
Silver Spring, M6.; Stoneham, Mass.; White Plains, N. Y.; Oak 

Ter 

IN CANADA: Allan Crawford Associates, Ltd., 4 Finch Avenue, W., Willowdale, Ontario, Canada 
IN EUROPE: Technical Measurement Corporation, GmbH, Mainzer Landstrasse 51, Frankfurt/Main, Germany 

IN JAPAN: Nichimen Company, Ltd., Muromachi, Nihonbashi, Chuo-Ku, Central P.O. Box #1136, Tokyo, Japan 
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Mouse encephalomyelitis virus crystals. 

You can achieve 
images 

like this 
routinely 

The new Carl Zeiss Electron Microscope EM-9 can 

easily be operated by the scientist or the technician. 

Everything has been done to safeguard against op? 
erational errors. The entire control system is set up 
so that every essential control for manipulating the 
instrument is right at hand. Two operators can sit 

comfortably and observe the image on the lumines- 
cent screen through any one of three windows. The 
screen image can also be viewed through a 

microscope having a magnification of lOx. 

In routine operations resolution is better than 

20A, and under optimum conditions?10 to 
12A. 

The image-forming system uses three electro- 

magnetic-type electron lenses: the objective, 
intermediate lens and projector. The objec? 
tive is equipped with an electrostatic cor? 
rection system known as the "Stigmator." 
Distortion-free electron micrographs can be 
made in four fixed steps. 1500x, 5000x, 

16,000x and 35,000x. Continuous magnification from 
0 to 35,000x is also possible. 

A novel principle for adjusting image brightness sim- 

plifies the electronics in the EM-9 considerably. The 
tele-focus cathode delivers a constant beam current 
of 40|.tA at a constant beam voltage of 60kV. The 
beam is oscillated across a central aperture at high 
frequency. Varying the amplitude of frequency varies 

the length of time the beam remains over the 

aperture and hence the total energy of the 
beam. 

With the EM-9 it is possible to take stereo 
electron micrographs by tilting the specimen. 
Electron diffraction images can be obtained 

by using the Boersch beam configuration. 
An automatic exposure timer and an auto? 
matic vacuum system are now available for 
the first time as accessories. Write us for 
further details. Complete service facilities 
available. 

SM The Symbol of World Famous Optics 

WEST GERMANY 

Carl Zeiss, Inc, 444 Fifth Ave., New York 18, N.Y. 
IN CANADA: CARL ZEISS CANADA LTD., 60 OVERLEA BLVD., TORONTO 17, ONTARIO 



? 

LlNDE 

b 

o O 
PUREST OBTAIN ABLE 

? 
Oo?? 

ALL YOU NEED 

?from the foremost producer 

of atmospheric gases! 

? Produced under continuous mass 

spectrometer control. 

? Fast nationwide delivery. 

? Guaranteed ultra-high purity. 

? Scientifically blended and tested 

mixtures for any need. 

? Quality based on more than 50 

years of rare gas know-how. 

? Complete technical service. 

SEND FOR NEW 20-PAGE 
ONE-SOURCE RARE GAS BOOKLET 

First comprehensive 
price and specification 
list for all rare gases 
and mixtures... 

CUP COUPON-ATTACHTO 
BUSINESS LETTERHEAD 

Rare Gases, Dept. SC-64S 
Linde Company 
Division of Union Carbide Corporation 
270 Park Avenue, New York 17, N. Y. 

? Please send a copy of your booklet 
listing prices, specifications, and in? 
formation on LINDE Rare Gases. 

O Have a representative 
contact me. 

LINDE 

COMPANY 
"Linde'* and "Union Carbide" are registered 
trade marks of Union Carbide Corporation. 

1422 

in the relative amounts of activity 
transmitted by the pathway from the 
inner hair cells versus the pathway from 
the outer hair cells. 

Another biological system which 
exhibits multistable behavior is the 

system controlling "following" move? 
ments of the human eye. Its mode of 

operation when tracking a predict- 
ably sinusoidally moving target is dif? 
ferent than when tracking an unpredict- 
ably moving target. Laurence R. Young 
and Lawrence Stark presented a model 
of this system which provided the two 

tracking modes and had an input adap? 
tive configuration which switched the 

tracking modes as needed. 
A somewhat different and simplified 

approach to the problem of multistable 

systems was presented by Mihajlo D. 
Mesarovic. He considered multi-level 

systems in which the first level received 
information from the environment and 

produced actions (responses) on the en? 
vironment. A second-level system ex? 
amined the behavior of the first level 
and modified that level's actions so as 
to achieve some particular goal. Such 
multi-level systems were simulated by 
having one person act as the second 
level "coordinator" of the activities of 
a number of persons acting as the first 
level systems. Some findings were that 
the second level has to have incomplete 
knowledge of the first level; that the 
second level can only affect the rate 
at which the first level converges on 
achievement of the goal; that second- 
level control could either speed up or 
slow down that rate. He found that, in 

general, such a two-level, goal-seeking 
system had the advantages that the goal- 
decider was better isolated from the 

environment, and that the behavior of 
such a system was easier to describe 
than that of a single-level, goal-seeking 
system. 

Analyses of Biological Systems 

The increasing willingness of com? 
munications scientists and biologists to 
share problems and techniques was 
shown by the number of papers pre? 
sented which involved analysis or theory 
of actual biological systems?triple the 
number presented at the first sym? 
posium. The types of biological systems 
were also much more varied. For ex? 

ample, Adrian M. Wenner and Robert 
C. King presented evidence that honey 
bees communicate by sound and sug? 
gested that in the waggle dance, a 
method by which a bee informs its 
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hivemates of the location of a food 

source, the information is primarily 
transmitted by the accompanying 
sound. This offers the intriguing pic? 
ture of future bee hives outfitted with 
a sound source and a mechanical 

"dancing" bee so that the bee keeper 
could dial instructions to the bees as 
to which field to visit. 

Experiments were described by Wil? 
liam D. Neff which used anatomically 
specified lesions of the central nervous 

system in conjunction with behavioral 

testing to trace those neural paths 
which carry auditory information. It 
was found that information concerning 
frequency discrimination was carried 

along paths different from those which 

carry information concerning localiza- 
tion of a sound. He suggested that the 
latter information was transmitted in 
the form of time differenees in the 

signals from the two ears to the superior 
olivary nuclei, where they were re- 
coded in the form of place differenees. 
He pointed out that in the medial 

olivary nucleus there was a type of 
neuron which had two large dendrites, 
each connecting to the path from a 
different ear, which seemed like an 
ideal unit for comparing the responses 
of the two ears. 

A paper on peripheral neural mech? 
anism of hearing in the monkey had 
been contributed by Yasuji Katsuki, 
Nobuo Suga, and Masahiro Nomoto, 
but none of the authors were at the 

meeting to present it. Fortunately, 
Keidel, in his invited talk, gave the 

symposium an excellent introduction 
to this group's fine studies of the dif? 
ferent neural pathways from the inner 
and outer hair cells. 

A most interesting theory of color 
vision was briefly outlined by J. Y. 
Lettvin. Starting with the known 

anatomy of the primate fovea, he pro? 
posed certain reasonable-appearing 
functional interactions of the various 
cellular elements so that the outputs 
of the ganglion cells for differing retinal 
illuminations would be related by the 

psychophysically determined laws of 
color matching. A basic assumption of 
the theory is that the response of each 
cone is determined only by the number 
of photons absorbed within its photo- 
pigment; the cone therefore is not able 
to distinguish changes in intensity from 

changes in wavelength. (In a later 

paper, E. L. Paulter and R. A. Wilson 

proposed a theory of color vision in 
which the rate of change of a photo- 
receptor's output potential was a func? 
tion of the illuminating wavelength and 
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the magnitude of the potential a func? 
tion of the intensity.) In one of the 
neural circuits proposed by Lettvin, ex? 
citation from a foveal cone passes by 
means of a midget bipolar cell to a 

midget ganglion cell, while excitation 
from a surrounding annulus of cones 
is summed by brush bipolar cells and 

applied as inhibition to the dendrite of 
that midget ganglion cell. This inhibi? 
tion acts to shunt and, therefore, to 
divide the amplitude of the excitatory 
signal reaching the output of the gang? 
lion cell. In this way the output of that 

particular foveal cone is normalized 
with respect to the summed outputs of 
the neighboring cones, which include 
all three assumed types of foveal cones. 
This gives the same kind of mathe? 
matical function as Grassman's laws of 
color mixture. As a consequence of 
the basic assumption mentioned pre? 
viously, such a circuit cannot dis- 

tinguish a change in wavelength from 
certain changes in intensity distribution 
over the field of cones or from com? 
binations of such changes. The un? 

certainty as to the meaning of the out? 

put of the midget ganglion cell can be 
reduced by comparing it with the out? 

puts of the neighboring ganglion cells, 
thus making it possible to distinguish 
color and shape. Lettvin's theory is 

supported by the fact that it leads to 
the property of color constancy with? 
out additional assumptions, and by 
Kohler's old finding that the human 
visual system can learn to compensate 
for the colored edges of objects seen 

through a prism, so that the edges ap? 
pear colorless. 

Evidence in support of the concept 
that the activity of neurons is modified 

by the surrounding glial and other non- 
neuronal cells was critically reviewed 

by Leo E. Lipetz. He pointed out that 
this concept is still highly controversial 
and has not yet been proved. However, 
he concluded that, at least for the 

vertebrate retina, the evidence makes 
such non-neuronal control seem highly 
likely. The basis of such control is the 

very small space between those cells and 

the neuron, particularly in the brain and 

retina, so that those surrounding cells 

must act as the sources and sinks of 

ions during any sustained flow of ions 

across the neuronal membrane. This 

permits the amplitudes of the neuron's 

resting and action potentials and the 

propagation of potentials along the 

neuron to be affected by changes in the 

resting potential of the surrounding 
cells and changes in the ionic conduc? 

tivity of the membranes of those cells. 
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Some of the resting potential changes 
of the surrounding cells seem to be pas- 
sive reflections of changes in the poten? 
tials of the neighboring neurons. But, 
the evidence makes it seem likely that 

some changes in the ionic conductivity 
of those non-neuronal cells are trig- 

gered and propagated through the cells 

by chemical processes. Lipetz proposed 
that retinal light adaptation could be ex? 

plained in terms of such a process (for 
which there is some experimental 
evidence) propagated along the (non- 

neuronal) horizontal cells of the retina. 

He further proposed mechanisms by 
which certain other retinal functions, 
such as incomplete spatial summation 

and movement deteetion, could be ex? 

plained on the same basis. 
The aforementioned physiological 

processes of the non-neuronal surround? 

ing cells provide modifications of neural 

activity which are slow compared to 
the responses of the neurons. It is 

interesting to compare this with H. D. 

Landahl's explorations of mathematical 
models of neural activity. He reported 
that by assuming neural elements which 

had two sets of time constants, one 

short and the other long, he was able 

to form neural nets whose behavior 

very adequately matched many known 

psychophysical functions. Such be? 

havior includes flicker phenomena, ap- 
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parent movement, color induction, and 
color constancy, and other known psy? 
chological phenomena such as condi? 

tioning and avoidance learning. How? 

ever, one should note that a neural 
network may exhibit a long time-con- 
stant even though made up only of 
neurons with short time-constants. This 
was shown by B. G. Farley, who studied 
the behavior of computer-simulated 
networks of formal "neurons." He 
found that under the proper conditions, 
such as the presence of a few distant 
connections among the neurons, the 
overall network exhibited rhythmic 
waves of activity with a time constant 
about 15 times that of the neuron. His 
films of the activity of the networks in 
which the firing of each neuron was 

depicted by a light immediately called 
to mind Sherrington's beautiful descrip? 
tion of the nervous system in action. 

The noise limitations of information 

processing systems were discussed by 
John L. Stewart who pointed out that, 

especially in neural systems, there is 
more noise at frequencies close to zero 
than at higher frequencies. The system 
can be made more sensitive to the signal 
by removing this noise with a high-pass 
filter and time modulating the signal so 
that it contains higher frequency com? 

ponents. This technique seems to be 
used by a number of biological sys? 
tems, for example physiological nystag- 
mus of the eye, sniffing, and ear wig- 
gling. Stewart described an electronic 

system for analyzing and specifying 
(recognizing) patterns of speech. He 

played a tape recording of some sen? 
tences of words synthesized according 
to those specifications and many of the 
words proved intelligible to the audi- 

ence. 
A beautiful example of the use of a 

new technique to illuminate an old 

problem was provided by the work of 
Patrick Wall and C. Kronacker. They 
investigated how the sensory nerves of 
an animal make the proper connections 
with its central nervous system. They 
started with the classical technique of 

grafting extra organs onto an amphibian 
and testing behaviorally which reflexes 
could be elicited by stimulation of the 

organ. For example, when the cornea 
of an added eye was touched, one of 

the normal eyes winked. Their innova- 
tion was to insert a microelectrode into 

the medulla at the level at which the 

corneal nerves terminated and to re? 

cord, for 20 or more positions in that 

level, the electrical potentials which 

occurred following stimulation of the 

cornea. A computer was then used to 
convert this information into maps of 
the sources and sinks of current at that 
level for a number of time intervals 
after the stimulation. Large sources 
and sinks were found to be indicative 
of the terminations of large diameter 
nerve fibers, such as those from head 
skin; these were observed to be con- 
centrated medially. Terminations of 
the smaller nerve fibers, primarily the 
fibers from the cornea, were concen- 
trated laterally. The authors pointed 
out that a cut peripheral nerve which 
instead of regenerating, forms a neu- 

roma, becomes smaller in diameter 
all the way back to its central termina- 
tion. 

They suggested that, similarly, the 
skin nerves that penetrate the blood- 
less cornea become smaller and change 
their central terminations from medial 
to lateral medulla. It appears that at 
the lateral medulla the fibers make 

monosynaptic connections with motor 
cells of the sixth nerve nucleus to 
stimulate the retractor bulbi muscle 
of the normal eye and elicit the 
corneal reflex. The basic hypothesis is 
that the tissue at the peripheral termina- 
tion of a sensory nerve affects in some 

way both the diameter and the central 
termination of that nerve fiber. Addi? 
tional evidence was provided by studies 
of normal and transplanted patches of 
back and belly skin of the frog. The 

sensory nerve fibers from all patches of 
back skin were small in diameter, and 
from all the patches of belly skin were 

large in diameter, and these different 
diameter fibers terminated at different 

positions in the cross-sectional plane of 
the spinal cord. It appears that a good 
start has been made toward under? 

standing the code by which the external 
world is anatomically represented in the 
central nervous system. 

In fact, it could be said that the 

symposium as a whole made a good 
start toward providing a logical basis 
on which to analyze and design in? 
formation processing systems. For the 
first time it now seems possible that 

when the techniques of DNA alteration, 
molecular electronics, tissue culture, 
and so forth make possible the labora? 

tory construction of new biological 

systems, there will exist a theory on 

which to base the design of the new 

forms of life. 
Leo E. Lipetz 

College de France, Paris, and 
Institute for Research in Vision, 
Ohio State University, Columbus 
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Protein Structure and Function 

during Differentiation 

Problems of developmental biology 
are proving increasingly attractive to 
biochemists and geneticists. The central 

importance of these problems has long 
been recognized but the intermittent 
efforts in the past to apply the tools of 

biochemistry or genetics to the solution 
of problems of development have not 
been very rewarding. Now, a break- 

through, particularly in the area of cell 

differentiation, seems imminent. One of 
the most profitable avenues of attack 
lies through an examination of the 

synthesis, structure, and function of 
macromolecules and in particular of 
the proteins. 

At the recent Federation meetings 
the American Society of Biological 
Chemists brought together representa- 
tives of embryology, biochemistry, and 

genetics in a symposium (15-17 April) 
devoted to protein structure and func? 
tion during differentiation. Three well 
chosen proteins were discussed: hemo? 

globin, glutamate dehydrogenase, and 
lactate dehydrogenase. Each illustrates 
same fundamental aspect of the process 
of cell differentiation. Park I. Gerald 
reviewed the extensive work on human 

hemoglobin. From this work has 

emerged the most complete description 
of the time and cell specificity of gene 
function in bringing about the synthesis 
of a specific variety of protein. Hemo? 

globin is a tetramer composed of two 
kinds of monomers, each under sepa? 
rate genetic control. At least four dis? 
tinct genes, and perhaps more, encode 
the structure of corresponding mono? 
mers. The relative rates of activity of 
these various genes at different stages 
in development determine the avail- 

ability of the monomeric subunits out 
of which the hemoglobin molecule is 
constructed. The subunit composition 
in turn specifies the functional prop? 
erties of the hemoglobin, and these 
are normally in accord with the re? 

quirements of the organism, whether 
fetal or adult. Many mutant genes 
have been discovered through the ab- 
errant types of hemoglobin they form, 
and because of the complete analysis 
of the primary structure of hemo? 
globin it has been possible to relate 
these mutations to the substitution of 
one amino acid for another in the 
primary sequence. Presumably the sev? 
eral distinct genes for the synthesis of 
the different hemoglobin monomers 
arose during the long course of evolu- 
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ticular physical systems, and offers 
two examples of biological control 
systems?the respiratory and the car- 
diovascular. Illus. July 22 $8.50 

5 NEUR0END0CRIN0L0GY 

By Ernst and Berta Scharrer. The in- 
terrelationships of neurology and 
endocrinology seen through a syn? 
thesis of existing data on the inte? 
grated functions of the two sciences 
in both vertebrate and invertebrate 
animals. Illus. July 22 $8.50 

6 THE ORIGIN 0F ADAPTATIONS 

By Verne Grant. A detailed sum? 
mary of the Causal Theory of Or? 
ganic Evolution. Major areas cov? 
ered include: organism and envi? 
ronment, evolution within popula? 
tions, evolution of species and evolu? 
tion of major groups. 
Illus. September $12.50 

7 RADIATION-INDUCED 

CHROMOSOME ABERRATIONS 

Edited by Sheldon Wolff. The bio? 
chemical nature of radiation-induced 
chromosome aberrations, their bio- 
physical nature, their medical impli? 
cations, and their genetic conse- 
quences. Illus. $7.50 

8 LITTLE SCIENCE, BIG SCIENCE 

By Derek J. De Solla Price. How the 
explosive growth of science has 
affected modern society and science 
itself. Illus. $4.50 

9 HEREDITY AND HUMAN LIFE 

By Hampton L. Carson. The latest 
scientific facts on man's origin, evo? 
lution, and heritage, and the impli? 
cations they have on his future. 
Illus. $5.00 

10 SCIENCE WRITERS GUIDE 

By John Foster, Jr. A concise state? 
ment of the principles and practices 
of science writing plus definitions of 
over 1600 terms in every major field 
of science writing. $6.00 

11 BASIC PROBLEMS IN 

NE0PLASTIC DISEASE 

Edited by Alfred Gellhorn and Erich 
Hirschberg. A compilation of the 
achievements of 12 authorities in the 
areas of nucleic acid structure and 
synthesis, viral and genetic studies, 
protein synthesis, and antibody struc? 
ture, as related to cancer research. 
Illus. $8.00 

12 CRYSTAL ORIENTATION 
MANUAL 

By Elizabeth A. Wood. A collection 
of basic information necessary for 
both the orientation of crystals for 
purposes of physical measurement 
and experimentation $4.00 
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tion by duplication and gradual diver- 

gence through accumulated mutations. 
On this hypothesis the various polypep? 
tide chains of hemoglobin and myo? 
globin may be placed in a plausible evo? 

lutionary sequence based upon the de? 

gree of chemical homology among them. 
From the viewpoint of developmental 
biology it is not the structure of hemo? 

globin may be placed in a plausible evo- 
the fact that one kind of hemoglobin 
replaces another during development. 
The mechanism by which genes for 

protein synthesis are turned on and off 
are presently unknown, but Gerald de? 
scribed an interesting mutation in a 

gene which may be responsible for 

switching on the synthesis of the adult 
chains of hemoglobin. The location of 
this gene adjacent to the genes for 
adult chains of hemoglobin suggests 
that the well-known bacterial models 
for regulating gene activity may also 

operate in man. 
The enzyme lactate dehydrogenase 

(LDH) has a quaternary structure an? 

alogous to that of hemoglobin. In fact, 
much of the work on the structure of 
this enzyme was stimulated by the 

prior analysis of hemoglobin. Some 

years ago Clement L. Markert and his 
associates at Johns Hopkins discovered 
that lactic dehydrogenase is a tetramer 
which may be dissociated into two dif? 
ferent varieties of monomers. They 
originated the hypothesis that the five 
different forms, or isozymes, of this 

enzyme found in mammalian tissues 
were due to the association of the two 
kinds of monomers in all possible com? 
binations of four. Thus, the formulas 
for the five isozymes could be written 
LDH-5 = A4B?, LDH-4 = A8B\ LDH-3 
= A2B2, LDH-2 = A5B3, LDH-1 = 

A?B\ This attractive hypothesis has 
received general support by investiga? 
tors working with lactic dehydrogenase, 
but critical proof was lacking. In this 

symposium Markert presented for the 
first time what appears to be a decisive 
verification of his hypothesis. LDH-1 
and LDH-5, each of which according 
to the hypothesis should contain only 
one kind of subunit, were isolated as 

pure preparations from the usual mix? 
ture of isozymes. These two isozymes 
were then mixed, dissociated without 

denaturation, and allowed to reassoci- 
ate. Random recombination of the two 
subunits. should generate a mixture of 
all five isozymes in the proportions of 
1:4:6:4:1. This definitive result was 
obtained. 

Amino acid analyses of the different 

isozymes as presented by Markert also 

supported the hypothesis since LDH-3 
showed a composition that was the 

average of LDH-1 and LDH-5. These 
latter two isozymes have very different 
amino acid compositions and thus their 
subunits must be under the control of 
different genes. The characteristic pat? 
tern of LDH isozymes found in each 
tissue at each stage of development can 
then be explained by different relative 
activities of the two genes for the A 
and B subunits of the enzyme. 

Having obtained undenatured sub? 
units of lactic dehydrogenase, Markert 
combined these subunits from different 

species to produce a wide spectrum of 

hybrid isozymes. These hybrid mole? 

cules, between mouse and cow or horse 
and rabbit, are not likely to be found 
in nature, but may have interesting 
potentialities for examining the mono- 
meric characteristics essential to the 
formation of functional tetramers. 

Nathan O. Kaplan (Brandeis Uni? 

versity) emphasized the functional sig- 
nificance of the different isozymes, par? 
ticularly LDH-1 which is predominant 
in heart and certain other muscle tis? 

sues, and LDH-5 which is predominant 
in most skeletal muscles. Kaplan com? 

monly refers to these isozymes as the 
H and M types, respectively. These 
two isozymes are known to be differ- 

entially inhibited by high substrate 

concentrations; LDH-5 functions bet? 
ter at the higher concentrations. More? 

over, LDH-5 is prevalent in tissues 
that function under conditions of rela? 
tive anaerobiosis and that accumulate 
lactic acid. Kaplan presented an ex? 
tensive analysis of the LDH composi? 
tion of many different muscles from 
birds and other animals and demon? 
strated excellent agreement between 
the metabolism of the tissue, whether 
oxidative or glycolytic, and the isozyme 
composition. These analyses have been 

greatly facilitated by Kaplan's ingen- 
ious use of analogs of nicotinamide 
adenine dinucleotide as cofactors in 

enzyme tests. These analogs discrimi? 
nate among the isozymes and allow a 

calculation of isozyme composition in 
a mixture from the overall relative 
rates of reaction with the different 

analogs. 
Significantly, the isozyme composi? 

tion of several tissues changes during 
embryonic development and may also 
be shifted by disease or by various 
treatments such as with hormones. 
These induced changes in LDH com? 

position are in accord with the appar? 
ent functional significance of the dif? 
ferent isozymes and also demonstrate 
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that differential synthesis of related 

polypeptides can be induced in specific 
tissues by specific agents. Whether these 

agents act directly at the gene level or 
at some later point in the sequence 
from gene to protein is not yet known. 

The coordinate control of groups of 

enzymes has been extensively studied 
in microorganisms but little work of 
this nature has been done with verte? 
brates. Kaplan presented a novel and 

intriguing analysis of the distribution 
of ?-glycerophosphate dehydrogenase 
(GPDH) with reference to lactic de? 

hydrogenase. A close correlation exists 
between the level of GPDH and the 
relative abundance of LDH-5, generally 
prevalent in most skeletal muscles. In 

exceptional conditions as in the breast 
muscle of birds accustomed to sus? 
tained flying, however, both the LDH-5 
and GPDH decrease greatly and 
LDH-1 becomes predominant. Thus 
some sort of coordinate control is sug? 
gested. 

Gordon Tomkins (National Institutes 
of Health) discussed a different type 
of biological regulation brought about 

by molecular conformational changes. 
He has analyzed the properties of 
the enzyme glutamate dehydrogenase 
(GDH) at various states of polymeriza? 
tion and has found, remarkably, that 
the higher polymers have GDH activ? 

ity, but as the state of aggregation de- 
creases the GDH activity declines and 
a corresponding increase in alanine 

dehydrogenase activity occurs. More? 

over, the state of aggregation is sub? 

ject to regulation by steroid hormones, 
and this fact opens the prospect that 
some hormones may act through con- 

trolling polymerization of polypeptides 
and by this means regulate metabolic 

activity. Such mechanisms permit a 

very rapid, reversible shift in function 
without involving de novo protein syn? 
thesis. Tomkins finds that in addition 
to steroids, guanosine triphosphate and 
the reduced form of nicotinamide 
adenine dinucleotide, promote disag- 
gregation, whereas adenosine diphos- 
ohate promotes aggregation. The avail- 

ability of these small molecules is closely 
tied to cell metabolism and their action 
on protein polymerization bridges the 

gap between the metabolism of small 
molecules and the regulation of the 

activity of specific macromolecules. The 

specificity of the different polymers 
was further emphasized by his report 
that each level of polymerization of 

glutamate dehydrogenase is character? 
ized by different antigenic properties. 

It is interesting to note that each of 
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the proteins discussed in this sympo? 
sium is a polymer and that variation in 
its subunit structure leads to altered 
function. Mechanisms controlling the 

synthesis of specific polypeptides or 

governing their association seem im? 

mediately related to the functional dif? 
ferentiation of cells and in fact may be 

fundamentally responsible for differ? 
entiation. It is a moot question as to 
whether all the characteristics of any 
organism are ultimately attributable to 
intrinsic molecular structure or whether 

pre-existing organization (as in the Qgg 
or embryonic cell) confers specific 
order on molecular populations inde? 

pendently of the molecular properties 
themselves. Some support for both 

points of view could be found in this 

symposium. 
W. D. McElroy 

Johns Hopkins University, 
Baltimore, Maryland 

Resonant Particles in 

High-Energy Physics 

Recently discovered resonant parti? 
cles were the main theme of a high- 
energy physics meeting held at Ohio 

University, Athens, 26-28 April 1963. 
The objective of the meeting, attended 

by about 90 physicists from the United 
States and Europe, was to achieve a 
better understanding of the status of 
the many resonance states and new par? 
ticles that have been discovered or have 
shown some evidence of existence in 
recent experiments. More than 30 ele? 

mentary particles or resonance states 
are now known to exist. Until recently 
there had not been a coherent picture 
that could serve as a framework to tie 
all these particles and states together. 

Among the papers of general interest 
was a comprehensive survey of the iso- 
baric states of mesons and baryons 
presented by R. Dalitz (University of 

Chicago). He reviewed the classifica? 
tion of these states into multiplet 
schemes based on the unitary sym- 
metry model originally suggested by S. 
Sakata (Osaka University, Japan). This 
is essentially a symmetry scheme which 
is a generalization of the isotopic spin. 
Practically all the existing states fit into 
this representation very well, and form 
families of resonances whose structure 
can be conyeniently studied. 

Evidence for the existence of a par? 
ticle which decays into two charged 
pions (tt+ and tt) was presented by 
D. K. Robinson and E. O. Salant 

(Brookhaven National Laboratory) and 
W. D. Walker (University of Wiscon? 

sin). The mass of the particle was 
determined to be 782 Mev, which coin- 
cides with that of the known co particle. 
Since the co particle usually decays into 
three pions (ttW"), this particle is 

interpreted as the two-pion decay mode 
of the o>. The branching ratio of the 

two-pion decay mode versus the three- 

pion decay mode: 

7T+ + *TT ' 5 percent. CO -> 7T+ + *!T + TT? 

G. Goldhaber and S. Goldhaber 

(University of California) presented 
evidence for the production of double 
resonances of the following reaction: 

K+ + p-? K* + No? 

where K* and N* are the K meson 
resonance state (895 Mev) and the 
nucleon resonance state (1238 Mev), 
respectively. This subsequently decays 
into a four-particle final state: 

K" + p -> K+ + ir- + p + "7r+ 
-> K? +<7T? +P + <7T+ 
-> K? + 7T+ + n + 7T+ 

A one-pion exchange model with a 
form factor gives a good fit in the ex? 

perimental angular distribution. 
A. Thorndike (Brookhaven) reported 

the observation, for the first time, of 

antihyperons in a 20-inch hydrogen 
bubble chamber in the 3.69-Bev/cm 

anti-proton beam of the 33-Bev Brook? 
haven alternating gradient synchrotron. 

More detailed information on the 

properties of cp(KiK2), the most recent 
member of the family of newly dis- 
covered resonant particles, was pre? 
sented by J. Leitner (Syracuse Univer? 

sity) and N. P. Samios (Brookhaven). 
They reported the following informa? 
tion: mass = 1019 ? 1 Mev; parity, 
P = -1 (= C); spin 7=1; width 
Tt > 0; isospin I = 0 or G = ?1. 

A report on high-energy elastic scat? 

tering and Regge pole predictions was 

presented by L. C. L. Yuan (Brook? 
haven). Slightly over a year ago a 

theory based on Regge pole hypothesis 
predicted that the diffraction pattern in 

high-energy elastic scattering shrinks 
with increasing energy. This means that 
the radius of interaction of a nucleon 
becomes larger at higher energies. It 
has also been proposed that all the 

strong interacting particles are associ? 
ated with Regge poles and that these 

poles control the asymptotic behavior 
of scattering amplitudes. These predic? 
tions have aroused great excitement 
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