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boy got us to build
submarine.

In 1963, a Turkish sponge fisherman, working the reef-strewn waters
of the Aegean, hauled up this statue of a 13 year old boy. Archeolo-
gists from the University of Pennsylvania realized this was part of the
cargo of a ship, sunk over 2,000 years before.

They commissioned General Dynamics to design and build a sub-
marine to help find and photograph the wreck. Thus Asherah was born.
This two-man sub only makes 2% knots. But it can carry detection gear,
closed-circuit television and stereoscopic cameras. In a half hour it can
take all the photography a dozen divers could take in a month.

In 1967, she was shipped to the Aegean. Following a sonar clue, her
crew took her down. At 285 feet a shout came up by underwater phone.
“It’s the wreck!” They had found the ship sunk centuries ago.

Asherah is one of a growing fleet of research and work submarines
built by General Dynamics. Capable of descending thousands of feet,
they are accomplishing missions for offshore oil drillers, studying fish
habitats, inspecting underwater cables, and performing many other
valuable undersea tasks. They are the natural offspring of our exper-
ience in building submarines for the Navy, from the first operational
submarine in 1900 to the nuclear-powered deep
diving submarines of today.

It’s just one example of what technology can
accomplish when it’s handed a problem.

At General Dynamics, we put technology to
work solving problems from the bottom of the
sea to outer space...and a good bit in between.

GENERAL DYNAMICS

Statue: Bodrum Archeological Museum, Bodrum, Turkey.
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Double your vacation
fun for393-50 a week.

1. Fly the friendly ‘:m,_
skies of United. [

2. And when you land try the
friendly service of National.

Fly, then drive. It saves time
and money. Why spend six days of a
two week vacation driving to your des-
tination? Fly there in a few hours; then
rent a car under National’s Vacation
Saver Plan.

Just $93.50 a week net rate, including
the first 1,000 miles free, and the first
tank of gas is on us. (Air conditioning
slightly extra.)

And you’ll drive a full sized Chevro-
let Impala or other fine make and you’ll
get free S& H Green Stamps. You can
charge it too—we accept any recognized
credit card.

When you make your plane and hotel
reservations, reserve your National va-
cation car. Let your travel agent do it or
phone National at 800-328-4567 toll
free from anywhere in the U.S.

We put ourselves in the
customer’s shoes,

3 NATIONAL
The customer is always No. 1 YT7 /T cmm—

In Canada and throughout the world, it's TILDENinterNATIONAL ©NCR 1969

We feature GM cars.

]
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THE COVER

The photograph on the cover shows an image of the capital letter G “paint-
ed” on the screen of a cathode ray tube by means of a moving electron
beam. The image was formed by a simulated typesetting machine built by
engineers at the Graphic Systems Division of RCA to demonstrate some of
the capabilities of their Videocomp system for electronic typesetting (see
“Typesetting,” page 60). The G that appears in the cover photograph is
about an inch and a half high on the cathode ray tube. In actual electronic
typesetting machines the characters are generally smaller and the resolu-
tion is much better. Entire lines or even entire pages of type can be formed
on the tube at one time. The image formed on the cathode ray tube is trans-
ferred directly to photosensitive material for use in photo-offset printing.

THE ILLUSTRATIONS
Cover photograph by Sol Mednick
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A stimulating way of taking a walk

What is so unusual about wiping your shoes on the door-
mat or walking normally ? Nothing, unless you happen to
be hemiplegic.

As a result of certain nervous disorders or brain dam-
age, the muscles which should lift the foot when walking,
fail to function. The disability, known as hemiplegia or
“‘dropfoot’” causes the sufferer to continue standing on
his sound leg until the affected footis safely on the ground.
The resulting unstable, dragging gait is both slow and
tiring, even when using a walking stick.

Research into methods of overcoming this disability,
suggested that a solution might be to apply electrical
stimuli to the nerve causing the peroneal muscle of the
affected leg to contract at the right times. W.T. Liberson
of Hines, Illinois U.S.A. carried out field experiments using
a portable electronic muscle stimulator

hard level ground, but the vulnerable mechanical switch
wore out rapidly.

Vredenbregtthen developedarubberinsole containing
a small air chamber, which is connected via a tube to a
pneumatic switch. The insole is placed in the shoe, the
airchamberfitting under the ball of the foot. When the body
weight rests on the insole, the switch actuates a stimulator.

The stimulator, which fits on a belt round the patient’s
waist, generates a 50 Hz rectangular pulse of 0,6 ms
duration with a maximum amplitude of 100 V. These
pulses stimulate the nerve concerned via a combined ac-
tive and passive electrode on the patient’s leg.This system
has proved highly reliable and the switch operates on
any kind of floor without damage - an essential factorin
promoting the confidence of the user. Results of tests
with 65 hemiplegic patients showed that

with a mechanical switch placed under
the heel of the affected foot. A number =
of patients seemed to develop an im- B
proved gait.

Subsequently, J. Vredenbregt of the
Institute for Perception Research and
H.J. van Leeuwen of the Rehabilitation
Centre, Eindhoven, examined this meth-
od, but encountered timing problems.
They noticed that the beginning and end
of the swing phase of the affected foot
coincided with the instants when the
patient’'s weight was placed and with-
drawn from the ball of the unaffected
foot. So they placed a switch on the sole

all had an improved gait when using the
device.Itisanunexplained physiological
fact that, after 3 to 6 weeks training, 55
of them walked almost normally or show-
ed considerable improvement even with-
out the device. Children, hemiplegic from
birth and therefore never having learned
to walk normally, have also given promis-
ing results after 4 to 5 months.

In the Research Laboratories of the
Philips group of companies, scientists
work together in many fields of science.
Among these are: Acoustics, Cryo-
genics, Information Processing,

PHILIPS

of the shoe near the ball of this foot.
This was only a partial success. Normal
walking was possible in many cases on

Muscle stimulator

A. generator B. pneumatic switch
C. combined electrode

Mechanics, Nuclear Physics,
Perception,Solid State,Telecom-
munications and Television.

&N

\EZ

D.insole

The Institute for Perception Research is a joint venture of
Philips Research Laboratories and the University of Technology, Eindhoven, the Netherlands.

PHILIPS
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Food Supplement

Every minute brings more people into the world —more mouths to feed. We face worldwide famine
unless we can double our food supply by 1985. We know the resources exist to meet this need.

- The question is how to locate and utilize them effectively.

Earth Resources Technology Satellites could help immensely in this effort. They could
survey massive areas quickly and efficiently to locate arable land and define drought areas. They
could pin-point diseased or bhghted regions and healthy crops and timber stands. They could do
crop and resources surveys in days or weeks that would otherwise take arduous months to
accomplish.

Equipped with the proper sensors, such satellites could also watch major fish migrations,
survey snow coverage for flood prediction, discover new mineral deposits for exploitation.

At TRW we have already developed a practical multispectral sensor capable of providing

- much of this data—the Widerange Image Spectrophotometer (WISP). Our OGO satellite platform

could easily accommodate this and other sensors in orbit. We are also experienced in building
ground tracking and communications stations, and we have developed highly sophisticated data
management techniques. _

TRW was the first company to build a spacecraft—Pioneer |, in 1858, Since then we have
built 123 spacecraft of more than a dozen different types, including Pioneer interplanetary space-
craft, Orbiting Geophysical Observatories, Vela Nuclear Detection Satellites, Environmental
Research Satellites, Apollo Test and Training Satellites, and
Intelsat Il communications satellites,

For more information about TRW capabilities, contact
Marketing Services, TRW Systems Group, One Space Park,
Redondo Beach, California 90278. ®

TAW Systems Group is a major operating unit of TRW INC. where mare than 80,000 people at over 300 locations around the worid are
applying advanced technology lo electronics, space, defense, automotive, aircrall, and selected commercial and igdusirial markels.
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LETTERS

In a recent review [SCIENTIFIC AMER-
ICAN, March] Salvador E. Luria took “a
fresh look at some aspects of teaching
introductory biology” in college. We are
grateful to him for expressing in his char-
acteristically vigorous way some opin-
ions that are widely held. Our gratitude
to Luria for so flatly expressing his views
does not mean that we agree with him.
We do not find acceptable either his
views on how biology developed or
on what the present state of biology is.
Luria’s views on the teaching of biology
are based to a considerable extent on his
estimate of the significance for biology
as a whole of work on bacteria and bac-
terial viruses. Luria (a leading investiga-
tor of bacteria and bacterial viruses) be-
lieves “any course that wishes to present
biology as it really is” should recognize
the role these organisms are now playing
in biology: (1) “Most of our knowledge
of the synthesis of proteins and nucleic
acids and of the structure, function and
regulation of genes comes from work on
these organisms” and (2) a bacterium
such as Escherichia coli serves as a mod-
el one-cell organism.

(1) An essential component of Luria’s
viewpoint is his belief that “most of our
knowledge of the synthesis of proteins
and nucleic acids and of the structure,
function and regulation of genes comes
from work on these organisms” (bacteria
and bacterial viruses). The record shows,
however, that this is an inaccurate state-
ment. Knowledge of the basic molecular
processes listed by Luria has in fact de-
rived in part from studies with higher
cell types and in part from studies with
bacteria and bacterial viruses; the most
general pattern has been one in which
advances in understanding have been
developed simultaneously by workers
using both classes of material. Consider
the discovery of DNA-dependent RNA
polymerase, certainly a key step in the
annals of modern molecular biology; an
enzyme of this type was first reported
by Weiss and Gladstone in mammalian
liver-cell nuclei in 1959. The following
year Weiss published a definitive report
on the new enzyme and at essentially
the same time Hurwitz and Stevens de-
scribed an RNA polymerase in E. coli,
and Huang, Maheshwari and Bonner re-
ported a similar enzyme in pea tissues.
DNA-dependence of the enzymic syn-
thesis of DNA was reported by Korn-

8

berg and his associates, working with
E. coli, in 1956. The history of our un-
derstanding of the mechanism of pro-
tein synthesis provides an excellent il-
lustration of the dependence of modern
molecular biology on studies with both
microorganisms and higher cell types.
Existence of a precise relationship be-
tween the genetic material and the ami-
no acid sequence of a protein was first
unequivocally demonstrated in Ingram’s
studies with mutant hemoglobins. This
development provided a critical concep-
tual link in the establishment of a precise
theory regarding the relation between a
genetic code and the primary structure
of proteins. The first demonstrations of
messenger RNA and the elucidation of
the triplet code were accomplished in
studies with bacteria and viruses, where-
as work with higher cell types was re-
sponsible for the initial development of
cell-free protein-synthesis systems, the
discovery of transfer RNA, discovery of
amino acid activating enzymes, CCA
terminal addition and most of the early
information on the composition, disposi-
tion, function and so on of ribosomes.
Following the correlation between RNA
content and protein synthesis shown by
the early work of Brachet and Caspers-
son, the liver-cell fractionation studies
undertaken by Claude in the early
1940’s resulted in the first identification
of cytoplasmic ribonucleoprotein parti-
cles. The activity of the “microsomal”
fraction containing these particles in
protein synthesis was established in the
early 1950’s by workers using mam-
malian tissues. The requirement for ATP
in protein synthesis was demonstrated
by Zamecnik et al. in liver homogenates
in 1954, and in 1955-1956 adenylation
of amino acids was reported by Hoag-
land and his associates in rat-liver sys-
tems. In 1956 amino acid activating en-
zymes were found in liver by Hoagland,
in yeast by Berg, in E. coli by De Moss
and in pancreas by Davies et al. Transfer
RNA itself was discovered by Hoag-
land’s group in rat liver in 1957, and was
reported in E. coli by Berg and Offen-
gand in 1958. Knowledge of many other
key areas of molecular biology has grown
in ways similar to this; one could con-
sider as further examples the enzyme-
assembly units elucidated in recent ele-
gant studies with mitochondria and the
discovery of polyribosomal structures,
which were first clearly recognized in
reticulocytes.

To write that “most of our knowledge
of the synthesis of proteins and nucleic
acids” comes from studies with bacteria
and bacterial viruses is thus to choose to
ignore the actual history of these events,

© 1969 SCIENTIFIC AMERICAN, INC

which all will agree have been of the
utmost general importance. Molecular
biology has advanced as one science, de-
pendent on workers in all areas, animal,
plant and microbiological, rather than as
a function mainly of investigations with
bacteria and bacterial viruses, with
workers dealing with higher cell types
waiting anxiously for the next funda-
mental breakthrough to come from the
microbiological center of knowledge.

(2) The role of E. coli as a model one-
cell system cannot be adequately dis-
cussed briefly. An important aspect of
this problem is presented in a recent pa-
per by Melvin Cohn: “What can Escheri-
chia coli...contribute to understanding
differentiation?” In answering this ques-
tion Cohn (who is enthusiastic about
E. coli lore, to which he has made sig-
nificant contributions) quite properly
focuses on gene regulation and control
in the differentiation of animal cells. He
is aware that it is not known if the type
of gene control demonstrated in E. coli
operates in higher animal and plant
cells. All we have at present is his as-
surance that “it is more than likely that,
when the smoke clears, bacteria and
their viruses will have revealed a gen-
eral mechanism for regulating the tran-
scription of their genome in response to

Scientific American, May, 1969; Vol. 220, No. 5.
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Woodcarving by William Ransom

Su Sung
(1020-1101) Photographed by Max Yavno

“[Su Sung’s astronomical clock escapement] differs from the types of escapement
of the later West because the action of the arrest is brought about not by any
mechanical oscillation but by gravity exerted periodically as a continuous steady
flow of liquid fills containers of limited size. The peculiar interest of the water-
wheel linkwork escapement, hitherto unknown to historians of technology either
in East or West, lies in the fact that it constitutes an intermediate stage or ‘missing
link’ between the time-measuring properties of liquid flow and those of mechan-
ical oscillation. It thus unites, under the significant aegis of the millwright’s art,
the clepsydra and the mechanical clock in one continuous line of evolution:™

'J. Needham, W. Ling, D. J. de Solla Price, Heavenly Clockwork,p. 59, Cambridge
University Press, 1960.

INTERACTIONS OF DIVERSE DISCIPLINES

Science and technology meet at Planning Research Corporation where a professional staft
of more than 2,000 members represents 40 areas of knowledge. They encompass the
classical sciences, mathematics, economics, most branches of engineering, and the new
behavioral, management and computer sciences. Interactions of these disciplines on multi-
disciplined teams form the most powerful problem-solving tool available to government and
industry today.

Forty-two current projects in the computer sciences range all the way from the design of
systems for all types of businesses, including stock brokerage houses...to very large, very
complex management information systems for state governments and Federal agencies. ..
to the most difficult scientific programming required in advanced space systems. A brochure,
Computer Systems Design and Implementation, describes this Planning Research Corporation
capability. For a complimentary copy, address your request to Mr. John N. Graham, Jr.,
Vice President for Computer Systems Design.

PLANNING RESEARCH CORPORATION
Home office: 1100 Glendon Avenue, Los Angeles, California 90024

An Equal Opportunity Employer. Candidates are invited to write to the Administrator for Professional Staffing.
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Free to
Manufacturers

FINANCING

The Facts and Figures

Write

for brochures
you want.

How to get help in financing long-term cap-
ital investments . . . tax advantages avail-
able to you in New York State...man-
power-training assistance. .. plant-location
services. These are only a few of the free
‘business publications offered by the New
York State Department of Commerce.

If you need it, we've got it. New York State
Department of Commerce has a mountain
of information on subjects ranging from
plant financing to international marketing.
And it's available to you free . .. whether
you're already in New York or just thinking
of coming here.

Write on your letterhead or call (518)
474-3717 for the four brochures illus-
trated —free and at no obligation.

For more information: Look over the cou-
pon and check brochures you're interested
in. If you don’t see one that covers the par-
ticular problem you're trying to solve, tell
us your problem, and we'll find an answer.

a stimulus.” Without waiting for the
smoke to clear, a survey of “biology as it
really is” (to use a phrase of Luria’s)
shows that the genome of a mammalian
cell is some 700 times the size of the
enome of E. coli, that in contrast to the
genome of E. coli there is a massive re-
dundancy in the genome of eukaryotic
cells, and that there are certain proteins
associated with DNA in higher plants
and animals that have no known coun-
terparts in E. coli. Even if it were to
turn out that the kind of gene-control
mechanism found in E. coli exists in cells
of higher organisms, it seems extremely
unlikely that in the genomes of higher
organisms the mechanisms now known
in E. coli could be anything more than
aminor aspect of what has evolved along
with cell differentiation.

Investigation of the role of the gene
in differentiation and development is an
important part of “biology as it really is”
today, and current work is a continua-
tion, largely along biochemical lines, of
the classical achievements in cell biology
of the 1880’s. The repository of this cell
biology is E. B. Wilson’s classic book
The Cell. In 1966 H. J. Muller said,
“Wilson’s great book The Cell in Devel-
opment and Inheritance, especially in its
first edition (1896) here reprinted, marks
him as the most constructive encyclo-
pedist of biological science.” The biol-
ogy referred to here is not mentioned in
Luria’s remarks on 19th-century biology.

Bacteria and bacterial viruses have a
place in introductory biology. Students
in such a course would surely be fortu-
nate if the lectures on microbiology that
are needed were given by as lively mi-
crobiologists as Salvador Luria and Mel-
vin Cohn.

aQ

Eric H. Davipsox
ALFRED E. MIrsky
Bruce R. VOELLER

Rockefeller University
New York, N.Y.

Sirs:
I agree with almost everything David-

r—————-—=-—=-—==== =1 son, Mirsky and Voeller write about
| Commissioner | biology and its history. My review, how-
| New York State Dept. of Commerce, Rm. 765 | | o o). “dealt with the teaching of intro-
| 112 State Street, Albany, N. Y. 12207 | . »
. ductory biology. My remark that “most
| Please send the following brochures: | hould 1 X w W1 of
[J Industrial Location (] Plont | [T should have written much ]o our
Services Financing I knowledge of the synthesis of proteins
| [] Tox Advantages (0 New York State I and nucleic acids and of the structure,
I o :\:r B“':e” a ?”“”e”f“'l‘ | | function and regulation of genes comes
ternat . .
MZ:EYOWO; C’;:‘r:qzr'::o { | from w?rk on [bacteria and bacterio-
e e e e -1 | phages]” was only peripheral to my

NEW YORK STATE DEPARTMENT OF COMMERCE | argument.
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In teaching I focus on the story of life,

© 1969 SCIENTIFIC AMERICAN, INC

not on the history of the life sciences.
My thesis is very simple: If the focus is
on evolution, the central concept is the
organism, not the cell. Yet the cell is the
operational unit of the chemistry of life.
Therefore I start from an organism that
is also one cell. The only such organisms
that are known well enough to be used
in presenting cellular biochemistry and
molecular genetics are bacteria. The
more complex, multicellular organisms
present problems that can be grasped
more easily on the basis of principles
learned in studying bacteria. That’s all.

SaLvapor E. Luria

Massachusetts Institute
of Technology
Cambridge, Mass.

Sirs:

Annemarie de Waal Malefijt’s article
“Homo monstrosus” [SCIENTIFIC AMER-
1caN, October, 1968] contains informa-
tion of the greatest value. I must protest,
however, that the author is at fault in
claiming that “Shakespeare...equated
the monstrous Caliban with inhabitants
of the New World.”

So far as the elastic geography of The
Tempest allows localization, Prospero’s
island appears to be situated in the Med-
iterranean. The “Bermoothes” appear in
the text only as an evidently distant
place to which Ariel had once been sent
on an errand by Prospero. Moreover, we
are explicitly told that Caliban had been
begotten by the devil upon the witch
Sycorax, who had been deported from
Argier (Algiers) and marooned on the
island. Thus he belongs to a quite defi-
nite category of monsters, and is no
more indigenous to the island than
Prospero.

It is, I suggest, more justifiable to
speculate whether the external appear-
ance of Caliban on the stage might have
owed something to the earliest travelers’
tales of African or East Indian manlike
apes. It is true that the first certain ref-
erence to such apes in print (in Purchas
His Pilgrimage, 1613) is a few years
later than the probable date of the first
performance of The Tempest, but there
may well have been other returned trav-
elers besides Andrew Battell who had
stories of strange beasts to tell at the
Mermaid tavern or elsewhere in London.

Lawrexce H. WELLS
University of Cape Town

Medical School
Observatory, Cape, South Africa



Painting by René Magritte, Loan Collection, Institute of Art, Rice University, Houston, Tex.

Preview of tomorrow

In today’s business world planning is the engineer

of change. Today we must either march out to meet
the future or be overwhelmed by it. Planning has
helped Celanese to more than double its sales in the
last five years, from $560 million to 1.3 billion,
jumping from 165th to 70th on the Fortune list of
leading corporations. It is one reason why we have

expanded our activities from fibers, plastics,

and chemicals into gas stations, paint, plastic

pipe, petroleum products, nylon fiber, polyester
fiber and film. To give us an even wider view of
tomorrow, we’'ve more than tripled our annual
research and development budget during the past
ten years. We won'’t allow the future to outpace us.

CELANESE
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Anaconda: one of the great

You know us for our copper.

You should.

We're one of the largest copper
producers in the world. We're the
world's largest fabricator of copper
and copper alloy mill products. Which
means we have something to do with
the coins you spend. The house you
own. The car you drive. The world
you live in. (It takes more copper to
run that world than you'd imagine.)

But copper alone doesn’t make
the company that mines it a great
natural resource. What does is people.

Skill.

Imagination.

Determination.

Without them, metal lies hid-
den, useless. For instance, today
Anaconda is mining copper from low-
grade ore we couldn't have mined a
few years ago. But there was a grow-
ing need for copper. So we had to find
an economical way to get it out of the
ground and extract it. And we did.

In Chile we negotiated an agree-
ment with the government under
which we will expand our copper pro-
ducing capacity 509 by 1970.

At Twin Buttes, Arizona, it has
taken six years and many millions of
dollars (and methods so advanced
they are rewriting mining history) to
bring into production next year an
untapped copper ore deposit.

Our resources include one of the
largest uranium ore reserves in the
hemisphere.

Our production of primary alu-
minum is growing rapidly. We're one
of the largest producers of aluminum
foil and an important producer of
aluminum mill products.
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We are a leading manufacturer
of wire and cable, in both copper and
aluminum.

We are an important producer
of zinc.

We even come up with a little
silver and gold, with over a hundred
million ounces to our credit in the
last decade.

And now Anaconda will also be-
come a significant producer of nickel.
Further exploration and development
of a high-grade deposit of nickel sul-
phide in Australia and a nickel-copper
deposit in Montana are progressing
rapidly.

Behind all this are the skills and
imagination of Anaconda men—
teams of earth scientists, metallur-
gists, mining engineers, fabricating,
marketing, and financial specialists.

And here is Anaconda’s commit-
ment: to use these human resources,
backed by our faith in the future, and
our money, to meet the growing need
for metals.

In the Americas.

And the world.

The Anaconda Co., 25 Broadway.
New York, New York 10004
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Beaming alaser

at Echoll.

For deep space communications the CO, laser ... with its
broad bandwidth and high continuous power output. .. is in
a class by itself.

Yet, most CO. lasers have been poor signal carriers
because they generate many fluctuating frequencies which
garble the transmitted message.

Now, a breakthrough.

The Electro-Optics Organization of Sylvania, under con-
tract to NASA's Goddard Space Flight Center, has developed
a technique for frequency stabilizing the beam of a CO., laser
to 1 part in 10"

The Sylvania-designed laser svstem that implemented
this breakthrough is now making possible the first critical
tests of atmospheric distortion of laser signals.

The tests are being conducted by NASA-GSFC.

In these tests the laser beam is transmitted through a
telescope to the Lcho II satellite orbiting 1.100 miles above
the earth. The reflected beam is compared to the original
beam, and distortions due to atmospheric conditions are
measured.

The ultra-stable laser guarantees that any variations
observed are due to the atmosphere, and not to the instability
of the laser beam.

Sylvania’s extensive work in electro-optical communi-
cations extends to space hardware, too. Currently undergoing
feasibility studies is a compact CO, laser designed to operate
for 10.000 hours on board a spacecraft.

Commercial state-of-the-art electro-optical instrumenta-
tion is also available from Sylvania. For details write
Sylvania Electronic Systems, Llectro-Optics Organization,
Mountain View, California 94040; (115) 9066-2312.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS
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20 AND 100
YEARD AGO
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MAY, 1919: “In the arguments
against the League of Nations there is
to be found a vast amount of sheer
nonsense. For example, a favorite plea
against the League, so far as the U.S.
is concerned, is that it is unconstitu-
tional. The right to make war and peace
resides, under our Constitution, with
the Congress. If we enter a League of
Nations, we agree not to make war,
and the Congress loses its constitutional
rights in the process. But what is the dif-
ference between a treaty with one na-
tion and a treaty with a score of nations?
Peace can be made only by a treaty in
any event, and our treaties, we hope,
are binding. So the moment we make
peace we are bound not to make war,
except in defense of the terms of the
treaty. Then, whether we put the matter
upon the basis of constitutionality or
upon the basis of our own inherent God-
given right to make war when and upon
whom we please, peace is objectionable.
If you can make a peace treaty with one

| nation, you can make one with a dozen.

You can make one with the world. If you
can’t make a peace treaty on a large
scale, you can’t make one on a small
scale. There is no middle ground; either
peace is unconstitutional or it isn’t. We
had always supposed that the prime ob-
ject of a League of Nations was to pre-
vent war. It seems a trifle curious to have
it violently objected to because it threat-
ens to acccmplish just that purpose.”

“Now that the construction of the
Channel tunnel is assured, military and
commercial interests are turning their
thoughts to the Straits of Gibraltar and
forecasting the advantages which would
be secured by building a tunnel between
the European and African coasts at that
point. An engineering journal in Britain
states that whereas it now takes three
weeks to go from London to the Cape,
with the Channel tunnel and one under
the Straits of Gibraltar it would be pos-
sible, when the Cape—Cairo Railway and
other rail connections are completed, to
go from London to the Cape in eight
days. Unfortunately the Straits are



about 1,200 feet deep, and unless the
underlying rock is impervious to water
no tunnel can be constructed there, since
the limit for the pneumatic process is
about 175 feet.”

“The conception of a spiral nebula
made possible by the recent work of
the distinguished English mathematician
James Jeans may justly be called mag-
nificent. The central nucleus is a huge,
lens-shaped mass of gas, containing
within itself matter enough to form
many thousands of systems like ours. As
it rotates, the centrifugal force at its
outer edge almost exactly balances the
attraction of the main mass. At two op-
posite points of the boundary the gase-
ous material escapes and flows outward
in enormous spiral streams. At first it is
of exceedingly low density, but gradu-
ally it condenses into separate nuclei,
and these shrink into stars. The boldest
astronomer might well have hesitated to
commit himself to so extraordinary a se-
quence of ideas without the steadying
consciousness of a definite mathematical
foundation on which to rest, but this
time the process was reversed: mathe-
matical study of a quite different prob-
lem (“What will happen to a large rotat-
ing mass of compressible gas if it is left
to settle into equilibrium under its own
attraction, and then to shrink slowly as
it loses heat by radiation?’) laid the
foundation, and once this was effected
the brilliant theory almost raised itself.”

“An account of the discovery by Ma-
jor H. Graeme Gibson, Major Bowman
and Captain Connors of the Allied army
medical services of what is stated to be
very probably the causative germ of in-
fluenza appeared lately in the London
Times. The germ belongs to the order
of filter-passers and is grown by the
Noguchi method. The discovery cost
Major Gibson his life, as he fell a victim
to the very virulent strains of the germ
with which he was experimenting.”

MAY, 1869: “The announcement is
made that the Pacific Railroad is com-

pleted. Amid the conflicting statements
in regard to the manner in which the
work has been performed, we know not
whether the people ought to rejoice or
to feel sorry. It is generally admitted that
the road has been laid in an imperfect
manner. Some will even have it that it is
a mere sham, only built as a matter of

form to obtain the very liberal subsidies
granted by the Government. This may
be an extreme statement, but between
those of the friends of the enterprise
and its foes there is room for no little
fear that the immense franchise granted
to the company has resulted in no ade-
quate return to the people at large. We
are confirmed more and more by daily
developments in the belief that such
enterprises should be either carried for-
ward entirely by the Government or ac-
complished solely by private enterprise.
The system of making appropriations in
aid of such works is a vicious one, lead-
ing naturally to corruption and fraud.”

“A Museum of Natural History is to
be established in the Central Park in
New York City, $50,000 having already
been subscribed for that purpose. The
commissioners of the park have offered
the use of the large hall of the Arsenal
Building as a place where the collections
may be deposited until a suitable struc-
ture can be erected. We understand it
is proposed to erect a museum building
on Ninth Avenue, fronting the block be-
tween 78th and 79th Streets.”

“It is discreditable to the inventive
genius of this country that the one great
mechanical want of the time is still un-
supplied. Each of the leading newspa-
per publishers in this city—apart from
expenses for paper, press work, ink, edi-
torial, reportorial and correspondents’
salaries, and the thousand incidental
demands for the production of a great
daily—pays from $100,000 to $200,000
a year for composition alone. Publishers
of newspapers, magazines and books
throughout the country pay proportion-
ately for this single item of type-setting.
This enormous cost prevents the pub-
lishers of papers from giving their read-
ers the literal ‘volume’ of matter they
would gladly do from day to day were
they not hampered by the delays and the
cost of composition. What we want—
what every large publisher in the coun-
try wants—is a type-setting machine
which will both expedite and cheapen
the cost of composition at least 25 per
cent and perhaps 50 per cent.”

“The return of Dr. Livingstone, the
veteran English traveler, was expected
about four months since, but up to the
present moment his movements are
wrapped in mystery. At last accounts,
December 14, 1867, he was proceeding
along the eastern shores of Lake Tan-
ganyika, but no idea can be formed re-
specting his subsequent course. His fate
is regarded with uncertainty.”
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Immediately

Available!

WORLD’S LARGEST
INVENTORY OF USED
THIRD GENERATION
COMPUTERS, WITH
SAVINGS TO HUNDREDS
OF THOUSANDS OF
DOLLARS!

The Computer Exchange, Inc.,
the world’s largest source of
second and third generation
computers that have been
previously-owned, is running
what amounts to a sale to
reduce its large inventory of
third generation configurations.

These are machines that have
been continuously maintained
by the original manufacturer
(most of them are IBM) and
have service contracts that go
with them. They are as good
as new and you save literally
hundreds of thousands of
dollars with them.

CEl buys and sells computers,
Most important to you, it
maintains the largest inventory
of ““deliverable” used computers
anywhere . . . with known
technical ability and large and
easily obtainable libraries of
programs. Savings on personnel
already trained in their
operation. Savings on purchase.

. 1f you have a computer to
sell, it’s the place to go. If you
want to buy one, it’s the place
to go. Buy, sell, rent, lease,
lease/purchase, consult.
Everything!

Including delivering a used
third generation computer
at savings to hundreds of
thousands of dollars right now!

:COMPUTER
EXCHANGE!

30 East 42nd Street, New York,New York 10017
(212) 661-5870

OFFICES IN PRINCIPAL CITIES
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[t youre playing cat
0 someone elses mouse
N 1000 sguare miles of ocean,
you need more than 20720 vision.

Somewhere below, there’s a submarine.
ﬂ' = The patrol aircraft crew can’t see it, of

3 course. But they know it’s there.
B/ They know where it is, whose it is and its

direction. They can track it for hours. Or days.

For this mission, Sanders has developed a sophisticated
information display system to provide instantaneous visual
readout of data from sonobuoys and detectors in the ocean
below, which has been correlated with computer-stored situa-
tion data on board the aircraft.

The Sanders display puts more of this critical information
on screen and puts it there faster. The observer can even
change the size and shape of the data on screen to maintain
closer surveillance of ocean traffic and to make quicker
tactical decisions when seconds count.

This information display, its acoustic signal processor
and the sonobuoys are typical of the advanced electronic
warfare systems created and produced by Sanders. Scien-
tists and engineers interested in developing systems for elec-
tronic warfare, communications, radar, and
other such critical areas are invited to write SA A
Mr. R. Arrigoni, Mgr. of Professional Place-

SANDERS
ment, 95 Canal St., Nashua, N.H. 03060. RSSOCIATES INC.

*TM Sanders Associates

We make electrons do things they never did before.
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THE AUTHORS

BYRD C. CURTIS and DAVID R.
JOHNSTON (“Hybrid Wheat”) are with
Cargill, Incorporated; Curtis is head of
the hybrid wheat development program
at Cargill Research Farms in Fort Col-
lins, Colo., and Johnston is a wheat
breeder. Curtis received his bachelor’s
degree in agronomy at Oklahoma State
University in 1950, his master’s degree
in agronomy at Kansas State University
in 1951 and his Ph.D. in plant breeding
and genetics from Oklahoma State in
1959. He was a member of the staff at
Oklahoma State until 1963, working on
the breeding of wheat, oats and barley;
he then was appointed associate profes-
sor at Colorado State University and di-
rector of wheat research for the state
of Colorado. He joined Cargill in 1967.
Johnston, who was graduated from the
University of Massachusetts in 1952, was
a research worker at the University of
Minnesota from 1956 to 1967, when he
took up his present position.

LARRY FALLER (“Relaxation Meth-
ods in Chemistry”) is assistant professor
of chemistry at Wesleyan University. “1
spring from the most fertile soil for sci-
entists—the Middle West, a nonprofes-
sional family,” he writes. Recalling “an
amusing article” in The American Schol-
ar on “the conformity of supposedly non-
conforming academics,” Faller says that
“like an embarrassing number of my col-
leagues, I supported Eugene McCarthy,
espouse black power, read The New
York Times, drive a Volkswagen, live in
an antique house, sing Schubert lieder
accompanied by my wife (when no one
is listening), play tennis and squash and
sail.” Faller was graduated from Wa-
bash College in 1958, received advanced
degrees from Yale University in 1959
and 1963 and spent two years as a post-
doctoral fellow at the Max Planck Insti-
tute in Gottingen.

HENRY DE LUMLEY (“A Paleolith-
ic Camp at Nice”) is professor at the Uni-
versity of Aix-Marseilles, director of its
Laboratory of Human Paleontology and
Prehistory in Marseilles and a senior re-
search associate of the French National
Center for Scientific Research. He has
participated in a number of excavations
at lower and middle Paleolithic sites in
southeastern France. Of one at Vallon-
net Cave he writes: “These excavations
revealed for the first time man’s presence
in Europe at the dawn of the Qua-
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ternary.” Another excavation involved
caves that are now under the waters of
Villefranche Bay but were above water
and had human inhabitants during the
last glaciation.

GERARD O. WALTER (“Typeset-
ting”) is chief engineer in the Graphic
Systems Division of RCA. He writes: “I
was born in Vienna, the youngest of
three sons of the owner of a prominent
Austrian electrical manufacturing and
retailing organization, who was also a
member of the Austrian cabinet. The po-
litical turmoil of the late 1930’s in Eu-
rope caught up with my family and re-
sulted in my matriculation at St. John’s
University in Poland rather than the
Vienna Institute of Technology.” Later
he received advanced degrees in me-
chanical engineering and physics at the
Institute of Technology in Zurich and at
the University of Zurich. Walter came
to the U.S. in 1946 and for six years op-
erated his own engineering firm, dealing
in optical tooling and automation equip-
ment. When phototypesetting became
practical, he joined a firm making auto-
matic phototypesetting machinery. He
holds a number of patents in the field
and in such other areas as microfilming
systems, data retrieval, image manipula-
tion “and even,” he writes, “paper-han-
dling machinery in the printing field.”

VANCE A. TUCKER (“The Energet-
ics of Bird Flight”) is associate professor
of zoology at Duke University. “My ac-
tive interest in bird flight,” he writes,
“began during an airplane trip when 1
saw a flock of birds flying at 12,000 feet
over the Aleutian Islands. I wondered
how high birds could fly, but at the time
I had no way of studying flight in the
laboratory. A few years later 1 built a
small wind tunnel and found that budg-
erigars could be trained to fly in it. One
bird learned to wear an oxygen mask
when flying at simulated high altitudes.
It was an easy matter to reverse the flow
through the mask and measure the bird’s
metabolic rate.” Tucker was graduated
from the University of California at Los
Angeles in 1958, obtaining his master’s
degree at the University of Wisconsin in
1960 and his Ph.D. from U.C.L.A. in
1963. Since his first experiments he has
found that several kinds of birds will fly
in wind tunnels, and he is investigating
a number of aspects of their aerodynam-
ics and physiology.

RONALD K. LINDE and RICHARD
C. CREWDSON (“Shock Waves in Sol-
ids”) are at the Stanford Research Insti-
tute; Linde is director of the Poulter
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Laboratory for High Pressure Research
and Crewdson is chairman of the shock
and high-pressure physics department
of the laboratory. Linde, who joined the
institute in 1964, was graduated from
the University of California at Los An-
geles in 1961 and received his master’s
degree and Ph.D. from the California
Institute of Technology in 1962 and
1964 respectively. He is the author of
more than 20 papers in the field of solid-
state physics. Crewdson was graduated
from Lafayette College in 1961 and ob-
tained his Ph.D. at Cal Tech in 1967.
In addition to his research in shock-
wave physics he is interested in indus-
trial applications of the work.

NATHAN SHARON (“The Bacterial
Cell Wall”) is the Joseph and Sadie Dan-
ciger Professor of Molecular Biology in
the department of biophysics at the
Weizmann Institute of Science in Israel.
Born in Poland, he emigrated with his
family to Israel (then Palestine) in 1934.
He studied at the Hebrew University in
Jerusalem, where he received his mas-
ter’s degree in 1950 and his Ph.D. in
1953. In addition to his research, which
deals mainly with proteins and carbohy-
drates, Sharon does a great deal of sci-
ence writing for general audiences, and
for some time he has edited a weekly
radio program on advances in science.
He is also the scientific editor of Mada
(“Science”), a general science magazine
published in Hebrew. Apart from his
work Sharon enjoys stamp collecting and
swimming.

CHARLES R. MICHAEL (“Retinal
Processing of Visual Images”) is assistant
professor of physiology at the Yale Uni-
versity School of Medicine. He received
his bachelor’s degree from Harvard Col-
lege in 1961 and remained at Harvard
for his Ph.D., which he obtained in
1965. As a graduate student he had what
he calls “a rewarding experience” in
his informal association with David H.
Hubel and Torsten N. Wiesel, who have
done much work on visual processing.
For three years after obtaining his doc-
torate Michael was a postdoctoral fellow
at Johns Hopkins University, where he
worked with Edward F. MacNichol, Jr.,
a noted investigator of visual pigments
and color vision.

DOROTHY ZINBERG and PAUL
DOTY, who in this issue review The
New Brahmins: Scientific Life in Amer-
ica, by Spencer Klaw, are respectively
a postdoctoral fellow at the University
of London and professor of chemistry at
Harvard University.



The Fairbanks Morse
Caprocon system speeds
the processing of cargo—
automatically,

for United Airlines.

A key to the system
is Kleinschmidt

For high speed in automated
communications, there's only one
answer: Kleinschmidt.

Take the Fairbanks Morse
CAPROCON™system. At United
Airlines Cargo Terminal in Los
Angeles, Caprocon, aided by Klein-
schmidt data printers, brings new
speed and efficiency to the processing
of random parcels.

Working at a rate of 800 parcels per
hour, Caprocon weighs and measures
parcels instantly. It feeds the infor-
mation on cubage and density to
Kleinschmidtdata printers. Bills,
labels, and shippinginstructionsare
printed outautomatically. Result:
more efficient palletizing, more
economical aircraft loading, faster
service than ever before.

Kleinschmidt 311™ Data Printer
works at speeds up to 4 times faster
than most other teleprinters. And,
with 70% fewer moving parts, it’s
extremely reliable.

Like other Kleinschmidt data
printers, the 311 is compatible with
all makes of telecommunication
equipment. You can fit it directly into
your present system or into one being
designed for you.

If you have a problemin
telecommunications, shouldn’t you
communicate with Kleinschmidt?
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TIME SHARE CORPORATION
HANOVER, NEW HAMPSHIRE 03755 « (603) 643-3640.

Mr. Thomas J. Watson, JT.
International Business Machines Corporation
Armonk, New York

Dear Mr. Watson:

Time Share Corporation fully concurs with IBM's statement regarding
the vitality of the competition in the computer jindustry. We find
it quite possible to compete effectively with your organization in
the time-sharing marketplace.

The following brief comparison shows how a small, aggressive company
of computer professionals can successfully provide an attractive
alternative to your Ccall/360 service.

IBM TSC

Hourly Rate, TT $11/Hr. $6/Hr.
CPU Time $7/Min. Free
User Storage Available Yes Yes
Application Programs Yes Yes
Customer Support Yes Yes
Customer Education Yes Yes
Guaranteed Access (on a

24-Hr.; 7-Day-per-Week

Basis) No Yes
Unlimited Use Plan No Yes

We look forward to competing with IBM in a free marketplace for a
long, long time.

Sincerely,

TIME SHARE CORPORATION

TIME SHARE CORPORATION

Headquarters:
rs: Hanover, New Hampshire 03755 :-(603
. 1643-3640

Other Time S
har
are De\ajrifa Centers: Waltham, Mass., W. S
aterbury, Conn, Albany, N Y S i

Total Service i
— and through it iter Field: Software - Applicati )
Management Segmi:w:rﬂssu.tljadlar‘y' Computer Envirogmegﬁsné’ Time-Sharing
n-Company Education - Computer gggor‘atz;_on;
eer Training
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Hybrid Wheat

Many of the problems associated with hybridizing this important grain

crop are being solved. The eventual introduction of hybrid wheat on a

large scale will have a substantial economic and nutritional impact

of two major grain crops, corn and

sorghum, has been revolutionized
by the technique of mass hybridization:
the crossing of two dissimilar inbred
lines or varieties to obtain oftspring with
more desirable qualities than those pos-
sessed by either of the parent lines. It
now appears that another important
grain, wheat, is on the verge of a similar
revolution. The problems associated with
the production of hybrid wheat on a
commercially feasible scale have been
particularly difficult, butenough progress
has been made in the past few years to
predict with some assurance that the
eventual widespread introduction of
hybrid wheat varieties will have a far
greater economic and nutritional impact
than the introduction of any other hy-
brid crop grown in the world today.

The basis of all such attempts at ge-
netic manipulation is the phenomenon of
hybrid vigor, the tendency for the oft-
spring of crossed varieties to have great-
er vitality than the offspring of inbred
varieties. Hybrid vigor can be manifest-
ed in a number of ways: increased yield,
greater resistance to disease or insects or
harsh climate, a shorter growing season
and better milling or baking qualities. In
the case of wheat the primary benefit
being sought is increased yield.

It turns out that the extra vigor of hy-
brids is expressed at a maximum in the
first generation after the cross; later gen-
erations show a drastic reduction in
vigor. Hence the object of any hybridi-

: ;o far in this century the production

zation program is to perfect a technique
for producing enough hybrid seed to
grow first-generation plants on a large
scale.

This was easy to accomplish with
corn, because in a broad sense all corn is
hybrid. Corn is a cross-pollinated species
in which the male sex parts (in the tassel)
and the female sex parts (in the ear) are
located in quite separate parts of the
same plant. Removing the tassel by
hand makes the plant female and there-
fore incapable of self-fertilization; thus
all the seed produced on the ear will be
hybrid since it must be fertilized by
pollen from other plants. Enough hybrid
seed was produced by this method to
plant the entire corn acreage of the U.S.
within the first 20 years after the first
hybrid varieties were introduced in the
1930’s.

In the early 1950°s a new technique
for producing hybrid corn seed was de-
veloped. It involves a sophisticated ge-
netic procedure for inducing male steril-
ity in a generation of corn plants; these
plants are then crossed with a variety
that is capable of restoring full fertility
to the first-generation offspring of the
cross. This approach eliminated the need
for the laborious hand-detasseling op-
eration and is currently employed in the
production of a large percentage of the
world’s crop of hybrid corn. A similar
technique has proved successful for pro-
ducing hybrid sorghum; in only a few
years it has resulted in the hybridization
of the entire sorghum crop of the U.S. It
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by Byrd C. Curtis and David R. Johuston

is basically a variation of this general
approach that has been applied to the
hybridization of wheat.

Unlike corn, wheat is almost 100 per-
cent self-pollinated. Both the male
and the female sex parts—the male sta-
mens containing the pollen and the fe-
male pistil containing the egg—are lo-
cated in the same floret, or flower [see
illustration on next page]. Normally the
anthers (the elongated pollen-bearing
portions of the stamens) supply pollen to
the stigma (the feathery portion of the
pistil) before the floret opens enough to
allow the entrance of pollen from other
plants. To obtain a single hybrid seed it
is necessary to remove the three anthers
in a floret with small forceps and later
apply pollen from another plant to the
stigma by hand. To ensure success all
these operations must be timed precisely
and executed with great care. Obviously
commercial quantities of hybrid seed
cannot be produced in this manner.
Here it should be noted that many
varieties of wheat already under culti-
vation are often referred to incorrectly
as hybrid wheat. This misnomer arises
from the fact that it is possible to derive
improved varieties from a handmade hy-
brid several generations removed. The
best descendants of the original hybrid
are selected and inbred for five or six suc-
cessive self-pollinated generations until
a “pure line” or “true breeding” plant is
obtained. Such a plant, combining the
good traits of the original parents, will
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FLORET

ANTHERS

E T N S e mns

STAMEN

SELF-FERTILIZATION of an individual floret, or flower, of
wheat is represented in this series of drawings. Drawing 1 shows a
typical mature wheat spike; drawing 2 shows how the wheat head
is composed of alternating rows of spikelets, each of which con-
tains several florets (in this case three are shown). Drawings 3
through 6 show how the anthers (the elongated pollen-bearing por-
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SPIKELET

tions of the male stamens) normally supply pollen on the stigma
(the feathery portion of the female pistil) before the floret opens
enough to allow the entrance of pollen from other plants. Draw-
ings 7 and 8 show how the fertilized egg develops into the seed,
or grain, of wheat. Threshing separates the full-grown grains from
the rest of the plant, which is referred to collectively as chaff.
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produce similar plants in all subsequent
generations, provided that it is self-pol-
linated and that mutation does not take
place. Most modern wheat varieties were
obtained by some such procedure, but
they are clearly not true hybrids.

"I'he development of a technique for

producing true hybrid wheat seed on
a large scale began in the early 1950,
at about the same time that the male-
sterile mechanism for producing hybrid
corn was being perfected. The Japanese
investigator H. Kihara reported in 1951
that he had succeeded in inducing “cy-
toplasmic male sterility” in wheat; this
type of male sterility sometimes results
when the nucleus of one cell interacts
with the cytoplasm of an unrelated cell.
Kihara had transferred the nucleus of a
common bread wheat (Triticum aesti-
vum subspecies vulgare) into the cyto-
plasm of a wild relative of wheat called
goat grass (Aegilops caudata) and had
found that the progeny were female-
fertile but male-sterile. In 1953 H. Fu-
kasawa of Japan obtained similar results
with a different wild species (Aegilops
ovata) as the female parent in a cross
with durum wheat (Triticum durum), a
species used primarily for making maca-
roni. Later Kihara developed still an-
other male-sterile variety by crossing
emmer wheat (Triticum dicoccum) with
a species known only as Triticum timo-
phecvi.

None of these developments proved
successful in providing a commercially
useful male-sterile mechanism for hy-
brid wheat, owing to adverse side effects
produced by the particular lines that
were crossed. The findings did, how-
ever, stimulate later and more successful
experiments. In 1961 J. A. Wilson and
W. M. Ross, working at the Kansas Ag-
ricultural Experiment Station, obtained
stable cytoplasmic-male-sterile bread
wheats by crossing T'. timopheevi as the
female or seed parent with a variety of
T. aestivum called Bison wheat. Repeat-
ed backcrossing of the Bison variety with
the male-sterile progeny plants resulted
in stable, cytoplasmic-male-sterile Bison
lines. These lines were widely distrib-
uted internationally and are the source
of many of the male-sterile wheat vari-
eties currently available.

For the cytoplasmic-male-sterile sys-
tem to be useful in producing hybrid
wheat a corresponding fertility-restoring
mechanism must be found. A male-ster-
ile Bison line, when pollinated by nor-
mal fertile Bison wheat or other normal,
nonrestoring varieties, will produce off-
spring that are also male-sterile. This

s e L
S ‘-'-Id’iﬁ‘ﬁ \

EMASCULATION of a wheat floret is accomplished by removing the three anthers in the
floret with small forceps. Pollen from another plant can later be applied to the stigma by
hand in order to obtain a single seed of hybrid wheat. Such a procedure is obviously not
commercially feasible as a method of producing large quantities of hybrid wheat seed.
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MALE-STERILE SEED on the wheat head at center was obtained by hand-fertilizing the
florets of an emasculated plant called Triticum timopheevi with pollen from a common
bread-wheat variety of Triticum aestivum. Normal spikes of the female and male parents
are shown at left and right respectively. The “cytoplasmic male sterility” of the crossed
variety results from a little-understood interaction of the chromosomal genes in the nuclei
of the male parent’s cells with an unknown heredity factor in the cytoplasm of the female
parent’s cells. Repeated backcrossing of fully fertile plants of the common bread-wheat vari-
ety with the male-sterile progeny plants results in a stable cytoplasmic-male-sterile line.

outcome is of course an important and
integral step in maintaining and increas-
ing seed of the male-sterile variety, but
seed used by the farmer to plant his hy-
brid crop must have, in the resulting
plants, the capacity for male fertility.
This is achieved by pollinating the male-
sterile plants with a variety that restores
fertility. Such varieties have in them
dominant restorer genes capable of over-
coming the cytoplasm-nucleus reaction
that causes male sterility. Finding high-
ly effective dominant gene systems for
fertility-restoration has proved difficult
indeed, but a few such systems that re-
store fertility well under certain en-
vironments have been reported.

In 1960 Wilson and Ross announced
the discovery of partial fertility-restoring
factors in bread wheat for one of the
cytoplasms on which Fukasawa had
worked. Then in February, 1962, Wil-
son suggested that restorer genes must
exist in T. timopheevi, since it carried
the sterile cytoplasm; otherwise T. timo-
pheevi would be male-sterile and unable
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to reproduce itself. Several months later
John W. Schmidt, V. A. Johnson and
S. D. Mann of the Nebraska Agricultural
Experiment Station demonstrated that a
bread wheat derived from T. timopheevi
was effective in restoring reasonable fer-
tility to male-sterile Bison wheat. Shortly
thereafter Wilson, working independent-
ly, reported similar results. Subsequent
studies by these same investigators and
others have shown that the original re-
storer sources were not comp]etely effec-
tive in restoring fertility to the Bison
plants and other sterile wheats in all
environments.

In the years since the discovery of
these partial fertility-restoring factors it
has become obvious that restorer genes
and modifiers of restorer genes are dis-
tributed among several of the world’s
existing wheat varieties. For example,
Ronald W. Livers of the Kansas Agricul-
tural Experiment Station has reported a
number of common varieties that carry
genes for partial restoration. An impor-
tant restorer gene was also found in a
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variety called Primepi wheat by E. Oeh-
ler and M. Ingold of France. Much re-
search is currently under way to collect
enough of the restorer genes into single
agronomically desirable varieties in or-
der to make hybrids completely fertile
when crossed with agronomically sound
male-sterile varieties. One private seed
company has announced success in this
effort and has distributed several va-
rieties of hybrid wheat seed for test
planting by farmers.

The cytoplasm-nucleus reaction that

leads to male sterility is not a well-
understood process. In fertile plants
there is apparently a good balance be-
tween the chromosomal genes and an
unknown heredity mechanism carried
in the cytoplasm. In cytoplasmic-male-
sterile plants this delicate balance is
undoubtedly upset in some way, giving
rise to deformed anthers and empty or
sterile pollen grains [see illustration on
page 26]. In contrast to normal an-
thers the anthers of male-sterile plants
are more slender and tend to curl at the
base into the shape of an arrowhead.
Such anthers produce little pollen, and
what little is produced cannot effect fer-
tilization. Apparently the induced im-
balance has no effect on the pistil. Nor-
mal pollen applied to the stigma will
function properly, and a seed will be pro-
duced. In fact, there is scant evidence
that male-sterile plants are morphologi-
cally different from normal plants except
for defective anthers and pollen.

Cytoplasmic-male-sterile lines can be
developed, starting with a stable line
such as Bison wheat or Wichita wheat,
by means of the backcross method [sce
top illustration on page 27]. The final
progeny will be identical with the recur-
rent parent in most characteristics ex-
cept that it will be male-sterile instead
of fully fertile. In order to prevent con-
tamination by foreign pollen and to en-
sure that only pollen from the recurrent
parent effects fertilization, some strata-
gem must be found for isolating the in-
dividual plant, such as placing a small
plastic bag over its head.

A few wheat varieties have proved
difficult to sterilize. These plants, which
usually have a restorer gene that pre-
vents sterilization, include several im-
portant commercial varieties. Just why
these varieties have such genes is not
known. Perhaps they arose by mutation
or are carry-over genes from natural
crosses to T. timopheevi in past genera-
tions.

Male-sterile varieties are maintained
and increased by growing the male-ster-



ile, or A-line, plants in “drill strips” in
the field. These are situated Dbetween
drill strips of the normal fertile, or
B-line, plants. The male-sterile plants
are pollinated by windblown pollen
from the fertile plants. Seed from the
male-sterile plants is harvested (by com-
bine) separately from seed from the fer-
tile plants; after a sufficient increase is
attained the male-sterile seed is ready to
be planted as the female next to a re-
storer line as the male for hybrid-seed
production.

Developing additional restorer, or R-
line, plants from a given source is much
more difficult and laborious than de-
veloping additional male-sterile lines.
For example, in order to produce a re-
storer line of the Scout variety one must
select and backcross the dominant re-
storer plants in later generations to the
parent Scout line. After several repeti-
tions of the cycle the characteristics of
the Scout plants are combined with the

dominant restorer genes, resulting in a
Scout restorer variety [see Dottom illus-
tration on page 27].

The same general procedure can be
used to produce a new restorer variety
with the desirable characteristics of the
Scout line combined with the desirable
characteristics of the original restorer
source. Here, as before, the second-gen-
eration restorer plants would be selected
for producing the third and succeeding
generations. In each generation, how-
ever, the best agronomic plants would
be selected for continuation. Thus after
the fifth generation it should be possible
to select plants approaching the pure-
line status.

An important requirement for any
breeding scheme designed to produce
restorer lines is that the selected plants
of each generation be crossed to a cyto-
plasmic-male-sterile variety to deter-
mine if the selected plants actually carry
the restorer genes. The first-generation

plants frem these test crosses will be
fully restored to male fertility if the se-
lected plants carry the necessary fertil-
ity-restoring genes.

After a number of male-sterile and
restorer lines are produced, various com-
binations of hybrids are made and test-
ed under field conditions to determine
which hybrids display the greatest hy-
brid vigor for a given production area.
Once this is established the hybrid seed
can be produced on a large scale for sale
to farmers. Such seed will produce first-
generation hybrid plants that one hopes
will possess the desired amount of hy-
brid vigor. Obviously hybrid vigor must
be manifested or the farmer gains noth-
ing from planting the hybrid.

The amount of hybrid vigor to be
gained from hybrid wheat in large-scale
field plantings has not yet been estab-
lished, owing to the unavailability of
sufficient seed stocks for such plantings.
Many reports on the gain in hybrid vigor

THREE MATURE SPIKES of Bison wheat are compared in this
illustration. At left is a cytoplasmic-male-sterile spike open and
ready for cross-pollination. At center is a fully fertile spike under-
going self-pollination. At right is a partially fertile spike derived
from a cytoplasmic-male-sterile line; its fertility has been partially
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restored by crossing its male-sterile parent as the female with a
variety of bread wheat derived from T. timopheevi as the male.
The discovery of the fertility-restoring factors in bread wheat
in the early 1960’s stimulated a major expansion in the research
effort devoted to the development of new hybrid wheat varieties.
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SEX PARTS from a male-sterile plant of Bison wheat (left) are compared with the sex
parts from a normal plant of Wichita wheat (right). The anthers of the male-sterile plant
(top left) are more slender than the normal anthers (top right) and tend to curl at the base
into the shape of an arrowhead. The little pollen produced by the anthers of the male-
sterile wheat plant is sterile and cannot effect fertilization. The pistil of the male-sterile
plant (bottom left) is morphologically identical with that of the normal plant (bottom right).

from small experimental plantings in
various parts of the world are in the lit-
erature on wheat. One can surmise from
these reports that a 20 to 30 percent in-
crease in yield should not be difficult to
obtain from large-scale field plantings.
Data from such plantings should be
available in two to four years; it will
then be possible to ascertain the degree
of hybrid vigor to be realized from
wheat.

So far we have discussed only the me-

chanics of producing hybrid wheat
plants experimentally. No mention has
been made of the difficulties usually en-
countered in increasing the male-sterile
lines or in growing hybrid seed under
field conditions.

The major difficulty in producing eco-
nomically feasible hybrids, other than
developing adequate restorer lines, has
been the failure to obtain consistently
good cross-pollination in the field. Cross-
pollination is affected by many factors,
including the synchronization of the
flowering times of the male-sterile plants
and the pollinator plants. The vagaries
of the weather also have a strong bear-
ing on cross-pollination. The problem of
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providing receptive female florets at the
time of maximum pollen dispersal de-
pends on the relative maturity of the two
parent varieties. Concurrent pluntings
of male-sterile and pollinator varieties,
with the pollinator plants reaching the
“heading” stage one to three days later
than the male-sterile plants, will usually
provide adequate synchronization.

Under conditions of cool weather and
an adequate supply of moisture, the fe-
male sex parts will remain receptive for
as long as eight to 10 days. Maximum
receptivity is attained three to five days
after the wheat heads are fully formed.
If the pollinator variety happens to ma-
ture earlier than the male-sterile one,
maximum pollen dispersal may precede
maximum floret receptivity, and the re-
sult will be a reduced yield of seed.
Solutions to such problems may be
found in adjusting the planting times or
in varying the seeding rates. Such ac-
tivities will, however, add considerably
to production costs and thereby increase
the cost of hybrid seed. Extra seed costs
to the farmer reduce the value he gains
from hybrid vigor.

Wheat pollen is short-lived and is
adversely affected by hot and dry con-
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ditions. Richard E. Watkins of Colorado
State University has found under labora-
tory conditions that the life-span of pol-
len from typical wheat varieties is less
than five minutes after anthesis (the
opening of the anther) at a temperature
of 95 degrees Fahrenheit and a relative
humidity of 20 percent. At 65 degrees F.
and 80 percent relative humidity some
pollen remained alive for as long as an
hour, with more than 60 percent still
viable 20 minutes after anthesis. In addi-
tion to aftecting the viability of pollen,
high temperatures and low humidity re-
duce the pollen load in the air, since the
wilting of the plant parts impedes the
release of pollen.

In general the best cross-pollination
has been achieved at cool (but not too
cool) temperatures and medium humid-
ity. Too much rainfall or fog also im-
pedes pollen dispersal. Under these con-
ditions pollen is either washed down or
made so soggy that it fails to become
airborne. Such weather conditions may
also cause “lodging,” or bending of the
entire wheat plant toward the ground,
another situation that could prevent
cross-pollination. Gentle to strong breez-
es are necessary to move pollen from
one plant to another, but too much wind
may result in the loss of pollen. Wheat
pollen is heavier than air, but it is easily
borne aloft by air movement. Some
workers have envisioned the use of wind
machines to enhance cross-pollination,
but no reports of the successful applica-
tion of this technique are at hand.

Cross-pollination of more than 90 per-
cent of the male-sterile plants has been
achieved under field conditions, but
much lower percentages are usually the
case. It is believed that at least 70 per-
cent cross-pollination is needed to keep
the cost of hybrid wheat seed at an ac-
ceptable level. Efforts are under way to
enhance cross-pollination by incorporat-
ing (through breeding) larger and more
prominent anther types into pollinators
and wider-opening florets with larger
stigmas into male-sterile lines.

\’rfhat will the advent of hybrid wheat

mean to farmers, millers, bakers and
the ultimate consumers of wheat prod-
ucts? To the farmer hybrid wheat should
provide greater returns per acre of land,
resulting not only from hybrid vigor but
also from the more intensive and effi-
cient management practices that seem to
accompany the introduction of a hybrid
crop. When hybrid corn was introduced,
improved management accounted for as
much or more of the increase in yield as

hybrid vigor did. The production prob-



NONRECURRENT PARENT
(CYTOPLASMIC-MALE-STERILE VARIETY)

__T—

FIRST GENERATION

RECURRENT PARENT
(WICHITA VARIETY)

—.X—,
(50 PERCENT WICHITA)

FIRST BACKCROSS (75 PERCENT WICHITA) .—-X___

SECOND BACKCROSS (87.5 PERCENT WICHITA)
THIRD BACKCROSS (93.75 PERCENT WICHITA)
FOURTH BACKCROSS (96.88 PERCENT WICHITA)

FIFTH BACKCROSS (98.45 PERCENT WICHITA)

BACKCROSS METHOD is used to develop and increase a cyto-
plasmic-male-sterile line of Wichita wheat. The final progeny will
be identical with the recurrent Wichita parent in most character-

RESTORER VARIETY

>‘<
FIRST GENERATION ‘

SECOND GENERATION

RESTORER LINE, consisting of wheat plants of the Scout variety,
is developed by selecting and backcrossing the dominant restorer
plants of later generations to the parent Scout line. After several
repetitions of the cycle the characteristics of the Scout plants are
combined with the dominant restorer genes, resulting in a Scout re-
storer variety. In this schematic representation of one such cycle

istics except that it will be male-sterile instead of fully fertile.
Theoretically the genetic content of the nonrecurrent male-sterile
parent will be reduced by half for each generation of backcrossing.

SCOUT VARIETY (MALE-STERILE)

the dominant restorer genes, located in the nuclei of plants derived
from the original restorer plants, are denoted by R, and R,; the
recessive, or nonrestorer, genes are denoted by r, and r,,. The cyto-
plasm from the male-sterile variety is colored; the normal cyto-
plasm from the Scout variety is gray. The completely dominant
restorer plant in the second generation is designated R;R,R,R,.
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lems associated with hybrid wheat
should be no greater than those encoun-
tered with high-yield pure-line wheat
varieties. Hybrids must of course be ac-
ceptable in all the agronomic charac-
teristics to which the wheat farmer is
accustomed.

One specific trait that hybrid wheats
must possess is good resistance to lodg-
ing, particularly in the high-yield areas.
Increased grain yields of 25 to 50 per-
cent impose a proportionately increased
weight load on the wheat straw and may
result in severe lodging. Heavily lodged
plants result in high harvest losses in
grain, manpower and harvesting-ma-
chine time. One way of increasing re-
sistance to lodging is to breed hybrids
with shorter and stiffer stems. Most
breeding programs aimed at developing
hybrid wheat are taking this approach
to atlain resistance to lodging. Sources
for these hybrids include the highly pro-
ductive semidwarf Mexican wheat va-
rieties and semidwarf wheat varieties
from the northwestern U.S.

IN THE FIELD hybrid wheat seed is produced by growing alternat-
ing “drill strips™ of the maule-sterile line and the fertility-restoring
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Hybrids with shorter stems may not
be necessary in some of the important
wheat areas that normally do not sup-
port the development of tall straw.
Much of the high plains of the U.S. is
such an area. Irrigation is on the increase
in some of the high plains areas, how-
ever, and there are indications that bet-
ter lodging resistance will be needed.

Resistance to disease is an important
attribute for stabilizing wheat produc-
tion in many parts of the world. Hybrid
wheat should offer more flexibility than
pure-line varieties in the control of dis-
eases, particularly parasitic diseases such
as the rusts. When a pure-line variety
that is resistant to the prevalent rust
fungi is released, new rust species usu-
ally arise to attack the new variety. The
same pattern will probably hold true for
hybrids, except that other hybrids, re-
sistant to the new rusts, can be easily
substituted for the old hybrid. The rea-
son is that farmers must obtain new seed
for each crop from the producer of the
original hybrid. Farmers growing pure-
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line varieties would be more likely to
plant subsequent crops from the seed of
preceding crops and thus perpetuate the
rust-susceptible varieties. The producers
of hybrid wheat have a great responsi-
bility to keep abreast of the rust situation
and to develop resistant hybrids to com-
bat the disease.

A large number of wheat varieties are
required to fit the varied ecological con-
ditions of the areas where wheat is
grown. This suggests that many different
hybrids will also be required to fit many
ecological niches. There is some hope,
however, that one of the benefits of hy-
brid vigor will be increased adaptability.
Some experiments have indicated that
the root system of a wheat plant may be
improved to allow the plant to perform
better under drought conditions. Hy-
brids so designed will help to stabilize
production in areas of the world where
rainfall is highly variable from season to
season.

To millers, bakers and consumers the

quality of wheat produced by hybrids

line. Cross-pollination of the male-sterile plants is effected by wind-
borne pollen from the restorer plants. The hybrid seed from the



is of great importance. Approximately
three-fourths of the wheat produced in
the world is destined for human con-
sumption. This being so, a close relation
has developed between breeders and
cereal chemists seeking to maintain or
improve quality as new varieties are
developed.

The quality of a particular variety of
wheat is defined in terms of its ultimate
use. Some flours require a high protein
content; others do not. Some call for
the ability to absorb more water than
others. The large number of wheat prod-
ucts results in an equally large number
of flour specifications. Most of the wheat
produced in North America is classed as
bread wheat. These wheats are generally
high in protein content and have good
water-absorption and gas-retention prop-
erties. The best of them are blended
with poorer wheats to improve the flour
quality in the making of bread.

Wheat varieties differ in their ability
to confer favorable characteristics on
their progeny. Studies have shown that
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male-sterile strips is harvested (by combine) separately from the
inbred seed from the restorer strips. The photograph on these two

the protein content of first-generation
hybrids can be higher than that of the
superior parent. This is somewhat at
variance with regular varieties, in which
high yield has been associated with low
protein content. Conversely, some hy-
brids have been lower in protein (and in
yield) than the inferior parent. Other
crosses have produced hybrids whose
protein content is intermediate between
the protein content of the parents. Sim-
ilar results have been obtained for water-
absorption and gas-retention properties.
There is still very little information
on the quality characteristics of hybrid
wheat, but the information available in-
dicates that with the proper selection of
parents hybrids of any desired quality
can be obtained.

Research on the hybridization of wheat

has been expanded on all fronts
in the past decade. Much of the expan-
sion was triggered by the discovery of
the male-sterility and fertility-restoring
system. Until the early 1960’s wheat re-
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search was centered in the land-grant
institutions and supported primarily by
tax funds, both state and Federal. Credit
for the discovery of the mechanism to
produce hybrid wheat belongs to those
institutions. The prospect of an extreme-
ly large and continuing market for hy-
brid wheat seed has prompted several
private seed companies, most of them
experienced in breeding other crops, to
initiate research programs aimed at the
development of hybrid wheat varieties.
The combined efforts of public and pri-
vate breeders have already produced
dramatic results, but there is a clear need
for continued research in many areas.
The value of hybrid wheat can only be
maintained and improved by further
development of improved parental lines.
These are the backbone of a successful
hybridization program. The develop-
ment of high-yielding, strong-strawed,
disease-resistant parental lines produc-
ing grain of good milling and baking
quality will ensure the success of hybrid
wheat for the future.
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pages shows a typical drill-strip wheat field that is located at the
Colorado State University Agronomy Farm in Fort Collins, Colo.
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Relaxation Methods in Chemistry

By rapidly upsetting the equilibrium of a chemical reaction

one can study the important mechanisms that operate in the

interval between a thousandth and a billionth of a second

hen a chemist has discovered
that two substances react to
form a third substance, his job

has only begun. His next task is to learn
something about the mechanism of the
reaction. Did substance A dissociate into
two subspecies before one of them re-
acted with B? Did A and B first form a
temporary complex that rearranged it-
self to form C? Did the reaction require
the help of a catalyst such as an enzyme,
and if so, what specific regions of the
enzyme were involved in the catalytic
mechanism? How fast did the reaction
go? Because most chemical reactions
take place rapidly, it is not easy to ob-
tain answers to such questions. If the re-
action takes place in solution, as a great
many reactions do, the reaction time is
often very short indeed. Hence much in-
genuity has been applied to following
the details of reactions on an increasing-
ly short time scale.

Fifteen years ago chemists thought
they were doing well to study the rate of
reactions in solution that were half-com-
pleted in a millisecond. Today half-times
as short as a few nanoseconds (billionths
of a second) can be directly measured.
This dramatic progress has resulted from
a new approach to the study of reaction
rates to which the cryptic term “relaxa-
tion” has been applied. In this approach
the equilibrium of a chemical reaction is
rapidly upset by changing some impor-
tant condition, such as temperature or
pressure; the change in the concentra-
tion of reactants or product is monitored
while the reaction reequilibrates (re-
laxes). This basically simple idea, which
could have been implemented technical-
ly—had anyone thought of it—at least 30
years ago, was introduced in 1954 by
Manfred Eigen of the Max Planck Insti-
tute for Physical Chemistry in Gotting-
en, who received a Nobel prize for his
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work in 1967. It has provided a new vi-
sion into the elementary steps of chemi-
cal reactions and is proving a powerful
tool for clarifying biochemical mecha-
nisms.

Trnditionally chemical reactions have

been studied by mixing separate so-
lutions containing known concentrations
of the reactants and timing either the
disappearance of one of the reactants or
the appearance of the product. As long
as the progress of the reaction was fol-
lowed by extracting samples for quan-
titative chemical analysis, manual mix-
ing was perfectly adequate. The time
required to mix two solutions manually
depends ultimately on the dexterity of
the experimenter, but it is not less than
several seconds.

In 1923 Hamilton Hartridge and
F. J. W. Roughton of the University of
Cambridge devised a way to study much
faster reactions. Two solutions contain-
ing the reactants were mechanically
forced together in a mixing chamber
from which the mixture flowed into a
long observation tube. There one could
measure changes in color that were re-
lated to a change in concentration of ei-
ther the reactants or the product. The
time from the start of the reaction de-
pended on the distance the solution had
traveled from the mixing chamber and
on the velocity of flow. Hence reaction
rates could be determined either by ob-
serving the extent of the reaction at dif-
ferent points along the observation tube
or by observing the reaction at a single
point and varying the flow velocity. In
this way it was possible to obtain infor-
mation on reactions within a few milli-
seconds of their starting time.

In early applications of this method
a galvanometer was used to measure the
response of a photocell to changes in the
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color of the flowing solution. Because
several seconds were needed to make a
measurement, a constant flow rate had
to be maintained for this period, which
meant that fairly large volumes of reac-
tants were required. Therefore the meth-
od could not be employed with scarce
substances such as biochemicals that
were difficult to isolate. The develop-
ment of cathode ray oscilloscopes that
can simultaneously detect, amplify, re-
cord and time electronic signals led to
“stopped flow” instruments that required
much smaller quantities of reactants. In
this variation of the continuous-flow
method the flow was abruptly stopped
after mixing and changes in the color of
the stationary reaction solution were
recorded  spectrophotometrically. By
1940 Britton Chance of the University of
Pennsylvania had developed an instru-
ment that required only a tenth of a mil-
liliter of reactants to produce enough
readings for plotting a useful curve.
Since that time there have been refine-
ments in flow methods but none has re-
duced the minimum time required to
mix two solutions to less than a tenth of
a millisecond. Further shortening of the
time in studying solution reactions re-
quired a radically different approach.
The new approach was foreshadowed
in the early 1950’s by measurements of
sound absorption in solutions containing
dissolved salts such as magnesium sul-
fate. Sound waves of certain frequencies
were more strongly absorbed than had
been expected. It is now known that the
anomalous absorption results from the
inability of a reaction involving the mag-
nesium ion (Mg* *) to keep pace with
the pressure variations in the sound
wave. It is of historical interest that Al-
bert Einstein, following a suggestion of
the physical chemist \Walther Nernst,
had predicted in 1920 that a dissociating



TEMPERATURE-JUMP INSTRUMENT built by the author at
Wesleyan University provides information about fast chemical re-
actions by means of the relaxation technique. “Relaxation” refers
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to the natural tendency of a chemical reaction to reach a new
equilibrium after it has been perturbed in some fashion. In the

author’s instrument the perturbation is a sharp rise in temperature.

OSCILLOSCOPE

TRIGGER
o) O 0

PHOTOMULTIPLIER

SOURCE OF TEMPERATURE JUMP in the author’s instrument
is a high-voltage direct-current power supply connected to a ca-
pacitor through a solenoid switch. After the capacitor is charged
the switch is disconnected. By closing a variable spark gap the
energy stored in the capacitor can be discharged through a cell
containing the reaction under study. In solution with the reactants
are salt ions that carry the discharge current, without entering into

the reaction, and rapidly heat the solution. A temperature jump of
six to eight degrees Celsius occurs in five microseconds. The tem-
perature jump induces a change in the concentration of reactants
and product as the reaction shifts to a new equilibrium. The shift
is monitored by a photomultiplier that responds to changes in ab-
sorption of one of the reactants. The results are displayed on an
oscilloscope, which is triggered by the closing of the spark gap.

31

© 1969 SCIENTIFIC AMERICAN, INC



TEMPERATURE-JUMP CELL consists of a cylindrical plastic chamber and two electrodes
that fit into the ends of the chamber. When a high current is suddenly passed through the
cell, the temperature rises sharply and thus alters the equilibrium of a chemical reaction.
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gas should absorb sound at high fre-
quencies because the association and
dissociation of the gas molecules would
be unable to keep pace with the sharp
pressure variations in the sound waves.
It remained for Eigen to recognize clear-
ly the importance of these observations
for the study of fast reactions. He per-
ceived that fast solution reactions could
be investigated by rapidly perturbing
a reaction at chemical equilibrium and
monitoring the rate at which it shifts to
anew equilibrium.

Chemical equilibrium is a dynamic

state. Let us consider as a prototype
the bimolecular reaction between mole-
cules of A and B to form a new chemical
species C [see top illustration on oppo-
site page]. At each instant some mole-
cules of A and B are combining to form
C and some molecules of C are dissociat-
ing into A and B. The reaction is said to
be in equilibrium when the forward and
backward rates are equal. The rate at
which C forms is proportional to the
product of the concentration of A and
B. The constant of proportionality (that
is, the number that balances the equa-
tion) is called the forward rate constant.
It is a measure of the probability that the
reaction will occur. The rate at which C
dissociates to re-form A and B depends
on the amount of C present and on the
backward rate constant. The relative
concentrations of A, B and C are fixed
by the equilibrium constant K, which is
the ratio of the forward to the backward
rate constant.

Two important properties of chemical
equilibria should be noted. First, they
depend on external conditions, the two
most familiar being temperature and
pressure. For each temperature and
pressure there is a particular set of for-
ward and backward rate constants, and
therefore a different value of K. Second,
if an equilibrium is disturbed by chang-
ing the temperature or pressure, the
reaction cannot regain equilibrium infi-
nitely fast.

Suppose our prototype reaction shifts
to the right when the temperature is
raised. Such a shift is reasonable, be-
cause as the temperature increases the
molecules of A and B move faster. They
collide more frequently, increasing the
probability of reaction to form a mole-
cule of C. The dissociation of C does not
require collision with another molecule,
so that the influence of temperature on
the forward and backward rate constants
is generally different. If the forward rate
constant increases faster with tempera-
ture than the backward rate constant,
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trations of reactants and product. At temperature T; 10 molecules
of A and 10 molecules of B are in equilibrium with five molecules
of C. At temperature T, the reaction is driven to the right so that
five molecules of 4 and five of B are now in equilibrium with 10
molecules of C. The values of the rate constants at each tempera-
ture can be determined by means of chemical relaxation methods.
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RATE AND EQUILIBRIUM CONSTANTS are computed for the
reaction depicted at the top of the page. At each temperature,
when equilibrium is reached, the rate forward equals the rate
backward. The values of 4;, B, and C, at temperature T, are sub-
stituted in equation 1. If the forward rate constant k, ; is set equal
to 1, it is clear that the backward rate constant must be 20 to
make the equation balance (2). A similar substitution is carried
out in equation 3 for temperature T, giving equation 4. In equa-

tion 4 the backward rate constant is kept the same as in equation
2 to indicate that the tendency of molecule C to come apart is not
greatly affected by a small change in temperature. The rate at
which 4 and B combine, however, is apt to be significantly accel-
erated because it depends on the frequency with which they col-
lide. Thus in this hypothetical example k; 5 is eight times larger
than k;,. With this information for each temperature the equi-
librium constants K; and K, can be computed (equations 5, 6).
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RELAXATION METHODS fill the gap hetween more traditional methods for studying the
rates of chemical reactions. Reactions with half-times longer than a second can be studied
by manually mixing reactants. Mechanical-flow methods extend the range of half-times ac-
cessible to study to about a millisecond. At the other extreme, spectroscopy gives infor-
mation about simple radiation-absorption reactions, which can take place in less than
10-19 second (a tenth of a nanosecond). Relaxation techniques fill the gap between 10-10
and 10-% second, where many of the elementary steps in chemical reactions take place.
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then the relative amount of C in an equi-
librium mixture of A, B and C will be
greater at higher temperatures.

If our prototype reaction is initially at
equilibrium at some temperature T, the
concentrations of A, B and C will be the
appropriate equilibrium concentrations
for that temperature [see bottom illus-
tration on preceding page]. Now, sup-
pose the temperature is suddenly in-
creased to anew value T.. As soon as the
temperature is raised the appropriate
equilibrium values for the reactants arve
those corresponding to the higher tem-
perature. In contrast, the net rate at
which the actual concentration of C can
change is limited by the forward and
backward rate constants at the higher
temperature and by the instantaneous
concentrations of A, B and C. If the tem-
perature is increased rapidly compared
with the rate at which the reacting sys-
tem can respond, the change in the ac-
tual concentration of C will lag behind
the change in its equilibrium concen-
tration.

For small, stepwise perturbations of
the temperature, the reactants are ob-
served to approach their equilibrium
values at the higher temperature ex-
ponentially, that is, the rate at which C
changes is approximately proportional to
the difference between its equilibrium
concentration and its actual concentra-
tion. The reciprocal of the constant of
proportionality has units of time and is
called the relaxation time (designated by
the Greek letter tau). In numerical terms
it is the time required for C to approach
within approximately a third of its new
equilibrium value.

The exact relation between the relaxa-
tion time, the forward and backward
rate constants and the equilibrium con-
centrations of the reactants depends on
the form of the perturbation and on the
reaction mechanism. For a simple bi-
molecular reaction the reciprocal of the
relaxation time is equal to the forward
rate constant times the sum of the equi-
librium concentrations of A and B plus
the backward rate constant. All rate con-
stants and concentrations refer to the
higher temperature. The forward and
backward rate constants can be evalu-
ated by measuring the relaxation time at
different concentrations of A and B. A
plot of the reciprocal of the relaxation
time against the sum of the equilibri-
um concentrations of A and B yields a
straight line whose slope is the forward
rate constant and whose intercept is the
backward rate constant [see top illustra-
tion on page 371.

If we had chosen as our prototype re-
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VARIETY OF AGENCIES can be exploited for perturbing the
equilibrium of a chemical reaction when employing the relaxation
technique. Because chemical equilibria depend on temperature,
pressure and strength of the electric field, the rates of fast reactions

action the single-molecule interconver-
sion of two species A and C, the recip-
rocal of the relaxation time would have
equaled the sum of the forward and
backward rate constants. Here an inde-
pendent measurement of the equilibrium
constant would be required to evaluate
the individual rate constants. More im-
portant, the relaxation time would have
been independent of the concentrations
of reactants [see bottom illustration on
page 37]. Relaxation studies not only
allow evaluation of rate constants but
also discriminate among different pos-
sible mechanisms. If we had not known
whether C formed directly from A or
whether a two-molecule collision with
another species B was involved, mea-
surement of the relaxation time at dif-
ferent concentrations of A and B would
provide the answer.

In multistep reactions a spectrum of re-

laxation times may be observed. The
number of relaxation times expected de-
pends on the number of independent
reactions. If the reactions are sufficiently
different, the individual relaxation times
can be measured separately by simply
changing the time base on an oscillo-
scope. If not, recourse must be taken to
mathematical methods for their separa-
tion and interpretation.

The “temperature jump” instrument
built by the author at Wesleyan Univer-
sity is illustrated on page 31. Technical-
ly it is among the simplest of the relaxa-
tion methods. It happens that it is also
the most generally useful. In this instru-

ment a capacitor is charged to a high
voltage. The energy stored in the capaci-
tor is then discharged through the reac-
tion cell by closing a variable spark gap.
The reaction cell contains a neutral salt
that does not enter into the reaction but
carries the discharge current through the
solution, which is rapidly heated by the
passage of the current. Changes in the
color or transparency of the solution in
the cell are monitored by a spectropho-
tometer and recorded on an oscilloscope.
The instrument produces a temperature
jump of six to eight degrees Celsius in
about five microseconds.

It is not necessary that the perturba-
tion take the form of a simple step. Any
perturbation that can be readily ex-
pressed mathematically can be used. For
example, the pressure in a sound wave
varies as a sine wave. Nor is it essential
to perturb an equilibrium. Many reac-
tions that go to completion, notably en-
zyme-catalyzed reactions, pass through
a stationary, or quasi-equilibrium, state
in which the concentrations of interme-
diate species are temporarily constant.
The rate of formation and dissolution of
those intermediates can be studied by
rapidly perturbing the stationary state.

In the past decade Eigen, his co-work-
er Leo de Maeyer and their students
have built instruments capable of mea-
suring the fastest possible solution reac-
tions. Instruments built at Géttingen and
elsewhere have exploited a variety of
agencies for rapidly perturbing chemical
reactions [see illustration above]. For
example, temperature perturbations can
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CONDUCTANCE

in solution can be studied by perturbing any one of these varia-
bles faster than the chemical system can respond. The illustration
indicates some of the ways equilibria can be upset and methods
for observing the speed with which equilibrium is reestablished.

be produced by the absorption of micro-
wave energy or by the absorption of
short bursts of light energy, either from
flash lamps or from lasers. Pressure per-
turbations can be produced in liquid
shock tubes as well as by sound waves.

The versatility of these approaches
has been extended by coupling them to
diverse detection and recording systems.
In addition to ultraviolet and visible-
light absorption spectroscopy, changes
in fluorescence, in optical rotation and
in electrical conductivity have been used
to follow the progress of chemical reac-
tions. Gordon G. Hammes of Cornell
University has successfully coupled
stopped-flow and relaxation methods to
study the stationary state in an enzyme
reaction.

The chemist is not content to know
the results of a reaction, the proportions
in which reactants combine and the rate
of the overall process. He seeks to deter-
mine the detailed mechanisms by which
chemical transformations occur. It is
known that complex reactions involve a
series of discrete steps. A variety of tech-
niques allow the identification of reac-
tion intermediates. More formidable is
the study of the elementary steps them-
selves. In general, the transfer of protons
(hydrogen ions), the association and
dissociation of molecules, the transfer
of electrons and the rearrangement of
structures—any combination of which
comprises the individual steps in com-
plicated reaction mechanisms—are too
fast to study by conventional methods.

Consider the association of two mole-
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TEMPERATURE-JUMP TECHNIQUE provides data from which rate constants and
equilibrium constants can be determined. The apparatus used is the one illustrated on
page 31. At the outset, at the initial temperature T, product C is present at its equilibrium
concentration El. At time zero the temperature is rapidly increased to T,. The exponential
curve (color) shows how the instantaneous concentration of C approaches the new equi-
librium value 62. The relaxation time 7 (tau) is approximately equal to the time required
for product C to travel two-thirds of the way toward the final equilibrium concentration Cs.

EXAMPLE OF CHEMICAL RELAXATION is shown in this oscilloscope trace made by
the author. The reactants are the enzyme alpha-chymotrypsin and proflavin, a strongly col-
ored substance that binds to the enzyme. When subjected to a temperature jump, the equi-
librium amount of bound proflavin is abruptly altered, leading to a change in the amount
of light at a wavelength of 460 nanometers absorbed by the solution. The trace shows
the change in absorption in the 1.6 milliseconds following the temperature perturbation.
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cules in water solution as forming some
kind of identifiable intermediate com-
plex. How fast can this reaction occur?
Of course, since the rate depends on the
concentrations of the reactants, it can
be made as slow as one wishes by re-
ducing the concentrations. Unfortunate-
ly one quickly reaches a point of dimin-
ishing returns. If the concentrations are
made too small, the reaction is no longer
observable. What one would like to esti-
mate is the rate constant for association
from which one could calculate the half-
time of the reaction in solutions that con-
tain detectable concentrations of the re-
actants. The theoretical calculation of
rate constants is often prohibitively dif-
ficult. It is possible, however, to calcu-
late the maximum rate constant for the
association of two molecules by assum-
ing that every collision results in the
formation of a complex. The collision
probability essentially depends on the
mobility of the reacting molecules and
their size. The faster the molecules
move, the more probable a collision is.
The bigger the molecules are, the great-
er the distance at which collision occurs.
Both the thermal mobility and the size
of the molecules can be measured by the
methods of physical chemistry. For small
molecules the calculated maximum rate
constants range from about 10° to 101!
liters per mole per second. (A mole is
the weight in grams equal to the molec-
ular weight of a substance.) At the
concentrations required for optical de-
tection these values correspond to half-
times in the microsecond range. Al-
though such half-times are too short for
continuous-flow and stopped-flow tech-
niques, they can be measured by relaxa-
tion methods.

The study of proton transfer in water
illustrates the use of relaxation meth-
ods to investigate a fast elementary
process. This was one of the first reac-
tions Eigen and his associates studied
by chemical relaxation methods. They
found that the rate constant for the
bimolecular reaction in which protons
(H*) combine with hydroxyl ions (OH ™)
to form water is 1.4 X 10! liters per
mole per second. This value was surpris-
ingly higher than the theoretical maxi-
mum calculated by assuming that every
collision leads to reaction and by using
the measured mobilities of protons and
hydroxyl ions. In making such a calcula-
tion one also has to assume a certain size
for the reacting species. Earlier studies
had suggested that a proton in water is
associated with a water molecule, form-
ing a hydronium ion (H;O*). Because it



is much larger than a bare proton, H;O*
would collide more frequently with
OH~. Even this assumption, however,
led to values smaller than the newly
measured rate constant. It turned out
that the measured value was in good
agreement with the value calculated by
assuming that the reacting species were
the still larger ions HyO,* and H;O,~.

The proton in water solution can be
regarded as being hydrated by four wa-
ter molecules and the hydroxyl ion as
being hydrated by three water mole-
cules [see top illustration on next pagel].
Water is a polar molecule, meaning that
its electric charges are not evenly dis-
tributed. The oxygen has a partial neg-
ative charge; the protons (hydrogens)
have a partial positive charge. The hy-
drated proton complex and the hydrated
hydroxyl complex are stabilized by the
attraction between the charged ions and
the oppositely charged ends of the sur-
rounding water molecules. These attrac-
tions and the weak interactions be-
tween polar water molecules themselves
are called hydrogen bonds. The combi-
nation of a proton and a hydroxyl ion
involves the diffusion together of the
hydrated complexes HyO,* and H;O,~.
Once collision occurs, a hydrogen-bond
bridge is formed, and the excess proton
is rapidly transferred from HgO,* to
H;O4 . In ice all the water molecules
are bridged to four others by hydrogen
bonds. It has been determined from
measurements of proton mobility in ice
crystals that the mean time an excess
proton remains associated with a partic-
ular water molecule in a hydrogen-bond-
ed structure is 10-13 second. Therefore
the slowest step in the combination of
protons and hydroxyl ions in water is
the random encounter of the hydrated
ions. The measured rate constant cor-
responds to the probability of collision
between HyO, " and H;O,~.

the unique ability of protons to pene-

trate spheres of hydration has been
confirmed by comparing the rates at
which protons combine with negatively
charged ions in water solution and the
rates at which positively charged metal
ions combine with negatively charged
ligands (a ligand is anything that asso-
ciates with metal ions). An example of
the former process is the association of
acetic acid, in which H* reacts with
CH;COO~ to form CH;COOH. As an-
ticipated, the rate constant for combi-
nation (4.5 X 100 liters per mole per
second) equals the calculated collision
probability. Once the hydrated hydro-

gen and acetate ions have collided, pro-
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MECHANISM OF REACTION can be clarified by measuring the relaxation time, 7. If the
reaction is of the form 4 4 B = C, 1/7 equals the forward rate constant times the sum of
the final equilibrium concentrations of 4 and B (designated ZZ and Ez) plus the backward
rate constant. When 1/7 is plotted against 22 + B-._,, the slope of the curve gives the forward
rate constant (kf,2) and the point of interception gives the backward rate constant (k; 5).
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IF REACTION IS UNIMOLECULAR of the form 4 = C, it turns out that 1/ is inde-
pendent of the concentrations of the reactants, so that the resulting curve is simply a hori-
zontal line. In this case 1/7 equals the sum of the forward and backward rate constants.
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REACTION OF PROTONS AND HYDROXYL IONS in water can
be thought of as taking place in two steps, the second much faster
than the first. Relaxation experiments and other studies indicate
that a proton (H*) in water is normally hydrated, or surrounded,
by four water molecules to form HyO,* and that the hydroxyl ion
(OH ™) is hydrated by three water molecules to form H;0,~ (left).
When these complex ions collide, they neutralize each other and
form uncharged water molecules. The neutralization actually takes

place by a flow of negative charge density, which results in the
flipping of weak hydrogen bonds and real bonds (middle and
right). In the neutral structure that results, each oxygen is strongly
bound to two hydrogen atoms and more weakly linked by hydro-
gen bonds (broken lines) to other water molecules. Dots on oxygen
atoms represent the potential of forming other hydrogen bonds.
This diagram represents in two dimensions structures that actu-
ally have three dimensions; thus the circles represent spheres.

FORMATION OF METAL COMPLEX can also be thought of as
taking place in two steps, the first being faster than the second. In
solution a metal ion (Me* *) is often hydrated by six water mole-
cules. The ion with which it combines, called a ligand (L~ ), is
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more loosely associated with water molecules (not illustrated).
The metal ion and ligand come together swiftly (middle) but the
step in which the ligand displaces a water molecule in the metal’s
inner hydration sphere takes place much more slowly (right).
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ton transfer occurs rapidly along a hy-
drogen-bond bridge.

Metal complexes, for instance the
combination of magnesium with sulfate
ions, are not formed at a rate controlled
by the rate of collision. Typically the
rate constants for metal-complex forma-
tion are 10,000 to 100,000 times smaller
than those for combination with protons.
They are generally independent of the
ligand but are correlated with the posi-
tive-charge density of the metal ion.
The greater the ratio of positive charge
to the size of the metal ion is, the more
slowly the complex is formed. The ex-
planation is that the metal ion and the
ligand cannot penetrate each other’s hy-
dration spheres. Since the metal ion
binds water more tightly, the rate is de-
termined by the charge density of the
metal ion. Before a metal-ion complex
can form, a water molecule must disso-
ciate out of the metal’s inner hydration
sphere [sec bottom illustration on oppo-
site pagel.

In addition to proton transfer and
metal-complex formation, other elemen-
tary reactions have been studied by re-
laxation methods. The rates of electron
transfer, of structural rearrangements
and of association reactions have all been
successfully measured. The use of relax-
ation methods to investigate processes
involving a series of elementary steps
is illustrated by the study of enzyme
reactions.

Among the most challenging problems
in biochemistry is the detailed ex-
planation of the functioning of enzymes.
It has been known for more than a cen-
tury that enzymes are nature’s catalysts.
In their absence the myriad chemical
reactions in living cells would proceed
much too slowly to sustain life. In the
past decade it has become clear that
some enzymes also function as control
units in metabolic pathways, accelerat-
ing or decelerating selected regulatory
steps, depending on the abundance or
deficiency of key metabolites.

Most of the enzymes involved in me-
tabolism have now been identified, iso-
lated and purified. The amino acid
sequences of a dozen enzymes are now
known. In the past four years the three-
dimensional structures of five enzymes
have been worked out by X-ray crystal-
lographers. Early this year researchers
at the Merck, Sharp & Dohme Research
Laboratories and Rockefeller University
independently completed the first chem-
ical synthesis of an enzyme (ribonucle-
ase) from its constituent amino acids.

The understanding of how an enzyme

functions has proved to be more elusive.
Detailed knowledge of the enzyme’s
structure is an essential first step. In fact,
the X-ray analysis of the enzyme lyso-
zyme has given a remarkably clear pic-
ture of how the enzyme binds itself to
a simple molecule that mimics the struc-
ture of the cell wall of a bacterium,
and clarifies the mechanism by which
lysozyme catalyzes the wall’s dissolu-
tion. Complete understanding of enzyme
function, however, is ultimately a prob-
lem in kinetics. The role of enzymes is
to regulate the speed of chemical reac-
tions. A complete description of their
functioning must therefore include both
an identification of the reaction inter-
mediates and an evaluation of the rate
constants for the elementary steps in the
reaction pathway. So far only three en-
zymes have been examined in detail by
relaxation methods, but it is already ap-
parent that such studies will play an
important role in elucidating the de-
tailed mechanisms of enzyme action.

In order to appreciate the power of

relaxation methods for studying en-
zymatic catalysis, it is helpful to under-
stand the limitations inherent in earlier
methods. In 1913, 13 years before en-
zymes were shown to be proteius, Leo-
nor Michaelis and Maud L. Menten ex-
plained why the rate of enzyme reactions
does not increase indefinitely in linear
fashion with substrate concentration but
levels off at some maximum rate [see
top illustration on next page]. They pro-
posed that an enzyme-substrate inter-
mediate is formed and that it may disso-
ciate either before or after conversion of
substrate to product. Since the former is
usually much more likely, free enzyme
and substrate are virtually in equilib-
rium with the intermediate complex.
The rate of product formation is pro-
portional to the concentration of en-
zyme-substrate intermediate. As the
substrate concentration is increased the
concentration of intermediate complex
approaches the total enzyme concentra-
tion and the rate approaches a maxi-
mum value. At substrate concentrations
insufficient to saturate the enzyme the
rate is the maximum rate times the frac-
tion of the enzyme complexed with sub-
strate.

The difficulty with the Michaelis-
Menten formulation of enzyme catalysis
is that it postulates three rate constants
(ky, k; and k) but supplies explicit
values for only one of them (k.). The
first constant, k;, determines the rate
of formation of the enzyme-intermediate
complex. The second, k., determines
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the rate of dissociation of the complex,
The third, k,, determines the rate at
which product is formed from the com-
plex. As shown in the top illustration on
the next page, two constants appear in
the derived rate expression: the maxi-
mum rate, V. and the Michaelis con-
stant K;. After obtaining V,, one can
calculate ko from a knowledge of the
total enzyme concentration (E,). Called
the catalytic rate constant, ko is a mea-
sure of the number of substrate mole-
cules that an enzyme molecule can con-
vert to product per unit of time. The
Michaelis constant (K;) is a measure of
the fraction of enzyme complexed with
substrate. It is equal to the substrate
concentration required to reach half the
maximum rate, or V,,/2. The Michaelis
constant is a ratio of two rate constants:
k_, divided by k,. Their individual values
cannot be extracted in this approach.

The problem is that information is
thrown away in the derivation of the
rate equation. The enzyme and the sub-
strate are not in equilibrium with the
enzyme-substrate intermediate, nor is
the intermediate complex in a stationary
slate throughout the course of the reac-
tion. The derivation of the rate expres-
sion without simplifying assumptions
requires the solution of a second-order
differential equation. The resulting rate
expression includes a transient term
that corresponds to the buildup of a sta-
tionary concentration of the enzyme-
substrate intermediate and provides the
additional information needed to evalu-
ate the individual rate constants. Gen-
erally the transient decays too rapidly to
be measured by the older kinetic meth-
ods, but even if it could be evaluated,
the problem is more complex.

The simple Michaelis-Menten mech-
anism is chemically unrealistic. It is clear
on the basis of many kinds of studies that
several functional groups in the enzyme
must cooperate in catalyzing the chem-
ical transformation of substrate into
product. Any realistic mechanism for
enzymatic catalysis must therefore in-
clude several identifiable intermediates.
It does no good simply to rewrite the
Michaelis-Menten equations to provide
for an extra intermediate (or more than
one), because V,, and K, then are ex-
pressed as ratios of five (or more) differ-
ent rate constants [see bottom illustra-
tion on next page]. The physical mean-
ing of V,,, and K; is thus quite obscure.

The solution to this dilemma is to
measure directly the rate of formation
and disappearance of the reaction in-
termediates. Such measurements were
seldom possible before the advent of re-
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REACTION RATES OF ENZYMES were studied as early as 1913 by Leonor Michaelis
and Maud L. Menten. They proposed that an enzyme and its substrate are in virtual equi-
librium with an enzyme-substrate complex and that the complex breaks down, in turn, to
release the enzyme and the product. The maximum rate of reaction, ¥,,, depends on the
catalytic rate constant (k,) and the total enzyme concentration (E). ¥, is reached when
the enzyme is saturated with substrate. The equilibrium, or Michaelis, constant (K,) is
equal to the substrate concentration needed to reach half the maximum rate, or ¥,/2. Con-
stant K is a ratio of the backward rate constant (k_l) and forward rate constant (kl).
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ACTUAL ENZYME REACTIONS are more complicated than visualized by Michaelis and
Menten. If another intermediate is included in the Michaelis-Menten scheme, V', and K’,
can still be determined by experiment, but five different rate constants now appear. V’,,
and K’; provide only ratios of various constants whose individual values remain unknown.
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laxation methods. A single enzyme mole-
cule can typically convert 1,000 sub-
strate molecules to product per second.
If enough enzyme were used to produce
a detectable reaction, the reaction would
be over before it could be measured
by earlier methods. Relaxation methods
now make such high-speed reactions ac-
cessible to study. The successful use of
relaxation methods to explore the in-
dividual steps in an enzyme reaction is
nicely illustrated by the study of the en-
zyme D-glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH), which catalyzes
the phosphorylation of D-glyceralde-
hyde-3-phosphate to form D-1,3-diphos-
phoglycerate, one step in the metabo-
lism of sugars.

Kasper Kirschner of the Max Planck

Institute in Gottingen has used the
temperature-jump method to study how
GAPDH is bound to the coenzyme, or
cocatalyst, nicotinamide adenine dinu-
cleotide (NAD*). Each enzyme mole-
cule consists of four subunits, and on
each subunit is a catalytic site. The bind-
ing of the coenzyme to the enzyme is
cooperative, that is, the coenzyme is
bound more readily at high concentra-
tions than it is at low ones. Since NAD*
binds cooperatively, its availability can
regulate the rate at which glyceralde-

hyde-3-phosphate is phosphorylated.
When little NAD®* is available, the
phosphorylation goes slowly. When

NAD* reaches a critical concentration,
the reaction rate sharply increases. The
coenzyme functions rather like an on-off
switch.

Jacques Monod, Jeffries Wyman and
Jean-Pierre Changeux of the Pasteur
Institute in Paris have suggested a mech-
anism to explain cooperative binding,
Because the structure of such a coen-
zyme, or other effector molecule, that
binds cooperatively to the enzyme is dis-
tinctly different from that of the sub-
strate, they call their proposal the al-
losteric model. (“Allo” is the Greek com-
bining form for “other.”) In the allosteric
model a multiunit enzyme, T, is as-
sumed to be in equilibrium with anoth-
er form of the enzyme, R, which has
a different three-dimensional structure
[see illustration on opposite page]. Sub-
units in the R form are assumed to bind
effector molecules more readily than the
T form, but the T form is assumed to
predominate when no effector molecules
are bound. Now if the R form of the
fully bound enzyme is favored, binding
will be cooperative. At low effector con-
centrations most of the enzyme is pres-
ent in the T form. The T form has little



affinity for effector, so that most of it
remains unbound. As the concentration
of effector is increased, more of it is
bound, and the equilibrium between R
and T shifts toward R At some point
R predominates. Since R binds effector
tightly, effector molecules rapidly sat-
urate the enzyme binding sites. The
binding process resembles a zipper. Get-
ting it started is difficult, but once start-
ed it proceeds rapidly.

The allosteric model predicts as many
as nine relaxation times for the bind-
ing of an effector to an enzyme of four
subunits. Happily Kirschner found that
there were only three readily separable
relaxation times for the binding of
NAD* to GAPDH. The two faster re-
laxation times correspond to two-mole-
cule processes. The reciprocal of the
fastest relaxation time depends linearly
on the sum of the concentration of co-
enzyme and the concentration of free
binding sites on the R form of the en-
zyme that binds NAD* more tightly.
The other two-molecule process depends
on the concentrations of NAD * and un-
occupied T binding sites. Since only two
bimolecular relaxation processes were
observed, it could be concluded that the
binding of effector to either the R or the
T form of the enzyme is independent of
the number of effector molecules already
bound. The third relaxation time does
not depend on enzyme concentration. It
can therefore be associated with the con-
formational change between T and R. It
does depend on the total concentration
of NAD*, reflecting the shift in the equi-
librium between T and R with effec-
tor concentration, which one would ex-
pect if the binding is cooperative. Using
the experimentally determined rate con-
stants for the combination of effector
with each conformation of the enzyme,
and the rate constants for the intercon-
version of the two forms, Kirschner was
able to construct an S-shaped binding
curve that was in good agreement with
the curve found experimentally.

The fact that the binding of NAD* to
GAPDH can be described by the allo-
steric model does not mean that all reg-
ulatory enzymes conform to this model.
It does, however, dramatically illustrate
the potential importance of chemical re-
laxation studies to an understanding of
enzyme function. The study of enzyme
reactions by relaxation methods is in its
infancy. Although the difficulties are for-
midable, such investigations promise to
yield a deeper understanding of enzyme
reactions and other complex biochemi-
cal processes.
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ENZYME MODEL depicts an enzyme with
four subunits that responds to an effector
molecule (E) in addition to its normal sub-
strate. Such an effector is said to be alloster-
ic. The enzyme can exist in two configura-
tions: T form and R form. All four subunits
are assumed to change shape together. The
R form binds effector molecules more tight-
ly than the T form does. When no effector
molecules are bound, the T form is favored.
As more and more effector molecules are
bound, however, the equilibrium shifts to
favor the saturated R form. This type of
binding behavior is described as coopera-
tive and is characterized by an S-shaped
binding curve (colored curve at left).
When the binding is noncooperative, the
binding curve is hyperbolic (black curve).
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A Paleolithic Camp at Nice

Construction work on the French Riviera has uncovered the remains

of man’s earliest-known construction work: huts put up by hunters

who visited the shore of the Mediterranean some 300,000 years ago

Paleolithic site uncovered recent-
A ly in the south of France contains
traces of the earliest-known ar-
chitecture: huts that were built some
300,000 years ago. The structures were
evidently made by nomadic hunters who
visited the Mediterranean shore briefly
each year. They left behind artifacts and
animal bones that, together with the
plant pollen found at the site, yield a
remarkably detailed picture of the occu-
pants’ activities during their annual so-
journ by the sea. Because the discovery
of the site and its excavation were unu-
sual, I shall give a brief account of both
before describing the new evidence the
site provides concerning human life dur-
ing this very early period of prehistory.
The city of Nice, in southeastern
France, stands on a basement formation
of limestone and marl. The bedrock is
covered by layers of sand, clay and soil
that mark the glacial oscillations of the
ice age. During the construction of a
shipyard some years ago certain glacial
strata were exposed to view and attract-
ed the attention of several scholars. In
one sandy layer in 1959 Georges Iawor-
sky of the Monaco Museum of Prehis-
toric Anthropology found a few stone
tools of typical Paleolithic workmanship.
Two years later in another sandy section
he found a tool of the early Paleolithic
type known as Acheulean. Acheulean
tools take their name from St. Acheul,
a site in France where examples were
first discovered, but since then Acheu-
lean implements have been found at
many other sites in Europe and in Asia
and Africa. It had originally seemed
that the sands had been deposited in the
warm period between the glaciations
called the Riss and the Wiirm, but Ia-
worsky pointed out that the age of the
Acheulean tool indicated that these de-
posits were much older.

42

by Henry de Lumley

Then, in the course of foundation
work during October, 1965, bulldozers
cut a series of terraces into the sloping
grounds of the Chateau de Rosemont, on
the shoulder of Mont Boron in the east-
ern part of the city. The area of excava-
tion, near the corner of Boulevard Car-
not and an alley romantically named
Terra Amata (beloved land), was scarce-
ly 300 yards from Nice’s commercial har-
bor and not far from the shipyard where
Iaworsky and others, myself included,
had studied the glacial strata. As the
excavation proceeded the bulldozers ex-
posed an extensive sandy deposit con-
taining more Paleolithic implements.
The significance of the discovery was
quickly realized, and the builders agreed
to halt operations temporarily. With the
help of the French Ministry of Culture,
a major archaeological salvage effort was
mounted.

tarting on January 28, 1966, and con-
< tinuing without interruption until
July 5 more than 300 workers, including
young students of archaeology from the
universities and a number of enthusias-
tic amateurs, devoted a total of nearly
40,000 man-hours to the excavation of
the Terra Amata site. The excavated
area covered 144 square yards; in the
course of investigating the 21 separate
living floors found within the area the
workers gradually removed a total of
270 cubic yards of fill, using no tools ex-
cept trowels and brushes. The digging
brought to light nearly 35,000 objects,
and the location of each object was re-
corded on one or another of 1,200 charts.
In addition, casts were made of 108
square yards of living floor and the prog-
ress of the work was documented in
some 9,000 photographs.

In stratigraphic terms the deposits at
Terra Amata begin at the surface with

N
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a layer of reddish clay that is nine feet
thick in places and contains potsherds of
the Roman period. Below the clay is a
series of strata indicative of glacial ad-
vances during the Wiirm, Riss and Min-
del periods and the warmer periods that
intervened. The site embraces three
fossil beaches, all belonging to the latter
part of the Mindel glaciation. The young-
est beach, marked by a dune and a sand-
bar, proved to be the site of human
habitation.

When the youngest beach was depos-
ited, the level of the Mediterranean was
85 feet higher than it is today. Soon after
the beach was formed the sea level
dropped somewhat, exposing the sand-
bar and allowing the wind to build a
small dune inland. The hunters must
have visited the area during or soon
after a major period of erosion that oc-
curred next. The evidence of their pres-
ence is found on or in the sands but not
in the reddish-brown soil that later cov-
ered the eroded sand surface. Numerous
shells of land snails, found at the base of
the reddish soil, indicate a period of
temperate climate.

The landscape of Terra Amata at the
time of the hunters’ visits differed in a
number of respects from today’s. The
backdrop of the Alps, dominated by
Mont Chauve, was much the same, but
the sea covered most of the plain of Nice
and even penetrated a short distance
into what is now the valley of the Paillon
River. The climate, though temperate,
was somewhat brisker and more humid
than the one we know. Pollen studies,
undertaken by Jacques-Louis de Beau-
lieu of the pollen-analysis laboratory at
the University of Aix-Marseilles, indicate
that fir and Norway pine on the al-
pine heights grew farther down the
slopes than is now the case, and that
heather. sea pine, Aleppo pine and holm



oak covered Mont Boron and its coastal
neighbors.

In the limestone of Mont Boron’s
western slope the sea had cut a small
cove opening to the south. Within the
cove a sandy, pebble-strewn beach ex-
tended down to the sea, sheltered from
the north and east winds. A small spring
to one side provided a source of fresh
water. A few seashore plants—grasses,
horsetails, short-stemmed plantain and
various shrubs—grew in the cove. The
stream from the spring held water lilies
of the genus Euryale, which, as De
Beaulieu notes, can be found only in
Asia today. All things considered, it ap-
pears that nothing was lacking even
300 millenniums ago to make Terra
Amata a beloved land.

rl*he superimposed living floors at Terra

Amata are located in three separate
areas. Four are on the section of beach
that had formed the sandbar until the
sea level dropped; six are on the beach
seaward of the bar, and 11 are on the
dune inland. The huts that were built
on the living floors all had the same
shape: an elongated oval. They ranged
from 26 to 49 feet in length and from 13

to nearly 20 feet in width. Their outline
can be traced with two kinds of evi-
dence. The first is the imprint of a series
of stakes, averaging some three inches
in diameter, that were driven into the
sand to form the walls of the hut. The
second is a line of stones, paralleling the
stake imprints, that apparently served to
brace the walls. One of the earliest of the
huts is perfectly outlined by an oval of
stones, some as much as a foot in diame-
ter and some even stacked one on the
other. The living floor within the oval
consisted of a thick bed of organic mat-
ter and ash.

The palisade of stakes that formed
the walls was not the huts” only struc-
tural element. There are also visible the
imprints left by a number of stout posts,
each about a foot in diameter. These
supports were set in place down the long
axis of the hut. Evidence of how the pali-
sade and the center posts were integrat-
ed to form the roof of the hut has not
survived.

A Dbasic feature of each hut is a hearth
placed at the center. These fireplaces
are either pebble-paved surface areas or
shallow pits, a foot or two in diameter,
scooped out of the sand. A little wall,

made by piling up cobbles or pebbles,
stands at the northwest side of each
hearth. These walls were evidently
windscreens to protect the fire against
drafts, particularly from the northwest
wind that is the prevailing one at Nice
to this day.

The fact that the hunters built wind-
screens for their hearths makes it clear
that their huts were not draft-free. This
suggests that many of the palisade stakes
may have been no more than leafy
branches. Certainly nothing more per-
manent was required. As we shall see,
the huts were occupied very briefly. As
we shall also see, the time of the annual
visit can be narrowed down to the end
of spring and the beginning of summer,
a season when such a building material
would have been readily available.

In the huts on the dune the hearths
were apparently designed for small fires.
If one can judge from the larger amounts
of charcoal and ash, the hearths in the
huts closer to the sea must have accom-
modated much bigger fires. It is worth
noting that the hearths at Terra Amata,
together with those at one other site in
Europe, are the oldest yet discovered
anywhere in the world. The hearths that

OVAL HUTS, ranging from 26 to 49 feet in length and from 13 to
20 feet in width, were built at Terra Amata by visiting hunters. A
reconstruction shows that the hut walls were made of stakes, about
three inches in diameter, set as a palisade in the sand and braced
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on the outside by a ring of stones. Some larger posts were set up
along the huts’ long axes, but how these and the walls were joined
to make roofs is unknown; the form shown is conjectural. The huts’

hearths were protected from drafts by a small pebble windscreen.
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YEARS GLACIAL STAGES SITES IN SOUTHEAST CULTURAL
BEFORE STONE INDUSTRY FRANCE ADVANCES
PRESENT
FIRST AGRICULTURE
10,000
WURM
GRIMALDI CAVES OLDEST BURIALS
100,000
RISS LAZARET CAVE
200,000
TERRA AMATA OLDEST MAN-MADE
DWELLINGS
MINDEL
0 OLDEST EVIDENCE
OF FIRE
OLDEST BIFACE
TOOLS
1,000,000 GUNz VALLONNET CAVE
UPPER TERRACES
ROUSSILLON VALLEY
OLDEST STONE
TOOLS
N
. [DONAU

CHRONOLOGICAL POSITION of Terra Amata in prehistory is vances and retreats in Europe, the successive stone industries of

indicated on this chart, which shows (left to right) the time, given the Paleolithic period, sites in southeastern France where the in-
in thousands of years before the present, of the major glacial ad- dustries have been found and early man’s progress in technology.
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equal them in age were found by Laszl6
Vértes in strata of Mindel age at Vértes-
sz0los in Hungary. Like some of the
hearths at Terra Amata, those at the
Hungarian site are shallow pits a foot or
two in diameter.

Also from Vértesszolos comes a sig-
nificant early human fossil: the occipital
bone of a skull that has been assigned to
modern man. No such human remains
were found in our excavation at Terra
Amata, but we came on two indirect
sources of information about the site’s
inhabitants. One is the imprint of a right
foot, 9% inches long, preserved in the
sand of the dune. Calculating a human
being’s height from the length of the
foot is an uncertain procedure. If, how-
ever, one uses the formula applied to
Neanderthal footprints found in the
grotto of Toirano in Italy, the individual
whose footprint was found at Terra
Amata may have been five feet one inch
tall.

Our other indirect source of informa-
tion consists of fossilized human feces
found in the vicinity of the huts. De
Beaulieu’s analysis of their pollen con-
tent shows that all of it comes from
plants, such as Genista, that shed their
pollen at the end of spring or the begin-
ning of summer. This is the finding that
enables us to state the precise time of
year when the hunters came to Terra
Amata.

I,Iow did the visitors occupy them-

selves during their stay? The evi-
dence shows that they gathered a little
seafood, manufactured stone tools and
hunted in the nearby countryside. The
animal bones unearthed at Terra Amata
include the remains of birds, turtles and
at least eight species of mammals. Al-
though the visitors did not ignore small
game such as rabbits and rodents, the
majority of the bones represent larger
animals. They are, in order of their
abundance, the stag Cervus elaphus, the
extinct elephant Elephas meridionalis,
the wild boar (Sus scrofa), the ibex (Cap-
ra ibex), Merk’s rhinoceros (Dicerothinus
merki) and finally the wild ox Bos pri-
migenius. Although the hunters showed
a preference for big game, they general-
ly selected as prey not the adults but the
young of each species, doubtless because
they were easier to bring down.

The visitors did not systematically ex-
ploit the food resources available in the
Mediterranean. Nevertheless, they were
not entirely ignorant of seafood. A few
shells of oysters, mussels and limpets at
the site show that they gathered shell-
fish; fishbones and fish vertebrae indi-

cate that on occasion the hunters also
fished.

The large majority of all the artifacts
found at Terra Amata are stone tools.
They represent two different but closely
related stone industries. Both appear to
be contemporary with the earliest “bi-
face” industries of the Paleolithic period
(so named because many of the tools are
made out of stone “cores” that are
shaped by chipping flakes from both
faces rather than from one face only).
They bear certain resemblances to the
tools of an early Paleolithic biface indus-
try named the Abbevillian (after the site
in France where they were first discov-
ered) and to the Acheulean biface indus-

try, which is somewhat more advanced.
On balance, both Terra Amata industries
should probably be characterized as ear-
ly Acheulean..

The more primitive of the two Terra
Amata industries is represented by the
tools found in the huts closest to the sea.
Mainly pebble tools, they include many
pieces of the type designated choppers,
a few of the type called chopping tools
and some crude bifaces made by detach-
ing flakes from one end of an oval cobble
but leaving a smooth, unflaked “heel” at
the other end. Among the other tools
found in the seaside huts are cleavers,
scrapers, projectile points of a kind
known in France as pointes de Tayac

REPRESENTATIVE TOOLS unearthed at Terra Amata include a pebble (middle) that has
been flaked on one of its faces to form a pick, another stone tool (left), flaked on both
faces but with one end left smooth, and a bone fragment (right) pointed to make an awl.
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FLOOR OF A HUT at Terra Amata is one of several brought to by the occupants. The whole pebbles are raw material for tools;
light by the excavators, revealing the ancient debris left behind the chips and flakes, toolmakers’ waste. The antler is from a stag.
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and pebble tools flaked on one face only.

The stone industry represented by the
tools found in the huts on the dune is
more advanced, although it too includes
choppers, chopping tools and cobble bi-
faces with a smooth heel. There are no
single-faced pebble tools or cleavers on
the dune, however, and tools made from
flakes rather than from cores are rela-
tively numerous. The tools made from
flakes include those designated scrapers
with abrupt retouch, end scrapers with
toothed edges and flakes of the kind
named Clactonian (after the English site
Clacton-on-Sea). Some of the Clactonian
flakes have been notched on one edge;
others have been made into perforators
by chipping out two notches side by side
so that a point of stone protrudes. Pro-
jectile points from the dunes include, in
addition to pointes de Tayac, some that
are triangular in cross section and others
of a kind known in France as pointes de
Quinson.

Some of the tools found at Terra Amata

were probably made on the spot. The
hut floors show evidence of tool manu-
facturing, and the toolmaker needed
only to walk along the beach to find
workable pebbles and cobbles of flint,
quartzite, limestone and other rock. The
toolmaker’s place inside the huts is easily
recognized: a patch of living floor is sur-
rounded by the litter of tool manufac-
ture. The bare patches are where the
toolmakers sat, sometimes on animal
skins that have left a recognizable im-
pression.

Not all the stone debris represents the
waste from finished work. In one in-
stance the excavators found a cobble
from which a single chip had been
struck. Nearby was a chip that fitted the
scar perfectly. In another toolmaker’s
atelier several flakes had been removed
from a cobble by a series of successive
blows. Both the core and the flakes were
found, and it was possible for us to re-
assemble the cobble. Scarcely a flake was
missing; evidently the toolmaker did not
put either the core or the flakes to use.

At least one of the projectile points
unearthed at Terra Amata could not
have been produced locally. The stone
from which it is made is a volcanic rock
of a kind found only in the area of Es-
térel, southwest of Cannes and some 30
miles from Nice. This discovery allows
us to conclude that these summer visi-
tors’ travels covered at least that much
territory in the south of France, although
we cannot be sure how much more wide-
ly they may have roamed.

A few tools made of bone have been

|

FIRE PIT (right) was protected from drafts and from the prevailing northwest wind in
particular by a windscreen built of cobbles and pebbles, seen partially preserved at left.

TOOLMAKER’S ATELIER occupies one section of a hut. It is easily identified by the
debris of tool manufacture that surrounds the bare patch of floor where the toolmaker sat.
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GROUP OF PRIMITIVE TOOLS was found in association with faces (e), made by detaching flakes from one end of a cobble but

the huts closest to the sea at Terra Amata. They include choppers leaving an unflaked “heel” at the opposite end; cleavers (f), and
(a) and picks (b, c), made from pebbles that are flaked on one face two other kinds of stone artifacts (illustrated on opposite page):
only; chopping tools (d) that are flaked on both faces; crude bi- scrapers and projectile points of a kind known as pointes de Tayac.
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found at Terra Amata. One leg bone of
an elephant has a hammered point at one
end. Another bone has a point that was
probably hardened in a fire (a technique
used today by some primitive peoples
to harden the tips of wooden spears).
A third bone fragment has one end
smoothed by wear; still another may
have served as an awl, and some frag-
ments of bone may have been used as
scrapers.

As for other kinds of artifacts, there
are traces of only two. On the dune a
spherical imprint in the sand, filled with
a whitish substance, may be the impres-
sion left by a wooden bowl. Some pieces
of red ocher found at the site obviously
belonged to the visitors: the ends are
worn smooth by wear. They recall the
red ocher found at sites belonging to the
much later Mousterian period, which
Francois Bordes of the University of
Bordeaux suggests were used for body-
painting.

Et us see if the pattern of the hunters’
annual visits to Terra Amata can be
reconstructed. We know from the pollen
evidence that they arrived in the late
spring or early summer, and we can as-
sume that they chose the sheltered cove
as their camping ground as much be-
cause of its supply of fresh water as for
any other reason. On arrival they set up
their huts, built their hearths and wind-
screens, hunted for a day or two, gath-
ered some seafood, rested by their fires,
made a few tools and then departed.
How do we know that their stay was so
short? First, the living floors show no
sign of the compaction that would char-
acterize a fonger occupation. Second, we
have independent evidence that the huts
collapsed soon after they were built.
A freshly chipped stone tool that is left
in the sun will quickly become bleached
on the exposed side whereas the bottom
side retains its original coloring. Many
of the tools on the living floors at Terra
Amata are bleached in this way. For the
implements to be exposed to the full
force of the Mediterranean summer sun
the huts must have fallen apart soon af-
ter they were abandoned.

In the fall the winds covered the liv-
ing floors, the leveled palisades and the
rest of the camp debris with a layer of
sand perhaps two inches deep. The rains
then spread out the sand and packed it
down, so that when the hunters returned
to the cove the following year the evi-
dence of their earlier stay had been al-
most obliterated. Only a few objects,
such as the windscreens for the hearths,
still protruded from the sand. The visi-

tors then built new huts, often digging
the hearth pit exactly where the preced-
ing year’s had been and rekindling their
fires on the ashes of the previous season.
After a day or two of hunting, gathering
seafood and making tools the annual
visit was ended. The 11 living floors on
the dune at Terra Amata are so precise-
ly superimposed that they almost cer-
tainly represent 11 consecutive yearly
visits, probably involving many of the
same individuals.

There is no older evidence of man-

made structures than that at Terra Ama-
ta. Until this site was excavated the rec-
ord for antiquity was held by the traces
of construction discovered at Latamne,
an open-air site in Syria, by J. Desmond
Clark of the University of California at
Berkeley. An early Acheulean site, La-
tamne is believed to be as old as the
Mindel-Riss interglacial period. Terra
Amata, which evidently was inhabited
at the end of the Mindel glacial period,
is therefore even earlier.

The evidence indicating that the hunt-

LESS PRIMITIVE TOOLS were found in the huts on the dune at Terra Amata. There were
no cleavers or single-faced pebble tools and many more of the tools were made from flakes
rather than from cores. Tools common to both areas are pointes de Tayac (a) and flakes
made into simple scrapers (b), choppers, chopping tools and bifaces like those on the oppo-
site page. Flakes were also made into projectile points (c) and more elaborate scrapers (d).
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ers came to Terra Amata at about the
same time year after year, together with
the likelihood that the dune huts shel-
tered some of the same individuals for
more than a decade, suggests that the
visitors possessed stable and even com-
plex social institutions. It is thus appro-
priate to conclude with the words of

UNUTILIZED RAW MATERIAL was found in one Terra Amata
toolmaker’s atelier. Near the shattered half of a large cobble lay

ANIMAL BONE, photographed in situ near one corner of an ex-
cavation unit, is a fragment of rhinoceros mandible, complete with
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the French historian Camille Jullian,
written soon after the Terra Amata

living floors had been exposed. “The
hearth,” Jullian wrote, “is a place for
gathering together around a fire that
warms, that sheds light and gives com-
fort. The toolmaker’s seat is where one
man carefully pursues a work that is use-
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ful to many. The men here may well be
nomadic hunters, but before the chase
begins they need periods of preparation
and afterward long moments of repose
beside the hearth. The family, the tribe
will arise from these customs, and I ask
myself if they have not already been
born.”

most of the fragments that had been struck from it (a). They could
be reassembled (b) so that the cobble was almost whole again (c).

teeth. The visitors preferred large mammals to other game. Along
with rhinoceros they hunted stag, elephant, boar, ibex and wild ox.



In hope of doing each other some good

Anti-matter and industry

This is the back of the head of
Joe Merrigan, candidate for the
degree Master of Business Ad-
ministration.

In another room where Dr.
Merrigan hits the books toward
his academic goal, a doctoral
diploma in physical chemistry al-
ready adorns the wall. It is where
he gazes at the shape of a distri-
bution output from a multichan-
nel analyzer that the link can be
found between his seemingly di-

& vergent academic interests. For-
tunately for us, this room we own. In all the domain of the
world’s manufacturing industries, few other rooms are known
to be devoted to the connection between anti-matter and in-
dustrial prosperity.

Anti-matter has taken 40 years to penetrate this far into
what most men consider reality. First it appeared as a fan-
tastically brilliant deduction knit from a skein of the thought
of Einstein and Planck: that if negative energy states can
have meaning, so can vacancies in these states. Vacancies are
holes, but “holes” seem a shade realer. Soon their reality
hardened from the merely conceptual to an actual discovery
in cosmic ray showers, where they were called positrons.

After 16 more years, it was found that sometimes before a
positron and electron cancel each other in a gamma ray flash
they form a configuration that lasts a short time before an-
nihilation. Actually, 140 nsec, the average lifetime in free
space of one such configuration, is hardly very short today
with the electronic black boxes now on the market. It’s plenty
of time for the positronium atom, as the configuration can
be considered after its formation from positrons emitted by
Na22, to diffuse around before blowing up against another
electron.

Therefore the scintillation-detector-fed multichannel ana-
lyzer, by holding a statistical stopwatch on the positronium
between its beginning and its end, supplements and will per-
haps surpass x-ray diffraction as an indicator of the degree of
order in polymers or other solids. By indicating whether the
electrons are tightly constrained or not, it can also be indicat-
ing progress when a lot of people are being paid to find poly-
mers and crystals of commercial significance.

Though we sell no anti-matter, the Kodak Research Labora-
tories have assembled a bibliography on positrons and positroni-
um. For a copy, write V. L. Simonetti, Mail Code 55, Eastman
Kodak Company, Rochester, N.Y. 14650. Test question to warn
those who cannot answer it against wasting postage: why is the
reduced mass of positronium half the mass of the electron?

Magic (for the practical-minded)

Obviously, cattle on the open range can be sexed by infrared
photography. Many additional accomplishments in many
other fields of endeavor, some more practical and some less,
are mentioned and illustrated in “Applied IR Photography”
(M-28, $2) and “UV & Fluorescence Photography” (M-27,

Nuclear structure and labor

This is a view through a microscope of deuteron tracks in the
emulsion of a Kopak Nuclear Track Plate, Type NTB.
Though the plate was purchased from a Kodak dealer for
only $4.15, the customer’s $3,000,000 accelerator worked
2 hours to put those tracks on it. They resulted from the
reaction W1!8¢(He3,d)Re'%5. Apparently a large financial
commitment and a strong interest in the structure of the
atomic nucleus had to precede that $4.15 sale. One wonders
of what use advertising this product can be. Here is an at-
tempt to find a role for advertising in such a case.

You don’t have to know much about what holds the
rhenium nucleus together to look through that microscope in
a useful way. All you need is for somebody to tell you what
he wants to know about what you see there. You might not
be terribly useful to him on the first plate or two, but by the
time you have completed your third hour on your 200th
plate, your eyes will be much better at it than his, even if your
legs or some other parts of you happen to be absent or non-
functional. Useful work brings home bacon, whether or not
worker can walk out of house. Noting that our neighbors at
the University of Rochester Nuclear Structure Research Lab-
oratory send some of their plate-reading work out to the
Rochester Rehabilitation Center for the handicapped, we
have found an advertising idea to try:

Planning a scientific project that will generate a large volume |
of images to be measured or screened? Wondering where to |
find patient labor? Stop wondering and have a talk with the |
vocational director of your nearest rehabilitation center or

your state rehabilitation agency.

If you can’t find them or the talk gets nowhere, seek further
guidance from the Rehabilitation Services Administration,
Department of Health, Education, and Welfare, Washington,
D.C. 20201.

$1). Lots of detail on #ow to do it. Reader already knows
what he wants to do.

Send check with order to Eastman Kodak Company, Depart-
ment 454, Rochester, N.Y. 14650.

Prices subject to change without notice.

EASTMAN KODAK COMPANY An equal-opportunity employer
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You can be manufacturing champ
in the temperature control field . . .
or heavy-headed with the ‘‘pro-
found” problems of nuclear energy
power plants (or a thousand other
industrial steps in between) but you
never escape the threat of increased
costs on your precision assembly
line. Cost control plays no favorites:
it knows that better quality compo-
nents (like closer tolerance tubing,
for example) reduce labor costs,
speed deliveries, improve product
performances especially in the
EXTREME environs . . . corrosion,
elevated temperatures, etc.! TM/
customers confirm with money-saving
experience : for cost control in your
favor . . . specify TMI.

COLD DRAWN STAINLESS
STEELS AND SPECIAL ALLOYS—
.050” TO 1.250"” O.D.

TUBE METHODS INC.

Experienced field-sales service
1o your door coast-to-coast :
Conference or Sales

Phone 215-279-7700 or

Telex TWX 510-660-0140
Plant and Main Offices,
BRIDGEPORT, Penna. 19405
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U-235 by Centrifuge

ritain, West Germany and the
Netherlands have entered into a

tentative agreement to build two
plants that will produce enriched ura-
| nium by centrifugation. The centrifuge
process for concentrating the fissionable
uranium isotope U-235 was examined
in the U.S. during World War II but was
discarded in favor of three other proc-
esses: electromagnetic separation, ther-
mal diffusion and gaseous diffusion.
When the last proved by far the most
efficient, the U.S. built two additional
gaseous diffusion plants after the war
and subsequently became the sole ex-
porter of enriched uranium for use in
nuclear power plants. For this purpose
uranium usually contains some 2 to 3
percent U-235, compared with .7 per-
cent in natural uranium. The three U.S.
plants are estimated to have cost $2.5
biilion. Their capacity is 17 million kilo-
gram separative units of work per year
(kg. s.u.w.). This unit is a measure of the
difficulty of separating U-235 from
U-238, which varies with the assay of
the feed material; thus one kg. s.u.w.
will produce one kilogram of material
containing 1.4 percent U-235 from 2.35
kilograms of natural uranium.

According to the European nuclear in-
dustrial forum (“Foratom”), the total
world demand in 1980 will be about 40
million kg. s.u.w. per year, of which the
European demand will be between nine
million and 16 million. Unless Europe
is to become completely dependent on
the U.S. by 1980 it will have to decide
to build enrichment capacity of its own

| within the next few years. (Four powers
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in addition to the U.S. have built gaseous
diffusion plants to produce highly en-
riched U-235 for bombs: the US.S.R.,
Britain, China and France.) The Fora-
tom report estimates that a diffusion
plant with a capacity of 2.5 million kg.
s.u.w. would cost $575 million, of which
$175 million would represent the cost
of an electricity-generating facility. It
also estimates that production costs
would fall between $29 and $37 million
kg. s.u.w.; the US. cost is reported to be
$26 per million.

The attraction of the centrifuge meth-
od is that it should require only a tenth
as much electric power as the diffusion
method. The initial plant cost, however,
would be about the same. Evidently the
British and the Dutch have independent-
ly tested prototype centrifuges, ma-
chines that must rotate at 50,000 to
100,000 revolutions per minute. The
Germans are also reported to have made
technical contributions. The proposed
plants themselves, however, would not
be located in West Germany; one would
be built in Britain and the other in the
Netherlands. The administrative head-
quarters would be located in West Ger-
many.

According to a recent issue of Science,
the Dutch have developed a new type of
bearing for the centrifuge units, which
are essentially long narrow tubes revolv-
ing at high speed. A recent British de-
velopment, carbon fibers, may be used
to fabricate rotors that are much lighter
than steel but stronger. The French
news magazine L’Express reports that
the Dutch envision a plant containing as
many as a million individual centrifuges,
of which 250,000 might have to be
replaced each year. If the units were
mass-produced on a continuing basis,
their cost would be acceptably low.

Declining Curve

T he trend away from cigarette smok-

- ing appears to be accelerating, as
does a related trend in favor of official
moves to discourage smoking. The U.S.
Department of Agriculture has reported
that the consumption of cigarettes de-
clined last year for the first time since
the Surgeon General’s report of 1964 de-
claring that “cigarette smoking is caus-
ally related to lung cancer.” The Harris
Survey found in a recent poll that 56
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percent of the adult population would

Renaults 65mph
>
screeching-halt test
support a stronger warning on cigarette
packages than the present statement @
that “cigarette smoking may be haz- Wlth no hands
ardous to your health” and that 50 per- L

cent of the adult population would
support a prohibition of cigarette ad-
vertising on television and radio.

The figures from the Department of
Agriculture showed that the domestic
consumption of cigarettes last year was
523 billion, a decline of .6 percent from
the total of 527.8 billion in 1967. The
trend away from cigarette smoking was
borne out by the Harris Survey, which
found that the number of adults who
smoke cigarettes has declined from 47
percent of the population in 1965 to 42
percent now. During the same period,
according to the survey, the proportion
of adults regarding cigarette smoking as
“a major cause of lung cancer” rose from
40 percent to 49 percent. The survey
also found that people under the age of
30 smoke the least and that the largest
concentration of heavy smoking is in the
group aged 35 to 49.

The Renault 10. With 4-wheel disc brakes for straight, sure stops.

Formaldehyde in Space

Until a few months ago radio astron-
omers had succeeded in detecting
only one molecule—the hydroxyl, or OH,
radical—in interstellar space. Then in
rapid succession a group at the Univer-
sity of California at Berkeley announced
the discovery of two more molecules—
ammonia (NHj;) and water (H,O)—in
a number of different interstellar gas
clouds. Now the first organic molecule—
formaldehyde (H,CO)—has been added
to the list. Microwave radio signals char-
acteristic of absorption by formaldehyde
molecules were detected from 15 of 23
sources surveyed recently by a group
working with the 140-foot radio tele-
scope at the National Radio Astronomy
Observatory in Green Bank, W.Va.

In addition to being the most complex
molecule ever discovered in space, for-
maldehyde has a special significance for
workers concerned with the origin of
planetary life. Current medels of the de-
velopment of complex organic molecules
in primordial atmospheres postulate the
existence of four basic atmospheric gases:

hydrogen, water, ammonia and methane g s
§ — - FOR THFORMATION'SEE YOUR DEALER O
(CH4). The first three have now been de- Wi g : ",PP " ar winTE KEpAULT ME, 160 SYLVAN AVENUE, e

. . . ENGLEWOOD CLiFRE,
tected directly in interstellar gas clouds S T
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by the techniques of radio astronomy.
The importance of the latest finding lies
in the fact that formaldehyde is chem-
ically related to methane (which does
not have a molecular structure that
makes its detection with radio telescopes
possible). Hence the detection of formal-
dehyde in certain regions of space can
be regarded as strong indirect evidence
of the presence there of methane.

The detection of the formaldehyde
signals was reported in a recent issue of
Physical Review Letters by Lewis E.
Snyder and David Buhl of the National
Radio Astronomy Observatory, Benja-
min Zuckerman of the University of
Maryland and Patrick Palmer of the
University of Chicago. They believe it is
possible that all four of the molecules
detected to date (OH, H,O, NH; and
H,CO) will be found together in the
same interstellar gas cloud. So far hy-
droxyl radicals have been observed in
the company of each of the other three
molecules, and water and formaldehyde
have been detected in common sources.
Ammonia has not yet been clearly iden-
tified in the same clouds as water or
formaldehyde, although one ammonia
source near the galactic center may be
the same as a formaldehyde source.

Silent Epidemic
Although lead pigments were elimi-

nated from interior paints in the
U.S. some 20 years ago, multiple layers
of lead-based paint still cover the walls
and woodwork in many old houses and
apartments. Therefore lead poisoning,
once an occupational hazard for paint-
ers, is now primarily a disease of small
children: toddlers between one and five
who live in slum housing and nibble
steadily at the paint that flakes off dilapi-
dated walls and can be gnawed off peel-
ing windowsills. At a conference at
Rockefeller University in March partici-
pants estimated that lead poisoning in
children is much more prevalent than
is generally assumed, but they pointed
out that the “silent epidemic” could be
eliminated by aggressive medical, social
and legal action.

The habit of eating nonfood sub-
stances (known as pica, from the Latin
name for the magpie, a scavenger) is
common in young children. A few small
chips of old paint can contain more
than 100 milligrams of lead, according
to J. Julian Chisolm, Jr., of the Johns
Hopkins University School of Medicine;
the safe long-term daily intake of lead
is less than half a milligram, and so a
child who eats two or three paint chips
a day for three months can accumulate
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a potentially lethal dose. Lead poisoning
often goes unrecognized. The acute
symptoms in small children are like
those of many ailments: stomach ache,
nausea, lassitude, anemia, convulsions.
Often there are merely behavioral mani-
festations: fits that simulate epilepsy, hy-
peractive behavior or mental retardation.
A urine test (for a metabolite that ac-
cumulates in the presence of lead poison-
ing) and a blood test are required to
establish the diagnosis.

The mortality from the severe brain
disease that can arise from lead poison-
ing used to be about 66 percent, Chis-
olm said. In the 1950’s this was reduced
to about 30 percent by the advent of
chelating agents, drugs that combine
strongly with the lead atom, removing it
from the proteins to which it tends to
bind (see “Chelation in Medicine,” by
Jack Schubert; SCIENTIFIC AMERICAN,
May, 1966). Still, severe permanent
brain damage occurs in more than a
quarter of those who survive, and reex-
posure to lead poisoning increases the
incidence to almost 100 percent.

Mass screening for lead poisoning can
be undertaken on the basis of the urine
test, spectrophotometry of hair samples
or blood tests. None of these measures is
simple, however, and experts at the con-
ference urged that preventive measures
be instituted instead: the eradication of
slum housing or at least the removal or
covering of dangerous painted surfaces.

More Brain, Better Brain?

A}imals with more than the normal

amount of brain tissue may learn
more quickly than normal animals. This
is the striking implication of preliminary
results of an experiment conducted by
David E. Bresler of the University of
California at Los Angeles and M. E.
Bitterman of Bryn Mawr College. If part
of the brain of an animal is removed, the
function of the missing tissue can be
inferred from the animal’s subsequent
learning behavior. For example, if a por-
tion of the cortex of a young rat is ex-
cised, the grown rat will perform certain
learning tasks more as a fish would than
as normal rats do. Bresler and Bitter-
man undertook to turn the experiment
around by implanting extra brain tissue
in fishes.

They worked with a tropical fish, the
African mouthbreeder (Tilapia macro-
cephala). They took material from early
mouthbreeder embryos and implanted
it in other embryos in the region des-
tined to become the optic tectum, a por-
tion of the fish brain comparable to the
cortex of mammals. Of the 10 embryos
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that developed to maturity, they were
able to train six in a series of habit-
reversal tasks devised by Bitterman to
establish differences in learning behavior
among species (see “The Evolution of
Intelligence,” by M. E. Bitterman; Sci-
ENTIFIC AMERICAN, January, 1965). In
habit-reversal experiments an animal is
rewarded first for choosing one of two
alternatives. When the preference for
this rewarded alternative has been es-
tablished, the conditions are switched
so that the other behavior is rewarded.
Trained in this way, rats or pigeons show
steady improvement in reversing ability;
fishes show no such improvement.

In the case of the implanted mouth-
breeders, Bresler and Bitterman report
in Science, three kinds of learning
behavior were found. Two of the fish
showed the inefficient performance typi-
cal of normal mouthbreeders. Two of
them, however, showed marked progres-
sive improvement at a level ordinarily
seen in rats. The remaining two showed
unusually low error scores (quick learn-
ing) throughout the test. Moreover, the
fishes’ behavior was correlated with their
brain structure as revealed on dissection.
The two animals that behaved normally
had normal brains; for some reason the
implanted tissue had not become en-
grafted. In the brains of the two animals
that showed progressive improvement,
however, the tectums were enlarged; in
one of them what appeared to be a new
tectal structure was added, and in the
other the tectum was generally thick-
ened. In the two fish with unusually low
scores but no progressive improvement
there was some thickening of the tectum
but it was restricted to the rear part of
the brain.

Sleeping Easy

How does the sleep of animals com-
pare with man’s? Noting that sleep
is an active rather than a passive func-
tion, H. Hediger of the Zurich Zoologi-
cal Gardens concludes that man has lost
some animal abilities. The sleeping ani-
mal, he reports in Proceedings of the
Royal Society of Medicine, is protected
from visual and auditory disturbances in
a variety of ways. All animals whose
anatomy permits it, for example, close
their eyes when they sleep, but many
mammals in addition cover their eyes
with their paws or tail. Animals with
especially sensitive hearing, such as the
bush baby and the big-eared bat, sleep
with their outer ears folded.
Large animals, particularly predators
who have little or nothing to fear from
other animals, enjoy the longest and
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deepest sleep. The most profound sleep-
er is the sloth bear of India, a savage
fighter that even tigers avoid. Animals
with safe refuges—the fox in its den, the
mouse in its hole, the hippopotamus in
the water and tree-living birds, monkeys
and apes—are also sound sleepers. Many
animals, however, cannot burrow, swim
or climb. Of these, the ones that live in
herds take turns sleeping. A common
sight at noon in Africa, Hediger reports,
is part of a zebra herd reclining asleep
on the ground while the rest of the herd
remains alert. Some solitary antelopes,
he suggests, may never sleep or may, as
has been observed among deer, sleep
very deeply but only for a few minutes
at a time.

One animal attribute that man has
lost, Hediger notes, is a “sort of filter” in
the central nervous system that distin-
guishes between harmless and potential-
ly dangerous stimuli. A circus elephant,
he points out, will not rouse even if an-
other elephant’s leg is rested on its head
but wakes immediately on hearing the
slightest metallic sound. Hediger con-
cludes, however, that what disturbs hu-
man sleep most is not the loss of such
protections but the fact that, unlike other
animals, man broods over the past and
worries about the future.

Buckled Buildings

Single-piece plastic roofs bent or

buckled into a variety of shapes are
being tested at Purdue University. The
work, which is based on a conception by
Joseph Waling and is directed by V. J.
Meyers, is described in the annual re-
port of the National Science Founda-
tion. “Results of research to date,” the
report says, “indicate that the process
has great potential for producing build-
ings as Iarge as sports arenas or air-
plane hangars” and that it also “shows
promise as a means for building low-
cost housing, as well as intermediate-
size structures such as school buildings,
office buildings or covers for recreational
areas.”

In the buckle-shell technique the first
step is to assemble at the building site
a flat plate of a fairly soft plastic ma-
terial, such as urethane foam. Before or
after buckling a thin stiffening layer of
a material such as fiber glass impreg-
nated with polyester resin is sprayed on
the upper side of the plate. The plate
is buckled upward by the application of
force inwardly at a number of places on
the perimeter, and finally a stiffening
skin is put on the bottom of the plate.
The Purdue group believes that on a
large scale the technique will be com-
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parable in cost to conventional flat-roof
construction and that the buckle-shell
roofs will offer better weathering quali-
ties and a better appearance than con-
ventional roofs do.

Split Concept

Solid-state physicists at New York Uni-

versity have witnessed the splitting
of an exciton, a conceptual entity con-
sisting of the temporary union of a neg-
ative electron and a positive electron
“hole” in an excited crystal lattice. The
particular exciton that was split, an ex-
tremely short-lived type called the sin-
glet exciton, immediately formed two
other excitons, both of them the relative-
ly long-lived triplet excitons. The result
may have important biological and tech-
nological implications.

The experiment that led to the fission
of the exciton is part of an extensive in-
vestigation under way at N.Y.U. and
elsewhere into the electrical properties
of crystals of conjugated aromatic hydro-
carbons (see “Electric Currents in Or-
ganic Crystals,” by Martin Pope; ScIEN-
TIFIC AMERICAN, January, 1967). The
organic crystal used in the exciton-split-
ting experiment was tetracene (C1H10),
a benzene derivative. The experiment
was described in a recent issue of Physi-
cal Review Letters by the N.Y.U. investi-
gators: Nicholas E. Geacintov, Martin
Pope and F. Vogel.

A singlet exciton is produced in an
organic crystal when a photon of light
striking a molecule in the crystal is en-
ergetic enough to excite an electron to
an upper energy level termed the first
excited singlet state. In the brief inter-
val before the electron recombines with
the “hole” it left in the “ground” state
of the molecule, the hole-electron pair
(the singlet exciton) can travel as a
unit through the crystal from one mol-
ecule to another.

Normally, because of the extremely
short lifetime of singlet excitons, the
concentration of such excitons generated
in any crystal is very low—roughly the
same as the concentration obtained by
putting a teaspoonful of sugar in a mil-
lion gallons of water. Hence any coordi-
nated movement of singlet excitons in a
crystal could not produce a detectable
macroscopic effect.

What the N.Y.U. investigators suc-
ceeded in showing in tetracene was that
the fission of short-lived singlet excitons
would produce pairs of much longer-
lived triplet excitons. In view of the effi-
ciency of this method for generating
large densities of triplet excitons, they
believe it should be possible for the first
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time to observe coordinated exciton ef-
fects on a macroscopic scale.

The N.Y.U. team has suggested that
one such effect might be magnetic. They
base their surmise on the observation
that triplet excitons have a magnetic mo-
ment whereas singlet excitons do not.
This suggests that macroscopic magnet-
ic effects could be induced in organic
substances by shining light on them.

Much of the research done by the
N.Y.U. group is based on theoretical
work by Richard E. Merrifield of E. I.
du Pont de Nemours & Co. Recently
Merrifield, P. Avakian and R. P. Groff
observed the same exciton-fission effect
in tetracene. Merrifield has proposed the
term “excitonics” to describe this new
field. The recent developments in exci-
tonics could have an important bearing
on the study of energy-transfer mecha-
nisms such as those involved in photo-

synthesis by living plants.

The Oak Ridge Silver Mine

More than 2,100 tons of silver worth

$124 million have been removed
from the electromagnetic separation
plant at Oak Ridge, Tenn., and returned
to the Department of the Treasury. The
silver was part of nearly 15,000 tons lent
to the Manhattan project in 1942 and
1943 to be converted into windings for
the huge magnets that were part of the
“calutrons” used to separate fissionable
uranium 235 from nonfissionable urani-
um 238. The silver, then worth more
than $400 million, was used as a substi-
tute for copper, then in short supply.

The calutrons were essentially enor-
mous mass spectrometers in which ions
of a uranium compound were made to
travel in the field of electromagnets 19
feet square. In a magnetic field ions of
different mass execute arcs of slightly
different radius. In this way ions com-
prising U-235 could be separated from
ions comprising the slightly more mas-
sive U-238. The process was beset by
many technical difficulties but helped
to produce the highly purified U-235 in
the atomic bomb that destroyed Hiro-
shima. Subsequently the gaseous diffu-
sion process proved much more efficient
in producing U-235, and most of the
calutrons were dismantled. In the 10
years following World War II more than
12,500 tons of silver were returned to
the Treasury. A few of the calutrons
were kept in operation, however, to pro-
duce small quantities of natural isotopes
other than U-235. After the current re-
turn of 2,100 tons of silver only about 70
tons will remain at Oak Ridge; it too will
soon be returned to the Treasury.



Today’s planes are riveted, welded and bolted together
piece by piece. There’s a lot of skilled (and expensive)
hand work involved.

Most of tomorrow’s aircraft will probably be wound
in single units without seams or fasteners . . . fuselage,
wings, tail assembly. A computer will handle each
operation precisely, automatically.

These processes of Monsanto’s Goldsworthy Engi-
neering subsidiary are called Filament-tape Placement
and Filament Winding. Super-strong, uniquely rigid fila-
ments of boron, graphite or fiber glass can be wound

o

or placed onto a mandrel in the shape of a fuselage . ..
or wing, or tail. And because the relative thickness of
each layer of filaments is only a few thousandths of an
inch, it's possible to make any part as thick or as thin
as you want at any point.

The result is a new kind of tailor-made airframe . . .
pound for pound more than twice as strong and stiff
as steel.

At Monsanto, we’re constantly solving problems by
exploring the total science spectrum. Monsanto—where
science and research are working for people.

Monsanto Company, 800 N. Lindbergh Blvd., St. Louis, Missouri 63166 M 0 n S a n to
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a brain.

The path of the traveling businessman is strewn with
pretty faces.

They’re behind airline counters, hotel counters,
rent a car counters and so on.

Hertz has added a novel twist to the pretty
face: a mind capable of helping you travel. Which,
much to your chagrin no doubt, is what you need.

To accomplish this we put each and every one
of our girls through one of the most exhaustive train-
ing programs in the business.

By the time we feel secure enough to turn one
of our girls loose at one of our counters, she not only
knows how torent you a Ford or another good car, she
also knows enough to diagram a map to direct you to
where you're going, suggest a restaurant or hotel, or
just be generally helpful.

And if your problem is one that she can’t solve
herself, she can probably recommend you to someone
who can.

You see, at Hertz we simply feel
that looking the part is no substitute for
knowing the part.

The biggest should do more.

It’s onlyright.
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Behind every smile,



© 1969 SCIENTIFIC AMERICAN, INC

EN AN
% . 7 W N :
1 PR FrEA | ol om

bl - \ B 1 ~ IRy | i U P B | i . !
_ . .1... ’.).Il-‘_k.v {“ ‘m‘ .... "k‘ .. . .Ja.lu.\..\ ..(.-..u ....!.. ..!_.4.




TYPESETTING

Electronic typesetting systems capable of “painting” as many as

10,000 characters per second on the screen of a cathode ray tube

promise to have a revolutionary effect on the printing industry

he art of printing is at least 1,200

I years old, and in general practice

it still follows basically the orig-
inal method. Characters or images are
formed in relief on supporting blocks or
plates; the composition is then inked and
printed on paper. The invention of mov-
able type and stereotypes and the mech-
anization of the various steps in the
printing process facilitated these opera-
tions but did not fundamentally alter the
method. Printing is now, however, un-
dergoing radical innovations, particular-
ly in typesetting. Since 1948 we have
seen the application of photography to
this operation, leading to the wide use of
photo-offset printing. Within the past
three years a much faster technique has
been developed: “typesetting” by an
electron beam.

In the days of setting type by hand
highly skilled compositors achieved re-
markable speeds as high as one charac-
ter per second; mechanical typesetters
built since the turn of this century cast
about five characters per second. Now-

PHOTOMONTAGE on the opposite page
was assembled in order to provide a dem-
onstration of the technique employed to
“paint” a character on the screen of a cath-
ode ray tube by means of a moving electron
beam. The photographs were selected from
film strips of single letters formed by a sim-
ulated typesetting machine built by engi-
neers at the Graphic Systems Division of
RCA to demonstrate some of the capabili-
ties of their system for electronic typeset-
ting. In the actual RCA Videocomp machine
the resolution is much better and the for-
mation of the characters is too fast to cap-
ture photographically in this manner. Read-
ing from left to right, the six capital G’s
in the photographs at bottom are called ro-
man, italic, condensed roman, condensed
italic, expanded roman and expanded italic.

by Gerard O. Walter

adays photographic typesetting machines
that select the characters mechanically
are capable of setting as many as 500
characters per second. In contrast, the
new electronic method can produce up
to 10,000 characters per second. In con-
junction with a computer directing the
operation this system is introducing a
new order of speed and capability in the
printing industry.

Early Printing Techniques

For background let us take a brief
look into the history of the development
of typesetting. Printing originated in
China and was not introduced into Eu-
rope until several centuries later. The
earliest printing tools and printed docu-
ments, found in China and Japan, are
from the eighth century, and the oldest-
known printed book is a Chinese work
dated May 11, 868. The early printing
was done from clay plates or wood
blocks. The clay plates were made by
scribing ideographs—symbolic pictures—
in a flat slab of wet clay, drying the slab
in an oven and then pressing soft clay
into this hardened mold to form the
“positive,” or raised image, that was
used for printing. Wood printing blocks
were made by carving the surface of the
block to produce the image in relief. Es-
sentially these two elementary principles
have been the bases for the various
methods of producing type masters up
to the present day.

In the 11th century a Chinese printer
named Pi Shéng introduced fexibility
into the composition of type masters by
inventing movable clay type. Each unit
was a small clay tablet bearing the relief
image of a single ideograph. The type
units were assembled for printing on a
tray coated with resin that held them
in place. Printers could now compose
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any message from the store of ideo-
graphs and use the units again and again
to produce other compositions. Thus by
the 11th century the basic devices for
founding a printing industry had already
been invented by the Chinese, and these
developments soon became known in the
West through Chinese contacts with the
Arabs. Yet the Europeans did not take
up and develop printing until more than
400 years later!

Curiously, it appears that a seemingly
minor language technicality may have
been largely responsible for this lag. The
Chinese ideographs are all of about the
same width; consequently Pi Shéng was
able to make his clay type blocks of uni-
form width and use uniform spacing, so
that they could be laid out simply and
neatly in a regular order that formed a
tastefully balanced plate, or page. In the
Western languages the irregularity of
the letters and other characters does
not allow making the type size uniform.
The characters vary in width, in height
and, because of their different shapes, in
their spacing.

To appreciate the importance of this
complication, examine the page you are
reading. You are quite aware of the vis-
ible type (there are about 6,000 charac-
ters in black on a full page of this maga-
zine), but in all likelihood you are not
aware of the fact that the page also con-
tains a great deal of invisible type—the
white spaces between letters, the spaces
between words and the spaces between
lines. For a compositor these spaces are
as important as the characters them-
selves. He must produce them somehow
by material means. The white space
around each letter is provided by the
fact that the type body (the block that
carries the letter) is slightly larger than
the letter itself, and the size of this body
must vary with the letter so that the
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HAND COMPOSITION of movable type was the technique devised by Johann Gutenberg
to set the type for his 1456 Bible, a section of which is shown in this photograph. Gutenberg
cast each character in relief on a metal block in a position such that when the blocks
were put side by side, the spaces between the characters were tastefully balanced. The lines
were “justified” by using blank blocks of various widths for the space between words.

spacing between letters fulfills require-
ments of legibility and aesthetics. The
spaces between the lines are provided
by leading. The spaces between the
words present a prime problem of man-
agement for the typesetter: they are by
no means standard but in each line are
finely tuned—by the process called jus-
tification—so that the line comes out even
at the right margin.

It was the skillful solving of the spac-
ing problem that made Johann Guten-
berg the most famous name in the his-
tory of printing and even gained him
the reputation of being printing’s inven-
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tor (at least in the West). The Gutenberg
Bible, which he printed in his native city
of Mainz in 1456, is a model of accurate
and tasteful composition [see illustration
above]. Using the Gothic style (derived
from manuscript writing), Gutenberg
produced movable type by casting each
character in relief on a separate metal
block. The character was not centered;
each was cleverly placed on its block in
a position such that when blocks were
put side by side, the spaces between the
characters were well balanced and there
were no “holes” or concentrations of
black in a word. This is indeed an art,
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requiring an aesthetic eye and meticu-
lous care; even today, with all our tech-
nology, the placement of characters on
their blocks is determined empirically
by trials involving closer and closer ap-
proximations. Gutenberg also introduced
the justification of lines of type by using
blank blocks of various widths for the
space between words. To set up a page
he laid the blocks in a chase: a viselike
holder that clamps all the blocks to-
gether.

Gutenberg’s alphabet (in Latin) con-
sisted of 73 characters (letters and nu-
merals) and punctuation marks. Modern
fonts of type usually contain 126 charac-
ters. A font is a complete collection of
symbols in a particular design and size;
its elements are the lowercase letters,
capitals, small capitals, ligatures (let-
ter combinations such as fi, fii and fl),
accented letters, numerals, punctuation
marks, reference marks and other sym-
bols. The size of the type is measured in
“points”; in the U.S. a point measures
approximately 1/72 inch. Each size of
type comes in various thicknesses, rang-
ing from light to bold. And a given de-
sign also embraces other variations, such
as “condensed” and “expanded,” roman
(upright) and italic.

Among the creative printers who fol-
lowed Gutenberg the names of several
are immortalized in the designations of
the type styles, or typefaces, they in-
vented. Around 1470 a French printer,
Nicolas Jenson, originated the Venetian
style, which has since been developed in
many variations. Between 1720 and 1726
William Caslon, an English artist, archi-
tect and stonemason, developed the
typeface that bears his name. Another
famous type style was designed by
a similarly versatile Englishman, John
Baskerville, about 1750. Perhaps the
most distinguished of all type designers
was Giambattista Bodoni of Italy, who
in 1768 produced the type style, notable
for its simplicity and cleanness, that is
the most popular today.

Printing is now an industry of many
separate crafts and specialties, which in-
clude the production of paper and inks,
typesetting, engraving, press operations
and of course the vast enterprise of pub-
lishing, to which the printing industry is
intimately related. Although this article
is primarily about typesetting, I should
like to touch briefly on some of these
related developments.

Paper, Ink and Type

The invention and manufacture of
paper had its beginning nearly 2,000



years ago in what is now a small, dirty
pool of water at Leiyang at the foot of
Heng Mountain in south central China.
There the world’s first papermaker,
whose name is lost to history, originated
the material by boiling bark, rags and
discarded fishing nets and beating the
stuft into a pulp. From the first century
until the eighth papermaking was scarce-
ly known outside China, but in the mid-
dle of the eighth century the Arabs
learned the craft from Chinese prisoners
captured in a battle at Samarkand. The
Arabs rapidly substituted paper for
parchment as a writing material, as is
evidenced by many Arabic manuscripts
on paper that date back to as early as the
ninth century. They produced paper
from linen at first and then from flax and
other plant fibers, supplemented by rags.
By the 12th century the manufacture of
paper was established in Europe by the
Moors who invaded Spain, and paper
was being produced and used in Britain
by the 14th century. The popularity of
newspapers, pamphlets and letters of
correspondence in the American colonies
spurred papermaking in the new world;
the first paper mill was built in German-
town, Pa., in 1690 by an ambitious pa-
permaker from Prussia, William Ritten-
house, to supply the Philadelphia printer
William Bradford. The U.S. has become
the world’s leading producer and user
of paper, primarily for the publishing of
newspapers, magazines and books.

Ink is considerably older than paper;
it was produced in Egypt and China as
early as 2500 B.c. The ancients at first
made ink by mixing lampblack with a
solution of glue or gum; later they re-
sorted to a variety of other plant, min-
eral and animal substances, including
“dragon’s blood.” Modern inks consist
of a pigment such as a mixture of iron
salt and tannin in a vehicle such as lin-
seed oil, with an addition of oxygen-ab-
sorbing materials to hasten drying of the
ink. For magazine publishing, where the
printing must be done at high speed
and on less absorbent paper, fast-drying
inks that are dried by heat and evapora-
tion have been developed. The composi-
tion of ink and its application have be-
come a sophisticated technology with a
considerable bearing on type design, as
the flow of ink affects the thickness of
the type image impressed on the paper.

In typesetting the first important
physical improvement arrived in the 15th
century: metal began to replace wood
blocks for the type. The switch to metal
type soon led to the use of matrices.
Since the high cost of metal type made it
impracticable to stock enough type to

print an entire book, printers resorted to
using their type to make a replica in lead
for each page. The page was set in type,
this assembly was pressed into a sheet of
papier-maché, the impression was then
filled with hot lead, and the resulting
plate of characters in relief served as
the print master. The type itself, not
having been inked, could be re-sorted
and used again without cleaning. In the
19th century the invention of the rotary
press for faster printing brought about
the development of curved stereotypes,
made in essentially the same way as the

flat matrices, to fit on the cylinders of
the rotary press. Machines for making
matrices and stereotypes were built, and
in 1837 a German physicist, Moritz Her-
mann Jacobi, invented the process of
electrotyping, which by depositing a
coat of copper or nickel on the print
master improved its durability.
Meanwhile progress was being made
in increasing the speed of typesetting.
Gutenberg’s idea of ligatures was ex-
tended to putting commonly used com-
binations of letters (such as ed, er, st,
wh) and even entire syllables on a type

MECHANICAL COMPOSITION, an innovation introduced largely in the 19th century, has
reached its highest point of development in modern typesetting machines such as the Mer-
genthaler Linotype Company’s Elektron, depicted here. The Elektron, like the original
Linotype machine invented by Ottmar Mergenthaler in 1885, can be operated directly by
means of a keyboard; the modern version can also be driven by information on paper or
magnetic tape. When the operator (or the tape decoder) depresses a key, the matrix for the
indicated character (or a blank for the space between words) is delivered from an over-
head rack to a line-collector. The line is justified by inserting expandable wedges. After the
line measure has been filled the line of matrices is locked and transported to a chamber
where molten metal is introduced under pressure. From the matrices as a mold the metal
is cast into a line in one piece; after cooling the cast line is ejected into a tray. The matrices
that formed the line are then returned to their individual compartments in the overhead
rack through a sorting machine. Mechanical typesetters can cast five characters per second.
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block, constituting what is known as a
logotype. Using logotypes, a Viennese
compositor named Leopold Weiss set
type at the rate of 3,500 characters an
hour in a contest in 1883. His typecase
had 668 compartments (as against the
ordinary font of 126). Only a genius
could work with such a monster of a
case, and one must marvel at the accom-
plishments of Chinese compositors, who
even today have to work with a case con-
taining up to 10,000 ideographs.

Other devices for accelerating setting
by hand came into use. The inventive
Danish compositor Christian Soerensen
conceived the idea of tying the compos-
ing stick to his waist so that he could
work with both hands. A Swedish en-
gineer, Albert Lagerman, went a step
further and placed under the typecase
a collector that conveyed the types to
the line-holder by way of a funnel; the
compositor, using both hands, simply
threw the types into the funnel.

Mechanical Typesetting

Soerensen became one of the pioneers
in the mechanization of typesetting.
Throughout the 19th century many in-
ventors sought to devise a machine that
would select type from a magazine, as-
semble it in a justified line and return

A
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the types to their proper places in the
magazine after the line was cast. Elabo-
rate machines (one of which required no
fewer than seven operators!) were built,
but they fell short of acceptability. One
of the main difficulties was the problem
of mechanical identification of the types
for setting and for later return to the
origin. In 1849 Soerensen produced a
device that essentially solved this prob-
lem. He notched each type body in a
way that identified the character and
used brass rods to select and guide the
transport of the type. Soerensen’s was
the first machine that could both set and
return type, and his notching idea is still
used in typesetting machines today. His
machine did not, however, work well
enough to be adopted by printshops.

A successful machine, the Linotype,
was finally produced in 1885 by Ottmar
Mergenthaler, and the Linotype is still
one of the most widely used typesetting
machines. It is operated by means of a
keyboard. When the operator strikes a
key, the matrix for the indicated charac-
ter (or a blank for a space between
words) is delivered from an overhead
rack to a line-collector. The operator jus-
tifies the line by inserting expandable
wedges. After the line measure has been
filled, the line of matrices is locked and
transported to a chamber where mol-

CHARACTER
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ten metal is introduced under pressure.
From the matrices as a mold the metal
is cast into a line in one piece, and after
cooling the cast line is ejected into a
tray. The matrices that formed the line
are returned to their individual com-
partments in the overhead rack through
a sorting machine. While the metal line
is being cast, the compositor is already
assembling the next line with the key-
board.

The Linotype machine is well de-
signed for tasks such as setting a news-
paper, consisting of regular columns and
relatively simple text; it is not well suit-
ed, however, for handling complicated,
irregular formats, and it becomes a slow,
cumbersome instrument when many
special symbols must be inserted in the
text or when many corrections are re-
quired. The machine is noisy and emits
considerable heat from the molten metal.
The latter inconveniences were avoided
in the Monotype machine, which was
developed at the turn of the century. In
the Monotype instrument the typeset-
ting is done in the first instance on paper
tape.

The inventor of the Monotype was
Tolbert Lanston. A clerk in the U.S.
Pension Bureau, he took a cue from
Herman Hollerith’s development of
punched cards for machine tabulation
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—— PHOTOSENSITIVE FILM OR PAPER

PHOTOCOMPOSITION, a development of the 1940’s and 1950’s,
is represented here by a schematic drawing of the Photon 713 opti-
cal system, a product of Photon, Inc. A cylindrical matrix contain.
ing all the characters in the form of photographic images carries
the images past a stroboscopic lamp, which flashes the successively
selected characters through a moving-lens system onto a photosen-
sitive film, from which an offset printing plate is exposed. After the
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plate is developed only the desired character images remain. The
plate is treated so that ink will be deposited only on the images;
it is then inked and run against a rubber blanket that picks up the
images and serves as the printing surface. This method is known as
photo-offset printing. Phototypesetting systems can be operated
either from a keyboard or from data on paper or magnetic tape.
Fastest systems can set type at rates up to 500 characters per second.



of the 1890 Census and set out to apply
the idea to typesetting. He reasoned that
holes punched in a paper tape could
represent the matrices for individual
type characters and could specify the
position in which each character should
be placed in a line. The tape, punched
by an operator at a keyboard, would be
fed into a machine that would cast the
type units and set them in the line ac-
cording to the tape’s instructions. With
the help of John Sellers Bancroft, an en-
gineer, Lanston eventually produced a
successful machine. An operator punch-
es the holes for the successive charac-
ters with the tape-perforating machine;
the machine automatically adds up the
width units as he proceeds and, before
the end of the line is reached, it informs
him what keys he must strike to insert
word spaces of a width that will produce
a full, justified line. When the line is
completed, the punched tape is inserted
in the casting machine tail end first (so
that the line will be cast from right to
left). In the casting machine the informa-
tion in the tape selects matrices one at a
time and causes each matrix to be pushed
into a mold where a squirt of molten
metal is injected to form the character
or word space; the cast line is finally
deposited on a galley. One such machine
can keep up with two keyboards.

The Monotype machine owes much of
its success to beautiful type designs by
Frederic W. Goudy and Sol Hess. Sev-
eral other machines, some successful and
some not, contributed to the advance-
ment of mechanical typesetting, among
them the McMillan composing machine,
the Rogers Typograph, the St. John
Typobar, the Ludlow Typograph and
the Intertype. Let us go, however, to the
next major development in typesetting:
the introduction of photographic proc-
esses in the 1940’s and 1950’s.

Photographic Typesetting

There are several varieties of machine
for phototypesetting, or photocomposi-
tion, as it is called. They differ in meth-
od of operation but all are based on the
same principle. A matrix containing all
the characters in the form of photo-
graphic images is scanned in one way or
another with a stroboscopic lamp that
flashes the successively selected images
of characters through a lens onto a pho-
tosensitive plate [see illustration on op-
posite page]. After development of the
plate only the character images remain.
For photo-offset printing the plate is
treated so that ink will be deposited only
on the images; it is then inked, and the

ABCDEFGHIJKLMNOPQRSTUVWXYZ&
abcdefghijkimnopqgrstuvwxyz$1234567890

ABCDEFGHIJKLMNOPQRSTUVWXYZ&
abcdefghijklmnopqrstuvwxyz$ 1234567890

ABCDEFGHIUKLMNOPQRSTUVWXYZ&
abcdefghijklmnopgrstuvwxyz$1234567890

ABCDEFGHIJKLMNOPQRSTUVWXYZ&
abcdefghijkimnopgrstuvwxyz$1234567890

ABCDEFGHIJKIMNOPQRSTUVWXY Z&
abcdefghijkimnopgrstuvwxyz$ 1234567890

ABCDEFGHIJKLMNOPQRSTUVWXYZ &
abcdefghijklmnopqgrstuvwxyz$1234567890

ABCDEFGHIJKLMNOPQRSTUVWXYZ&
abcdefghijklmnopqrstuvwxyz$1234567890

ABCDEFGHIJKLMNOPQRSTUVWXYZ&
abcdefghijklmnopqrstuvwxyz$1234567890

ABCDEFGHIJKLMNOPQRSTUVWXYZ&
abcdefghijklmnopqrstuvwxyz$1234567890

SAMPLE TYPEFACES produced by the RCA Videocomp include the commonly used
fonts represented here. Electronic typesetting systems such as Videocomp can also generate
tabular or columnar displays, drawings and eventually halftone pictures for printing.

plate is run against a rubber blanket that
picks up the images and serves as the
printing surface. This system does away
with the casting of raised characters in
metal and the letterpress method of
printing. A photo-offset plate can be
produced quite quickly.

The use of the lens makes it possible
to magnify the image and thus project
the characters in various sizes from the
same master matrix. The matrix can con-
tain sets of characters in various type-
face styles, any of which can be used
simply by dialing to a desired setting.
The machine can readily be operated by
taped instructions, either from a key-
board or from a computer.

Phototypesetting machines can set
type at rates of up to 500 characters per
second. With a human operator at the
keyboard, however, the machine is ob-
viously limited to the rate of input by
the operator. Including the various kinds
of command that must be given the ma-
chine, a good keypunch operator cannot
do much better than about one and a
half characters per second. It is possible
to multiply this rate by hooking several
keyboards into the machine with opera-
tors working simultaneously, but even
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so their combined input will use only
a small fraction of the machine’s speed
capacity. The two limitations—the lim-
ited speed capacity of the machine itself
and the limited rate of input by human
operators—prompted the current new
development: typesetting by electron-
ics with a computer providing the input.

Electronic Typesetting

Suppose one designed a cathode ray
tube (similar to the kind used in televi-
sion sets and other display devices) that
would paint characters on the screen
and produce lines of text that in turn
would be recorded on film for printing
by the photo-offset method. Characters
could be formed by swinging the elec-
tron beam to make short, parallel strokes
so fine and spaced so closely together
that the image would appear solid [see
illustrations on page 68]. Several com-
panies in the electronic and printing
fields began to explore this inviting con-
cept almost simultaneously, and since
1966 a number of successful machines
have been produced and demonstrated.
The companies include RCA (which has
produced several systems based on ma-
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chines first developed by the Dr.-Ing.
Rudolf Hell Company in Germany), the
Mergenthaler Linotype Company (mar-
keting a machine developed by K. S.
Paul of Britain and one developed in
cooperation with CBS Laboratories),
the Intertype Company and the Inter-
national Business Machines Corporation
(distributing a machine developed by
Alphanumeric Incorporated).

In some of these machines the char-
acter is painted with vertical strokes,
in others with horizontal strokes. The
screen is an optically flat disk coated
with layers of aluminum and phosphor.
With each stroke the electron beam pro-
duces an extremely fine line, less than
a thousandth of an inch wide, on the
screen; some systems pack the lines as
closely as 1,200 strokes to the inch. The
stroke, produced by switching the mov-
ing beam on for a brief instant, is of
course very short—no longer than the
height or the breadth of the members
that form the type character. Since the
beam can move at speeds as high as
10,000 inches per second or even faster,
it paints the characters very rapidly.

The RCA machines, some of which
can generate characters as large as an
inch and a half in height, operate at
speeds from several hundred to several
thousand characters per second, depend-
ing on the model and the size of type. A
number of the RCA machines are al-
ready in use in the printing industry.
The Alphanumeric machine generates
type at up to 6,000 characters per
second. One of the Mergenthaler Lino-
trons can compose 10,000 characters per
second. It will probably be possible
to develop electronic typesetters with
speeds of 60,000 or more characters per
second.

The machines record the electroni-
cally produced characters on film by
various methods. For projection to the
film some machines use stationary lenses
and others moving lenses to pick up the
characters as they are painted on the
screen; some use continuously moving
film; some photocompose an entire page
of text at a time on stationary film; oth-
ers advance the film for every line. One
of the virtues of the electronic system is
that the beam can paint not only type
characters but also any kind of graphic
material; it can easily generate tabu-
lar or columnar displays, drawings and
eventually even halftone pictures for
printing.

The high-speed electronic typesetter
not only lends itself to operation by com-
puter but also actually demands it. To
begin with, the system requires a com-
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puter-type memory bearing fully de-
tailed instructions for the printing of
each character, so that the keyboard op-
erator need not punch in on-off signals
for the multitude of strokes the electron
beam must make to form the character.
Thus one “box” in the memory carries

the instructions for forming the letter aq,
another for b, and so on. Entire fonts of
type in various styles are stored in the
memory, and any font can be selected
simply by pressing the proper identify-
ing keys.

This is merely the first step in the

RCA VIDEOCOMP is a high-speed electronic typesetting system based on machines first
developed by the Dr.-Ing. Rudolf Hell Company in Germany. Machines such as the Video-
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MAGNETIC-TAPE
UNITS

DIGITAL
CONTROL
UNITS

SCHEMATIC DRAWING of the Videocomp system shows the relationship of the essential
components. The two tape units at extreme left submit the text in digital form to the system.
The system can also handle an input of digitized information from as many as 32 keyboards
at a time. The next two units comprise a digital computer and a memory, which contains
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computerization of the machine’s opera-
tions. In composing text the keyboard
operator need only type on steadily as if
he were writing one long line; the com-
puter, which has the width of each char-
acter, a word dictionary and a set of
rules stored in its memory, will break up

the typed text into justified lines, even
hyphenating a word at a proper syllable
break when it would run over the line.
With a brief signal identifying a stored
string of commands the operator can
cause the computer to start a new chap-
ter in a book, calling for the start of a

new page, selecting the style and size of
type for the chapter head, specifying the
placement of the head and the spaces
around it and indenting the first line of
the following text. The computer can
perform almost all the functions of for-
matting, creating runarounds for illustra-

comp operate at speeds from several hundred to several thousand
characters per second, depending on the model and the size of the

‘ CATHODE RAY TUBE | |

\ e )
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type. A number of electronic typesetting machines, made by vari-
ous companies, are already in use in the printing industry.
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stored programs for printing each character. The computer can also
break the text into justified lines, hyphenate words at proper sylla-
ble breaks and carry out other tasks of makeup and editing. The
electronically produced characters are painted on the cathode ray

tube (right). The images on the tube are projected by means of a
stationary lens onto photosensitive film or paper, which advances
line by line or page by page. The developed paper is used mainly
for proofs; developed film is suitable for making printing plates.
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CHARACTERS APPEAR on the cathode ray tube of this Videocomp system one line at a
time. The screen is an optically flat disk coated with layers of aluminum and phosphor. The
photograph was made with the aid of a mirror inserted between the screen and the lens.

CHARACTER IS PAINTED on the cathode ray screen with closely spaced vertical strokes.
With each stroke the electron beam produces an extremely fine line, less than a thousandth
of an inch wide; the lines can be packed as closely as 1,200 to the inch. The line is produced
by switching the moving beam on for as long as it takes to traverse the height of the char-
acter at that point. The beam can move at speeds greater than 10,000 inches per second.
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tions, dividing the text into columns and
pages, inserting page numbers and car-
rying out other tasks of makeup.

Considerable work has been done on
the development of detailed programs
for typesetting and other functions, and
RCA has invented a special language
that enables printers to communicate
with the computer in the terms of their
trade. Moreover, the input of informa-
tion to the machines has been speeded
up greatly. Besides simplifying the work
of the individual operator, the stored
programs and the rapidity of the type-
setting machine’s operations make it pos-
sible to feed commands into a machine
from 32 keyboards at a time.

The computer has begun to perform
some editing functions. It can be pro-
grammed, for example, to compile in-
dexes, bibliographies, lists of footnotes
and other specified lists for books or
technical publications. As the setting of
the text proceeds, the computer notes
the key terms or other specified items of
information, stores the places of their oc-
currence in its memory and at the end
automatically sorts them in alphabetical
order and directs the setting of the list it
has compiled.

There are other interesting applica-
tions of this capability. For example,
after a telephone directory has been set
in the usual form with the subscribers’
names in alphabetical order, the com-
puter, with the list stored in its memory,
can sort the information to produce other
editions in which the entries are listed
by districts and street numbers or by the
telephone numbers in numerical order.
The periodic updating of editions of the
main directory, with additions and
changes, can be produced simply by
putting the new information into the
computer, which automatically places it
in the correct alphabetical order. Anoth-
er operation of a similar nature that has
already been carried out is the selection
of sections from an encyclopedia for sep-
arate publication. After the encyclope-
dia, consisting of many volumes, has
been keyboarded into the computer, the
computer under instruction withdraws
the material on a specified subject from
its memory storage and sets it up for
publication as a separate book or pamph-
let, complete with its own index, list
of references and so forth.

Effects on Publishing

The effects of electronic typesetting
cum computer on publishing are likely to
be substantial. The public hunger for
printed information is seemingly insatia-



ble; historically the supply has generally
run behind the demand. Within the past
decade book publishing has doubled in
the U.S., and the sales of newspapers
and periodicals have increased by 50
percent or more. Printing, the eighth-
largest industry in the nation, is growing
faster than other manufacturing indus-
tries. Its total sales now amount to more
than $15 billion a year, of which $5.5
billion is spent for newspapers, $5.3 bil-
lion for general printing, $2.5 billion for
periodicals and $2 billion for books.

Electronic typesetting will undoubt-
edly foster a considerable increase in the
demand for and volume of printed ma-
terial, since it reduces the cost of print-
ing and speeds up the output. One can
foresee other consequences, however,
that will be more dramatic. These have
to do with a predictable acceleration of
the pace of printing.

The new electronic techniques have
cut the publishing time for a complicat-
ed college text or a technical book from
a year or more (after submission of the
completed manuscript) to less than three
months. This means that up-to-date texts
can now be made available rapidly to
universities, colleges and schools, and
technical handbooks can carry current
information. For newspapers and peri-
odicals the eftects of rapid printing will
be even more significant. It has already
been demonstrated that a full newspaper
page, including pictures, can be set up
electronically in less than five minutes;
thus the news can become available in
print almost as quickly as the bulletins
on the radio or television.

There is a prospect as exciting as rapid
printing itself. The electronic system
makes it possible to distribute publica-
tions speedily on a continental scale
without the need of shipping them in the
form of vast, slow-moving quantities of
paper. The content of a newspaper or a
magazine, composed electronically in a
central office, can be transmitted by
means of telephone lines or wireless
channels to satellite plants around the
country, or even around the world,
where local electronic typesetters, acti-
vated from the central source, will pro-
duce plates for printing on local stocks
of paper. Thus readers in New York,
Chicago, San Francisco, Honolulu, Lon-
don, Tokyo and other points will be able
to read the same newspaper or magazine
at the same time. Truly national dailies,
which in each city will include local
news and features in space reserved
for the purpose, will become a practi-
cable proposition in the U.S. for the first
time.

If Hi-Efficiency

Low-Reflection coatings
work so well

on aircraft instruments,

why can’t they work
on other things, too?

They can. SLR and HELR vacuum-
deposited coatings by Liberty Mirror
may be used to increase the light
transmission of any optical system
including photographic lenses. They
are more expensive than magnesium
fluoride coatings that are now being
used, but are twice as efficient in
light transmission. They are now
being used on aircraft instruments to
eliminate reflections.
Vacuum-deposited coatings of
aluminum, chrome and gold have
many uses such as front-surface
mirrors, neutral filters, transparent
mirrors, Hi- Efficiency beam-splitting
dichroic mirrors and filters. Metallic
and transparent electrically con-
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ductive coatings are available for
resistance heating, IR reflecting and
RF shielding applications.

Applied to glass, optical parts,
metal, epoxy or plastic, the coatings
are used in such varied products as
scientific and optical instruments,
lasers, computers, outer-space
vehicles and missiles. Technical data
sheets and prices available on all
coatings. Liberty Mirror, Bracken-
ridge, Pennsylvania 15014,
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The Energetics of Bird Flight

The metabolism of gulls and parakeets is measured during

ascending, descending and level flight in the wind tunnel.

The results show how flying birds can husband their “fuel”

ow hard must a bird work to fly?
H The speed and endurance of
birds in flight have always chal-
lenged the curiosity of students of ani-
mal physiology. Even the smallest birds
not only stay in the air for hours but also
travel without stopping for hundreds or
even thousands of miles at speeds well
above those attained by all but the fast-
est ground animals. In my laboratory at
Duke University I have been examining
how birds accomplish these feats by
measuring the power expenditure of
budgerigars (the common parakeet) and
laughing gulls flying at various speeds
and attitudes in a wind tunnel. These are
the only birds for which direct informa-
tion is available, and they are among the
few birds for which there are any such
data at all.

The speed and endurance that make
bird flight so interesting also make
measurements of the energetic cost of
flight difficult to obtain. Many methods
for estimating the cost of free or hover-
ing flight have been used, including aer-
odynamic calculations, measurements of
weight loss during flight, studies of the
washout rates of radioactive compounds
and studies of the rate of oxygen con-
sumption. The last method is more accu-
rate than the others, which depend on
more or less tenuous assumptions. All
these techniques, however, have a com-
mon failing when applied to free-flying
birds: they do not allow experimental
manipulation of the speed, duration and
direction of a bird’s flight so that such
factors can be related to metabolic data.

This is precisely the advantage of the
wind-tunnel method. At the beginning
of an experimental run a budgerigar or
a gull is placed in the test chamber of
the wind tunnel so that the bird flies
into the stream of air [see illustration at
right]. In this way the bird can be made
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to fly as rapidly in relation to the air as
it does in natural flight, while remaining
stationary from the observer’s point of
view. The bird’s flight in the wind tunnel
can be likened to the progress of a sail-
boat heading into a strong tide; although
water moves rapidly past the boat’s hull,
to someone on the shore the boat may
seem to be standing still. The experi-
menter can select the speed of the bird’s
flight by controlling the air velocity. He
can also set the duration of the flight and
determine whether the bird is flying on
a level path or on an ascending or de-
scending one.

To simulate ascending flight the tun-
nel is tilted so that its forward end points
upward. A downward tilt creates the
conditions of descending flight. Ideally
the aerodynamic and gravitational forces
on a stationary object in a wind tunnel
are exactly the same as if the object were
moving through still air. This is why I
refer to a bird as ascending or descend-
ing when the wind tunnel is tilted, even
though the bird’s actual position does
not change.

W'hile flying, the bird wears a clear

plastic mask over its head to collect
exhaled gases. An elastic band around
the back of the bird’s head holds the
mask in place, and a vacuum pump
draws the exhalations down a flexible
plastic tube to gas analyzers so that the
rate at which the bird obtains energy
from fats and carbohydrates can be mea-
sured. Oxygen consumption and carbon
dioxide production are determined by
measuring the concentration of these
gases in the air entering and leaving the
mask, and also by metering the total flow
rate of air through the mask. In addition
to providing gases for the analyzers the
vacuum pump system draws fresh air in
through the back of the mask.
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The budgerigar was chosen for the
experiments because it is tame, is read-
ily available in pet stores and is a steady
flier. (An early attempt to work with a
sparrow failed when the bird, instead of
flying on a level path, tried to escape
and dived and turned inside the wind
tunnel.) A small bird such as the budg-
erigar, which weighs 30 to 40 grams, was
the only one that could be accommo-
dated in the wind tunnel available at the
time, a nine-foot-long affair with a some-
what cramped test chamber. When I

LAUGHING GULL flying in the experi-

mental chamber of a wind tunnel wears a



sought to study a larger bird, I chose the
laughing gull, which weighs 300 to 400
grams; it happened that one of my col-
leagues had a number of gulls at hand
for other work. To accommodate them
I had a larger tunnel built.

Training birds to fly in a wind tunnel
is a lengthy process. My basic approach
is simply to punish the bird mildly if it
does not fly and reward it if it does. The
punishment is an electric shock (detect-
able by humans but not painful) admin-
istered when the bird lands on the floor
of the tunnel. The reward is the presen-
tation of a perch on which the bird can
rest after a successful flight. As the bird
learns to control its movements in the
confines of the test section and improves
in physical condition, it will fly for stead-
ily lengthening periods before it will risk
a shock. In fact, gulls can be trained to
fly in the wind tunnel without the use
of electric shock; they will fly when
nudged with a stick. After several weeks
of training both budgerigars and gulls
had reasonable endurance, even when
they wore masks. They could fly at least
twice as long as a typical half-hour ex-
perimental period without stopping. One
herring gull flapped and glided almost
continuously in the wind tunnel for 10
hours!

plastic mask that captures its exhalations. A pump draws gases
through tube to analyzers so that the gull’s rate of fat and carbohy-

Once trained, both the budgerigars
and the gulls “liked” to fly in the sense
that they flew voluntarily as soon as the
tunnel was turned on. During the train-
ing period, however, the budgerigars
cleverly frustrated the observer. One
bird avoided both flying and being
shocked by hanging on to every protu-
berance in the test section. As these
were discovered and removed, the bird
finally learned to hold on to the electric
grid with one foot to avoid completing
the circuit. Another bird accomplished
the same thing by rolling over on its
back on the floor and keeping both feet
in the air. When the birds could fly well
in the tunnel, they were trained to wear
the transparent mask.

Whether in wind tunnels or in natu-
ral flight gulls and budgerigars, like oth-
er animals, obtain power for sustained
work from reactions that combine oxy-
gen from the air with fats, carbohydrates
and proteins to produce carbon dioxide,
nitrogenous wastes, water and usable
energy. Of these sources fat, many in-
vestigators have concluded, probably
provides most of the power for flight.
Fat is certainly the best source of fuel
in terms of weight. Gram for gram it
contains almost as much energy as gaso-
line, more than twice as much energy
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as protein and eight times more energy
than stored carbohydrate.

My research confirms that fat is the
main source of energy in bird flight.
When fats are burned in a calorimeter,
they yield .7 milliliter of carbon dioxide
and 4.7 calories for each milliliter of oxy-
gen consumed. The experimental birds
exhibited almost exactly the same ex-
change rates: the ratio of carbon dioxide
exhaled to oxygen consumed by budgeri-
gars and gulls was always between 1: 0.7
and 1 : 0.8 during sustained flights. Ani-
mals normally do not use protein for fuel,
and if the birds had been metaboliz-
ing carbohydrate, they would have con-
sumed and produced equal quantities of
oxygen and carbon dioxide. It can be
calculated that more than 70 percent of
the energy for flight came from fat me-
tabolism, and that 4.8 calories of energy
are released for each milliliter of oxygen
consumed. This caloric equivalent of
oxygen consumption offers a convenient
way to determine the power expendi-
ture of flight at different speeds and
angles of ascent and descent.

The wind-tunnel experiments show
* that there is no simple answer to the
question of how hard a bird works to fly.
The power expenditures of the budgeri-

drate metabolism can be measured. Because the bird flies into the
airstream it appears to stand still. In the rear is the tunnel’s fan.
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WIND TUNNEL designed for author’s experiments can hold a tilted eight degrees to simulate ascending or descending flight.

flying laughing gull or other large birds. The 25-foot device can be Speeds above 40 miles per hour can be achieved in the tunnel.
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gar were markedly dependent on flight
speed and angles of ascent and descent.
For example, in level flight a budgerigar
flying at 12 miles per hour expends en-
ergy at a rate of 152 calories per gram
hour (the number of calories needed to
move each gram of body weight at a
given speed for one hour). As the bird’s
flight speed increases to 22 m.p.h. its
power expenditure declines to a low
point of 105 calories per gram hour. At
higher speeds the power expenditure
rises, reaching a high point of 165 calo-
ries per gram hour at 30 m.p.h.

When the budgerigar climbs at an an-
gle of five degrees, its power expendi-
ture is 140 calories per gram hour at 15
m.p.h. and rises slowly with flight speed
to a maximum of 170 calories per gram
hour at 26 m.p.h. When the bird is
descending at an angle of five degrees,
its power expenditure drops precipitous-
ly as its flight speed increases from 12
to 22 m.p.h. [see illustration on next
page].

In evaluating the performance of the
gull it should be noted that the animal
was in some respects noticeably hindered
by the mask. Its top sustained speed of
28 m.p.h. increased by almost 15 percent
when the mask was removed. Moreover,
the masked gull usually flew with its
beak open, which wild gulls seldom do.
This may mean that the bird was work-
ing unusually hard, or that the mask in-
duced panting by interfering with the
airflow that normally cools the beak.

Nonetheless, the wind-tunnel results
are similar to the bird’s performance in
nature. The range of speeds at which
the gull flew most economically in the
tunnel (19 m.p.h. for endurance, 28
m.p.h. for distance) was about the same
as the usual range of airspeeds for free-
flying gulls. Laughing gulls have been
tracked at 29 m.p.h. by a double-the-
odolite system. Radar tracking of ring-
billed gulls and herring gulls respective-
ly yielded mean airspeeds of 23 and 25
m.p.h. It should also be mentioned that
the gull would not fly on an ascending
path in the tunnel for more than a few
minutes. This behavior, however, is not
unusual in nature, where gulls prefer
to gain altitude by soaring rather than
flapping.

In level flight the power expenditure
of the laughing gull, in contrast to that
of the budgerigar, remains quite con-
stant. It stays between 50 and 60 calo-
ries per gram hour whether the bird
flies at 15 or 29 m.p.h. Both birds can
expend power at much the same multi-
ple of the basal, or resting, metabolic
rate. The multiple is 13 to 20 for the

budgerigar and 11 to 14 for the gull.
Some mammals can do as well, but only
for a short time. For example, a well-
trained human athlete can expend pow-
er for a few minutes at 15 to 20 times
his basal rate.

Power requirements in the wind tun-
nel obviously are related to the speed
and angle of flight. This fact suggests

that a bird in its natural environment

could save energy by flying in such a
way that minimal demands would be
made on its metabolic resources. It is in-
teresting to consider the various flight
requirements a bird may encounter
and how the animal could meet them
with the lowest possible expenditure of
energy.

A bird might, for instance, need to
stay aloft for as long as possible, as

TO MASK A GULL the experimenter waits for a moment when the bird has stopped moving
its head and then slips the mask over its beak. A rubber band secures mask to bird’s head.

MASKED GULL, somewhat impeded by the weight and drag of mask, can fly at a steady
top speed of 28 m.p.h. Without the mask the bird can increase its speed to 32 m.p.h.
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in the case of a gull searching for food
over the water. Here the bird might
maintain a constant altitude and fly at a
speed where power requirements would
be at a minimum. This speed is 19 m.p.h.
for the laughing gull and 22 m.p.h. for
the budgerigar. At 22 m.p.h. a budgeri-
gar consumes 1.1 percent of its body
weight each hour as fuel when it metab-
olizes fat, and the gull uses half this pro-
portion at 19 m.p.h. Since some birds
can accumulate fat until it comprises
half of their total body weight, they
should have enough fuel to fly nonstop
for tens of hours. Their precise endur-
ance, however, is hard to estimate be-
cause not all the fat is available for fuel.
Furthermore, the power requirements of
flight probably decrease as the bird uses
up its fuel supply and becomes lighter.
A migrating bird such as a budgerigar
might also need to cover the maximum
possible distance with a given amount
of fuel. This would be accomplished at
the speed where the ratio of power ex-

penditure to flight speed is smallest.
Budgerigars travel most economically at
22 to 26 m.p.h., at which speeds they
consume .05 percent of their body
weight in fat for each mile traveled.
The laughing gull travels most econom-
ically at 28 m.p.h. and consumes only
.024 percent of its body weight in fat for
each mile traveled. These figures confirm
that some birds can fly 2,000 miles with-
out feeding. Indeed, the golden plover
migrates 2,100 miles without food from
Alaska to the Hawaiian Islands, and oth-
er land birds fly without food from the
northeastern U.S. to Bermuda, and from
Africa across the Sahara and the Medi-
terranean to Europe.

It is not surprising that both the budg-
erigar and the laughing gull have about
the same speeds for maximum endur-
ance and range in spite of the tenfold
difference in their weight. In nature
both are exposed to the vagaries of the
ambient wind, and both must fly faster
than ordinary wind speeds if they are to
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reach their destination against a head
wind. In fact, the airspeed of almost all
migratory birds, large or small, is more
than 20 m.p.h.

Birds may also save energy during
ascending or descending flight by seek-
ing the speed where the ratio between
the rate of climb and power expenditure
is highest. To determine this point for
budgerigars 1 used data from experi-
ments where the wind tunnel was tilted
at five degrees to simulate ascending or
descending flight conditions. The rates
of climb or descent were calculated by
multiplying each bird’s airspeed by .087,
the number of feet its altitude changed
(in effect) for each foot traveled forward.
Finally these data were compared with
the records of each animal’s energy ex-
penditure during the flight. I concluded
that both ascending and descending
flight were most economical at the speed
where budgerigars have their maximum
range: 26 m.p.h.

hus far I have discussed the econom-

ics of avian flight but have not men-
tioned its efficiency. Whereas flight eco-
nomics involves the fuel costs of flying
for various lengths of time and various
distances, efficiency measures the rela-
tion between power input (power ex-
penditure) and power output. The effi-
ciency of a machine expresses the power
output of the machine as a percentage of
the power input. It shows how much of
the energy put into the machine appears
as useful work.

Several kinds of efficiency can be cal-
culated, including the relation between
total input and total cutput. In the case
of the budgerigar, however, it is reveal-
ing to consider another kind of effi-
ciency: the relation between the chang-
es in power output that occur when
the bird departs from level flight to as-
cend or descend and the accompanying
changes in power expenditure or input.
This approach makes it possible to com-
pare the bird’s efficiency with that of
other animals. It also leads to a hypoth-
esis that may explain why some birds
swoop in flight instead of pursuing a
level course.

Power output is the product of the
speed of the bird and the thrust force it
exerts. The bird also expends energy to
create a lift force, but this force is essen-
tially constant as the tunnel is tilted
to represent ascending and descending
flight. Therefore when the bird ascends
from its level flight path ata given speed,
its power output increases over power
output in level flight solely because of
changes in thrust, and when it descends,



its power output decreases for the same
reason. This increase or decrease in pow-
er output exactly equals the rate at
which a bird would gain or lose potential
energy if it actually changed altitude.

Once the power output changes have
been derived, calculations of efficiency
can be completed by using the measured
increases or decreases in power expend-
iture for climbing or descending at a
particular speed. For an ascending budg-
erigar the efficiency is more than 50
percent at the lowest speed of 12 m.p.h.
The efficiency then drops to between 15
and 18 percent as the speed reaches and
exceeds 17 m.p.h. Efficiency during de-
scent is more constant, changing from
14 to 24 percent between speeds of 12
and 30 m.p.h. At 17 and 27 m.p.h. the
efficiency of ascent and descent are
equal.

Since the efficiencies for ascent de-
scribe a bird working to increase thrust,
they are comparable to efficiencies for
increased work rates in other animals
walking up inclines or pulling loads.
Appropriate measurements under these
conditions are available for men, dogs
and horses. All have efficiencies between
30 and 35 percent (that is, the change in
power output is 30 to 35 percent of the
change in power input). The budgerigar
over most of its range of flight speeds is
about half as efficient as these animals,
but at low flight speeds it is more effi-
cient.

High efficiency for increasing thrust
at low speed is consistent with the fact
that in nature budgerigars often feed on
the ground. Since the budgerigar must
take off from the ground, it must simul-
taneously accelerate and gain altitude.
(If it took off from a tree it would already
have altitude and would need only to
accelerate.) Because of the efliciency
with which the bird utilizes energy at
low speeds it can both get into the air
and reach cruising speed at a cost that is
little more than that of slow and level
flight.

The reader should not conclude at
this point that a bird gains altitude most
economically at low speeds. I have al-
ready mentioned that the best speed for
climbing is 26 m.p.h. Slow flight for the
budgerigar is a costly process, but as
long as the bird must fly slowly it might
as well go up. The extra cost is small. At
speeds above 17 m.p.h. the efliciency
of ascent has dropped, but so has the
total cost of flight. As a result the bird
gains altitude with increasing economy
as it approaches its optimum climbing
and cruising speed of 26 m.p.h.

These studies of the budgerigar’s effi-

ASCENDING FLIGHT can be simulated in the wind tunnel by raising the front end. To
“climb” at a given speed the budgerigar increases thrust while lift remains almost constant,

DESCENDING FLIGHT is simulated when the tunnel is tipped downward. As the bird

“climbs” or “falls,” aerodynamic and gravitational forces are identical with those in nature.
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ciency suggest that the swooping flight
of some finches and woodpeckers and
the slowly undulating flight of migra-
tory birds (which may ascend and de-
scend as much as 20,000 feet during
long journeys) may represent an energy-
saving stratagem. When the efficiencies
of ascending and descending flight are
the same at a particular speed, as they
are for the budgerigar at 17 and again
at 27 m.p.h., the extra power expendi-
ture during ascent is just equal to the
saving during descent. Thus the bird
could climb to a given altitude and de-
scend at no extra cost over level flight
for the same length of time.

It follows that if the efficiency of
ascent is greater than the efficiency of
descent, the bird can actually save en-
ergy by flying in a swooping or undulat-
ing path. In fact, the lower the efficiency
of descent, the more energy the bird
saves. Since the efficiency of descent for
the budgerigar is always less than 25 per-
cent, one can speculate that if this bird
could ascend (that is, increase its thrust)
at cruising speeds with efficiencies as
high as the 30 to 35 percent values for
man, the dog and the horse, it could save
energy by flying in a swooping pattern.
One would predict, however, that in
nature the budgerigar cruises on a
straight path because in actuality the
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efficiency for ascent is less than the effi-
ciency for descent between speeds of 17

and 27 m.p.h.

}[ow does flight compare as a form of

+ locomotion with walking or run-
ning, or with the flight of aircraft? Two
points of comparison are speed and en-
durance. In these respects birds are
clearly superior to ground animals. Even
small birds fly for hours at speeds in ex-
cess of 20 m.p.h., and larger birds such
as ducks can cruise at 40 to 50 m.p.h. A
few large ground animals such as an-
telopes, the ostrich and the cheetah can
attain these higher speeds, but none can
maintain them for long. I have men-
tioned that some birds are able to fly
without feeding for tens of hours and
for 1,000 miles or more. No walking or
running animal can equal these feats,
which in terms of endurance are respect-
able even for aircraft.

Another point of comparison is the
energetic cost of transport, measured in
units of calories required to transport a
gram of body weight one kilometer.
These units have the advantage that,
whatever the size of an animal, they in-
dicate the cost of moving a given mass
a given distance. For example, the cost
of transport for a flying bee is about the
same as the cost for a running rat weigh-

20 25 30

FLIGHT SPEED (MILES PER HOUR)

EFFICIENCY OF FLIGHT varies at different speeds for the budgerigar. At 17 m.p.h. and
again at 27 m.p.h. the efficiencies of ascending (colored curve) and descending flight are
equal to each other, indicating that at these points swooping costs no more than level flight.
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ing 3,000 times as much. Thus when 300
grams are moved one kilometer, either
in the form of a swarm of 3,000 bees or a
single rat, the caloric cost is the same.

When measured in this way, the cost
of transport for various swimming, walk-
ing, running and flying animals generally
goes down as body weight goes up. A
fruit fly, for instance, expends more en-
ergy to move each unit of its weight a
given distance than a locust does [see
illustration on page 78]. When walking,
running and flying animals are ccmpared
with one another, however, flying ani-
mals prove to be much more economical
than ground ones. A walking or running
mammal expends 10 to 15 times more
energy to cover a given distance than
a bird of the same size does. It is no
wonder that small mammals do not un-
dertake long seasonal migrations! Some
birds can even travel more economically
than some machines. For example, a pi-
geon flies more economically than a light
plane. Moreover, a Canada goose may
be able to perform better than a jet
transport.

Although the wind-tunnel experiments
yield interesting information about me-
tabolism and flight, it must be remem-
bered that these experiments reproduce
only certain aspects of natural flight con-
ditions, never their entire rich variety.
In addition, the experiments introduce
some unnatural conditions. Although the
aerodynamic forces in the test chamber
ideally are the same as those in still air,
the flow of air in the tunnel is more or
less turbulent, and the walls of the test
chamber may interfere with the flow of
air around the bird. The effect of these
distortions can be hard to determine.
Relatively small amounts of turbulence,
for instance, can improve the aerody-
namic performance of model birds and
model airplane wings, but extreme tur-
bulence increases the power expenditure
of flying budgerigars. Furthermore, a
bird flying in a tunnel and wearing a
mask has limited room to maneuver, and
its shape, weight and weight distribution
differ from those of a free-flying bird.

Even if one could be certain that a
bird flying in a wind tunnel utilized en-
ergy at exactly the same rate as a bird
flying through still air, there is a degree
of uncertainty in any estimate of the cost
of flight in the natural environment. This
is particularly true of long migratory
flights. The air in which a free bird flies
is not still but moves in a complex man-
ner. It is heated at the surface of the
earth, rises and is replaced by descend-
ing air. Superimposed on these thermal
currents are wind currents that low hor-



B Counting the Mzma and the Peykan and
the Warzwa, there are about 150 makes of
automobile running over the world’s roads
today. They pass each other, in the foothills
of the Andes, in the Loire Valley, in the
streets of Istanbul, on the string-straight
roads of Texas, as anonymously and as in-
differently as subway riders—all except one.
Porsche. When Porsches pass, their head-
lights flash.

Why? Someone has said that the wealthy
and the talented are comfortable only in
each other’'s company. Men in risky occu-
pations—high-wire performers, hard-hat

divers, fighter-pilots—tend to feel the same
way. Members of some select groups can
identify each other by sight (a karate-
player's hands) or by sound (a Cambridge
graduate’s accent). Some wear identifiers
(an Esperanto speaker’s lapel button, the
rosette of the Legiond’Honneur). Some nod.
Some speak. Porsche owners flash their
head-lights.

Prices start at about $5,100, East Coast
P.O.E. See your Porsche dealer or write
to the Porsche of America Corporation,
100 Galway Place, Teaneck, N.J. 07666.
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izontally over flat surfaces but develop
vertical components when they encoun-
ter other wind currents or surface fea-
tures such as trees and hills. Such drafts
and currents are strong enough to in-
fluence the power expenditures of flying
birds. Since most birds fly at airspeeds of
20 to 30 m.p.h., even everyday winds
could change their ground speed by 50

percent.

Vertical currents can be strong enough
to hold a bird aloft, as is demonstrat-
ed by birds soaring in thermals, over

ridges or over ships at sea. Even in the
absence of vertical currents birds are
accelerated upward or downward by
changes in either the speed or the direc-
tion of the wind. The albatross in partic-
ular is reputed to remain aloft indefinite-
ly without flapping its wings by moving
through wind-velocity gradients over the
sea. Changes in horizontal wind veloci-
ties large enough to influence bird flight
in this way are ubiquitous on windy
days. They occur with gusts of wind, in
the wake of surface features such as
trees and in the wind boundary layers

above the surface of the land and the sea.

I have commented here only on the
energetics of avian flight, but I have also
used the wind tunnel to investigate other
aspects of flight physiology: respiratory
mechanics, water and heat budgets and
responses to simulated high altitudes. In
addition the wind tunnel is useful for
aerodynamic investigations. In this con-
nection my colleagues and I have studied
the flapping flight and the gliding flight
of vultures and hawks. Over the next few
years we hope to use our wind tunnel to
investigate other areas of avian biology.
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BIRD FLIGHT, when compared with other kinds of animal loco-
motion, generally is more economical than walking or running.
Large flying birds can even travel farther for each calorie per unit
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of weight than a light plane or jet fighter. The young salmon’s
performance shows, however, that a fish can travel more econom-
ically than gulls, pigeons, horses or any other kind of animal.



Polaroid’s improbable camera.




Electronically controlied
shutter system.

Polaroid’s Colorpack II gives
you perfect exposures for color
or black-and-white prints. Auto-
matically. Even for flash shots.

The system consists of an elec-
tric eye and a transistorized elec-
tronic shutter. Here’s the way it
works :

When you press the shutter re-
lease button to take the picture,
the electronic circuit is activated
by a switch and current flows
from batteries in the camera
body. It energizes an electro-
magnet which holds back one of
two shutter blades (the closing
blade).

At this point, the first blade
(the opening blade) is released,
allowing light to pass through the
lens aperture and strike the film.
Instantaneously, another switch
sends current through the elec-
tric eye to charge a capacitor.

These events have taken place
within milliseconds and the
image is now being recorded on
the film.

When the capacitor is charged
to a voltage level corresponding
to the optimum amount of light to
expose the picture, a transistor-
ized switching circuitis activated
cutting off the power to the elec-
tromagnet. This, in turn, releases
the second blade and closes the
shutter.

The system works so quickly
that it actually measures the
burst of light of a flashbulb dur-
ing the split-second of its exist-
ence and simultaneously regu-
lates the shutter for an unerring
exposure. Every time.

*Suggested list price. Polaroid®

Antnhropologically based
rangefinder.

A transparent red square in the
Colorpack II viewfinder shows
you when you’re 5 feet from your
subject. And since that’s Color-
pack II’s optimum distance for
all flash shots, and most daylight
pictures of people, the red square
is a very handy device.

This is how it acts as a simple,
but accurate, rangefinder :

The red square is a stadimeter
(it measures distance by measur-
ing the known size of a reference
object as it appears in your field
of vision).

Our reference object is the dis-
tance from the top of the head
to the chin-tip. And we obtained
it with the help of a little anthro-
pology. This science tells us that
the head-top to chin-tip dimen-
sion is remarkably constant in
homo sapiens over the age of
three. And since picture subjects
very often turn out to be homo
sapiens over the age of three, our
reference object is a most appro-
priate one.

To find the distance, simply set
the Colorpack II lens to the 5 foot
click mark. Then look in the view-
finder and move backward or for-
ward until the red square covers
the subject’s face from head-top
to chin-tip and you’re set to shoot.
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‘1elephoto-type triplet
lens.

The desired focal length of the
Colorpack II lens was the equiva-
lent of the lenses in the more ex-
pensive Polaroid Color Pack Cam-
eras (about 114mm).

This new lens would be mounted
on a small, rigid camera body.
And, ideally, it would not require
a monstrous front housing.

The only way to achieve the
ideal lens for this set of condi-
tions was to design a semi-tele-
photo lens system (that is, a lens
in which the distance from the
front element to the film plane is
slightly shorter than its effective
focal length). The task was com-
plicated by the fact that the de-
sired lens would have to be a
wide-angle telephoto. And tele-
photo lenses don’t lend them-
selves to wide field angles (in this
case, 56° full field).

The solution to the problem
was obtained by feeding a series
of design constraints into a
computerized lens optimization
program.

The result of this collaboration
between man and machine is a
compact, front element focusing,
brilliantly sharp, triplet lens.
A color-balanced, telephoto-type
lens that provides a combination
of optical qualities unique in its
price range.

Because it’s a precision lens,
we’ve precision-mounted it on
the camera with an ultrasonic
welding technique that assures
accurate seating and secure at-
tachment.




Hand-held instant
darkroom.

Of course, one of the most im-
probable aspects of Colorpack II
is the Polaroid Land film it uses.
It develops the print outside the
camera in your hand. Even in
bright sunlight. Without.fogging.

This is even less probable when
you consider that one of the films
(our 3000-speed black-and-white)
is the most light sensitive general
purpose film in the world.

How did we do it?

By opacifying the outer sur-
face of our positive-negative film
packet with a thin coating of car-
bon particles, suspended in a
polymer.

Sealing the edges of the packet
was more of a problem:

As the film is pulled out of the
camera, it squeezes between two
bars, breaking a pod containing
the developer. This reagent con-
tains suspended carbon particles
which further inhibit light trans-
mission.Thedeveloper spreadsbe-
tween the positive and negative
film layers until itis trapped by a
special mask, laminated around
the edges. When this happens,
the packet becomes light-tight.

More and less.

What’s more is:

Flashcube capability that lets
you take four indoor shots as fast
as you can pull the film packets
out of the camera. And when the
last flash has been used, the dead
cube stops at an angle to remind
you to replace it. (You’ll never
lose a great flash picture because
you forgot to put a fresh bulb in
your camera.)

A lightweight stainless steel
developer spreader that can be
removed to facilitate cleaning.

Pack film that loads in seconds.

The pack film lets you take
rapid sequence shots, too. (Since
you pull each film packet out of
the camera after the shot, you
can take another picture immedi-
ately, while the first one is devel-
oping outside.)

A shutter lock. A turn of the
shutter release button locks it to
prevent accidental exposures.

An incredibly tough, durable
camera body.

And alkaline batteries for the
electric eye and flash systems
that last a full year.

What’s less than you’d expect
is the weight:

Twenty years ago, our original
Polaroid Land camera weighed 4
pounds, 5 ounces. And delivered a
sepia print. In 60 seconds.

Colorpack II weighs just 20
ounces. And delivers a rich color
print. In 60 seconds.

What else is less is the work
you do. Because this camera was
designed to make taking a pic-
ture almost as easy as wishing
for it.
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Last and least.

$29.95*

That’s all you pay for the cam-
era that has all these features:

Colorpack I1.

Impossible ? No.

Improbable? Yes.




OPTICAL RECORD of a shock wave in a solid was obtained by
photographing light reflected from mirrors mounted on the speci-
men and on the plate holding the specimen. A bright light directed
at the mirrors is transmitted through one or more slits as shown
schematically in the illustration on the opposite page, and the im-
ages of the slits are swept rapidly across a film by means of a rotat-
ing mirror. In this case there were three slits that had different

filters; the filters account for the different degrees of darkness in
the bars. When a shock wave, here originated by an explosion,
reaches a mirror, the mirror loses reflectivity and the photographic
image is cut off, vertically in the case of mirrors mounted flatly and
obliquely in the case of mirrors mounted obliquely. Through inter-
pretation of the photograph the experimenter can determine the

velocity of the shock and of motions on the surface of the specimen.
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SHOCK WAVES IN SOLIDS

When an explosion or a projectile 1s directed against a solid.

an mtense wave of pressure and stress passes through 1t. Such

waves can be used to study materials and also to process them

by Ronald K. Linde and Richard C. Crewdson

shock wave is a pulse of pressure or
A stress that moves through a me-
dium at a speed faster than the
medium can transmit sound and pro-
duces a steep, almost instantaneous rise
in stress at the points it reaches. The
wave delivers a large amount of energy,
as anyone knows who has experienced
even the relatively mild sonic-boom form
of shock wave generated by an airplane
flying at supersonic speed. Until rather
recently the behavior of shock waves
was studied mainly in gases. Now, how-
ever, shock waves are being used to pro-
duce dramatic changes in solid materials.

Much of the interest in this subject
has arisen from recent improvements in
the techniques of creating shock waves
in solids and in the instrumentation for
recording the behavior of the waves. As
a result the study of shock waves in
solids has made valuable contributions
to solid-state physics and to the under-
standing of the properties of materials.
Moreover, the fact that it is now possible
to control quite precisely the extreme
conditions of pressure, temperature,
shear stress, strain rate and compression
created by a shock wave in a solid has
given rise to a number of commercial
applications of the technique. Among
the notable examples are the direct con-
version of graphite to diamond, the cre-
ation of new polymer forms and the
bonding together of layers of materials
in a few millionths of a second with a
single shock.

Our group in the Poulter Laborato-
ry for High Pressure Research at the
Stanford Research Institute has been in-
volved with both the exploration of the
subject and the applications of it. We
create a shock wave in a solid either by
firing a flat-faced projectile at it with a
gas gun or by detonating an explosive
that can be directly in contact with the
specimen or in contact with a flat metal

plate that is propelled against the speci-
men by the explosion. Some of the
changes produced as the wave travels
through the solid are so transient that
they must be observed and measured in
less than a millionth of a second; others
are more permanent and can be studied
in specimens retrieved after shocking.
In many respects the behavior of a
shock wave in a solid is much the same

FILM

y SPECIMEN
/ e

i //
MIRROR
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/ REFLECTED

LIGHT

MIRROR

as it is in a gas or a liquid. The chief dif-
ference is that the shock pressures at-
tainable in solids are far higher than
those attainable in gases and appreciably
higher than those obtained in liquids.
Although solids and liquids are usually
regarded as being incompressible, it is
possible with present shock-wave tech-
nology to compress many of them to
more than twice their original density.

ROTATING MIRROR

MIRROR TECHNIQUE involves reflecting light, originated by an intense source, from
mirrors placed on the specimen and on the mounting plate. Reflected light goes through
the slit to a rotating mirror, which sweeps an image of the slit along the film at high speed.
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HIGH-EXPLOSIVE PAD
\

LOW-VELOCITY EXPLOSIVE ‘-\ -

HIGH-VELOCITY EXPLOSIVE
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PLANE-WAVE
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BUFFER PLATE FLYER PLATE

EXPLOSIVE SYSTEM for creating a shock wave in a solid is depicted for a typical experi-
ment. The conical shape of the explosives adjacent to the detonator is designed to form the
detonation front into a flat plane before it reaches the high-explosive pad. In this way
the flying plate can be directed at an accurately flat attitude toward the target array.

RADIAL
PINS

SPE/CIMEN

GUN BARREL

VACUUM

TARGET
H ASSEMBLY

ALTERNATIVE MEANS of creating a shock wave in a solid is a gas gun, which fires a
flat-faced projectile against the specimen. With this apparatus the experimenter can achieve
more precise control over the attitude and speed of the projectile than he can with an
explosive system, but for large samples the explosive system generates more intense shocks.

84

© 1969 SCIENTIFIC AMERICAN, INC

Under such extreme conditions even the
strength of steel is for most purposes
negligible. The passage of a shock wave
through a solid can rearrange the atom-
ic lattice in the solid, alter the configu-
ration of electrons around the atoms,
change the physical properties of the
material and modify its internal balance
of energy.

What happens as a shock wave passes
through a solid can be visualized in an
analogy with a railroad train made up
of boxcars coupled by springs instead
of the usual inelastic couplings [see il-
lustration on page 86]. The boxcars rep-
resent atoms in a solid, and the springs
represent the elastic interaction of at-
oms. If two such trains were to collide,
a shock wave would pass through each
of them in an essentially linear or one-
dimensional way. The wave travels at a
velocity much greater than the velocity
of the individual boxcars.

As the illustration suggests, the im-
portant quantities in shock-wave physics
are the velocity of the shock, the incre-
ment of velocity given the atoms or par-
ticles by the shock, the density of the
particles and the axial stress, which is
the component of stress in the direction
of shock propagation. Since the laws of
conservation of mass and momentum ap-
ply, the four quantities can be related by
two simple equations, which are called
Hugoniot equations: the initial density
times the shock velocity is equal to the
density under compression times the dif-
ference between the shock velocity and
the particle velocity [pyU = p(U — u)],
and the axial stress is equal to the prod-
uct of the initial density, the shock veloc-
ity and the particle velocity [o = poUul].
For a given material initial density is
fixed, so that the equations contain four
variables; measurement of any two of
the variables makes it possible to com-
pute the other two.

The shock front is the part of the wave

that does the compressing. Behind
the shock front is a region where the
stress decreases rapidly from its peak
value. This part of the pulse is called the
rarefaction front. Rarefactions serve to
transmit a reduction in stress at one po-
sition in a material, such as an edge
where stress can be relieved by bulg-
ing, to the rest of the material. The
shock and rarefaction processes are gen-
erally assumed to be adiabatic, meaning
that they occur so rapidly that no flow
of heat takes place, even though large
changes of temperature may result from
the conversion of one form of energy
into another one.



DETONATION of an apparatus such as the one shown in the top
illustration on the opposite page produces a substantial explosion.

For simplification of the theoretical
analysis, and for an understanding of a
number of subtle effects produced, it is
of considerable importance that the solid
can be treated as one-dimensional. The
opportunity for doing so arises in the fol-
lowing way. A typical specimen is a slab
of material that is wider and longer than
it is thick; it might be several inches
wide, several inches long and half an
inch thick. When a shock wave of uni-
form lateral extent moves through the
thickness of the slab, rarefactions origi-
nating from the edges will tend to com-
municate to the center the fact that the
slab is of finite width. Because the plate
is thin in relation to its width, however,
the message does not actually reach the
center during the time it takes the shock
to pass through the thickness of the slab,
so that the effect is the same as if the
slab (and thus the shock pulse) were of

infinite lateral extent. The result is that
each small region of the slab experiences
exactly the same stresses as its neighbor
and must undergo the same deformation
as its neighbor. The only way this can
occur is for deformation to take place
solely in the direction of the shock pulse,
and so the experimenter effectively has
a one-dimensional condition to consider.

The boundary conditions that enable
us to treat the solid as one-dimensional
are referred to as plane shock conditions.
Plane shock waves can be produced most
effectively by either the gas gun, which
makes it possible to control precisely the
attitude of the projectile directed at
the target, or by detonation of a spe-
cial plane-wave explosive system [see il-
lustrations on opposite page]. Only the
axial stress is measured in shock experi-
ments. The lateral stresses are inferred
from the properties of the material.
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It destroys the apparatus, but not before the specimen’s response
during the first moments is recorded by streak camera in bunker.

Measurement of the rapid transfor-
mations that take place in a solid dur-
ing the passage of a shock wave requires
a number of sensitive and quick-acting
devices. Shock stress, for example, can
be measured with stress transducers.
The most versatile stress gauge now
available, which was developed at the
Stanford Research Institute, is one made
of Manganin, an alloy consisting of 84
percent copper, 12 percent manganese
and 4 percent nickel. This alloy is par-
ticularly useful because the change in its
electrical resistance is directly propor-
tional to the stress it is sensing but is es-
sentially independent of the tempera-
ture. By means of this gauge it is possible
to record the stress as it changes with
time; the resolution is usually as high as
10-8 second.

Shock velocity can be measured elec-
tronically or optically by recording the

85



time required for a shock to pass through
a known thickness of material. Optical
techniques often make use of a “streak
camera,” which records an image swept
across a strip of photographic film at a
speed of 45,000 miles per hour [see il-
lustrations on pages 82 and 83]. The
film records light reflected from mirrors
mounted on the specimen or on the plate

holding the specimen. When a shock
wave reaches a mirror, the mirror loses
reflectivity. The photograph gives a con-
tinuous record of the intensity of the
light reflected by the mirror over a pe-
riod of time; the resolution is on the or-
der of 10-7 second or better. (The event
shatters the mirror, but not before the
desired information has been obtained.)

The way the photograph enables the ex-
perimenter to measure shock velocity is
exemplified by the top two bright streaks
with vertical ends in the photograph on
page 82. The top streak is from a mirror
mounted on a plate that held several
specimens; the lower streak is from a
mirror mounted on a specimen. The dif-
ference in the length of the streaks is re-
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EFFECTS OF A SHOCK WAVE are shown in a trainlike arrange-
ment wherein the boxcars represent atoms in a solid and the spring
couplings represent interaction of atoms. Train at left (1) is anal-
ogous to a projectile hitting a solid target. On collision (2) the
springs are compressed and the cars of each train are compressed
into a denser array. A shock front (colored arrows) that transmits
the compression from car to car moves at a velocity much higher
than the velocity of each car within the shocked region (light
color). When the shock front reaches the end of the projectile (4),
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a rarefaction or unloading wave (black arrows) begins moving in
the opposite direction. A similar event takes place when the shock
wave traveling through the target reaches the end. Where the two
rarefaction waves meet (9) a tension (broken line) is created; if it
is large enough, a fracture can occur (10). If the spring there has
any strength in tension before it breaks, it will transmit tension
waves (I1) that could cause more fractures. The trains finally
separate (12) because the interface where they met cannot support
a tension. Oscillations behind tension fronts have been ignored.

© 1969 SCIENTIFIC AMERICAN, INC



lated to the time required for the shock
wave to pass through the specimen and
therefore to the shock velocity.

Although shock stress and shock ve-
locity are the most easily measured of
the four basic quantities related by the
Hugoniot equations, it is also often de-
sirable to measure the particle velocity
or density. Recent advances in measure-
ment techniques have made it possible
to measure the particle velocity directly
by detecting the motion of a thin con-
ducting foil embedded in a nonconduct-
ing specimen. This is done by placing
the specimen in a magnetic field and
measuring the electromotive force in-
duced in the foil as the shock wave
passes through the specimen. More typ-
ically particle velocity is inferred from
an optical measurement of the surface
velocity of the specimen. One method
employs a laser interferometer to moni-
tor surface motion by observing changes
in interference fringes over time. Anoth-
er method utilizes the streak camera to
observe the behavior of a mirror placed
at an angle to the surface of the speci-
men. The surface velocity of the speci-
men can be computed from the angle at
which the streak cuts off on the photo-
graph and the original angle of inclina-
tion of the mirror.

Changes of density can be observed
radiographically with the aid of “flash
X ray” equipment, which is a system of
one or more high-current X-ray tubes
that emit very intense pulses of X rays
lasting for 10-7 second each. The equip-
ment makes pictures similar to medical
X rays. The pictures show conditions in
the interior of the specimen as the shock
passes through [see upper illustration
on next pagel].

Another observing technique employs
high-speed framing cameras that make
a series of individual photographs at a
rate of up to 2.5 million frames per sec-
ond (with exposure times as short as 10-7
second). The photographs are useful for
observing a number of phenomena such
as fracture, jetting (of which we shall
say more later) and luminescence.

In an experimental setup for the anal-
ysis of a shock wave one knows the
conditions existing before the shock is
generated. The severity of the shock can
also be predetermined by the setting of
the gas gun or the nature and the amount
of explosive used. The states that can be
reached in a given target material as a
result of a steady shock wave will always
fall along a single curve (plotting stress
against volume) that is unique for the
given starting conditions. The curve is
called the Hugoniot.

PRESSURE ——>

PRESSURE AND VOLUME relations in shock-wave work are depicted for a solid material
(solid black curves) and a porous one (color). Heavy Hugoniot curves plot final pressure
against final volume. Pressure-volume path taken by either material as it shocks up to a

pressure P will lie on Rayleigh line (thin). Release curve (broken line), which is often
nearly the same for both materials, describes path taken during rarefaction or unloading
wave that follows shock. Work done during shock compression is area under Rayleigh line.

The Hugoniot curve usually becomes
steeper with increasing pressure [see il-
lustration above]. This shape results
from the fact that at higher pressures a
greater additional increment of stress
is needed to compress the material by a
given additional increment of volume.
With diminishing compressibility the
velocity of a sound wave or of a small
pulse of pressure through the material
becomes greater. Hence if a shock wave
were to start as a series of little incre-
ments, each successive increment would
be traveling in somewhat stiffer ma-
terial and would tend to overtake the
earlier increments. This steepening proc-
ess cannot continue indefinitely, how-
ever, because it is limited in a solid by
such conditions as the bulk viscosity and
the inhomogeneity of the material.

The rise in internal energy and hence
in the temperature of a material under
shock compression is highly sensitive to
compressibility and to specific heat. For
a shock wave with a pressure of 500,000
atmospheres, for example, the rise in
temperature would be less than 200 de-
grees Celsius for a relatively incompress-
ible material such as tungsten but per-

© 1969 SCIENTIFIC AMERICAN, INC

haps as much as 10,000 degrees C. for
cesium iodide, which compresses to al-
most twice its original density. Larger
temperature rises can be obtained for a
given material and shock pressure if
compressibility is artificially increased
by the introduction of porosity.

A physical effect that has to be taken
into account in shock-wave experi-
ments is the tension that arises at the
point where a rarefaction wave reflected
from a face or an edge of the material
intersects the rarefaction wave that fol-
lows close behind the shock front. The
tension may be strong enough to cause
the target plate to fracture. Such a ten-
sion can be troublesome when the ex-
perimenter wants to recover the speci-
men after the shock. One way to over-
come the problem is to surround the
specimen with a momentum trap: a sup-
porting material arranged in such a way
that rarefaction waves combine only in
the trap and cannot travel back into the
specimen. The idea is simple in princi-
ple, but in practice it is difficult to build
a perfect momentum trap.
In view of the fact that with present
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shock-wave technology it is possible to
achieve shock pressures up to several
million atmospheres, temperatures up to
tens of thousands of degrees C., strain
rates as high as 10® per second and shear
stresses close to the ultimate theoretical
limit for short times in many solids, it is
hardly surprising that shock waves will
alter the nature and properties of mate-
rials. In actuality much less extreme
shock conditions are sufficient to pro-
duce many of the significant effects. The
types and magnitudes of effects pro-
duced are markedly influenced not only
by the peak stresses resulting from the
shock but also by the shape and duration
of the shock pulse, the rise in tempera-
ture and the physical arrangement of the
experiment.

Shock methods are a convenient way,
and in some cases the only way at pres-
ent, to produce and investigate high-
pressure transformations of phase, or
crystal structure, in a material. A pre-

viously unknown phase of iron has been
detected by the technique, and the
existence of still another unsuspected
phase of iron has recently been suggest-
ed by shock experiments. It is of consid-
erable theoretical interest that such
changes in crystal structure can take
place within the submicrosecond span of
a shock experiment.

An interesting example of shock-in-
duced transformation is found in
titanium dioxide, a compound that is
often used as a pigment in paint and
enamel. Normally the compound has one
of three crystalline structures: rutile, an-
atase or brookite. Measurements made
during shock-wave experiments have
shown that when the rutile form is
shocked to very high pressure, it changes
to a form of titanium dioxide that is
about 20 percent denser than any pre-
viously known form. The exact crystal-
line structure of this phase is unknown

because it has not been possible to re-
tain the phase long enough to examine
it; when the pressure is released, the un-
known structure is transformed either
back to the rutile form or to a new phase
with the same crystal structure as a com-
mon form of lead dioxide. The pressure-
release transformation is particularly in-
teresting, because apparently the orien-
tation of the original crystal planes, with
respect to the directions of the shock and
rarefaction waves, is important in deter-
mining whether it is the rutile or the
lead-dioxide form that is produced when
the pressure is released.

In contrast, many of the phase transi-
tions that take place under high-pressure
shock treatment of a material can be
retained at low pressure. Diamonds
made from graphite by shock are an ex-
ample, and they also appear to have re-
solved an argument that began many
years ago when diamonds were found in
the Canyon Diablo meteorite that cre-

SHOCK WAVE moving through a solid is depicted by means of an
X.ray technique that makes a series of radiographs in 10-7 second
each. In this one a sheet of explosive, set off at far right, accelerated
a flier plate that hit the specimen, which is layered polyurethane

—_—

PRESSURE

VOLUME ——>

MATERIAL PROPERTIES are reflected in curves and wave forms.
Hugoniot curves (left) show material’s elastic limit (I) and a
phase transition (2). If material were shocked to pressure P, a
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foam with thin sheets of metal foil sandwiched between layers to
provide contrast in the radiograph. Shock front is the bottom of
the curving light region. The “calibration wedge” at bottom pro-
vides a way of estimating changes in the density of the specimen.

stress gauge in it might yield the simplified stress-time profile at
center; steps correspond to cusps in Hugoniot. Actual wave profile
recorded by a Manganin gauge appears in oscilloscope trace (right).



ated the famous Meteor Crater in Ari-
zona. The question was whether the dia-
monds were formed in the shock result-
ing from the impact of the meteorite
with the earth or whether they resulted
from static high pressure in the parent
body of the meteorite. Eventually a dra-
matic experiment at the Stanford Re-
search Institute showed that diamonds
can be made (cheaply and in quantity)
by shock. This experiment and further
investigation of the Canyon Diablo dia-
monds led to the now generally accept-
ed opinion that those diamonds were
formed by shock when the meteorite hit
the earth.

Another example of a new phase cre-
ated in a material by shocking is bora-
zon, which is a high-pressure form of
boron nitride that does not occur nat-
urally. Borazon has a crystal structure
similar to the structure of diamond, and
it rivals diamond in hardness. It was
originally discovered by workers at the
General Electric Company who were
using static high-pressure techniques.
Indeed, the crystallites, or coherent crys-
talline regions, found in borazon pro-
duced by static high pressure are still
much larger than the crystallites formed
by shock.

Success in using shock waves to po-
lymerize a number of monomers and
to create new polymer forms has been
reported recently by workers in the
U.S.S.R. Shock-wave vulcanization of
several elastomers has also been de-
scribed. Although other examples of the
synthesis of new materials by shock
could be cited, the fact is that this prom-
ising field has been relatively unexplored.

Shock treatment does not always re-
sult in the synthesis of a new material,
but it may nonetheless effect significant
changes in the properties of a material.
For example, deformation by shock
makes many metals and alloys harder
and stronger than an equivalent amount
of static or quasi-static deformation
does. The explanation probably lies in
the number and movement of disloca-
tions, which are discontinuities in the
regular crystal structure of a material.
When the dislocations in a material are
mobile, the material is plastic and de-
forms easily. The dislocations can be
made less mobile by work hardening, in
which the material is repeatedly de-
formed; this creates more dislocations
(and also other defects) that tend to
block the movement of any one disloca-
tion. Work hardening can be done by
shock; indeed, shock can produce many
more dislocations than other methods
can.

Dislocations and other defects pro-

ARTIFICIAL DIAMOND was created by passing a shock wave through graphite. The dia-
mond flake is about one millimeter long at its greatest length and about 50 microns thick.

SHOCK WELDING bonded copper (top) to nickel. The welding did not give rise to melt-
ing at the junction of the two materials, as would have been the case with conventional
welding techniques. The enlargement of this photomicrograph is about 600 diameters.
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duced in the lattice structure of a crystal
by shock can have consequences beyond
those affecting mechanical properties.
Such defects, for example, can change
the surface properties of crystals, some-
times dramatically. An apparent exam-
ple is the increase of two or three orders
of magnitude in the rate at which certain
catalysts function after they are sub-
jected to shock-wave treatment.

Among the transient effects of shock
waves are changes in the electrical prop-
erties of materials. Materials that are
electrical insulators at atmospheric pres-
sure become electrical conductors under
shock-wave compression. As the shock
wave passes, the cloud of electrons sur-
rounding an atomic nucleus in the ma-
terial is briefly pushed into the cloud
surrounding a neighboring nucleus; the
effect is to raise the temperature and de-
crease the electron “band gap,” thereby
shifting electrons from the “valence
band,” where they cannot conduct elec-
tricity, to the “conduction band,” where
they can. Conversely, materials that are
electrically conductive at atmospheric
pressure usually decrease somewhat in
conductivity under shock. The major
causes are normally the increase in tem-
perature and the introduction of large
concentrations of lattice defects that
serve to scatter the conduction electrons.

1 EXPLOSIVE

~

FORMATION OF JET can take place if two plates are placed (1)
at a certain angle to each other. When the explosive (color) is det-
onated (2), the top plate is collapsed against the bottom one in
such a way that the speed of closure is less than the speed of sound

(Such thermal and defect scattering of
electrons is also introduced in insulators,
but at very high pressures and tempera-
tures the effect is greatly overshadowed
by the shift of electrons to the conduc-
tion band.)

A spectacular effect sometimes results
when a shock wave impinges on two in-
clined plates or on a groove in a solid; it
is the creation of a fluid-like jet or spray
consisting of tiny particles of material
moving at high velocity. To achieve a
jet the two plates or the two sides of the
groove must be at an angle to each oth-
er such that (1) the shock stress substan-
tially exceeds the yield strength of the
material so that the material will flow
and (2) the point of contact where the
plates or the sides of the groove collide
moves at a speed less than the speed of
sound in the material. (This “collision-
point velocity” depends on the strength
of the shock and the angle between the
two plates or the two sides of the
groove.) Since the shock pulse itself is
traveling faster than the speed of sound,
it preconditions each point to accommo-
date the fluidity that will result when
the two plates or the two sides of the
groove collide at that point [see upper
illustration Dbelow]. A high-velocity jet
of this kind is impressive in its ability to
pierce an object. The principle is put to

use in perforating the pipe in an oil well
to gain access to oil-bearing strata and
in armor-piercing weapons such as the

shaped charge.

I{igh-explosive techniques are also

coming increasingly into favor as
means of fabricating materials. The ap-
plications include hardening, strength-
ening, welding, the forming of wrought
metals and the compaction of powder
into solid parts. Explosive forming,
which can produce one-piece aluminum
domes 10 feet in diameter, has been
the best-publicized application, but the
most rapidly expanding one is explosive
welding. Some 10 years ago it was found,
in studies of the penetration of metal
plates by projectiles, that the projectile
will be welded to the plate if the angle
of incidence is right for the formation of
a jet.

Since then three distinct types of ex-
plosive bond have been recognized. A
direct boud, flat or rippled, can be
formed if a jet removes the surface ox-
ides and adsorbed gases to enable ad-
hesion or cold-welding to take place. The
second type of weld is made when a jet
is trapped between the welded parts.
The significant difference between it and
the first type of weld is that here there is
a localized layer of solidified melt at the

in the material. The shock stress, which exceeds the yield strength
of the material, travels faster than the speed of sound and so precon-
ditions each point it passes to yield and become fluid (3) when
the region where the two plates are colliding reaches that point.

EFFECT OF JET, in this case a cylindrical one, was to bore a hole
in steel. Penetration is about six inches, although much greater
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penetration could be achieved. A jet created by a shock wave con-
sists of a spray of fine particles moving at a very high velocity.



weld interface. The third type of weld
results from oscillations in the jet flow,
which cause the formation of a rippled
interface with alternating regions of so-
lidified melt and direct bond.

One of the major advantages of explo-
sive bonding is that it offers a relative-
ly inexpensive way of producing strong
bonds even between dissimilar and nor-
mally incompatible materials, such as
aluminum and steel. Many of the new
“sandwich” coins issued by the U.S. are
made in this way; copper billets are ex-
plosively clad with a nickel-copper alloy
and rolled to sheets from which the coins
are stamped. In cases where a conven-
tional welding process will form brittle
or otherwise undesirable compounds, or
where excessive heat is harmful, explo-
sive bonding is often the only welding
technique that can be used. Moreover, it
is likely to be the most economical meth-
od of bonding when unusual shapes are
involved or large surface areas of plates
or sheets are desired. Because the tech-
nique does not require heavy equip-
ment and can function in a vacuum, it is
being considered for the fabrication and
repair of structures and equipment on
space missions.

Within the past few years methods

have been developed for studying
materials under static high pressures up
to 500,000 atmospheres, thus overlap-
ping part of the pressure range studied
with shock-wave methods. In addition,
material can be held at static high pres-
sure for an unlimited time, whereas in
shock work the duration of pressure is
usually not more than 10 second and is
often much less. On the other hand,
stresses can be applied and relieved at
much higher rates in shock work than is
possible in static high-pressure work.
Furthermore, with pressures above 150,-
000 atmospheres the volume of a speci-
men cannot be much more than 10-3
cubic inch in static experiments, where-
as specimens in shock work can be any
size. Static methods are likely to be
cheaper than shock methods for small-
scale experiments, but the situation is
reversed when large amounts of ma-
terial are involved. Finally, shock meth-
ods offer the only way to achieve a num-
ber of the transient phenomena we have
described and such processes as jetting
and explosive bonding. For these reasons
it can be expected that during the next
decade shock waves will become both
increasingly useful in research and in-
creasingly important in the processing
of materials and in the development
of new materials.
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THE BACTERIAL CELL WALL

The tough, mflexible envelope that surrounds a bacterium

1S a single giant molecule made up of amino acid and sugar

units. Its formation 1s blocked by drugs such as penicillin

he pioneer microscopist Anton van
I Leeuwenhoek, who in the 17th
century was the first to observe the
one-celled organisms later called bacte-
ria, made sketches showing their shapes.
In this way he identified the major
classes from which bacteria derive their
names: cocci (spherical), bacilli (rod-
like) and spirilla (helical). It is evident
from van Leeuwenhoek’s writings that
he realized bacteria have a structure of
some kind that holds the organism to-
gether and preserves its shape.

This structure is known to us as the
bacterial cell wall. It surrounds the frag-
ile plasma membrane of the bacterial cell
and protects the membrane and the cyto-
plasm within from adverse influences in
the environment. The rigid wall struc-
ture is characteristic of bacteria; the cells
of animals are enclosed only by the plas-
ma membrane. Plant cells have a rigid
or semirigid envelope, but the structural
material of plant cell walls (with the ex-
ception of a few seaweeds) is cellulose.
The bacterial cell wall is made up of
a different material whose composition
and structure are far more complex than
those of cellulose. Indeed, studies of the
bacterial cell wall’s molecular architec-
ture have revealed substances and struc-
tures found only in bacteria and not in
plants and animals.

The composition of the cell-wall ma-
terial is of particular interest because
the cell wall and certain substances that
are attached to it are largely responsible
for the virulence of bacteria. The symp-
toms of a broad spectrum of bacterial
diseases can be produced by the injec-
tion into animals of cell walls rather
than whole bacteria. Similarly, animals
can be immunized against certain bac-
teria (for example enteric bacteria, bru-
cellae and pasteurellae) by means of the

bacterial cell walls rather than whole
killed cells.

92

by Nathan Sharon

The bacterial cell wall became the
subject of intensive study about 10 years
ago, when it was discovered that certain
antibiotics, notably penicillin, kill bacte-
ria by interfering with the synthesis of
the cell-wall material. Bacteria that lack
cell walls can be grown in the presence

of penicillin under certain conditions.
Such naked cells, called protoplasts, can
also be prepared by means of enzymes,
such as lysozyme, that normally kill sus-
ceptible bacteria by lysing, or dissolv-
ing, their walls. The substances that are
stripped from bacteria to expose the na-

ROUND CELL WALLS were isolated from the spherical bacteria known as Micrococcus
lysodeikticus. The wall structure is responsible for the characteristic shapes of bacteria.
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ked cell have been investigated in order
to learn the composition of the cell wall
and the process by which bacteria syn-
thesize the wall material. Thanks to
these and other studies that I shall dis-
cuss, it is now possible to understand
the selective action that makes penicillin
such an effective antibacterial agent.

The foundations for the investigation

of the bacterial cell wall were laid by
Milton R. J. Salton at the University of
Cambridge in the early 1950’s, when he
succeeded in isolating cell walls and
examining them in the electron micro-
scope. At a large magnification the iso-
lated walls look like empty bags or
deflated balloons that have been spread
out on a table [see illustrations on these
two pages]. Salton found that, as one
might have expected, the cell walls had
the same shapes as the bacteria they had
formerly housed. The cell walls of cocci
are round and the walls of bacilli are
elongated.

Although the investigation of these

ELONGATED CELL WALL retains the shape of the rodlike bac-
terium Bacillus licheniformis from which it was taken. In this elec-

structures has flourished during the past
decade, before that time progress was
slow. The main difliculty was the dimen-
sions of bacteria. Most bacterial cells are
between 5 and one micron wide and be-
tween one and five microns long. (A mi-
cron is a thousandth of a millimeter.) The
investigation of such tiny cells was im-
peded not only by technical difficulties
but also by the widely held premise that
cells of such small dimensions must be
structureless.

The work that has elucidated the fine
structure of bacteria came about as the
result both of a radical change in the
conception of the living cell and the de-
velopment of new techniques for its
study. An essential tool in investigating
bacteria is the electron microscope,
whose resolving power is more than 100
times that of the optical microscope. An-
other important method is paper chro-
matography, which enables one to ex-
amine the chemical composition of cell-
wall material and conduct experiments
on its structure even when only minute
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quantities of the material are available.

It may appear to be contradictory that
whereas bacteria are killed by agents
that disrupt their cell walls, the micro-
organisms can be viable when the cell
wall is removed. To clarify this apparent
contradiction, let us compare the behav-
ior of bacteria with the behavior of ani-
mal cells under certain conditions. Ani-
mal cells such as red blood corpuscles
will remain intact in a solution that has
about the same concentration of salt as
the concentration inside the cell (an iso-
tonic solution). On the other hand, if
red blood corpuscles are placed in a hy-
potonic solution (distilled water, for in-
stance) whose osmotic pressure is lower
than the pressure of the cell contents,
water will enter the cells in accordance
with the elementary principles of osmo-
sis. In a short time the corpuscles swell
up, and eventually they burst. If the cor-
puscles are suspended in a hypertonic
solution, so that the osmotic pressure is
higher than the pressure inside the cell,
the corpuscles shrivel up to an unrecog-

tron micrograph and the one on opposite page, both of which were
made by the author, the cell walls are enlarged 53,000 diameters.
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SECTIONAL VIEW of Bacillus subtilis shows the cell wall as a
dark layer around the edge of the cell. Lining the cell wall is the
thin layer of the plasma membrane. Various subcellular particles
are visible in the cytoplasm of the bacillus. The bacillus is seen in

longitudinal section in this electron micrograph, which was made
by Elizabeth H. Leduc, now at Brown University, and Philippe
Granboulan at the Institut de Recherches Scientifiques sur le
Cancer. The bacillus is enlarged approximately 80,000 diameters.

nizable shape as liquid flows out of them.

In contrast to this behavior, bacteria
do not change in their outward appear-
ance when they are in a hypotonic or
hypertonic solution. This is because of
the tough and inflexible cell wall, whose
shape and volume are nearly unchange-
able. In bacteria, as in animal cells, the
plasma membrane has the property of
selective permeability and thus performs
the function of “pumping” solutes from
the environment into the cell. Indeed,
the membrane is so efficient at concen-
trating metabolites that the osmotic pres-
sure inside the cell can reach 20 atmo-
spheres (300 pounds per square inch).
The plasma membrane by itself cannot
withstand such pressure; it remains in-
tact only because it transmits the pres-
sure to the cell wall. Hence if the wall of

a bacterium is damaged or removed, the
membrané bursts.

Weakening or destroying the bacteri-
al cell wall by treating it with lysozyme
(or inhibiting the wall’s synthesis by
means of substances such as penicillin)
kills bacteria by causing them to burst.
A bacterium that lacks a cell wall will
survive, however, if its plasma mem-
brane is preserved intact, which can be
done by keeping the microorganism in
an isotonic solution. Accordingly one
method of preparing the naked proto-
plasts is to treat bacteria with lysozyme
when they are in an isotonic solution. (A
relatively concentrated solution of su-
crose is used.)

It is interesting that although bacteria
have a variety of shapes, their proto-
plasts are always spherical. The reason

BACTERIAL CELLS

is that the weak, flexible plasma mem-
brane assumes the spherical shape of
maximum stability. As long as proto-
plasts remain in an isotonic solution, they
take up oxygen and eliminate carbon di-
oxide, conduct biosynthesis and under
special circumstances will even repro-
duce. In the form of protoplasts, bacte-
ria with flagella retain these whiplike ap-
pendages. The flagella do not, however,
propel the protoplasts as they do the bac-
teria, because the solid fulcrum the firm
wall structure affords is lacking. Proto-
plasts from which the cell wall has
been entirely removed (some wall-strip-
ping agents do not do a complete job)
are not attacked by bacteriophages, the
viruses that parasitize bacteria.

If the osmotic pressure of a solution in
which protoplasts are suspended is re-

PROTOPLASTS
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CELL WALLS ARE REMOVED to expose protoplasts (viable
naked cells) by treating bacteria with penicillin or with the en-
zyme lysozyme, which lyses, or dissolves, the wall substance. Dur-
ing the process the hacteria must be kept in a solution that balances

the osmotic pressure across the plasma membrane. Bacteria with-
out a wall assume a spherical shape. Plasma membranes of bacteria
are prepared by reducing the osmotic pressure of the solution.
The protoplasts then swell and burst, releasing their contents.
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duced, the cells burst and their contents
escape, leaving the plasma membrane
an empty sac or in fragments. This is the
basis of a technique that is used to pre-
pare bacterial plasma membranes, which
are now under study in many labora-
tories.

In investigating the cell wall of bacte-
ria two basic approaches can be fol-
lowed. In one the wall is studied as part
of the intact cell. Thus the examination
of very thin slices of bacterium in the
electron microscope reveals that the
thickness of the cell wall is usually be-
tween 15 and 20 millimicrons, which is
about 1 percent of the overall thickness
of an average bacterial cell. The wall ap-
pears to envelop the cell completely; it is
also possible to observe changes in the
wall during cell division.

The second approach to studying cell
walls is to isolate them from bacteria, as
one must do in order to analyze their
chemical composition. A simple and ef-
fective method for the preparation of cell
walls is to shake a thick suspension of
bacteria and water together with tiny
glass beads. The cells are punctured,
their contents pour out into the water
and the cell walls, which are insoluble,
can be readily separated from the denser
glass beads and the water-soluble con-
tents of the bacteria. After several wash-
ings a white precipitate is obtained that
consists solely of cell walls, as can be
shown by examination under the elec-
tron microscope.

Early investigators were surprised to
find that the bacterial wall accounts for
20 to 30 percent of the cell’s dry weight.
Although the wall is much smaller in vol-
ume than the cell cytoplasm, it is mostly
solid material whereas the cytoplasm is
arelatively dilute solution.

The chemical composition of the cell
wall was first analyzed by Salton. His
analyses indicated that the wall sub-
stance includes almost all the kinds of
material that are found in living cells,
with the exception of the nucleic acids.
He found sugars linked in chains (poly-
saccharides), amino acids linked in the
long chains of proteins and the shorter
ones of peptides, and also lipids (fats). As
more bacteria were examined, however,
it became clear that all cell walls have a
few common components: they are two
simple sugars and three or four amino
acids. These form the “basal structure”
of the wall. In the instances where large
amounts of other substances were found,
it was shown that they came from sub-
stances linked to the wall, such as the
substances that form the gummy or slimy
capsule encasing many bacteria. Treat-
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SACCHARIDE MOLECULES indicate (color) where the amino sugars N-acetylmuramic
acid (NAM) and N-acetylglucosamine (NAG) differ from glucose. NAM and NAG are
components of the glycopeptide that forms the foundation in cell walls of many bacteria.
Cellulose, the structural material in plant cell walls, is composed of linked glucose units.
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AMINO ACID MOLECULES are the other components of the glycopeptide that gives the
cell wall its shape. Alanine and glutamic acid have a configuration different from the one
they have in other natural materials (see illustration below). In cell walls of many bac-
teria, lysine is replaced by diaminopimelic acid (DAP). DAP is peculiar to the cell wall.
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TWO CONFIGURATIONS OF ALANINE are found (in equal amounts) in the glycopep-
tide of the cell wall. When in solution, one configuration, or stereoisomer, designated
L-alanine (left) rotates plane-polarized light in one direction; its mirror image, D-alanine
(right), rotates polarized light in the opposite direction. L-amino acids are normally
found in natural materials. Only D-glutamic acid appears in cell-wall glycopeptide.
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ment with the appropriate solvents (for
example salt solutions or organic liquids)
was found to remove these substances,
leaving an insoluble material that, when
it was examined in the electron micro-
scope, still retained the characteristic
wall shape. It is therefore this material
that provides the cell wall’s rigid founda-
tion.

When this material is decomposed by

prolonged heating in acid solution,
one obtains its constituent saccharides
and amino acids. In some bacteria the
cell wall is composed almost exclusively
of these components. The two sugars are
simple ones related to glucose. One is
glucosamine, an amino sugar (so named
because an amino group—NH,—is at-
tached to the sugar molecule). Glucosa-
mine is a common constituent of natural

polymers. For instance, chitin, the prin-
cipal structural material of the external
skeleton of insects, which among natural
polymers is probably second only to cel-
lulose in abundance, is made up solely of
glucosamine units. This amino sugar is
also found in animal connective tissues
and in many protein-carbohydrate com-
pounds. It is usually in the form of
N-acetylglucosamine (NAG), and it is in
this form in the bacterial cell wall as
well.

The other saccharide of the bacterial
cell wall is a lactic acid derivative of glu-
cosamine. It was named muramic acid
(from murus, the Latin word for wall).
Muramic acid has been found only in
bacteria and microorganisms that re-
semble bacteria, such as the blue-green
algae. Like glucosamine, it is usually in
the form of the N-acetyl derivative.
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STRUCTURAL POLYSACCHARIDES in plant cell walls (top), the external skeleton of in-
sects (middle) and bacterial cell walls (bottom) are similar. The manner in which the chi-
tin and cell-wall polysaccharides differ from cellulose is indicated in color. The polysac-
charide of bacterial walls consists of alternating units of NAM and NAG. By cleaving bonds
between these units lysozyme dissolves the cell wall. R stands for an OH group or a peptide.
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Only a limited number of the 20 ami-
no acids that form protein are found in
the cell-wall material. In the walls of
many bacteria the amino acids are glu-
tamic acid, glycine, lysine and alanine.
Two of the amino acids, however, are
found in an “unnatural” configuration,
that is, certain of the atoms or groups of
atoms in their molecules are arranged
differently from the way they are in the
amino acids of other natural substances.
This configuration, which is designated
dextro (D), is a mirror image of the “nor-
mal” configuration, levo (L). Glutamic
acid appears as a D-stereoisomer in bac-
terial walls whereas lysine has the usual
L configuration. Alanine in the cell wall is
found as a D-stereoisomer and also as an
L one [see bottom illustration on preced-
ing page]. In many bacteria there is no
lysine in the cell wall; instead the wall
contains diaminopimelic acid, whose
structure resembles that of lysine. Di-
aminopimelic acid is peculiar to the bac-
terial cell wall; it is not found in any pro-
tein.

]' flmv are the basic constituents of cell-

+ wall material linked to form its rigid
structure? In answering this question ly-
sozyme proved a particularly valuable
tool. The enzyme was discovered by Sir
Alexander Fleming in 1922, six years be-
fore his discovery of penicillin. Fleming
observed that tears, saliva, nasal mucus
and other secretions of the body are ca-
pable of dissolving certain bacteria, and
he attributed this activity to a cell-lysing
enzyme (which he accordingly named ly-
sozyme). He hoped that lysozyme might
be useful in fighting pathogenic bacteria.
This hope, however, has never been re-
alized.

Lysozyme is also found abundantly in
the white of hen’s eggs, and it was from
this source that lysozyme was isolated
and crystallized by other investigators.
Fleming found that the bacterium most
susceptible to dissolution by lysozyme
is  Micrococcus lysodeikticus. (Lyso-
deikticus means “lysis meter.”) This bac-
terium is still widely used in investiga-
tions of lysozyme and enzymes that re-
semble it. If a tear or a drop of egg white
is added to a suspension of M. lysodeik-
ticus, in only a minute or so one can see
with the unaided eye the turbid sus-
pension clear up. Microscopic examina-
tion shows that the cells have simply dis-
appeared.

Until Salton had investigated this phe-
nomenon it was not clear exactly what
lysozyme did to the cells, although some
information on its action had been gath-
ered by Karl Meyer at Columbia Uni-
versity and by other workers. Salton



showed that lysozyme dissolves the cell
wall by cleaving the chemical bonds be-
tween its amino sugar subunits.

In investigating the composition of
cell walls dissolved by lysozyme, Salton
discovered a two-sugar substance com-
posed of acetylglucosamine and acetyl-
muramic acid. The detailed structure of
this disaccharide was worked out in 1963
by Roger W. Jeanloz, Harold M. Flowers
and myself in the Laboratory for Carbo-
hydrate Research at the Massachusetts
General Hospital. Other investigations
have served to clarify the cell wall’s
architecture, notably those by Jack L.
Strominger of the University of Wiscon-
sin School of Medicine, by Jean Marie
Ghuysen of the University of Liége, by
Howard J. Rogers and H. R. Perkins of
the National Institute for Medical Re-
search in London and also those by my
colleagues and myself at the Weizmann
Institute of Science in Israel. A glyco-
peptide that appears to represent the
fundamental repeating unit of most bac-
terial cell walls was recently isolated and
characterized in our laboratory by David
Mirelman.

These investigations have led to the
conclusion that the walls of bacteria
are made up of two types of polymer,
one composed of saccharide subunits
and one of amino acid subunits. The sac-
charide portion of the wall consists of
long chains of alternating units of acetyl-
glucosamine and acetylmuramic acid,
linked by bridges that include an oxygen
atom (glycosidic linkages). This polysac-
charide closely resembles the cellulose of
plant cell walls and the chitin of insects
[see illustration on opposite page].

The cell wall of a bacterium ought to
be insoluble by virtue of its polysaccha-
ride alone, as the walls of plants and the
external skeletons of insects are. In the
bacterial wall, however, there is an ad-
ditional factor that contributes to the in-
solubility and also to the strength and
toughness of the material. This factor is
provided by peptides, the short chains
made up of amino acids. The peptide
chains, which are cross-linked to one an-
other, are attached to the polysaccharide
chains, so that they serve to join them
and form a three-dimensional network
[see illustration on this page]. The cross-
linking of polymers is well known as a
means of achieving toughness and me-
chanical strength in synthetic materials.

The amino acids of the cell wall are
linked by peptide bonds (HN-CO), but
they are not susceptible to digestion by
enzymes, such as trypsin or pepsin, that
act to split such bonds (proteolytic en-
zymes). This resistance may well be re-

(O PEPTIDE CHAIN

PENTAGLYCINE
BRIDGE

STRUCTURE OF CELL-WALL GLYCOPEPTIDE is represented diagrammatically. At-
tached to the polysaccharide chains are chains of amino acid units (peptides). The peptides,
linked to one another by pentaglycine bridges, cross-link the polysaccharide chains.
By inhibiting cross-linking, penicillin prevents cell-wall formation in growing bacteria.

lated to the unusual D configuration of
the wall components glutamic acid and
alanine. Most proteolytic enzymes are
unable to split peptide bonds between
D-amino acids, and it may be that bac-
teria are naturally protected from lysis
by these enzymes. To be sure, the cell-
wall peptides are not totally resistant to
all enzymes. If this were so, the world
would be full of the cell walls of dead

bacteria.

he three-dimensional network of the

cell wall can be conceived of in a
general way as a gigantic bag-shaped
molecule. Such a structure belongs to
the general class of glycopeptides; the
wall probably is a glycopeptide with a
molecular weight of tens of billions.
Penicillin, as I have noted, prevents this
three-dimensional structure from form-
ing. At what point in the synthesis of the
wall glycopeptide does penicillin act?

Fleming himself tried to solve the
problem of penicillin’s mechanism of ac-
tion, and the problem has occupied many
other workers, particularly during the
1940’s, when penicillin came into wide
use as a drug. The key to the problem
was discovered in 1949 by James T.
Park, who is now at the Tufts Universi-
ty Medical School. Park found that when
staphylococci are incubated for several
hours in a medium containing penicillin,
there is an accumulation of substances
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that at the time were unknown. The de-
tailed structure of these substances was
revealed several years later by Park and
by Strominger. They were shown to have
a resemblance to the glycopeptide of
the cell wall, but they had a low molec-
ular weight. There was also present in
these substances in combined form a
compound that plays an important role
in the biosynthesis of polysaccharides,
namely uridine diphosphate.

In 1957 Park and Strominger jointly
put forward a hypothesis to account for
these findings. The substances associated
with uridine diphosphate that accumu-
late under the influence of penicillin
were identified as intermediates in cell-
wall synthesis; they result from interfer-
ence with the synthetic process. This hy-
pothesis explained the well-known fact
that penicillin kills only multiplying
cells: only at the time of reproduction do
bacteria need to synthesize new cell-wall
material. It is noteworthy that shortly be-
fore Park and Strominger published the
results of their work, Joshua Lederberg,
who was then at the University of Wis-
consin, concluded, on the basis of other
evidence, that penicillin kills bacteria by
inhibiting the synthesis of their walls.

The hypothesis that the cell wall is
penicillin’s site of action explained the
great susceptibility of bacteria to this
drug, which is not toxic to animals. (Only
a few micrograms of penicillin are need-
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ed to kill staphylococci, but humans are
usually not aftected by doses 10 million
times larger.) This response is to be ex-
pected, since penicillin interferes with
the synthesis of a structure that is vital
for bacteria but is not even present in
animals.

During the past decade Park and Stro-
minger’s hypothesis has been verified ex-
perimentally. The details of the biosyn-
thesis of the intermediate substances and
the ways these small water-soluble mole-
cules are converted into the gigantic

insoluble glycopeptide of the cell wall

| have been clarified. Today it is possible

to synthesize the uridine diphosphate in-
termediates from the amino sugars and
amino acids of the cell wall with the aid
of about 12 specific enzymes that have
been extracted from bacteria.

The synthesis of intermediates is only
the first step in biosynthesis of the cell
wall, and penicillin does not interfere
with the process at this stage. In the next
stage the uridine-linked intermediate
is polymerized together with uridine-
linked acetylglucosamine to form the
polysaccharide backbone with the aid of
enzyme bound to the plasma membrane
and a special cofactor (a phosphate de-
rivative of a polyisoprenoid alcohol).
Penicillin does not influence this process
either. Other antibiotics such as van-
comycin and bacitracin do, however,
inhibit synthesis at this stage. Quite
recently Park and Strominger indepen-
dently discovered that penicillin inhibits
the last stage in synthesis of the cell-wall
glycopeptide. This is the synthetic step
in which adjacent polysaccharide chains
are linked by reaction between their
peptide side chains.

hus on a molecular level the two great
- discoveries made by Fleming, lyso-
zyme and penicillin, have been joined.
Both substances interact with the cell-
wall glycopeptide, although at different
sites. The investigation of penicillin and
lysozyme has not, however, come to an
end. Penicillin’s mode of action is being
studied in further detail in the search for
information that might be useful in com-
bating resistant bacteria, for example
through the synthesis of new “tailor-
made” antibacterial drugs. Recently
there has been an upsurge of interest
in lysozyme as the first enzyme whose
three-dimensional structure has been
precisely determined, so that its proper-
ties are understood in atomic detail. It is
believed that lysozyme, which we too are
studying in terms of its detailed effect on
the bacterial cell wall, may offer the key
to understanding the secrets of enzyme
action.
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"LASER LIGHT"

SCIENTIFIC
A AMERICAN FILM

Almost everyone has heard of lasers, but relatively few people have seen them
in action. The Editors of SCIENTIFIC AMERICAN now present “LASER LIGHT,” a
16-millimeter sound film about lasers: what they are, how they work, the mar-
velously pure and curiously scintillating light they produce, how they are being
used and how they may be used in the near future. The film is in color and lasts
372 minutes. It will be available for sale or rent on June 1.

A few highlights of the film are:

e Computer-generated animation explaining stimulated emission and
resonant optical cavities.

® Ripple-tank and oscilloscope demonstrations explaining the wave
principles underlying laser action and holography.

o Holograms, their three-dimensionality dramatically evoked by the
moving camera.

A 600-foot, 8.8 - kilowatt laser in action.
Tunable lasers.

A television picture transmitted by laser beam.

The laser chalkline for the San Francisco Bay tunnel.

Laser interferometry.

Gas, solid and organic-liquid lasers.

An experiment on the use of holography in a computer memory.

Original musical score.

“LASER LIGHT" is recommended for general audiences with an interest in
science and technology, and for use in conjunction with the teaching of physics
and optics. The film is accompanied by a selection of five SCIENTIFIC AMERICAN
articles on lasers and holography, written by leading authorities in these fields.

The sale price per print is $375, the rental price $37.50 for a booking of three days. If the film is pur-
chased after rental, the rental price will be deducted. If rental booking is desired, kindly specify date.
Write Motion Picture Department, SCIENTIFIC AMERICAN, 415 Madison Avenue, New York, N.Y. 10017

Right: Fabry-Perot interferometer pattern in krypton-ion laser beam
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Fish used tobe scared when we

Not long ago, the oil industry usually
looked for offshore oil with dynamite. They ex-
ploded it underwater and recorded the telltale
echoes on a seismograph.

When carefully done, this did little or no
harm to aquatic life. But fish were sometimes
scared and fled to quieter waters. Fishermen
frowned. They had to go farther to fish.

Now, the Esso Production Research Com-
pany(a Jerseyaffiliate) has invented a substitute
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for dynamite.We have nicknamed it the popper
and you can see one at the bottom of our pic-
ture. It doesn’t go bang like dynamite. It simply
goes pop.

The device is beautifully simple. A mix-
ture of propane and oxygen is ignited by a
spark plug inside a rubber sleeve. The pop
inflates the sleeve like an instant balloon.

This sudden expansion is fast enough to
give a seismic echo, but not fast enough to




o L e 1y
looked for oil. Now they seem interested.
scare away fish, porpoises or anything else. Fifteen dollars a shot. The popper costs a 15 '

What's more, it has a snorkel. This allows penny a pop and gives a better seismic picture e
burned gases to escape to the surface. So the in the bargain. At the rate the oil industry is

water stays clean. exploring, it could literally save millions.
But fishermen aren’t the only people to Good news for people. Great news for fish. _
cheer. Quite an invention. - LA

Dynamite is often tricky stuff to handle. _ : e
The popper is completely safe. Exploration StandardOilCompany : L, o
crews have one less danger to contend with. (NGW Jersey) ' ' e
And dynamite is also quite expensive. - - g




OPTIC NERVE FIBERS

GANGLION CELLS
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RETINA of the ground squirrel is enlarged 800 diameters in a is absorbed by visual pigments in the receptors. Depending on the
photomicrograph made by John E. Dowling of the Johns Hopkins pattern of retinal synapses, the resulting nerve activity excites or
University School of Medicine from a section prepared by Richard inhibits horizontal, bipolar and amacrine cclls and ultimately the
L. Sidman of the Harvard Medical School. Light striking the retina ganglion cells. The output of the ganglion cells constitutes all the
passes back (down in the micrograph) through the cell layers and information that is conducted to the brain along the optic nerve.
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Retinal Processing ol Visual Images

Information is processed within the eye, and in some species it is

processed to a remarkable extent. In frogs and ground squirrels the

retina’s integrative capacity rivals that of the cortex in primates

image of the external world is fo-

cused on the retina by the cornea
and the lens. The light is absorbed by the
visual pigments of the retinal receptor
cells, the electrical activity of which
varies with the quantity of light they re-
ceive. The conversion of light into elec-
trical activity is not the only function of
the retina, however. The retina is more
than just the biological equivalent of a
photographic emulsion. The transforma-
tion of the visual image into nerve im-
pulses traveling along the optic nerve
calls for a considerable amount of proc-
essing. Activity in the optic nerve is not
related simply to the intensity of illumi-
nation falling on each retinal receptor
but rather to specific aspects of the visual
image, and some aspects are empha-
sized at the expense of others. The infor-
mation transmitted to the brain is re-
lated not so much to patterns of light and
dark as to such properties as contrast at
borders, the movement of an object or
its color.

It is now clear that the degree of
retinal transformation varies among
species. Curiously, the degree of trans-
formation does not parallel the evolu-
tionary development of the vertebrates.
For example, the retina of primates
(monkeys, apes and man) is simpler in
terms of both anatomy and physiology
than the retina of the frog. On the other
hand, some mammals, such as the rabbit
and the ground squirrel, have retinas
that are almost as complex as the frog’s.
In each species there is a close correla-
tion between the anatomy and the physi-
ology of the retina. Furthermore, there
appears to be a direct relation between
the complexity of an animal’s retina and
the development of the visual centers of
its brain.

A brief description of the structure
and interactions of neurons, or nerve

In the eye of vertebrate animals an

by Charles R. Michael

cells, is necessary for a clear understand-
ing of the retina’s organization and op-
eration. A number of fine processes
called dendrites radiate from the cell
body of each neuron [see illustration be-
low]. In addition there usually is a sin-
gle long process—an axon—that extends
some distance from the cell body. Mes-
sages, in the form of brief electrical
nerve impulses that vary in frequency
but not in amplitude, travel from the
cell body along the axon to its endings,
which come in contact with the den-
drites or the cell body of another neuron
at junctions known as synapses. Infor-
mation is transmitted from one neuron
to another at the synapses, usually by
the release of a chemical substance from
tiny vesicles, or sacs, in the axon end-
ings. The release of the chemical is ini-
tiated by the arrival of a nerve impulse.
There are two basic types of chemical
synapse. In one type the substance dif-
fusing from the axon has an excitatory
effect on the dendrite or cell body be-
yond the synapse and makes it more like-
ly that the postsynaptic cell will dis-
charge. In the other type the chemical
has an inhibitory effect on the post-
synaptic process and renders the cell less
likely to discharge. The interplay of the
excitatory and the inhibitory synaptic

AXON

AXON

activity impinging on a single cell strong-
ly influences its pattern of discharge.

In the vertebrate retina the cell bodies

of the neurons are arrayed in three
distinct layers [see illustration on oppo-
site page]. The outermost layer (the one
farthest from the lens of the eye) consists
of the receptor cells containing the light-
absorbing visual pigments. The next lay-
er includes the bipolar cells (which con-
duct messages from the receptors to the
cells in the third layer) and the horizon-
tal and amacrine cells, which appear to
be involved in the lateral transmission of
information. The third layer contains the
ganglion cells, whose axons form the
optic nerve, the sole output of the retina.
In between the three layersof cell bodies
are two synaptic layers in which the dif-
ferent cell processes come in close con-
tact. One might think a system contain-
ing only two layers of synapses and five
types of cell could not accomplish much
in terms of the analysis of the retinal
image. The richness of the synaptic con-
nections in the retina, however, makes
possible a variety of integrative mecha-
nisms.

John E. Dowling of the Wilmer Oph-
thalmological Institute of the Johns Hop-
kins University School of Medicine has

AXON

INFORMATION is transmitted from an axon ending of one nerve cell to the cell body or
dendrite of another by a chemical transmitter substance that diffuses across the synaptic gap.
Impulses from an excitatory cell (color) tend to make the cell beyond the synapse (gray)
fire. Impulses from inhibitory endings (black) make it less likely that the cell will fire.
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RECEPTOR TERMINAL

e

w

PRIMATE RETINA'’S synaptic organization is diagrammed (left) enlarged 45,000 diameters (top); at each of them a bipolar-cell

on the basis of electron micrographs made by Dowling, two of dendrite and two horizontal-cell processes make contact. The small
which are reproduced (middle) and mapped (right). Two “rib- spheroidal objects are sacs containing transmitter substances. An
bon” synapses in the base of a receptor in a monkey’s retina are axon ending of a bipolar cell in a human retina, enlarged 35,000

RECEPTORI TERMINAL

— BIPOLAR CELL

e
L

AMACRINE cu> :

F & L GANGLION CELL

FROG RETINA’S synaptic contacts are illustrated. In the two amacrine cells (enlarged 30,000 diameters) synapse serially with

electron micrographs a bipolar-cell axon (enlarged 60,000 diame- one another (bottom). In the frog’s retina horizontal cells not only
ters) synapses with two amacrine-cell processes (top), and four connect receptors but also synapse on bipolar-cell processes.
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diameters (bottom), synapses with processes
from an amacrine cell and a ganglion cell.
In the primate retinathe signal froma recep-
tor is conducted directly to a ganglion cell.

Signals from receptors are conducted not
directly to ganglion cells but rather to ama-
crine cells and from them to ganglion cells.

carried out a detailed electron-micro-
scope study of the synaptic organization
of the retina [see illustrations on these
two pages]. In the outer synaptic layer
of all the retinas he has studied the ter-
minals in the bases of the receptors form
synapses with bipolar-cell dendrites and
horizontal-cell processes. The horizontal
cells connect neighboring receptors; the
bipolar cells send information to the
inner synaptic layer. In the retinas of
the frog, the pigeon and the rabbit there
are additional connections: horizontal-
cell processes also form synapses with
other horizontal cells and with bipolar-
cell dendrites.

In the inner synaptic layer of the pri-
mate retina each bipolar terminal forms
synapses with two processes, a ganglion-
cell dendrite and an amacrine-cell proc-
ess. The tangential processes of the
amacrine cells extend as much as one
millimeter along the inner synaptic layer
and are most likely involved in the later-
al transmission of information across the
retina. In the inner synaptic layer of the
frog’s retina the bipolar terminals make
contact only with amacrine cells, which
in turn form synapses with ganglion
cells; the frog’s ganglion cells are there-
fore primarily influenced by amacrine
rather than by bipolar cells. In fact, in
the frog’s retina anywhere from one to
five amacrine cells may be interposed
between a given bipolar cell and the
ganglion cell with which it is associated.
Through these serially arranged ama-
crine cells there is the possibility of con-
siderable neural interaction in the inner
synaptic layer of the frog.

It appears that it is primarily the pat-
tern of organization in the two synaptic
layers that distinguishes the retinas of
different species. How is it that the retina
of primates is simpler than that of the
frog, an animal much lower on the evolu-
tionary scale, and that the frog and the
pigeon, which are widely separated in
terms of overall development, have re-
markably similar retinas? As we shall
see, the synaptic complexity of these
retinas is reflected in their analytical
capacity.

By some unknown mechanism the ab-

sorption of light produces an elec-
trical response in the receptors that is
transmitted to the bipolar cells. These
neurons in turn transmit information to
the retinal ganglion cells, whose axons
form the optic nerve. Since the optic
nerve is the only connection between the
retina and the brain, the information it
carries represents the total integrative
capacity of the retina. It would be ideal
if one could study the electrical activity
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of each of the five types of neuron in the
retina and thus learn the function of
each and how they interact with one
another. Unfortunately it is difficult to
record the electrical activity of any in-
dividual neurons in the retina other than
the ganglion cells. Most investigators
have therefore studied ganglion cells or
their axons, the individual fibers of the
optic nerve. This type of study enables
one to determine the overall analytical
powers of a retina, and in some cases to
deduce the individual steps of the proc-
essing.

A given retinal ganglion cell receives
information from a rather small popula-
tion of receptor cells. The area covered
by these receptors is called the recep-
tive field of that ganglion cell. In other
words, the receptive field of a cell in the
visual system is the area of the retina
that, when stimulated, influences the
electrical activity of the cell in either
an excitatory or an inhibitory manner.
In an experiment a microelectrode is in-
serted into the retina or the optic nerve
of an anesthetized animal until the elec-
trical activity of a single ganglion cell or
optic nerve fiber is recorded. The eye is
presented with a series of test stimuli,
projected directly onto the retina or onto
a white screen the animal is facing,
while the microelectrode is simultane-
ously advanced through the optic nerve
or the retina. Often it is necessary to try
a large variety of stimuli before finding
the one that will evoke the strongest re-
sponse from a cell. The search may take
several hours, but in all cases it is even-
tually possible to map a cell’s receptive
field and define precisely the type of
stimulus to which it responds.

In 1938 H. K. Hartline, working at
the University of Pennsylvania, studied
the receptive fields of the frog’s ganglion
cells and for the first time succeeded in
mapping the receptive fields of cells in a
visual system. (For such pioneering in-
vestigations Hartline received a Nobel
prize in 1967.) In 1953 Stephen W.
Kuffler, then at the Wilmer Institute,
found that the receptive fields of the
cat’s retinal ganglion cells were orga-
nized in a concentric manner, with a
circular central area surrounded by a
ring-shaped outer zone. In some in-
stances a spot of light in the central re-
gion excited a cell (an “on” response),
whereas light falling on the surround in-
hibited any spontaneous discharge and a
burst of impulses followed when the illu-
mination ceased (an “off” response). In
other cells the situation was reversed:
illumination of the center produced an
“off” response, and stimulation of the
surround an “on” response. Stimuli that
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simultaneously covered both the center
and the surround had little effect on a
cell’s discharge. What each of these gan-
glion cells was doing, in other words,
was comparing the illumination of the
center of its receptive field with that of
the surround. Ganglion cells with this
type of receptive field have been found
in the retinas of every vertebrate that
has been studied.

Several years later Jerome Y. Lettvin
and his colleagues at the Massachusetts
Institute of Technology decided to re-
examine the receptive fields of ganglion
cells in the retina of the frog. They found
that the frog’s retina is much more com-
plex than the cat’s. It appears to have at
least five classes of ganglion cells, includ-
ing some that respond only to convex
edges or only to changes in contrast. For
example, the convex-edge detectors re-

CONTRAST-SENSITIVE ganglion cells in the cat’s retina have
fields with a concentric organization. The oscilloscope records
(right) show that a spot of light in the center of the receptive field
(middle) of this “on”-center ganglion cell excites the cell; stimu-

spond to the positive curvature of an
edge that is darker than the background.
Straight edges are poor stimuli, but any
perceptible convexity or projecting angle
evokes a discharge; in general, the great-
er the curvature of the edge, the larger
the response.

These cells respond to moving stimuli
as well as to those that are stationary
within the receptive field. The response
to a stationary dark spot lasts for many
minutes, but it ceases immediately when
the background light is turned off and
does not appear again when it is turned
on. Similarly, when a stimulus is brought
into the receptive field in total darkness
and the background light is then turned
on, there is no response. Apparently an
additional requirement for the discharge
of these cells is that the object be “seen”
during its movement into the field.

The frog is primarily interested in
catching flying insects, and so most of
its ganglion cells, including the convex-
edge detectors, are organized to respond
to small moving objects. Cells with such
sophisticated discriminatory properties
have never been seen in the cat’s retina.
The complexity of the ganglion cells’ be-
havior in the frog may be related to the
extensive serial synapses among ama-
crine cells interposed between the bi-
polar axons and the ganglion-cell den-
drites.

Ifor the past 10 years David H. Hubel

and Torsten N. Wiesel of the Harvard
Medical School have been studying the
receptive fields of cells in the visual sys-
tem of cats and monkeys [see “The
Visual Cortex of the Brain,” by David
H. Hubel; SciextiFic AMERICAN, No-

lation of the surround inhibits it. (The responses would be re-
versed if this were an “off”.center cell.) Presumably there are two
types of bipolar cell, excitatory (color) and inhibitory (black), that
collect information from receptors in the two parts of the field (left).
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CONVEX.EDGE DETECTORS in the frog’s retina respond to a
moving stimulus that has a positive curvature (1) or contains an
angle (2) but not to a moving straight edge (3). The response to
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an object entering the field (4) continues when the object stops
within the field (5). The response ceases when the background
light goes off (6) and does not recur if the light goes on again (7).



vember, 1963]. In the course of their
investigations farther along the visual
pathway they have found that the recep-
tive fields of neurons in the visual cortex
of the brain are organized so that the
cells are most sensitive to line stimuli,
such as white or black bars or straight
edges separating light areas from dark
ones. In all cases the size, shape, posi-
tion and orientation of the stimulus is
highly critical for an optimum response.

So far Hubel and Wiesel have identi-
fied three major classes of form-sensitive
cortical cells [see illustrations at right].
The first, called simple cells, have re-
ceptive fields that can be mapped with
stationary stimuli. The fields are sub-
divided into excitatory and inhibitory
regions separated by boundaries that are
straight and parallel. The neurons next
highest in order, the complex cells, have
receptive fields that cannot be mapped
into “on” and “off” regions and are best
studied with moving stimuli. Unlike the
simple cells, the complex ones respond
with sustained firing to movement
throughout their receptive fields, and the
response is usually directionally selec-
tive.

The highest order of cortical neurons
studied, the hypercomplex cells, are most
effectively activated by a properly
oriented line stimulus that is limited in
its length at one end or both ends. The
receptive fields consist of a central orien-
tation-sensitive “activation” area flanked
on one side or on opposite sides by ori-
entation-sensitive “antagonistic” regions.
The hypercomplex cells respond only to
moving stimuli, again usually in a di-
rectionally selective manner. Cells with
receptive fields of these three types occur
only in the cortex of the cat and the mon-
key, not in the retina. Moreover, of these
three types of cortical cell only the hy-
percomplex ones have functional prop-
erties that approach in sophistication the
retinal ganglion cells of the frog.

From the work of Kuffler, Lettvin,
Hubel and Wiesel one might have con-
cluded that it is only in lower animals
such as frogs that the visual image is
analyzed to a significant extent in the
retina, and that cells with complicated
response properties and receptive fields
are found only at the cortical level in the
mammalian visual system. Recent inves-
tigations—by Horace B. Barlow and
William R. Levick at the University of
California at Berkeley on the rabbit’s
retina and by me at Harvard University
and Johns Hopkins on the retina of the
ground squirrel—make it clear that such
a conclusion is not justified. In certain
mammals complex analysis of sensory
information does occur in the retina, be-

a

SIMPLE CELL in the cat’s visual cortex has a field with excitatory (color) and inhibitory
regions separated by straight, parallel boundaries. This one gives an “off” response to a slit
” response to a stimulus in the other region (b).

N

stimulus in one region (a) and a small “on

COMPLEX CELL in the cat’s cortex responds continuously to a properly oriented stimulus
moving across its entire field. This spontaneously active cell responds vigorously to move-
ment in one direction (a) and is largely inhibited by movement in the other direction (b).

HYPERCOMPLEX CELL has a field with a central activation region (color) and antago-
nistic flanks (gray). It responds best to stimuli that are limited in length. Here the longer
stimuli affect both kinds of region (a, b), the most limited one only the activation area (c).
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fore the neural activity moves on to the
higher nervous centers. Some mamma-
lian retinas, in fact, appear to be capable
of a complexity of neural integration
that in the cat and the monkey is at-
tained only in the visual cortex.

We find that the retina of the rabbit
and that of the ground squirrel (Citellus
mexicanus) contain many types of gan-
glion cell, each specifically sensitive to a
particular aspect of the stimulus such as

W

DIRECTIONALLY SELECTIVE ganglion cells in the ground
squirrel’s retina respond to movement in one direction but not
in the opposite direction (a). A change in contrast makes no dif-

color, convex edges or oriented lines.
The most thoroughly investigated of
these cells are the directionally selective
neurons found in both animals. They
are vigorously excited by a stimulus
moving in one direction (the “preferred”
direction) across their receptive fields
and are inhibited by motion in the re-
verse direction (the “null” direction).
The directionally selective response is
independent of the velocity of movement

b

of the stimulus, its shape, the contrast
between it and the background and the
level of the background illumination
[see upper illustration below]. Smaller
stimuli are more effective than larger
ones, indicating that a powerful antago-
nistic region surrounds the center of the
receptive field. The activity of these cells
would seem to provide a basis for dis-
criminating the direction of motion of
small objects in the animal’s visual field.

—?q_ﬂ—

ference (b). Movement at a right angle does not produce a clear
response (c). A stationary spot evokes a brief discharge when
the light goes on and another discharge when the light goes off (d).
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SEQUENCE-DISCRIMINATION is the basis of directional se-
lectivity. When two spots close together are flashed sequentially
in the preferred direction, there is a good “on-off” response to each
flash («). (In this illustration only “on” responses are shown.)
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When they are flashed in the opposite direction, the response to
the second flash is much weakened (b), apparently because of in-
hibition from the first flash. When the two spots are farther apart,
however, the sequence of illumination makes no difference (c, d).



We have established that this direc-
tional selectivity is accomplished pri-
marily by an inhibitory mechanism. The <
most direct evidence for inhibition was

the cessation of the discharge of spon- ﬂ nnnnnAN ’\ n I)'\
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tive ganglion cells are not spontaneously
active, however. For such “quiet” cells
a light spot anywhere in the field center
produced a short burst of impulses when
it was turned on and another when it
was turned off; if the same spot was
moved in the null direction, it produced
no such response—even though the
movement of its leading and trailing
edges should be equivalent to the turn-
ing on and off of a stationary spot. Ap-
parently a wave of inhibition precedes
the null-moving stimulus, preventing
or counteracting an excitatory response
that would occur if the spot were sta-
tionary.

By working with two independent sta-
tionary stimuli instead of one moving
stimulus we learned more about the in-
hibitory mechanism and its spatial ex-
tent. When two small white spots were
positioned next to each other on the di-
rectional axis, each spot by itself pro-
duced the expected “on-oft” response
[see Dbottom illustration on opposite
page]. When the spots were flashed se-
quentially in the preferred direction, the
response to the second spot was as large
as or larger than the response to the first
one. When they were flashed sequential-
ly in the null direction, however, only
the first spot produced a strong “on-
off” discharge; the second response was
weak or absent. Apparently any poten-
tial response to the second spot was par-
tially or completely inhibited by the first
flash. It must therefore be the sequence
of changes in the illumination of points
along the directional axis that deter-
mines the response to a moving stimulus.

The next step was to move the two
white spots away from each other. When
the separation was small, there was a
clear indication of inhibition for the
null sequence of illumination. When the
separation reached 20 minutes of arc,
however, the second response was as
strong as the first regardless of the se-
quence of illumination. This showed that
the complete mechanism for discriminat-
ing the sequence of excitation is con-
tained within an area extending about
15 minutes of arc along the directional
axis, a distance corresponding to about
30 microns (30 thousandths of a milli-
meter) on the retina. Since the diameter
of the field centers ranged between 30
and 60 minutes of arc, the mechanism
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MECHANISM for directional selectivity is suggested. Each bipolar cell is connected to
two groups of receptors—to one directly and to the other by way of an inhibitory horizontal
cell. A stimulus moving to the right (preferred direction) excites the bipolar cells, which
in turn excite the ganglion cell. A stimulus moving to the left (null direction), however,
first excites the horizontal cells, inhibiting any subsequent response from the bipolar cells.

for directional selectivity clearly does
not require movement over the entire
center in order to operate effectively.

Barlow and Levick proposed a mecha-
nism to explain the directional selectivity
of these cells, and their conclusions were
confirmed and extended by my own
work on the ground squirrel’s retina.
The results from both laboratories sug-
gest that a directionally selective gan-
glion cell must be excited by a group of
sequence-discriminating subunits that
share the same preferred direction of
motion. This must be the case because
the experiments with two spots showed
that sequence discrimination involved
distances considerably smaller than the
size of the ganglion cell’s field center.
The directionally selective mechanism
must therefore be located at an earlier
stage than the retinal ganglion cells, and
it seems likely that the bipolar cells are
the subunits.

Suppose a given bipolar cell is con-
nected to two groups of receptors, to
one set directly and to the other by way
of an interneuron, probably a horizontal
cell [see illustration above]. The recep-
tors have an excitatory effect on the hori-
zontal or bipolar cell with which they
are in contact, but the horizontal cell
makes an inhibitory synapse with the
bipolar cell. The sequence of excitation
of the two populations of receptors will
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determine the response of the bipolar
cell. A stimulus moving in the preferred
direction will first excite the bipolar cell
through the directly connected recep-
tors. Although the horizontal cell will
subsequently be activated, its inhibitory
effect will be too late to prevent the bi-
polar cell’s excitatory response. A spot
moving in the null direction, on the oth-
er hand, will first stimulate the receptors
connected to the horizontal cell, thereby
inhibiting the bipolar-cell activity that
would otherwise be excited by the di-
rectly connected receptors. Thus the bi-
polar cells distinguish between the null
and the preferred sequences of excita-
tion of the two neighboring receptor
populations with which they are associ-
ated. A ganglion cell receives excitatory
inputs from a number of these sequence-
discriminating bipolar cells and there-
fore is itself excited by preferred motion.
Since any spontaneous discharges by
ganglion cells are inhibited by null
movement, such spontaneous activity is
probably produced by a constant ex-
citatory bombardment from the bipolar
cells. Any null movement inhibits the
bipolar cells, and so the spontaneous ac-
tivity of the ganglion cell ceases.

This proposed mechanism needs fur-
ther study, but so far it is supported by
all the physiological experiments per-
formed independently in Barlow’s labo-
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ratory and in my own. Moreover, the
theory’s requirement of connections be-
tween horizontal and bipolar cells re-
ceives anatomical confirmation from
Dowling’s discovery of horizontal-cell
processes in the rabbit’s retina that
synapse on the dendrites and cell bodies
of the bipolar cells. The lateral extent of
these processes is in the same range as
the dimensions of the subunit systems,
measured physiologically. To be sure,
these are preliminary microscopic ob-
servations, but the organization of the
rabbit’s outer synaptic layer does seem
to support the proposed mechanism for
directional selectivity.

et us now turn to another aspect of the
visual image, the perception of col-

or. It is surely one of the most fascinat-
ing sensory capacities man possesses,

)_.

GROUND SQUIRREL’S RETINA seems to have two cone pigments,
one more sensitive to green light and the other to blue (shown
here as gray). Three types of colorcoded ganglion cell (left) have
been identified: some with receptive fields (middle) in which two
cone populations overlap completely (a), some in which they are
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and he shares it with few other animals.
Among the mammals only man and some
of the Old World monkeys have com-
plete color vision as we know it; some
New World monkeys, the tree shrew and
the ground squirrel have partial color
vision. Any animal that does see color
must have two or more visual pigments
in its retina. These pigments are con-
tained in the receptors called cones.
(The other photoreceptor cells of verte-
brates, the rods, function in dim illumi-
nation and their visual pigment is not
involved in color perception.) Since the
ground squirrel’s retina contains only
cones, it is not surprising that many of
its ganglion cells code and relay color
information.

The ground squirrel appears to have
two cone visual pigments, one that ab-
sorbs maximally in the green region of

.... .o. :
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the spectrum and another that is most
sensitive in the blue. The ganglion cells
concerned with color coding are “oppo-
nent color” cells. They are either excited
by green light and inhibited by blue or
excited by blue light and inhibited by
green. It seems probable that a given
ganglion cell receives information from
two classes of bipolar cells, one con-
nected only with cones containing the
green-sensitive pigment and the other
only with cones containing the blue-sen-
sitive pigment. Presumably one type of
bipolar cell excites the ganglion cell and
the other inhibits it. As one would ex-
pect, these ganglion cells are poorly re-
sponsive to white light, which contains
all wavelengths and therefore stimulates
both the excitatory and the inhibitory
inputs.

A series of experiments revealed that
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partially segregated (b) and some in which they are completely
segregated (c). Probably each ganglion cell receives information
from some bipolar cells connected to green-sensitive cones and
others connected to blue-sensitive cones. The bipolar cells have
opposite effects: one excites a ganglion cell and the other inhibits it.



the receptive fields of the ground squir-
rel’s opponent-color cells are divided
into several classes [see illustration on
opposite page]. In many cases the field
seemed not to be organized into a center
and a surround but instead gave oppo-
nent-color responses throughout its ex-
tent; apparently the green-sensitive and
the blue-sensitive cones feeding into
these cells had identical spatial distribu-
tions. Another class of cells had a field
center and a surround; only the center
received inputs from green-sensitive
cones, whereas both the center and the
surround were influenced by blue-sensi-
tive cones. The third group also had a
center-surround organization, but here
the center was driven only by green-
sensitive cones and the surround only by
blue-sensitive ones; in this last type of
field there was complete spatial separa-
tion of the two color systems.

The color-coded responses of ganglion
cells were first studied in the goldfish by
Edward F. MacNichol, Jr., of Johns
Hopkins and Henry G. Wagner and My-
ron L. Wolbarsht of the Naval Medical
Research Institute [see “Three-Pigment
Color Vision,” by Edward F. MacNichol,
Jr.; SciENTIFIC AMERICAN, December,
1964]. Recently Hubel and Wiesel have
mapped the receptive fields of several
types of opponent-color cells in the mon-
key’s lateral geniculate nucleus, the neu-
ral way station between the retina and
the visual cortex. In all the animals
studied the receptive fields of most of
the color-coded cells are organized in
such a way that they can deal with both

color and contrast information. In other .

words, there are opponent-color and
opponent-spatial mechanisms influenc-
ing the activity of a single cell. This
means that the optimum stimulus must
be specified not only in terms of color
but also in size and shape.

It appears to be a general rule that
the retinal processing of information in-
volves a comparison by a ganglion cell
of the signals from two sets of receptors.
What the contrast-sensitive units in the
cat are doing is comparing the informa-
tion received from receptors in the field
center with information from other re-
ceptors located in the surround. The di-
rectionally selective cells in the rabbit’s
and the ground squirrel’s retina are col-
lecting data from subunits sensitive to
the sequence in which two separate sets
of receptors are illuminated. Finally, the
opponent-color units in the ground squir-
rel are comparing the excitatory and in-
hibitory signals from two populations of
cones that have different spectral sensi-
tivities and often different spatial dis-
tributions. For each type of cell there is
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OPTIC TECTUM

OPTIC NERVE FIBERS have different destinations in different
species. The frog and the pigeon have no cortex, and almost all the
fibers project to the optic tectum (a). In the cat and primates al-
most all the fibers go to the lateral geniculate nucleus, where
signals are relayed to the well-developed visual cortex (b). The

an antagonistic interaction of the excita-
tory and inhibitory effects of two groups
of receptors, and so a generalized stimu-
lus is far less effective than one that is
quite speciﬁc in contrast, movement or
color.

One can see, then, that there are two

principal types of visual system. The
first is typified in the frog, the rabbit
and the ground squirrel. (The work of
Humberto R. Maturana in Chile on the
pigeon’s retina indicates that it too be-
longs in this group.) The individual gan-
glion cells of these animals are usually
highly specialized in terms of stimulus
requirements, and such fundamental
variables as edges, color, contrast, orien-
tation and directional movement are
processed intensively within the retina.
The second type of visual system is the
one found in cats, monkeys and pre-
sumably man. Here the ganglion cells at
the retinal level are concerned only with
the simultaneous contrast between the
centers and the surrounds of their recep-
tive fields, and in some cases with color
information. The aspects of edge detec-
tion, orientation and directional selec-
tivity are dealt with only later in the
visual cortex, and there in a most de-
tailed and precise manner.

Why should some animals process vi-
sual information so intensively within the
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retina whereas others put off this inte-
gration until farther along the visual
pathway? One major factor may be the
presence or absence of a visual cortex
and, if it is present, its level of develop-
ment. The frog and the pigeon, for in-
stance, have no visual cortex; almost all
their optic nerve fibers go to the optic
tectum. The cat and the monkey have a
highly developed cortex; almost all their
optic nerve fibers go to the lateral genic-
ulate nucleus, whose neurons in turn
project their axons to the visual cortex.
The ground squirrel has a visual cortex,
but it is one that lacks the extensive con-
voluted surface characteristic of the cat’s
and the primate’s cortex and presumably
has not developed functionally to the
same degree as it has in the higher mam-
mals. And, as one might have predicted,
in the ground squirrel about half of the
optic nerve fibers project to the lateral
geniculate nucleus and the rest go to the
superior colliculus, the mammalian ana-
logue of the optic tectum [see illustra-
tion above].

The ground squirrel, then, represents
an interesting intermediate situation. It
has some highly specialized retinal gan-
glion cells, the directionally selective
neurons. These, I have found, project to
the superior colliculus just as the sophis-
ticated neurons of the frog’s and the
pigeon’s retina go to the analogous optic
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ground squirrel may be a special intermediate case. Some fibers
(the more sophisticated, directionally selective ones) go to the su-
perior colliculus; the remainder go to the lateral geniculate, which
projects to the cortex (¢). From the colliculus (or tectum) signals
travel to the muscles controlling eye movement (broken arrows).

tectum. On the other hand, the ground
squirrel’s retina also contains some sim-
pler ganglion cells, the contrast-sensitive
and opponent-color neurons. As in the
cat and primates, these cells project to
the lateral geniculate nucleus, where the
information is relayed to the visual cor-
tex. It appears that, regardless of the
presence or absence of a visual cortex
or of its degree of development, highly
specialized retinal ganglion cells always
project to the superior colliculus (or the
optic tectum). Since the superior colli-
culus is associated with eye movements,
it is not surprising that the information
on directional movement is sent there.
Nor is it surprising that the contrast and
color information goes to the cortex,
which is involved in the conscious per-
ception of the visual image.

This parceling out of information oc-
curs in a different way in the cat and the
primate, whose retinas are simpler. In
these animals one of the major outputs
of the visual cortex is to the superior col-
liculus, perhaps providing a route for
information related to the voluntary con-
trol of eye movements. This suggests a
functional unity amid anatomical di-
versity. The colliculus has not lost its
importance with the extensive develop-
ment of the cortex in higher mammals;
rather, its relative position in the visual
system has simply been shifted.



RECENT
FINDINGS

RESEARCH LABORATORIES

Ford Motor Company scientists have developed a new
method to measure the mobility of surface atoms.
Special chemical etching and annealing techniques
corrugate the surface of a solid sample so it resembles
an old-fashioned washboard. When this sample is
heated, surface atoms migrate from the hills to the
valleys making the surface smoother. The atomic
mobility can be determined directly from quantitative
measurements of the rate of change of surface
topography.

But the problem that confronted Ford scientists was
how to measure the extent of decay in the corrugations
while the sample remained in an ultra-high vacuum
system (Fig. 1.). A vacuum environment is necessary
because surface atoms are extremely reactive and

Figure 1. LEED System showmg actual laser diffraction pattern

their mobility is greatly influenced by absorbed gases.
With the discovery that the
diffracts laser light like a reflection optical grating, the
problem was solved (Fig. 2.). A modulation in the

“surface washboard”

diffracted intensities occurs because of the sinusoidally-

Lasers in
Surface Research

shaped surface, and this enables the amplitude of the
corrugations to be measured accurately.

Performing these experiments under ultra-high
vacuum conditions allows the investigator to exploit
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Figure 2. Schematic diagram of LEED System. \\

other modern surface techniques—such as Low Energy
Electron Diffraction (LEED) and Auger Electron
Spectroscopy. (AES) can be employed in conjunction
with the laser diffraction method to probe the chemical
composition of a surface while LEED can be used to
obtain the atomic arrangements on the outermost
surface layer.

This multi-pronged attack is probing the fundamental
factors underlying the complex nature of atomic
processes on solid surfaces. Processes important to
catalysis, corrosion, adhesion, thin film technology,
and other surface technology.

PROBING DEEPER FOR BETTER IDEAS
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A Measure of Progress

Noise pollution —
a problem or a solution

The human ear is a marvelous
device—billion-to-one dynamic
range, time resolving ability of a
few microseconds, pitch dis-
crimination of less than one-half
percent. But as a measuring instru-
ment the ear falls far short of
scientific necessity: it’s completely
uncalibrated. Either it has its off
days, or it differs markedly from
person to person. Yet the ear has been
around so long that most scientific
instruments for measuring sound are
calibrated somehow or other in terms

of the ear.

There’s not much
Hewlett-Packard can do about the
physiology of sound —or noise
pollution—but we have spent some
time bringing more definition to
the phenomenon. Because, if a
scientist, engineer, physiologist or
acoustician wants to do something
with sound, he needs a measuring
tool far more precise and trustworthy
than the ear.

Now the scientist can
have his choice of three such tools
from Hewlett-Packard, depending on
how much he wants to know and
what he wants to do with the
information. Each measures sound
pressure across the audio spectrum.
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Each registers the loudness in decibel
units (or other units if the ear’s
involved). And each will register
sound continuously, at a single
instant, at a peak, or average it over
a short period.

The simplest of these
tools is the 8o52A Impulse Sound
Level Meter at $670. It measures the
gross sound energy in an environment
that is usually well defined—like
machine noises in a factory, or the
tick of a clock in a car. Its readings
can be weighted A, B, C and D for
low, middle and high frequencies and
an annoyance factor—to reflect
roughly the response of an ear. A
companion instrument will break the
sound up into octave-bands if you
need to distinguish the loudness in
specific frequency bands.

A more sophisticated
instrument, calibrated to match the
human ear, automatically displays on
an oscilloscope the loudness over the
total audio spectrum from 45 Hz to
14 kHz. It breaks sounds up into 20
bands and weights the loudness in
each band according to the Zwicker
formula, which allows for the
frequency sensitivity and masking
effects of the ear. The 8051 A Loudness
Analyzer, at $5500, 1s an analytical
tool for use in investigations where
the ear has been standard—such as
gear testing—or where human
comfort is paramount.

The ultimate instrument—
disregarding systems with a com-
puter—is the 8054A Real Time Audio
Spectrum Analyzer. At $8950, it can
afford 24 channels of 1/3rd octave
frequency bands and all the electronic
interfaces to feed into analog or
digital data processing instruments.
It measures loudness in absolute,
unweighted units so that you can
manipulate the data to fit whatever
mode of analysis you like. It is
particularly useful in real-time
analyses of aircraft flying over, sub-
marines flcating past, impact effects
on architecture and a host of indus-
trial noises and vibrations.

If you'd like to know
more about these varied techniques
for surpassing the human ear’s
critical capacity, ask for Application
Note 100, "Acoustics Handbook:’



Lightening the Load
for Chemists

One of the true tests of any instru-
ment’s merit is how unobtrusively it
does its job. Amateur photography,
for example, is enjoying a popularity
boom simply because camera makers
have put the user first. Today it's
unprecedentedly easy to produce

a photograph of nearly professional
quality. Just aim, focus and c/ick.

No fuss, no bother.

Usability. That's the
word for it. An instrument should do
its job without befuddling the user,
without creating more problems than
there were to start with. And this
principle holds especially when you
extend electronic instrumentation
into the chemical laboratory. Under-
standably, chemists would like to
make their measurements without
having to go back to school for an
electronics degree.

We agree. That's why
Hewlett-Packard chemists have put
themselves in other chemists’ places
—trying to anticipate as fully as
possible the problems they face.

Take Gas Chromatog-
raphy—the separation of a compound
into its component parts for analyt-
ical purposes. Gas chromatographers
not only want to know what
components exist, but also in what
quantities—and they want to find out
quickly, simply and accurately. A
perennial problem has been how best
to measure the area under a GC curve
to gain this quantitative information.
Now, HP has an Integrator that
virtually lets the chemist forget
electronics and get on with the
analysis. The HP 3370A Integrator
provides, for the first time, a com-
pletely pushbutton method for getting
accurate quantitative GC data.

How? First, the chief
analyst tells the instrument how to
assess the chromatographic curve—
what up slope to expect, what down
slope, etc. He sets up these character-
istics on special cards that plug into
the instrument. After that, anyone
in the lab can simply squirt a sample
into the gas chromatograph, start
the analysis, and as the chromato-
graph plots its curve, the integrator
measures the area, generating quanti-
tative data. This electronic shortcut
costs the lab only an extra $4500 and
cuts calculation time significantly
while saving many a grey hair. The
data can also be digitally printed
out for computer processing.

If you know a gas chro-
matographer who's still struggling
with a slide rule, perhaps he’'d enjoy
reading Bulletin 3370A. Tell us his
name and we'll mail it out
immediately.

Making the Stork’s job easier

Childbirth is incontestably the most
dangerous time in a little tyke's

life. During labor, tremendous
demands are made on his system
while he is still dependent on the
mother for nourishment and oxygen.

Early cardiotocology has
shown a correlation exists between
labor activity and fetal heartbeat
frequency. A decrease in fetal heart-
beat frequency during uterine
contractions, for example, is not
abnormal. Similarly, it’s been found
that a constant heartbeat during
labor may very definitely be ab-
normal; the fetal heart may not be
adjusting to varying loads.

|

In the search for better
and more reliable means of detecting
critical conditions which may
threaten the infant, people have tried
a variety of approaches. Some have
listened to fetal heartbeats with a
stethoscope or traced pitifully weak
fetal ECG’s through electrodes taped
to the mother’s abdomen.

A more definitive picture
of the relationship between mother
and child before and during birth is
now available to physicians. The
Hewlett-Packard 8o20A Cardio-
tocograph monitors the baby’s
heartbeat and the uterine muscle con-
tractions simultaneously through an
external transducer placed on the
mother’s abdomen. Computer-like
circuits in the 8o20A filter out inter-
fering noises and make allowances for
undetected beats. The resultant
frequencies of heartbeat and muscular
contraction are interrelated and dis-
played together on a single chare, in
real-time fashion.

Where once a varying
heartbeat caused alarm and conster-
nation, doctors can now determine
immediately if that variation is, in
fact, normal. And, conversely, if a
steady heartbeat is abnormal. The
cost of the complete system including
transducer and recorder: $3750. We
don’t expect you to buy one for
yourself, but you might want to
mention it to your obstetrician. We
have a number of publications on
Fetal Monitoring available for the
asking. Just write us.
Hewlett-Packard, 1502 Page Mill
Road, Palo Alto, California 94304;
Europe: 1217 Meyrin-Geneva,
Switzerland.

HEWLETT .hp; PACKARD

Measurement, Analysis and Computation
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MATHEMATICAL GAMES

The rambling random walk

and its gambling equivalent

by Martin Gardner

He calmly rode on, leaving it to his
horse’s discretion to go which way it
pleased, firmly believing that in this con-
sisted the very essence of adventures.

—Don Quixote

ders aimlessly from town to town

may indeed be neurotic, and yet
even the sanest person needs moderate
amounts of random behavior. A refresh-
ing form of such behavior is traveling a
random path. Surely the popularity of
the great picaresque novels such as Don
Quixote is due partly to the reader’s vi-
carious pleasure in the unexpectedness
of events that such haphazard paths pro-
vide.

Jorge Luis Borges, in his essay “A
New Refutation of Time,” describes a
random walk through the streets of Bar-
racas: “I tried to attain a maximum lati-
tude of probabilities in order not to
fatigue my expectation with the neces-
sary foresight of any one of them.” G. K.
Chesterton’s second honeymoon, as he
describes it in his autobiography, was a
random “journey into the void.” He and
his wife boarded a passing omnibus, left
it when they came to a railway station,
took the first train and at the end of the
line left the train to stroll at random
along country roads until they finally
reached an inn, where they stayed.

Mathematicians insist on analyzing
anything analyzable. The random walk
is no exception and (mathematically
speaking) is as adventurous as the wan-

rI Yhe compulsive drifter who wan-

derings of the man of La Mancha. In-
deed, it is a major branch of the study
of Markov chains, which in turn is one
of the hottest aspects of modern prob-
ability theory because of its increasing
application in science.

A Markov chain (named for the Rus-
sian mathematician A. A. Markov, who
first investigated them) is a system of
discrete “states” in which the transition
from any state to any other is a fixed
probability that is unaffected by the sys-
tem’s past history. One of the simplest
examples of such a chain is the random
walk along the line segment shown in
the illustration below. Each interval on
the line is a unit step. A man begins the
walk at spot 0. He flips a coin to decide
the direction of each step: heads he goes
right, tails he goes left. In mathematical
terminology his “transition probability”
from one mark to the next is 1/2. Since
he is just as likely to step to the left as
to the right, the walk is called “sym-
metric.” Vertical bars A and B, at —7
and +10, are “absorbing barriers.” This
means that if the man steps against ei-
ther barrier, it “absorbs” him and the
walk ends.

A novel feature of this walk is its iso-
morphism with an ancient betting prob-
lem called “gambler’s ruin.” Player A
starts with $7, B with $10. They repeat-
edly flip a coin. For each head B gives
A $1 and for each tail A gives B $1.
The game ends when either player is
“ruined,” or runs out of money. It is easy
to see the correspondence between this
game’s progress and the random walker’s
movements. At any moment A’s capital
in dollars is represented by the walker’s
distance from barrier A, B’s capital by
the walker’s distance from barrier B. If

A B
m
1 1 1 1 1 TR A 1 1 1 1 1 I 1 1
-7 -6 -5 -4-3 -2 -1 0 +1 42 4+3 44 +5 46 +7 +8 +9 +10
One-dimensional random walk with absorbing barriers
18
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the first two tosses are heads, the walker
moves two steps to the right; in the bet-
ting interpretation, A has increased his
capital from $7 to $9, whereas B has
gone from $10 to $8. If the walker hits
barrier A, it corresponds to A’s ruin. If
he hits barrier B, it corresponds to B’s
ruin.

All kinds of probability questions
have identical answers in both interpre-
tations. Some are easy to solve, some are
extremely difficult. One of the easiest is:
What is the probability of each player’s
winning? This is the same as asking for
the probability that the walk will end at
one barrier or the other. It is not hard to
prove that the probability of each man’s
winning is given by his original capital
divided by the total number of dollars
held by both players. A’s probability of
winning is 7/17, B’s is 10/17. In ran-
dom-walk terms the probability that the
walk ends at barrier B is 7/17, at barrier
A 10/17 [for a simple proof of this,
based on a stretched rubber band, see
“Brownian Motion and Potential The-
ory,” by Reuben Hersh and Richard ]J.
Griego; SCIENTIFIC AMERICAN, March].

The two probabilities must add to 1
(certainty), meaning that if the walk or
game continues long enough, it is sure
to end. What happens if one barrier, say
B, is removed, allowing the line to
stretch rightward to infinity? Then, if
the walk continues long enough, it is
certain to end at barrier A. In the bet-
ting interpretation, if A plays against an
opponent with an infinite supply of dol-
lars, eventually A is sure to be ruined.
This is bad news for the compulsive
gambler: even if all his wagers are at
fair odds, he is playing against an “op-
ponent” (the gambling world) with vir-
tually unlimited capital, making his
eventual ruin almost certain.

Another type of easy calculation is the
probability that the walker, starting at
a certain spot, will reach another given
spot (or return to his starting point) after
a specified number of steps. Odd and
even parity is involved, so that in half
the cases the answer is 0 (impossible).
For instance, the walker cannot go from
0 to an even-numbered spot in an odd
number of steps or to any odd-numbered
spot in an even number of steps. What
is the probability that he will walk from
0 to +1 in exactly three steps? It is the
same as the probability that three coin
tosses will show, in any order, two heads
and one tail. Since this happens three
times in the eight equally probable out-
comes, the answer is 3/8. (The situation
can be complicated by replacing either
or both absorbing barriers by a “reflect-
ing barrier” halfway between two marks.
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Symmetric random wall: based on the first 101 digits of pi

When the walker hits such a barrier, he
bounces back to the mark he has just
left. In the betting interpretation this
happens when a ruined gambler is given
$1 so that he can stay in the game. If
both barriers are reflecting, of course,
the walk never ends.)

Another simple calculation, although
one that is harder to prove, is the ex-
pected number of tosses before the walk-
er, on the line with two absorbing bar-
riers, is absorbed. “Expected number” is
the average in the long run of repeated
repetitions of the walk. The answer is
the product of the distances of the two
barriers from the starting spot. In this
case, 7 X 10 =70. The “typical” walk
lasts for 70 steps; the typical game ends
with one player ruined after 70 coin
tosses. This is considerably longer than
most people would guess. It means that
in a fair betting game between two play-
ers, each starting with $100, the average
game will last for 10,000 bets. Even
more counterintuitive: If one man starts
with $1 and the other with $500, the
average game will last for 500 bets. In
the random walk, if the man begins one
step from one barrier and 500 steps from
the other, his average walk before being
absorbed is 500 steps!

A more difficult problem is to deter-
mine the expected (average) distance
from O after n steps. For one step it is 1,
for two steps it is also 1 (the four equally
possible distances are 0, 0, 2, 2), for
three steps it is 1%, and so on. As n ap-
proaches infinity the limit for the expect-
ed distance (which may be on either side
of 0) is \/2n/=, or about .8V/n for large
n, as Frederick Mosteller and his coau-
thors point out in their book Probabil-
ity and Statistics (Addison-Wesley,
1961), page 14.

The hardest to believe of all aspects
of the one-dimensional walk emerges
when we consider a walk starting on a
line with no barriers and ask how often
the walker is likely to change sides. Be-
cause of the walk’s symmetry one ex-
pects that in a long walk the man should
spend about half of his time on each

side of the starting spot. Exactly the
opposite is true. Regardless of how long
he walks, the most probable number of
changes from one side to the other is 0,
the next most probable is 1, followed by
2, 3 and so on!

William Feller, in a famous chapter
on “Fluctuations in Coin Tossing and
Random Walks” (in his classic An Intro-
duction to Probability Theory and Its
Applications, Vol. I, Chapter III), has
this to say: “If a modern educator or psy-
chologist were to describe the long-run
case histories of individual coin-tossing
games, he would classify the majority of
coins as maladjusted. If many coins are
tossed n times each, a surprisingly large
proportion of them will leave one player
in the lead almost all the time; and in
very few cases will the lead change sides
and fluctuate in the manner that is gen-
erally expected of a well-behaved coin.”
In a mere 20 tosses the probability that
each player will lead 10 times is .06+,
the least likely outcome. The probability
that the loser will never be in the lead
is .35+.

If a coin is tossed once a second for a
vear, Feller calculates, in one out of 20
repetitions of this experiment the win-
ning player can be expected to lead for
more than 364 days and 10 hours! “Few
people will believe,” he writes, “that a
perfect coin will produce preposterous
sequences in which no change of lead
occurs for millions of trials in succession,
and yet this is what a good coin will do
rather regularly.”

The illustration above is a graph of
a typical random walk along the in-
finite vertical line at the left, with time
represented by movement to the right.
Instead of flipping a coin or using a table
of random numbers the walk is based on
the digits of pi to 100 decimals. (Since
the decimals of pi have passed all ran-
domness tests, they provide a convenient
source of random digits.) Each even
digit is a step up, each odd digit a step
down. After 101 steps the walker has
been above the line only 17 times, about
17 percent of the total. He has crossed
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the starting spot only once. The graph
is also typical in showing how returns to
0 or close to 0 come in waves that tend
to increase in length at a rate about
equal to the square root of the time.
Similar graphs based on simulations
of 10,000 coin tosses appear in Feller’s
book.

We can complicate matters by allow-
ing transition probabilities to vary from
1/2 and by allowing steps longer than
one unit. Consider the following curious
paradox first called to my attention (in
betting terms) by Enn Norak, a Cana-
dian mathematician. A walker starts 100
steps to the right of 0 on a line that has
no barriers [see illustration at top of next
page]. Instead of a coin a packet of 10
playing cards—five red and five black—is
used as a randomizer. The cards are
shuffled and spread face down and any
card is selected. After its color is noted
it is discarded. If it is red, the walker
steps to the right; if black, he steps to
the left. This continues until all 10 cards
have been taken. (The transition proba-
bility varies with each step. It is 1/2 only
when there is an equal mixture of red
and black cards before the draw.) The
walk differs also from walks discussed
above in that before each card is noted
the walker chooses the length (which
need not be integral) of his next step.

Assume that the walker adopts the
following halving strategy in choosing
step lengths. After each card is noted he
takes a step (left or right) equal to ex-
actly half of his distance from 0. His
first step is 100/2 = 50 units. If the card
is red, he goes to the 150 mark. His next
step will then be 150/2 = 75. If the first
card drawn is black, he goes left to the
50 mark, and so his next step will be
50/2 = 25. He continues in this manner
until the 10th card is noted. Will he then
be to the right or to the left of the 100
mark where he began the walk?

The answer is that he is sure to be to
the left. This may not be very surprising,
but it is surely astonishing that, regard-
less of the order in which the cards are
drawn, he will end the walk at exactly

I



A

o

A

v

0

-+100

Paradox based on a random walk along a line without barriers

the same spot! It is about 76 units left
of where he started. The precise dis-
tance is given by the following formula,

/3\n
a—\|al =) s
[ \4/ ]

where a is the starting spot and n the
number of red (or black) cards in the
packet. When a is 100 and n is 5, as in
the present example, the formula gives
76.26953125 as the distance he has
moved to the left when the walk ends.
Let us translate this into Norak’s bet-
ting game. A man starts with $100. Wins
and losses are decided by a shuflled
packet of five red and five black cards,
from which cards are drawn and dis-
carded. (This is equivalent to flipping
a coin 10 times, provided that the coin
happens to show an equal number of
heads and tails. Using cards guarantees
this equality.) The man wins on red and
loses on black. Each time he bets half

of his capital. It is hard to believe, but
at the end of every such game he will
have lost exactly $76.26953125. This
amount increases as n increases. If n is
26, as it is if a standard deck of 52 cards
is used, he will lose more than $99.90.
His loss, however, will always be less
than $100.

Instead of betting half of his capital
each time, he can bet a fixed fraction.
Let the fraction be 1/k, where k is any
positive real number. The smaller this
traction is, the less he will have lost by
the end of the game; the larger the frac-
tion, the more he will have lost. If it
equals 1, he is certain to lose everything.
In this more general case the amount

lost is
a— [n(l —;}__)yljl.

The formula can be generalized fur-
ther by allowing an unequal mixture of
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red and black cards, but this gets too
complicated to explore here.

Now consider an amusing problem
suggested by Norak and based on a
variation of the game just described. It
can be given as a random walk problem
but I shall give only its betting equiva-
lent. The game is the same as before ex-
cept that the opponent of the man who
starts with $100 is allowed to name the
size of each bet. Call the opponent Smith
and assume that he has enough capital
to be able to pay any loss. A standard
deck of 52 playing cards is used. Before
each card is drawn and discarded Smith
bets exactly half the capital then owned
by the other man, the player who begins
with $100. After the last card is noted
will Smith have lost or gained? In either
case, is the loss or gain always the same
and, if so, what is its formula? If you
have understood the discussion to this
point, you should be able to answer
these questions almost immediately.

The staggering topic of random walks
will be concluded next month with a
consideration of some random walks on
the plane and in space, and on lattices
such as checkerboards and the edges of
regular solids.

he answers to the short problems

presented in this space last month
follow.

1. If a circular table seats an even
number of people, equally spaced, with
place cards marking their spots, no mat-
ter how they seat themselves it is always
possible to rotate the table until two or
more are seated correctly. There are two
initial situations to be considered:

(a) No person sits correctly. The easy
proof is based on what mathematicians
call the “pigeonhole principle”: If n ob-
jects are placed in n — 1 pigeonholes, at
least one hole must contain two objects.
If the table seats 24 people, the number
given last month, and if every person is
incorrectly seated, it clearly is possible
to bring each person opposite his card
by a suitable rotation of the table. There
are 24 people but only 23 remaining po-
sitions for the table. Therefore at least
two people must be simultaneously op-
posite their cards at one of the new posi-
tions. This proof applies regardless of
whether the number of seats is odd or
even.

(b) One person sits correctly. Assume
that it is not possible to rotate the table
to a position at which at least two peo-
ple are correctly seated. For this to
apply, the initial position must be such
that no two people are displaced clock-
wise from their place cards by the same
number of seats. In our example 24 are
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Knight’s tour on order-6 board

seated, only one of them correctly. If
two of the others are, say, seven chairs
clockwise from their cards, obviously the
table can be rotated to bring both of
them simultaneously to their correct
spots. Therefore, assuming that it is im-
possible to bring at least two people to
their correct spots, one person must be
displaced one chair clockwise, another
displaced two chairs, another three
chairs, and so on up to a 23rd person
who is displaced 23 chairs. It can be
shown (I know of no way to compress
the proof to a reasonable length) that
such a series of displacements is impos-
sible without at least two people sitting
in the same chair. This contradicts the
original assumption, forcing us to con-
clude once again that a rotation of the
table can always bring two or more peo-
ple to correct positions. Here the proof
applies only to cases where the number
of seats is even.

2. How can White, using only his
knights, win a game of “single check”
chess in five or fewer moves?

The opening move must be N (knight)
to QB3. Since this threatens several dif-
ferent ways of checking in two moves,
Black is forced to advance a pawn that
will allow his king to move. If he ad-
vances the queen’s pawn, N-N5 forces
the black king to Q2, then N-KB3 leads
to a check on White’s fourth move.
If Black moves his king-bishop pawn,
N-N5 leads to a check on the third
move. Black must therefore advance his
king’s pawn. If he advances it two
squares, N-Q5 prevents the black king
from moving and White wins on his third
move. Black’s only good response, there-
fore, is P-K3.

White’s second move is N-K4. Black
is forced to advance his king to K2.
White’s third move, N-KB3, can be met
in many ways but none prevents a check
on or before White’s fifth move. If
Black tries such moves as P-Q3, P-KB3,
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Q-K1, P-Q4, P-QB4 or N-KB3, White
responds N-Q4 and wins on his next
move. If Black tries P-K4, P-QB4 or
N-QB3, White’'s N-KR4 wins on his
next move.

Early this year William H. Mills dis-
covered that White could also check in
five by opening N-QR3. Black must
advance his king’s pawn one or two
squares. N-N5 forces Black’s king to K2.
White’s third move, P-K4, is followed
by White’s Q-B3 or Q-R5, depending
on Black’s third move, and leads to a
check on White’s fiftth move.

Two other opening moves leading to
five-move checks have since been found
by Mills and Georg Soules, another
mathematician at the Institute for De-
fense Analyses in Princeton. They are
P-K3 and P-K4. Against most of Black’s
replies Q-N4 leads to a three-move
check. If Black’s second move is N-KR3
or P-KR4, Q-B3 leads to a check in four.
If Black’s second move is P-K3, White
moves Q-R5. Black must respond
P-KN3. Then Q-K5 does the trick.
(Black’s Q-K2 is met by Q takes QBP;
B-K2 is met by Q-N7; N-K2 is met
by Q-B6.) If Black’s second move is
N-KB3, White’s N-QR3 forces Black to
advance his king’s pawn one or two
squares, then N-N5 forces Black to ad-
vance his king, and Q-B3 leads to a
check on the next move.

It seems unlikely that there is a strat-
egy by which White could be sure of
winning in fewer than five moves, al-
though as far as I know this has not yet
been proved.

3. To determine the target word in
Anatol W. Holt’s word game, label the
six probe words as follows:

Even Odd
E1l DAY 01 SAY
E2 Ay 02 DUE
E3  BUY O3 TEN

E1 and E2 show that the target word’s
first letter is not D or M, otherwise the
parity (odd or even) would not be the
same for both words. E1 and O1 show
that the target word’s first letter is either
D or s, otherwise the parity could not be
different for the two words. The first
letter cannot be b and therefore must
be s.

Since s is the first letter, E2 and E3
are wrong in their first letters. Both end
in v, therefore the second letter of the
target word cannot be a or U, otherwise
E2 and E3 could not have the same par-
ity. Knowing that v is not the second
letter and p not the first, O2 shows that &
is the third letter. Knowing that the tar-
get word begins with s and ends with E,
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O3 shows that E is the second letter. The
target word is SEE.

4. Three intersecting circles, each
passing through the centers of the other
two, can be repeated on the plane to
form the wallpaper pattern shown in the
bottom illustration on page 120. Each
circle is made up of six delta-shaped fig-
ures (D) and 12 “bananas” (B). One-
fourth of a circle’s area must therefore
equal the sum of one and a half deltas
plus three bananas. The area common
to three mutually intersecting circles
(shown shaded in the illustration) con-
sists of three bananas and one delta, and
therefore it is smaller than one-fourth of
a circle by an amount equal to half a
delta. Computation shows that the mu-
tual overlap is a little more than .22 of
the circle’s area.

5. Each cube must bear a 0, 1 and 2.
This leaves only six faces for the remain-
ing seven digits, but fortunately the
same face can be used for 6 and 9, de-
pending on how the cube is turned. The
picture shows 3, 4, 5 on the right cube,
and therefore its hidden faces must be
0, 1 and 2. On the left cube one can
see 1 and 2, and so its hidden faces must
be0,60r9, 7 and 8.

6. The illustration on this page shows
the unique solution, discovered by Don-
ald E. Knuth’s computer program, to a
maximum-length uncrossed knight’s tour
on the 6-by-6 square board.

7. It was stated that if counters are
drawn according to a certain procedure
from a bag containing an unknown mix-
ture of white and black counters, there
is a fixed probability that the last counter
will be black. If this is true, it must
apply equally to each color. Therefore
the probability is 1/2.

Although this answers the problem as
posed, there remains the task of proving
that the probability is indeed fixed. This
can be done by induction, starting with
two marbles and then going to three,
four and so on, or it can be done direct-
ly. Unfortunately both proofs are too
long to give, so that I content myself
with referring the interested reader to
“A Sampling Process,” by B. E. Oakley
and R. L. Perry, in The Mathematical
Gazette for February, 1965, pages 42—
44, where a direct proof is given. The
problem generalizes to any number of
colors. If the bag initially contains any
mixture of counters of n colors, the sam-
pling procedure ensures that the prob-
ability of the last counter’s being a given
coloris 1/n.

8. The answers to the 10 quickies are
as follows:

(1) Start the seven- and 1l-minute
hourglasses when the egg is dropped



SATURN 5. NASA’s Apollo/Saturn 5
flights, including the recent Apollo 9
mission, start with the firing of the
Boeing-built first-stage booster.
Largest in the U.S., it produces 7.5
million pounds of thrust. Boeing is also
integration and evaluation contractor,
and performs systems engineering

and launch support for NASA on the
entire Saturn 5 system. Record to
date: Four flights. Four successes.

Reliability...
a matter

of record at
Boeing.

Right across the spectrum of Boeing
activities—from jetliners and military
aircraft to missiles, from spacecraft and
hydrofoil vessels to defense systems—

Boeing products combine the benefits of

advanced design, structural integrity
and massive testing.

LUNAR ORBITER. Designed and built
by Boeing for NASA, Lunar Orbiter
flew five spectacularly successful
moon photo missions to scout landing
sites for America’s Apollo astronauts.
Orbiter's record: Five flights. Five
flawless performances.

TUCUMCARI, the U.S. Navy's first
hydrofoil gunboat, was designed and
built by Boeing. Water-jet propelled
and incorporating an advanced foil
system, it can “fly”" at better than 40
knots and is highly maneuverable, even
in heavy weather. In operation since
fall, 1967, Tucumcari has “flown’ the
equivalent of San Francisco-Tokyo
and return, and has achieved a near
perfect score on schedule reliability.
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MINUTEMAN lI's first launch was a

complete success. So was Minuteman
[I's. Minuteman I's was one of the most
successful first Hlights in U.S. missile
history. Successful Minuteman launches
to date: More than 200. As weapon
system integrator, Boeing assembles,
tests, installs and delivers the complete
missile system to the U.S. Air Force.

BOEING
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Dorado Beach.
Its hard to improve

on Nature.

In a setting of undisturbed
natural beauty...a green,
lush, sun-drenched world
of its own, very much the
way we found it...even
the architecture of the
buildings is designed to
provide total harmony
with their surroundings.

Inside, the luxurious ac-
commodations and metic-
ulous service, the exciting
cuisine and entertainment,
all still somehow reflect
this same relaxed style of
life.

Dorado can be two mag-
nificent seaside golf courses
sculpted from the land-
scape. Dorado can be fish-
ing...or swimming...or
skimming in a sunfish on
our ocean lagoon. Or just
lazing on some of the most
beautiful beaches any-
where.

Dorado Beach....It can
be anything you want it to
be.

Rates from $22.50 per person
double, including breakfast and
dinner (May 1-October 1).
Special Vacation Plans avail-
able for Golfers, Honeymoon-
ers. See your travel agent or
contact Representation Offices
in New York (212) 586-1141,
Chicago (312) 372-4489, Dallas
(214) 741-6814 or Washington,
D.C. (202) 347-4951.

| into the boiling water. When the sand

stops running in the seven-glass, turn it
over. When the sand stops in the 11-
glass, turn the seven-glass again. When
the sand stops again in the seven-glass,
15 minutes will have elapsed.

(2) Each tire is used 4/5 of the total
time. Therefore each tire has been used
for 4/5 of 5,000 miles, or 4,000 miles.

(3) Whatever the color of the first card
cut, this card cannot be the top card of
the second cut. The second cut selects a
card randomly from 51 cards of which
25 are the same color as the first card,
and therefore the probability of the two
cards” matching in color is 25/51, a bit
less than 1/2.

(4) One hundred and twenty-one is a
perfect square in a number system with
any base that is a positive integer.

(5) The illustration below shows how
six equal line segments can form eight
equilateral triangles. There are six small
triangles and two large ones.

(6) Any angle can be bisected with a
compass and straightedge. By repeated
bisections we can divide any angle into
2, 4, 8, 16, ... equal parts. If any num-
ber in this series is a multiple of 3, then
repeated bisection obviously would al-
low trisection of the angle with compass
and straightedge. Since this has been
proved impossible, no number in the
doubling series is evenly divisible by 3.

(7) The farmer has 60 horses. Calling
a cow a horse doesn’t make it a horse.

(8) “He spoke from 22 to 2 to 2:22 to
2,222 people.”

(9) The Greek lived 79 years. There
was no year 0.

(10) Ask the woman “Are you an al-
ternator?” twice. Two noes prove she is
a truther, two yeses prove she is a liar,
and a yes-no or no-yes response proves
she is an alternator.

DOTRADO
SEACH
HOTEL

PUERTO
RICO, U.S. A

OPERATED BY
ROCKRESORTS, INC.

Six lines make eight triangles

124

© 1969 SCIENTIFIC AMERICAN, INC



the old computer-
in-the-pack trick.

DIGITAL makes a whole series of
laboratory systems for special
purpose jobs. Pulse height anal-
ysis, for instance. Or signal aver-
aging. Or gas chromatography.
These systems are called Com-
puterpacks, and they come with
all the needed hardware, all the
needed software, all the interfaces
to get the job done.

But it's the old computer-in-the-
pack trick.

Hit a button and a glorious, 4096-
word, core memory, integrated
circuit, 1.5-usec fast, FORTRAN-
speaking, general-purpose
computer pops up. Presto. Out
comes the software that runs more
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than 4,000 installations around
the world.

Some people play the Computer-
packs on two shifts. From 9to 5,
they're just the best special pur-
pose systems money can buy.
After 5 well. ...

DIGITAL EQUIPMENT CORPORATION, Maynard,
Massachusetts 01754, Telephone: (617) 897-5111
— Cambridge, Mass. « New Haven, Conn. «
Rochester, N.Y. « New York City » Long Island,
N.Y. « Princeton, Parsippany, N.J. « Washington,
D.C. - Cocoa, Fla. « Atlanta « Knoxville, Tenn. «
Huntsville « Philadelphia « Pittsburgh « Cleveland e
Dayton « Chicago « Minneapolis « Ann Arbor «
Houston « Dallas « Salt Lake City » Denver
Albuquerque « Los Angeles « San Francisco ¢
Seattle. INTERNATIONAL, Ottawa « Toronto
Montreal « Edmonton « Reading » Manchester o
Paris « Munich « Cologne « The Hague «
Stockholm « Milan ¢« Sydney « West Perth
Melbourne » Tokyo.

dlijgliltall

COMPUTERS - MODULES
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Xerox introduces away to do
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less and get more work done.

That's the point of copying—to let
you communicate better and take less
time doing it.

At Xerox, we've found a way to
let you communicate better and take a
/ot less time doing it.

It's the new Automatic Document
Feeder for our 3600 and 2400 models.

The ADF does automatically what
used to be done by hand. With it, the
operator can put in up to 125 originals
of different weights and sizes.

Then you just dial the number
of copies you want, press a button, and
walk away.

The machine does the rest.

The ADF can change originals twice
as fast as you can by hand.

But even more important—the
less that you have to do with the Xerox
machine, the more you're free to do
something with another machine.

Which is a whole new way to get
work done, more or less.

AL T TR IR T . R TRl | L s 0] e, ST
A Tl AE IR ANE TARSERU ML MO S, UL RS £, . LEO, P
o BE OF AW e FON ORI, Masd M @ PRAGT SR TF SPRte DR RIS »
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Conducted by C. L. Stong

bout two months ago I blew a big

A soap bubble inside a glass jug

and put the jug on a bookshelf.

The bubble is still there, iridescent and
shimmering. It may last for years.

Since then I have blown other bub-
bles that lacked the protection of a glass
cover. They have survived for a few
minutes or even a few hours, depending
on such conditions as drafts and the
amount of dust in the air. In any case
the bubbles have lasted long enough for
experimentation. For example, I have
made bubbles into inexpensive instru-
ments that measured the viscosity of
gases, determined the surface tension of
fluids or served as ultrasensitive manom-
eters for measuring atmospheric pres-
sure. Other bubbles have been blown
to demonstrate simple geometric propo-
sitions and to solve mathematical equa-
tions related to electrical circuits and

mouthpiece

- THE ATEUR SCIENTIST

How to blow soap bubbles that

last for months or even years

optical lenses. Mostly, however, I have
been blowing bubbles for fun: spheres
up to two feet in diameter, small bub-
bles blown inside larger ones, “weight-
less” bubbles that float in containers of
heavy gases, configurations of adjoining
bubbles that resemble the lattice struc-
ture of crystals, and so on.

It all began early last winter when I
visited A. V. Grosse, president of the
Research Institute of Temple University
in Philadelphia. Much of Grosse’s career
has been devoted to nuclear research
and the investigation of high tempera-
tures. For this reason I was scarcely pre-
pared, on entering his office, to see a
huge display of soap bubbles. They were
on tables and bookshelves, and one bub-
ble, suitably protected, even served as a
paperweight. Since the career of most
bubble blowers ends at about the age
of 10, I wondered why soap bubbles
continued to interest the administrator
of a prominent research establishment.
In answering that question Grosse not
only revived my own interest in bubbles
but also agreed to share his enthusi-
asm with readers of this department. He
writes:

“During a pleasant discussion several

N

Fn'nc.h C|amP

=
| bubble

A. V. Grosse’s design for a bubble pipe with a moisture trap
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years ago with my former colleague Wil-
lard F. Libby we concluded that as
members of the older generation of
atomic scientists we might well spend
part of our spare time devising simple
new experiments for the entertainment
and education of the younger genera-
tion. The discussion eventually led me to
the investigation of soap bubbles. This
field of experimentation seemed appro-
priate because soap bubbles are inex-
pensive and very pretty and present
many unanswered questions. I set up a
small bench in my basement at home
and have been blowing bubbles ever
since. So many new facts and phenom-
ena turned up that until now I have
neglected my original objective of pass-
ing my findings along to amateurs.

“A soap bubble behaves somewhat
like an inflated rubber balloon. The skin
of the bubble is stressed, because of sur-
face tension, and like stretched rubber
it compresses the air trapped inside. As
soon as the bubble is blown the com-
pressed air begins to make its way
through the permeable skin. The bubble
shrinks. Eventually the bubble collapses
to a flat film stretched across the blow-
pipe. I call this interval—the time re-
quired for the bubble to shrink to a
flat film—the natural life-span of the
bubble.

“My first bubbles all died in infancy.
Few lasted more than a minute. They
were blown with much the same kind
of soap that Isaac Newton used for his
classic bubble experiments. I turned to
the literature and found that a much
better soap was described more than a
century ago by the blind Belgian physi-
cist Joseph A. F. Plateau, who laid the
foundations of our present knowledge of
soap bubbles. Bubbles blown with Pla-
teau’s solution will last for several min-
utes in an ordinary room and for several
hours with proper protection.

“Amateurs can make this solution with
materials that are available from dealers
in chemical supplies. To 40 ounces of
distilled water add one ounce of chemi-
cally pure sodium oleate. Sodium oleate
comes as a white powder that floats for
a time on water. Do not mix the powder



in the water; put the powder on the
water and let the container stand in a
dark place for 24 hours. The powder
will then have dissolved. Add 10 ounces
of U.S.P. glycerin and mix the solution
thoroughly by pouring the fluid slowly
into a clean container and back again
several times. Store the mixture in dark-
ness for about a week. Then siphon off
the clear fluid below the scum. Add
two drops of household ammonia to the
clear fluid, stir the solution gently to mix
the ingredients and bottle it for use.

“Small bubbles blown from this solu-
tion to a radius of four or five centime-
ters usually last for two or three minutes
in ordinary room air. About 10 years ago
the Canadian chemist A. L. Kuehner de-
scribed a solution that makes more du-
rable bubbles. He first purified oleic
acid by a painstaking procedure and
then by the addition of bromine con-
verted it into 9,10-dibromostearic acid.
When this acid is carefully neutralized
with sodium hydroxide and mixed with
glycerin, it forms bubbles that will last
for months if they are protected by an
enclosure.

“Having experimented with Kueh-
ner’s solution, I decided to take advan-
tage of recent developments in polymer
chemistry in the hope of compounding
a solution of even greater interest. The
result is what I call a ‘double bubble’
solution: two solutions that are mixed
just before use. Bubbles can be blown
with either solution, hence the name
‘double bubble.” Large bubbles blown
with the mixture have lasted for three
years so far and are likely to last for
many more. From the rate at which one
bubble is shrinking I estimate a natural
life of more than 20 years.

“One of the two solutions consists es-
sentially of Kuehner’s dibromostereate
soap. The other one is a solution of poly-
vinyl alcohol, water and glycerin. Bro-
mine is an extremely hazardous sub-
stance before it has reacted with the
acid, and compounding these mixtures
calls for controls that are not available
in the home. For these reasons amateurs
should not attempt to make double-
bubble solution. It can be bought from
the Techno Scientific Supply Company,
Inc.,, P.O. Box 191, Baldwin, N.Y.
11510. The solution costs $4 a pint, a
quantity sufficient to blow thousands of
bubbles.

“Bubbles can be blown with almost
any pipe. As was pointed out by the
English experimenter C. V. Boys, how-
ever, moisture from the breath tends to
condense inside the pipe and drain into
the soap film, where it dilutes the solu-
tion and hence reduces the life of the
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bubble. Pipes that are blown by mouth
should have a trap of some kind to catch
the exhaled moisture [see illustration on
page 128]. The carbon dioxide in the
breath may also be harmful to the bub-
ble. Therefore it is best to do the blow-
ing with compressed air. Small com-
pressors of the kind used for supplying
air to aquariums are ideal for blowing
bubbles. The rate at which the bubbles
are blown can be adjusted by placing
a pinch clamp on the tubing that leads
from the compressor. To blow big bub-
bles it is advisable to interrupt the blow-
ing periodically.

“Dust is the archenemy of bubbles,
particularly dust that contains crystals
of salt. It is interesting to set up a bub-
ble in one corner of a room filled with
clean air and with a perfume atomizer
inject a puff of brine into the air at the
opposite corner. Microscopic crystals of
salt from the evaporated mist will make
their way across the room; within a min-
ute or two they will break the bubble!
For this reason I blow my bubbles with
‘glycair,” which is air that has been
filtered through glycerin. An adequate
filter can be made by cutting the bristle
sections from four to six test-tube
brushes and inserting them into a glass
tube they fit snugly. The tube is closed
at the ends by perforated rubber stop-
pers [see top illustration on preceding
page]. An ounce or so of glycerin is
placed inside the tube, which is kept in
the horizontal position. The bristles are

silk
suspension
threads

"]

:
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moistened with glycerin periodically by
rotating the tube.

“Big bubbles require more solution
than small ones. A relation also exists
between the ultimate size to which a
bubble can be blown and the diameter
of the blowpipe from which it is blown,
since the bubble is held only by the sur-
face tension between the solution and
the rim of the pipe. Bubbles up to about
10 centimeters in diameter can be
blown with a pipe one centimeter in
diameter, but I prefer a ratio of about
five to one. Bubbles that are intended
to last their full natural life must be
blown inside a protective enclosure,
preferably one with a spherical shape,
such as a Florence flask.

“I first wash the container carefully,
put about 10 milliliters of bubble solu-
tion in it and flush it with glycair for a
few minutes to remove as much dust as
possible. A blowpipe is pushed into a
perforated stopper that fits the neck of
the container. I dip the lower end of the
pipe into soap solution, insert it in the
container and blow the bubble. The
stopper is pressed firmly into the neck
of the container and the free end of the
blowpipe is sealed by a stopper.

“Bubbles made in this way may break
after a short time because of dust
trapped in the container. The bubble
traps the dirt, however, and purifies the
air of the flask. Therefore, without open-
ing the flask to the dusty air outside, I
push the blowpipe through its support-

I
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Fixture for making a small hole in a bubble
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ing stopper down into the solution in-
side the container, slide it back up and
blow another bubble. The second or
third bubble should last for its natural
lifetime. The container is stored on a mat
of foam rubber for protection against
mechanical shock. The diameter of each
bubble is measured at weekly intervals
and the shrinkage is plotted against time.
From these data I estimate the ultimate
life.

“Bubbles can be blown inside one an-
other by several methods. An easy way
is to blow a small bubble, about the size
of an orange, and put it on the rim of a
paper cup that has been moistened with
bubble solution. Detach the blowpipe
from the bubble by turning the pipe at
a right angle to the film and lifting it
gently. The film will close and peel away
from the pipe.

“Immerse the end of the pipe in bub-
ble solution to a depth of a few centi-
meters and push it into the top of the
bubble. It will penetrate the bubble
without breaking the film. As you blow
the inner bubble the outer one will ex-
pand in proportion. Detach the inner
bubble by pulling the pipe upward,
abruptly but not violently. This is a
knack that comes with practice.

“Concentric bubbles can also be
blown by means of coaxial pipes tele-
scoped together and supported by spac-
ers of rubber or plastic. Place a soap film
across the end of the outermost pipe and
blow the outer bubble. Slide the next
smallest pipe, with a film, into its sup-
porting pipe axially and blow the sec-
ond bubble, which enlarges the first one.
Additional bubbles can be blown. I
have had triple bubbles, with beautiful
colors, that have lasted for more than a
year.

“Foams are also easy to make. Tie a
bag of terry cloth around the end of a
blowpipe, soak the cloth in bubble solu-
tion and blow. The walls between adja-
cent bubbles make interesting geometric
patterns. To observe the walls clearly,
blow foam between two sheets of win-
dow glass, spaced about an inch apart,
that have been moistened with bubble
solution.

“The air pressure inside a bubble in-
creases as the bubble shrinks. For this
reason the wall that is shared by two
adjoining bubbles, as in foam, always
curves toward the larger of the two bub-
bles by an amount that can be predicted
by simple geometry. For example, make
a dot on a sheet of paper. From the dot
draw three straight lines spaced at an-
gles of 60 degrees. Then draw a straight
line that intersects the three lines. Place
the point of a compass at each of these



intersections successively and, with the
dot as the radius, draw three circles. The
two smaller circles mark the boundary
that would be formed if two bubbles of
this size were placed in contact with
each other. The smaller circles intersect
the largest circle at two points. The arc
of the largest circle included between
these two points marks the position of
the wall that would be shared by the
adjoining bubbles.

“This theory was worked out by Pla-
teau. You can prove it by experiment.
Place a diagram so drawn under a
sheet of window glass moistened with
bubble solution. Blow a pair of hemi-
spherical bubbles against the glass,
about the size of the two smaller circles.
Detach the blowpipe from each bubble
and with the end of the pipe center the
bubbles over the circles. The size of the
bubbles can be adjusted by adding air
or letting air escape through a small
blowpipe, such as a soda straw. When
you have matched the size of the bubbles
to the diagram, you will find that the
curvature of the shared wall conforms
to the geometric prediction [see middle
illustration on page 129]. This combina-
tion of bubbles can be used to find the
total resistance of an electrical circuit
consisting of parallel resistors and to
predict the distance at which a scene
will come to focus behind a lens of
known focal length.

“Observe also that any three walls of
the bubbles make equal angles of 120
degrees at the point where they come
together. This must be so because the
surface tension of the three soap films
is equal: all three films exert pull on the
point where they meet. They balance
only when the three pulls are exerted
in mutually opposing directions.

“To prove that surface tension acts
uniformly in all directions, cut two wires
about 10 centimeters long, bend small
loops at the ends and tie the mating
pairs of loops together with silk threads
about 10 centimeters long. The result-
ing structure is a rectangle with ends
of wire and sides of thread [see bottom
illustration on page 129]. Attach a bridle
thread to one of the wires and dip the
assembly in bubble solution. When you
pull it out of the solution, a soap film
will cling between the wires and the
threads. The film will have straight ends
and curved sides. If the sides curve in-
ward excessively, hang wire weights to
the bottom member.

“Tie a length of silk thread into a
loop, dip the loop in bubble solution and
toss it onto the film. Touch the film in-
side the loop with a point of dry paper.

The film will break, and surface tension
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A manometer making use of a film of soap

outside the loop will snap the thread
into a perfect circle. The circle is the
only possible shape the loop can assume
when it is pulled outward by a uniform
radial force.

“As mentioned, surface tension com-
presses the gas inside a bubble. If you
punch a small hole in the bubble, air
will flow out. The bubble will collapse
at a rate that increases with the size of
the hole and with the surface tension
and decreases with the density of the
gas. To make a bubble deflate slowly
twist a length of fine wire into a row
of three small loops that lie in a com-
mon plane. With silk thread tied to the
end loops, dip the assembly in bubble
solution and suspend the wire against
the bubble [sce illustration on opposite
page]. To let the air out, puncture the
soap film in the middle loop with a
splinter of dry wood.

“I recently devised a similar experi-
ment that amateurs can use for measur-
ing the surface tension of soap film or
the viscosity of a gas if either quantity
is known. If both quantities are known,
the experimenter can accurately predict
in advance of the experiment how long
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it will take the bubble to deflate from
any size to any smaller size. All you need
for the experiment is bubble solutlon a
slender blowpipe, a fixture to support
the pipe, a small aquarium and a watch
with a second hand.

“Blow the bubble, plug the blowpipe
with a stopper and measure the diameter
of the bubble. Remove the stopper.
Time the interval during which the bub-
ble shrinks. Measure the diameter of the
shrunken bubble. With these data and
the known dimensions of the blowpipe
you can easily determine the quantities
of interest.

“My blowpipe is 29 centimeters long
with an inner radius of .183 centimeter.
(It is a length of four-millimeter glass
tubing.) The ends were pushed into per-
forated rubber stoppers and the stoppers
were in turn pushed into three-centime-
ter lengths of 10-millimeter glass tub-
ing. These large glass nipples at the ends
prevent bubble solution from entering
the bore of the small tube. Either nipple
will also accept a stopper for plugging
one end of the blowpipe. The dimen-
sions are not critical. Any slender tube
of about this size will work. It is essen-

131



tial, however, to determine the actual
dimensions as accurately as possible.
The length can be measured with a
ruler. To find the radius fill a portion of
the slender tube with mercury and mea-
sure the length of the filled portion in
centimeters. Transfer the metal to a
container and determine its net weight
in grams. Divide the weight of the metal
by 42.55 times the length of the column.
The square root of this quotient is equal
to the radius of the tube in centimeters.
For example, a 10-centimeter length of
my tube holds 14.2 grams of mercury.
Therefore its radius is (14.2 + 42.55 X
10)1/2 = (.0333)1/2, or .183, centimeter.

“I blow the bubble inside a small
aquarium of the type used for keeping
tropical fish. (Any large glass beaker or
battery jar will do.) The aquarium is
covered with a sheet of transparent plas-
tic that has two narrow slots along the
middle that lead almost to the hole in
the cover through which the blowpipe
is inserted; the slots are thus on a straight
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line through the center. Through the
slot I suspend two small plumb bobs
made with a silk thread and a penny.
To measure the diameter of the bubble
I slide each plumb bob toward the bub-
ble until the thread is within .5 millime-
ter of the soap film, as judged by eye.
This brackets the bubble and gives its
diameter within one millimeter.

“The experimental procedure is sim-
ple. Blow a bubble of any diameter. Re-
move the air hose from the blowpipe,
plug the pipe and measure the radius of
the bubble. Remove the stopper from
the blowpipe and time the interval dur-
ing which the bubble shrinks. Insert the
stopper and measure the smaller radius.

“It turns out that the time of efflux
varies as the fourth power of the radius
of the bubble. Raise each radius to the
fourth power (multiply it by itself four
times). Subtract the smaller figure from
the larger one. Assume, for example, that
you let the bubble contract from a radius
of two centimeters to a flat film across
the end of the blowpipe. The figure
would be (2x 2 X 2x2)—0=16. If
the bubble had contracted from a radius
of 20 centimeters to one of 18 centime-
ters, the corresponding figures would be
(20 X 20 X 20 X 20) — (18 X 18 X 18 X
18) = 55,024.

“Assume that you want to determine
the surface tension in a soap bubble that
contracts from a radius of two centime-
ters to a flat film in 4.94 seconds. The
next consideration is viscosity, which is
measured in units of poises; olive oil
at room temperature has a viscosity of
about one poise. The viscosity of air at
20 degrees Celsius is 1.83 X 104, or
.000183, poise. The surface tension of
the two-centimeter bubble is equal to
twice the length of the blowpipe, multi-
plied by the viscosity of the air and the
fourth power of the radius as determined
above, divided by the product of the
time in seconds multiplied by the fourth
power of the radius of the blowpipe.
The example works out as follows: 2 X
29 X 1.83 X 10* X 16 = 4.94 X 11.31
X 10-* = 30.4 dynes per centimeter. (A
force of one dyne is about equal to the
weight of a hungry mosquito.) Both the
surface tension and the viscosity of the
air are now known, so that the efflux
time can be predicted. With the same
blowpipe, how long would a bubble take
to shrink from a diameter of 40 centime-
ters to one of 36 centimeters? The differ-
ence in the fourth power of the radii is
55,024. To compute the efflux time, mul-
tiply twice the length of the blowpipe
by the viscosity of the air and divide the
product by the surface tension multi-
plied by the fourth power of the radius
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of the blowpipe. The resulting quotient
is a constant: 2 X 29 x 1.83 x 104 =
30.4 x 11.31 X 10-* = .309. Multiply
the difference in the fourth power of
the radii by the constant to get the time
in seconds. In this example, 55,024 X
.309 = 17,002 seconds, or about 4.7
hours.

“Assume that the surface tension of
the bubble is known and you want to
determine the viscosity of a gas, such as
hydrogen. Blow the bubble with hydro-
gen and proceed as above. Experiment
would reveal that the efflux time needed
for a hydrogen-filled bubble to shrink
from a radius of 20 centimeters to 18
centimeters is about 8,100 seconds. The
viscosity of the gas is equal to the prod-
uct of the surface tension, the fourth
power of the radius of the blowpipe and
the difference of the fourth power of the
radii divided by twice the length of the
blowpipe multiplied by the efflux time
in seconds: 30.4 X 11.31 x 10 x 8-
100 —- 2 x 29 x 55,024 = 8.76 X 10
poise. I find it interesting to blow bub-
bles with different gases, such as a varie-
ty of Freons, and determine their vis-
cosity by this procedure.

“A more ambitious project involves
the construction of a useful manometer
in which a nearly flat soap film functions
as the sensing element. The instrument
is capable of indicating directly changes
in air pressure of less than a millionth
of an atmosphere. Cut a circular hole,
45 millimeters in diameter, through the
bottom of a plastic Petri dish to take
a No. 10 rubber stopper. Perforate the
stopper axially to accommodate a sleeve
of 20-millimeter glass tubing four centi-
meters long. Push the sleeve through the
stopper from the smaller end until it is
flush with the top, and insert the as-
sembly into the Petri dish from the top.
Plug the top of the sleeve with a No. 2
rubber stopper perforated by two holes
and plug the bottom by a similar stopper
that has one central hole.

“The assembly rests on a tabletop,
preferably one that is covered with
hard, smooth plastic. Drill a hole in the
table to take the glass sleeve and couple
the sleeve to a five-gallon carboy under
the table [see illustration on preceding
page]. The carboy must be well insu-
lated against heat, preferably by a cov-
ering of rock wool 12 centimeters thick.

“Place about 10 milliliters of bubble
solution in the Petri dish and blow a
soap film across the edge of the dish.
Insert a roundheaded pin through the
film and into the doubly perforated No.
2 stopper. Drill a second hole in the
tabletop near the Petri dish to admit a
snugly fitting glass sleeve and couple
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Ask the people at Hammond Organ

It may be difficult to see the connection between a Nikon
Profile Projector and, let us say, Bach’s G minor fugue—until
you discover how a Hammond organ gets its voice.

Every note on the keyboard has a corresponding tone gener-
ator, the heart of which is a small, rotating disc, about the size
of a silver dollar. There are from 86 to 91 of these tone genera-
tors in an organ, and as many discs, all spinning at a uniformly
constant speed.

Were you to examine one of these discs, you would discover
a series of identical, small, scallop-shaped projections around
the rim. As the disc turns, these projections pass through a
magnetic field, setting up a minute flow of alternating current,
which is amplified and fed to loudspeakers, where it is con-
verted into sound.

The number of projections around the rim determines the
frequency or pitch; the shape and dimensions, the purity of
the tone. Hammond design demands sine-wave, tonal purity.
The harmonics and overtones re-
quired for timbre and musical char-
acter are obtained from the tones
of other discs, added in various
patterns of intensity.

Any deviation in the shape of a
projection, any dimensional inac-
curacy by as little as .0002", will
produce spurious, undesirable

sounds—noise and distortion. Consequently, Hammond sub-
jects these tone discs to rigid, 100% inspection.

A Nikon profile projector (such as shown) is used for this
purpose. It is essentially a projection microscope. A part (in
this case, a tone disc) is placed on the stage. It appears as a
magnified image on the screen, where dimensions, shapes and
contours can be precisely measured or checked against mas-
ter charts.

Because of the degree of magnification and the absence of
image distortion, repeat measurement accuracy is obtainable
to within 0.0001” (twice that required to meet Hammond
specifications). Moreover, inspection now takes less than one
quarter of the time previously required.

The Hammond story is only one example of Nikon optical
equipment at work. It is the singular story of how a specific
instrument has dealt with a specific inspection problem in
quality control.

There are many other such stories, in science as well as in
industry, in education and communications, in photography
and the graphic arts, dealing with almost as many different
types of Nikon instruments as there are ways in which optics
can serve these endeavors.

If you are faced with a problem which seems to defy other
methods of approach, let us show, you how

Nikon can make light work for you.

Instrument division / Nikon Inic., Garden City, N.Y, 11530 ¢ Subsidiary of Ehrenreich Photo-Optical Industries, Inc.
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QUESTAR'S SEVEN-INCH IS VERY BIG WITH R & D

— yet its scant 20-pound weight is so
easily portable in this 27" aluminum case that

you can take it with you

Questar's commitment to quality, which
has built its world-wide reputation, now
gives you the Seven-inch, an instrument
with the finest possible resolution for
every optical need. Those who use it for
laser sending or receiving, for rocket-
borne instrumentation, for closed-circuit
television, or just for taking pictures of
nature, marvel at the performance which
easily doubles that of its 31/-inch parent.
Its Cer-Vit mirror has essentially no ther-
mal expansion, thereby increasing the
instrument'’s usefulness for all the special
optical problems encountered in scientific
research and engineering. And it's on the
shelf, of course, ready for delivery.

Here, at last, is the perfect telescope
for manned spacecraft.

QUESTAR, THE WORLD'S FINEST, MOST VERSATILE SMALL TELESCOPE, PRICED FROM $795, IS
DESCRIBED IN OUR NEWEST BOOKLET WHICH CONTAINS MORE THAN 100 PHOTOGRAPHS BY
QUESTAR OWNERS. SEND $1 FOR MAILING ANYWHERE IN NORTH AMERICA. BY AIR TO
REST OF WESTERN HEMISPHERE, $2.50; EUROPE AND NORTH AFRICA, $3.00; ELSEWHERE, $3.50.

QUESTAR

BOX 120, NEW HOPE, PENN. 18938
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the lower end of the sleeve to a glycair
filter. Invert a cake plate over the Petri
dish and insulate it with at least five
centimeters of rock wool. Make two
holes in the rock wool insulation for ob-
serving the relative distance between the
pinhead and the soap film. As the baro-
metric pressure changes, the soap film
will move up or down in relation to the
pinhead. You can observe the changes
through a small telescope. I constructed
the device to demonstrate one of many
possible applications of soap films. The
details of construction are obviously
amenable to modification, as is the
method of reading the instrument.

“In conclusion, I invite both amateurs
and experts to help me solve a fascinat-
ing puzzle that turned up during a re-
cent experiment. I wondered how a
bubble would behave if it were blown
with hydrogen in an atmosphere of
hydrogen at low pressure. I blew the
bubble in a round-bottomed flask that
had a side arm and stopcock connected
to an air pump. The blowpipe was in-
serted through a glass sleeve in a per-
forated stopper that fit the flask, and the
telescoping joint between the blowpipe
and the sleeve was sealed with a thin
rubber tube [see illustration on page
132]. Bubble solution was placed in the
bottom of the flask. The flask was ex-
hausted to the limit of the air pump,
flushed with hydrogen twice and again
evacuated. The pump was shut off.
Hydrogen was admitted to the flask until
a manometer in the system indicated a
pressure of 40 torr. The blowpipe was
lowered into the bubble solution and
withdrawn, and hydrogen was admitted
to blow a bubble with a radius of about
two centimeters.

“Next I shut off the hydrogen supply,
intending to observe the rate at which
the diffusion of hydrogen through the
soap film caused the bubble to shrink.
To my amazement the bubble began to
expand! Within about four hours it
doubled in size. Thereafter it slowly
shrank to a flat film as expected. I then
blew the flat film into another bubble.
The cycle was repeated.

“The experiment has been performed
with other apparatus and under other
conditions but always with the same re-
sult. The bubble expands without ap-
parent cause! None of the obvious ex-
planations is satisfactory. My stopcocks
do not leak, the vacuum is held constant
for weeks and the apparatus is trust-
worthy in other respects. I can only con-
clude that much remains to be learned
about soap bubbles, and I urge amateurs
to join me in the fun of solving the
puzzle.”



The squares in question are the ceramic bases for
the thin-film integrated circuits made at Western
Electric’s Allentown Works. The plates from which
these bases are made have to be scored so they can
be separated quickly and easily into bases of
appropriate size.

Until, recently, this created two problems.
First, each different scored shape (and there are
many) required a separate, expensive die. Second,
this scoring had to be performed before the ceramic
was fired. And since ceramic shrinks when it’s fired,
some lines which started out straight became
crooked, ruining the scored pattern.

¢ hitched a laser to

=\ Wesftern Electric

& MANUFACTURING & SUPPLY UNIT OF THE BELL SYSTEM
AN EQUAL OPPORTUNITY EMPLOYER

We decided that scoring the plates with a laser
might prove effective. A serious challenge in this area
involved the control of the laser beam itself. Precise
control over the powerful beam—getting it to cut
only a fraction of the way through the ceramic
plates,forinstance (andthecorrect fraction at that)
—had not been achieved by any other manufacturer
up to that time, to the best of our knowledge.

By using a digital control console to control the
laser, we were able to control the pattern it cut with
great precision. A pre-punched tape was fed into
this console. This, in turn, controlled the path taken
by the movable base holding the plate under the
beam, while the laser itself remained stationary.
This device is faster and more flexible than manual
control; since tapes are used instead of dies, the
cutting shapes can be changed in seconds.

Because the laser cuts tiny holes part way
through the ceramic, our “squares,” if you’ll pardon
a play on words, are made out of “circles.”

Like most Western Electric manufacturing
innovations, the use of the laser beam has resulted
in higher-quality telephone equipment at low cost
to the Bell System.

a computer to make
squares out of circles.
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If your time-share

bill runs over
$2,300 a month

youre being had!

Forget about mounting rental bills. You’ll save hard
cash with your own HP 2000A System.

You can have up to 16 terminals going simultaneously.
Your users can program the computer in simple con-
versational BASIC. .. and unlike most computers it
checks every entry step-by-step. No busy signals; no
wait messages. And you can even forget about expensive
repairs and computer down-time. The 2000A System
keeps on working . . . while others are being worked on.
Time and money saved, that’s what you can count on
with the extraordinary HP 2000A System.

Sound good so far? Here’s one better. HP can have
your 2000A Time-Share System installed and running
in a matter of months — not years. So give your local
HP computer specialist a call. He’s got all the details.
Or write Hewlett-Packard, Palo Alto, California 94304,
Europe: 1217 Meyrin-Geneva, Switzerland.

Il

HEWLETT ﬁ PACKARD

DIGITAL COMPUTERS 22013
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Only one book club lets you keep up
comfortably with the whole spectrum of science

and save on the books you

MIN

i VICTOR GUILLE!

tory of
TheASN T {'} M

The past 15 years—the most crowded
in scientific history—have seen more
research than the previous 300 years.
And it goes without saying, more
books. How do you keep up with the
most meaningful advances? The most
seminal thought? The most worth-
while writing across all disciplines?

5
CONOL [STADOR
B WITHOUT SWORDS

Retail price light face; member price bold face.
60900. MATHEMATICAL HANDBOOK FOR SCI-
ENTISTS AND ENGINEERS. Second Edition.
Granino A. Korn and Theresa M. Korn. Out-
lines math methods essential for accuracy and
speed. (Counts as 2 choices.) $25.00/$16.95

70350. PROBABILITY THEORY AND ITS APPLI-
CATIONS. Vol. 1, Third Edition. William Feller.
Illustrates a broad variety of practical prob-
lems and the modern techniques for solving
them. $10.95/$7.95

40260. CONQUISTADORS WITHOUT SWORDS.
Leo C. Deuel. Engrossing first-hand reports
of some of the most exciting archaeological
finds in the Americas. $12.50/$8.95

81870. SYSTEMS ANALYSIS: A Diagnostic Ap-
proach. Van Court Hare, Jr. A major work on
a new discipline. Contains an abundance of
graded problems and exercises. $12.50/$9.25

53030. HISTORICAL ARCHAEOLOGY. Ivor Noel
Hume. The first handbook that tells how to
search for Colonial and post-Colonial relics
that may lie under a few inches of earth just
outside your door. $10.00/$7.50

73900. RESEARCH AND DEVELOPMENT MAN-
AGEMENT: The Economics and Administration of
Technology. Daniel D. Roman. The first book
to cover comprehensively the logistics of man-
aging research.and development. $10.00/$7.50

thematical
i handbook

How do you eliminate the books that
are time-wasting, repetitious or just
unimportant?

For well over 50,000 leading scientific
thinkers and well-informed amateurs,
the answer has been The Library of
Science. Throughout these eventful
years, our members have been offered,

1g1TAL COMPYTER
:‘ﬂl!i prnCIPLES

INTRODUCTORY OFFER:

Choose any 3
(values up to $38.50)

all for only *1

with first selection at low member's
prices as a trial member of

The Library
of Science

TRIAL MEMBERSHIP APPLICATION

L

THE LIBRARY OF SCIENCE Front & Brown Streets, Riverside, N.J. 08075

I Please enroll me as a trial member, and send the
I four books whose numbers I've indicated on this
coupon. Bill me only $1.00 for the first three,
l member’s price for the fourth, plus shipping. If
I am not delighted, I will return them within 10
I days, and my membership will be cancelled.
As a trial member, I need accept as few as 3 more
| selections during the next 12 months, always at
reduced member’s prices, plus shipping. I under-
| stand that savings range up to 40% and occasion-
ally even more. Each month I will receive advance
I reviews describing forthcoming selections, along
with convenient form for requesting alternate se-
| lections or no book at all. For every 4 selections
purchased, I may choose a free bonus book. (This
| introductory offer counts as the first selection) .

2-956
L

*3 books for only $1.00

plus first selection at low member’s price

_

NAME

CITY

(1st selection)

|

|

*Some expensive volumes count as two choices, I
|

(write in numbers) :

ADDRESS......iiiiiiiiiiiiiiiinninnns Cereeareeetesirietertretatenitietarttrsasantaatns I

TATE.... ZIP CODE

Offer good in Continental U.S. and Canada only. Prices slightly higher in Canada.
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want

1
3
i
|

from hundreds of published works,
only the books that matter—the most
interesting, the most valuable. And all
at significant savings.

Consider these facts. Then look over
the books on this page—and our spe-
cial introductory offer. Can you af-
ford not to join now?

41840. DAWN OF ZOOLOGY. Willy Ley. Fasci-
nating and entertaining history of the growth
of man’s knowledge of the animal kingdom.
Profusely illustrated. $7.95/$6.50

61120. MATHEMATICS DICTIONARY. Edited by
Glenn and R. C. James. Newly revised 3rd Edi-
tion defines over 7,000 math terms, concepts
and relationships. (Counts as 2 choices.)
$17.50/$12.95

80640. THE STORY OF QUANTUM MECHANICS.
Victor Guillemin. Professor of Physics at
Harvard, tells the story of this century’s most
exciting development in a dramatic overview
of the current state of physics. $8.95/$6.95

53060. A HISTORY OF MATHEMATICS. Carl B.
Boyer. A grand, 717-page book, fascinating and
charming, detailing the history of mathemat-
ics from primitive origins to twentieth-cen-
tury flowering. For the professional mathe-
matician as well as the amateur. $10.95/$7.95

62100. MEN AND DINOSAURS: The Search in
Field and Laboratory. Edwin H. Colbert. Up-to-
date exposition of paleontology’s knowledge
of dinosaurs. Many photos. $8.95/$6.95

74170. THE RIDDLE OF GRAVITATION. Peter G.
Bergmann. Masterful exposition of the gen-
eral theory of relativity by a physicist who
worked closely with Einstein. $7.95/$6.50

43200. THE EARTH. Carl O. Dunbar. The de-

velopment of the earth and the mystery of its

origins by the dean of American geologists.
$12.50/$7.95

42170. DIGITAL COMPUTER SYSTEM PRINCI-
PLES. Herbert Hellerman. An authoritative
overview of the principles of digital com-
puter systems, many of which are common
to programming, machine design and prob-
lem description. $13.50/$9.75

45520. ENZYMES—THE AGENTS OF LIFE. David
M. Locke. Presents the latest information on
enzymes in a masterpiece of science writing
and exposition. $5.95/$5.25

63870. NATURE IN MINIATURE. Richard Head-
strom. A unique guide to the spectacular uni-
verse hidden behind nature’s surface show.
Takes you through the twelve months on a
spectacular tour of the lilliputian realm of
living things. $10.00/$7.50



by Dorothy Zinberg and Paul Doty

Tie NeEw Bramins: Sciextiric LiFe
IN AMERICA, by Spencer Klaw. Wil-
liam Morrow & Company, Inc. ($6.50).

past decade we have come to accept

change as the most characteristic
feature of our society. This change has
been pervasive, clearly visible year by
year and rather orderly in that the rate
of change, if not our accommodation to
it, has been reasonably steady and pre-
dictable. The source of change is gen-
erally identified as being science, or the
scientific community. This, of course, is
an oversimplification. Science is primari-
ly the unending search for understand-
ing the physical world; change is a
result of how the wider community ex-
ploits the new understanding. The wider
community begins with the applied re-
searcher and extends outward to engi-
neers, tec]mologists, managers, investors
and manufacturers to Congress, the Ad-
ministration, the vast Federal agencies
and ultimately to the consumer and the
taxpaying voter. Science nonetheless re-
mains the source, and not unexpectedly
it mimics the change it spawns by its
own exponential growth.

The interactions of the scientific com-
munity with government, industry or so-
ciety in general have been the subject
of numerous studies and reports, most
often the work of scientists. The interior
of the community, although occasionally
explored by social scientists, has been
studied largely from a particular vantage
point such as the sociology of career
choice or the psychology of occupations.
Perhaps it is the rapid growth of the
scientific community in the past decade
that has discouraged a comprehensive
study of its internal and external rela-
tionships: the scene has changed by the
time data have been collected and an-
alyzed. In any event, we have had no
exhaustive examination of the current
scientific scene from the sociological

In recent times and particularly in the

BOORS

Spencer Klaw’s “The New Brahmins”

and the current crisis of U.S. science

point of view. Thus when a journalist
presents his impression of scientific life
in America, it merits attention by both
sociologists and natural scientists; hence
this collaborative review by a sociologist
(Zinberg) and a chemist (Doty).

The New Brahmins is Spencer Klaw’s
account of his explorations among tribes
of natural scientists located predomi-
nantly in clusters on the East and West
coasts of the U.S. In an attempt to cap-
ture the essence of an entire subculture,
to place it and its influence in the larger
culture, to identify its political and class
structure, its values, its language, its rit-
uals and the methods it employs to en-
sure the continuity of the species, he has
spent four years interviewing scientists,
visiting universities and industries, read-
ing scientific publications and attending
lectures. In addition he has assimilated
the research findings of social scientists
and has used their insights as a frame-
work for his own observations and im-
pressions. As a result he has managed to
“convey a sense of what it is like to be a
scientist in America in a time when sci-
ence has become a form of established
religion, and scientists its priests and
ministers.” Although the metaphor could
be developed by likening Klaw’s four
vears among the natives, notebook in
hand, to Bronislaw Malinowski’s sojourn
in the Trobriand Islands, the approach
is actually closer to what John Gunther
does in his “inside” books.

Yet Klaw’s book is better than that,
perhaps because the subject is a small
subculture (100,000 Ph.D.’s and 200,000
others of professional standing), not a
continent, and his focus is limited to the
practice of science, not its substance.
Klaw came to know the terrain well
enough so that the few interviews he re-
produces from his sample of 125 are
nicely to the point. A couple of dozen
slightly disguised biographical vignettes
enliven the book and convey rather well
the kind of people one meets in science.
The result is a fairly detailed picture of
American science in the mid-1960’s. In
addition to recording the usual features
that are familiar to scientists, Klaw has
tried to explore the values, mores and
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status concerns of the entire community,
not just the men at the top. He prefers
description and nuance to argument and
the imposition of ideas.

This subjective technique is the
strength and the weakness of the book.
It serves breadth and vividness, but it
does not give the reader the deeper view
necessary for any comprehension of the
complexities of this powerful institution.
Nonetheless, the facts and numerous
quotations speak for themselves, and
generally they ring true. Inevitably,
with the emphasis on catching an image
at a moment of time, the book is short
on the past and the future—on perspec-
tive. Yet it may be one of the best
impressions we shall have of what will
almost surely come to be known as the
most explosive period of the scientific
enterprise. Before developing this point,
let us look at some of the details.

In his first chapter Klaw examines the
sociological base of the scientific Ph.D,,
his position in the graduate school and
the relevance of his postdoctoral ap-
pointment to his future career. This
chapter sets the tone for the rest of the
book. Klaw notes the comparatively low
socioeconomic origins of Ph.D.’s and in-
dicates the significance of science as a
channel for social mobility. Right here
readers may begin to experience a dual
response to the book. On the one hand
they will sense the accuracy of his con-
tention. On the other they will miss the
data concerning the origins of this social
phenomenon that might enable them to
consider such matters as the conse-
quences of increasing affluence for the
recruitment of scientists.

For example, Klaw’s argument that
the more diverse student bodies at rich-
er colleges are producing more scien-
tists-in-the-making does not hold when
data from Harvard and other lead-
ing universities are considered. Indeed,
since 1957 the number of students in-
tending scientific careers on entering
Harvard has fallen off. Using older data,
Klaw argues the opposite. As an extreme
case, in the six-year period beginning in
1961 bachelor’s degrees in science at
Yale fell from 26 percent of all bache-
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lor’s degrees to 10 percent. Klaw’s next
argument—“A scientist can seldom rise
above his academic origins”—is that the
choice of graduate school is crucial for
success. The only support provided for
this contention are the observations that
more than half of the Ph.D.’s in science
are awarded by 30 institutions, and that
half of the National Science Foundation
Fellows, free to select their institution,
go to only four. (It is actually five; for
some reason the Massachusetts Institute
of Technology, which is in second place,
was omitted.)

Such data are not convincing, yet it
turns out that Klaw is right. A check
of the membership list of the National
Academy of Sciences (if one accepts
election to that body as a measure of
success) shows that of the 105 members
under 51 nearly half received their doc-
torate at one of three institutions. This
raises questions: Why is it so? Do stu-
dents destined to be first-class scientists
flock to a few centers? Or do these few
centers alone hold the secret of convert-
ing good students into first-class scien-
tists? Are the brilliant men with wrong
credentials destined to failure in gain-
ing recognition? Are we to accept the
few as being the wellspring of the
brightest? Is this the natural order of
the subculture? Can this order be
changed? Should it be changed? Such
questions are stimulated by Klaw’s book
but are not asked in it.

Klaw’s consideration of the graduate
student shows a keen perception of his
special problems. Unlike the budding
doctor or lawyer, the graduate student
in science must decide how much the
interests and style of the professor to
whom he apprentices himself will count
and how much they will influence him.
Klaw appreciates the spurts and pauses
on the way to the Ph.D., the disappoint-
ment that many must endure on realiz-
ing that experiment rather than theory
must be their goal, the benefits of col-
laboration and the dangers of exploita-
tion, the joys of the first discovery and
the plight of those who in spite of ex-
cellent grades never rise above their ini-
tial baflement in research. Still, Klaw’s
assessment of graduate training in
America is on the whole disappointing.
He concedes that at its best it is unsur-
passed anywhere in the world, but he
holds that the most serious thing wrong
is that the student is too often treated
as a peon. Although this undoubtedly
does not help to produce independent
and creative minds, it is more likely that
our most serious shortcoming is in the
poor scientific and intellectual quality
of a small but significant fraction of the
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system, both professors and students,
and that this fraction is growing more
rapidly than the rest.

The chapter closes with a look at the
postdoctoral experience. For the ma-
jority this has now become the last stop
on the way to becoming a professional.
With training behind and responsibility
for others still ahead, the postdoctoral
years are often the freest a scientist will
have. For many it is exhilarating; it is a
period when they can test their strength
and find themselves. On balance Klaw
gives a proper appreciation of a most
important, although noninstitutionalized,
class of scientific workers, one that is
vital to the basic research done at uni-
versities and that is so often overlooked.
Again, however, Klaw fails to provide
the rigorous examination of those ele-
ments in this period that produce the
true Brahmins.

It is in this way that the book pro-
ceeds to examine the scientific life. The
narrative continues on to pure science,
the good professional life, the price of
affluence, the styles of big science, the
research institutes, applied research,
industrial research, “movers and shak-
ers,” an assessment and finally an ap-
pendix: “Why Social Scientists Don’t
Fit In.” The emphasis is not on organi-
zation but rather on what various mem-
bers of the community do, how they
feel about their work and what their
motivation and their sense of accom-
plishment or disappointment is. Klaw
shows that there are several elites: those
who are given great freedom to work
at what interests them, those who move
from this experience to administer large
laboratories or universities or industries,
those who seek to shape the community
or the nation or international relations
by involvement on the Washington
scene. He does not neglect any group.
We see those whose work is dreary and
repetitious, those whose first discovery
has not been followed by a second,
those who have not found administra-
tion creative, those who are caught in
the lower reaches of a hierarchy whose
purpose they either do not perceive or
do not share and those who find delight
or at least a sense of well-being in lesser
jobs well done.

The diverse and throbbing commu-
nity Klaw pictures seems to be in a
steady state of growth and unaware of
any really vital threat to its continued
development. Such can bardly be the
case. In the interval since the material
for the book was collected American
science has been put in a soul-searching
mood by the sudden leveling of research
and development budgets and by the
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haunting concern that the beneficial
changes science promises are not being
delivered.

Consider first the demographic as-
pects of the scientific community. Al-
though the Ph.D.’s in science are not a
majority, they do form the bulk of the
upper echelons, as well as most of the
independent investigators and leaders of
research teams. Hence the character of
the community is basically expressed by
their numbers and quality. Since 1960
the rate of production of Ph.D.’s has
been increasing at a steady 10.5 percent
per year. This means a doubling of the
rate every seven years. The fertility of
this span far exceeds that of any previous
period, even the years immediately after
World War II. For many reasons such
an increase in the “birthrate” of Ph.D.’s
cannot be sustained. If it were contin-
ued and adjusted for the larger age
groups coming through, we would by
1990 be producing in one year as many
doctorates as existed in the entire com-
munity in 1965. The more telling argu-
ments, however, are those involving re-
sources, both human and financial.

The strain of the present situation on
the more intellectually gifted young
adults is indicated by the fact that one
out of every 31 white males in their late
twenties is now obtaining a doctoral de-
gree of some kind (Ph.D., M.D. and so
on). Of these young doctoral candidates
nearly a quarter are in science (not in-
cluding mathematics and engineering).
One might think that, since science is
so demanding and competitive, this
group was selected from a large under-
graduate pool. Such is not the case. The
pool of bachelors in science is only
about three times larger than the doc-
torates produced from it (when allow-
ance is made for those going into medi-
cine).

Thus either in terms of the fraction of
the population taking the doctoral route
or in terms of the college graduates pre-
pared to undertake doctoral study, the
human resources are already stretched
thin. Yet the exponential increase in
the number of Ph.D.’s goes on. If the
present growth in the rate of Ph.D. pro-
duction is maintained, lower standards
will have to be accepted and new ways
of stimulating undergraduate concen-
tration in science will have to be dis-
covered and applied. (It appears that
the increase is now being reduced by
the drafting of graduate students, but in
time it will resume.)

As for financial resources, the require-
ments for continuing this rate of growth
can be estimated by recognizing that
during the past decade the growth has



EDUCATION doesn’t have to be expensive

Paperclips, bottle caps, spools demonstrate fundamentals of science

Do you have to spend from $5 to $15 for a crystal-growing set? Of course not. All you
really need is a glass of water, a string, and some rock salt or rock candy you can
get at a drugstore for less than 25¢. Did you know you can make a microphone out of
dead flashlight batteries and other miscellaneous junk? that you can demonstrate
the nature of a magnetic field with paper clips? tell time with a compass?

With five new Dover books, your children can learn the fundamentals of the physical
sciences through a series of experiments that make learning seem the most fasci-
nating pastime imaginable. The experiments range in difficulty from demonstrating
surface tension of liquid to constructing a crystal radio set or Geiger counter. All are
safe. Almost all materials can be found around the house or bought for a few cents
from a drug or hardware store.

The experiments stick to fundamentals: you won’t find mere tricks, but instead mate-
rial directly related to modern physical science curricula. Demonstrated are basic
essentials that give grade school and junior high school students a real head start:
dynamics of light, heat, sound, electricity; basic elements of chemistry, chemical en-
gineering, biochemistry, photography; principles of magnetism, electricity, electron-
ics, atomic topics; data on photosynthesis, protozoa, generalized life cycle, circula-
tory system, etc. For each experiment, a conclusion explains clearly though simply
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SCIENCE EXPERIMENTS AND AMUSEMENTS, Charles Vivian. 73 easy experiments in-
troduce science to young children by demonstrating air pressure, heat conduction,
the nature of sound. Construct a periscope, compass, walky-talky, pinhole camera,
3-D viewer, etc. Formerly ‘‘Science Games for Children.”” 102 ills. 96 pp 6V8 x 9V4.
21856-2 Paperbd. $1.25

PHYSICS EXPERIMENTS, Muriel Mandell. Simple means demonstrate air has weight;
specific gravity, heat conduction. Thread-spool pulleys . . . bottie-cap gears . . . a
stethoscope . . . a sound amplifier—in all 103 things to do. Formerly ‘‘Science for
Children.”” Over 100 ills. 96pp. 68 x 9V4. 22033-8 Paperbd. $1.25

CHEMISTRY EXPERIMENTS, Virginia L. Mullin. Measure the amount of oxygen in air,
make a fire extinguisher, illustrate osmosis, create light-sensitive paper and make
lenseless photos; bend glass. Formerly ‘‘Chemistry for Children.’” Over 100 i!lls. 96pp.
6% X 9V4. 22031-1 Paperbd. $1.25

ELECTRICITY EXPERIMENTS, Gabriel Reuben. Explains transistors, resistors, capac-
itors, radio waves. Instructions for making lead storage cells, a rheostat out of a
pencil; turning an iron bolt into a magnet; demonstrating parallel and series wir-
ing. Formerly *Electronics for Children.”” Over 100 ills. 88pp. 618 x 9V4.

22030-3 Paperbd. $1.25
BIOLOGY EXPERIMENTS, Ethel Hanauer. Learn microscope technique: examine a hair,
fish scales, protozoa, bread moulds. Isolate chlorophyl, test for starch, grow carnivo-
rous plants, make a terrarium. (Approximately half the experiments in this baok re-
quire a microscope.) Formerly ‘‘Biology for Children.” Over 100 ills. 96pp. 618 x 9V/4.

why the phenomena demonstrated have occurred.

THE DOMAIN OF NATURAL SCIENCE, E. W. Hobson.
Thoughtful examination of role of science in relation
to philosophy, theology. Provides valuable expository
accounts of important areas in modern physical and
biological sciences—mathematics, atomic theory, dy-
namics, cosmic theories, electricity, light, relativity,
heredity and genetics, evolution, etc. By the great
British mathematician and recognized master expos-
itor of advanced mathematical theory. xvi + 510pp.
21966-6 Paperbd. $3.00

COMMON BIRD SONGS, Donald J. Borror. Calls and
songs of 60 widely distributed birds of eastern and
central U.S.; includes almost any song you are likely
to hear. Accompanying 27pp. booklet points out song
characteristics, pictures each bird. ‘‘Reproduction is
excellent, the presentation is easy to follow, and we
predict a wide sale,” The New Records.

12-inch, 33Y3 monaural disc. 21829-5 $2.75

OUR NORTHERN SHRUBS AND HOW TO IDENTIFY THEM,
Harriet Keeler. Identify over 200 shrubs of eastern
and central U.S. by looking through the 205 photo-
graphic plates. Full text includes botanical descrip-
tions, habitat; facts for botanists, nature lovers, and
gardeners. Classic guide, and still the most complete
semi-popular handbook. xxx + 539pp. 535 x 8.

21989-5 Paperbd. $3.75

FAKES, Otto Kurz. Definitive work; covering painting,
sculpture, numismatics, archeological finds. Scores of
true histories involving Cretan snake goddesses, mod-
ern ‘“‘Archaic Greek’’ work, fake Vermeers, international
scandals to 1967. 142 ills. xx + 348pp.

21871-6 Paperbd. $2.75

THE MASTER BOOK OF MATHEMATICAL RECREATIONS,
Fred. Schuh. Most important work on mathematical rec-
reations ever prepared. Searching analyses reveal why
dice games work; why binary system analysis is appli-
cable to match stick games; mathematical bases for
tic-tac-toe, geometric transformations, decimation
problems. Presents an inclusive methodology for puzzie
solving . . . almost a lifetime of material. 1st English
translation. 195 ills. xvi + 43Gpp.

22134-2 Paperbd. $3.00

THE GIBSON GIRL AND HER AMERICA, Edmund V. Gil-
lon, Jr., ed. 144 plates present the Gibson Girl, Gibson
Man, plus biting criticism of pre-War society’'s evils
and hypocracies. An accurate and absorbing chronicle
of a gilded age. vi + 144pp. 113/ x 8.

21986-0 Paperbd. $2.50

HADRIAN VII, Frederick Baron Corvo. Part autobiogra-
phy, part phantasy; the brilliantly witty creation of an
exotic, bizarre personality. The basis for the current
Broadway hit play, the novel reveals how a misunder-
stood misanthrope would behave if suddenly elected
Pope. 413pp. 22323-X Paperbd. $2.00

NEW PUZZLES IN LOGICAL DEDUCTION, George J. Sum-
mers. 50 completely fresh and original puzzles include
problems in establishing identities, in cryptarithmetic,

game-puzzles involving decimation or permutations,
etc. Only elementary math required. vi + 121pp.
22089-3 Paperbd. $1.25

LONDON LABOUR AND THE LONDON POOR, Henry May-
hew. Classic study of poverty in 19th-century London,
with testimony quoted directly from street hawkers,
thieves, prostitutes, vagrants, beggars. In Thackeray's
words, ‘‘a picture of human life so wonderful, so aw-
ful, so piteous and pathetic, so exciting and terrible,
that readers of romances own they never read any-
thing like it.”” Unabridged. 98 plates. Ivi + 1951pp.
6% x 10. 21934-8, 21935-6, 21936-4, 21937-2

4 vols., Paperbd. $14.00

GREAT IDEAS OF OPERATIONS RESEARCH, Jagjit Singh.
U.N. Kalinga Prize winner for science exposition clear-
ly explains goals, methods, applications of OR; gradu-
ally develops for reader with only elementary math
background techniques of linear programming, queue-
ing theory, Monte Carlo simulation, von Neumann and
Morgenstern’s games of chance, etc. x + 228pp.
21886-4 Paperbd. $2.25

THE MUSHROOM HANDBOOK, Louis C. Krieger. The
basic book on the mushroom family, identifying almost
any mushroom in northeast and central U.S. 158 ills.
(32 in coior), very full descriptions of over 225 spe-
cies—habitat, structure, edibility, curious attributes.
All you need to know. xiv + 538pp.

21861-9 Paperbd. $3.95.

THE SEA-BEACH AT EBB-TIDE, Augusta F. Arnold. Guide
to vast range of plants and animals of N. American
shore between tide marks. Know where to look for,
identify 175 species of seaweeds; over 450 inverte-
brate animals from barnacles and marine worms, to
snails, shrimps and squids. Over 600 ills. xii + 490pp.

21949-6 Paperbd. $3.50

LUNAR ATLAS, Dinsmore Alter. Explore minute crevices,
wrinkles, pock marks of moon’s surface in 200 huge,
full-page telescopic photos—the finest ever taken by
major observatories. They bring the moon unbelievably
close. Republication of prizewinning book. 219 Ills.
X + 343pp. 10V2 x 12%;. 21701-9 Paperbd. $5.00

LOGIC MACHINES, DIAGRAMS AND BOOLEAN ALGEBRA,
Martin Gardner. Curious history of electrical and me-
chanical machines, geometrical methods of solving
logic problems, written for non-technical readers. With
a variety of logico-scientific diversions plus a back-
ground in Boolean algebra. 94 ills. xii + 157pp.
21893-7 Paperbd. $2.00

THE MERRY ADVENTURES OF ROBIN HOOD, Howard
Pyle. Best version of the classic stories: Robin Hood,
his merry band, adventures with the Sheriff of Notting-
ham, Richard the Lion-Hearted, etc. Only edition with
all the remarkable Pyle illustrations. 23 plates. xxii
+ 296pp. 612 x 914. 22043-5 Paperbd. $2.00
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22032-X Paperbd. $1.25

HAND SHADOWS TO BE THROWN AGAINST THE WALL,
Henry Bursill. 1859 picture book shows how to make
18 shadow figures with hands and fingers—camel,
goose, old man, elephant, dog, tortoise, etc. ix +
33pp. 6%2 x V4. 21779-5 Paperbd. $1.00

DESIGN BY ACCIDENT, James F. 0’Brien. More than
100 ideas for experimenting with “‘accidents.’”’” Crackle
patterns resulting from stress in layers of glue, paint,
graphite; crawl patterns caused by coats of paint cov-
ering irregular surfaces unevenly; random dribble pat-
terns; splashes and runs; marble effects; and more.
Your fingers will itch to try them! 194 plates, 8 in col-
or. 55 figs. viii + 215pp. 83& x 11Y;.

21942-9 Paperbd. $3.50

PRECIOUS STONES, Max Bauer. Standard classic con-
taining wealth of information on general characteris-
tics of precious stones and gem minerals, how they are
cut, faults and counterfeits, determination of value,
chemical composition, matrix rocks, mining processes,
lore and legends, etc. ‘“Most detailed work on gems,"”
Encyclopaedia Britannica. 114 ills., including 8 color
plates. xxxii + 626pp. 618 x 9V/4.

21910-0, 21911-9 2 vols., Paperbd. $6.00

THE MOTH BOOK, W. J. Holland. Definitive reference
for more than 60 years. Nearly 1500 life size illustra-
tions in color of almost every moth species you are
likely to find in N. America. Text covers larval and
adult appearance, habitat, range, etc. 48 color plates,
263 figs. xxiv + 479pp. 618 x 9V4.

21948-8 Paperbd. $5.00
All books 5% x 82 unless otherwise indicated
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Your hobby?

From the big world above
to a small world below

EXPLORING THE MOON
THROUGH BINOCULARS
Ernest H. Cherrington, Jr.

1969 is the Year of the Moon, and
this magnificent book enables you
to participate in the discoveries
and explore the moon with ordi-
nary binoculars.

Dr. Cherrington’s admirable book
has 53 photographs, including
seven moon phase charts, plus
seven line drawings. It combines
text and pictures to follow the
moon through its 28 day cycle;
and show you at every point what
to look for, and how to interpret
what you see.

Ilustrated/$10

TROPICAL FISH
As A Hobby
New and Revised Edition
Herbert R. Axelrod

An aquarium is a microcosm—in
which the aquarist can observe all
the phases of life. Dr. Axelrod’s
book is a complete guide to over
100 varieties of fish, their habits,
characteristics, and needs.

The plants and foods fish need are
discussed; as are fish diseases and
their cure. The book covers both
fresh and salt-water aquariums—
and in its new, easier-to-use edi-
tion, it will win many new fans to
an exciting hobby, as well as open-
ing new avenues of exploration to
old-time aquarists.

Illustrated/Reference charts/$7.95
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been sustained primarily by the injection
into the university system (in terms of
research grants, training grants, fellow-
ships and construction funds) of an extra
$130,000 for each Ph.D. produced in ex-
cess of the number produced the year
before. With the annual increase esti-
mated at 850 for the current year, this
calls for an increase of $100 million in
Federal funds going to the university
science departments this year and pro-
portionately more in future years. In
actuality there is no increase but a slight
decrease.

We see, therefore, that all the forces
that have been so balanced as to pro-
duce a steady rate of growth in recent
decades are in disarray. Although the
crisis has been greatly intensified by the
abruptness of the leveling of Federal
support, a radical readjustment in the
coming decade is inevitable unless sev-
eral unlikely changes occur. At a mini-
mum these would seem to be (1) a solu-
tion to the many problems that keep
women and nonwhite males out of the
doctoral world (their likelihood of ob-
taining a doctorate is only about 10
percent that of the white males), (2) a
continuously lowering standard for the
Ph.D., (3) an increase in those concen-
trating in science in college and (4) a
stable growth of Federal investment in
university science of at least 13 percent
per year (allowing for an average of 2.5
percent inflation). Before concluding
that these changes are impossible, or
only partially attainable even if thev are
judged to be desirable, it is necessary to
make some assessment of the morale and
satisfaction with work inside the com-
munity, and to inquire of the society its
attitude on the return it believes it is
getting on its investment, both human
and economic. This matter is treated in
the closing pages of Klaw’s book.

Let us consider the social return first.
A recent critique of the National Insti-
tutes of Health (the “Ruina report”)
states that “the most crucial single prob-
lem to be faced at NIH is the scarcity of
individuals in the biomedical area with
the technical background, experience
and temperament needed to assume the
responsibilities of program management.
The biomedical administrator or man-
ager, at present, lacks status in the eyes
of his peers.”

Klaw comments: “A scientist may ar-
gue that this is all too bad, but that put-
ting science to practical use is not his
job. Even from a purely selfish stand-
point, however, this makes little sense.
Basic researchers in the United States
are supported largely by tax money, and

| the taxpayers representatives have been
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taught by scientists themselves that basic
research is not really useless—that it
differs from applied research mainly in
that it doesn’t payv oft quite so quickly.
In the long run, the patrons of basic re-
search will judge it by its utility. . ..

“The trouble with applied research
in the United States is not only, as I
have suggested, that able scientists tend
to turn their noses up at it. The main
trouble is that the conditions under
which applied scientists have to work in
government and industry are often frus-
trating and sometimes degrading. If sci-
ence is to be used more efliciently, ways
must be found of preserving in large-
scale applied research some of the au-
tonomy and free cooperation that char-
acterize basic research.”

The diagnosis has merit: the system
is out of balance. The psvchological in-
centives and sense of participation are
largely in basic science; the world’s work
gets short shrift. Klaw’s frame of ref-
erence is nonetheless too narrow. To
detach the scientific community from so-
ciety and inquire of the balance of pay-
ments is a useful approximation, but if
it is carried too far it presents a false
dilemma. Klaw falls into this trap with
an outburst that is at odds with the
rest of the book. “The expectations that
were aroused in 1945, when it appeared
that if scientists could invent an atom
bomb they could invent anything, have
not been realized. New products...
have, to be sure, lowed in a generous
stream from the springs of scientific
knowledge. . .. But science has done lit-
tle or nothing to mitigate hunger, pov-
erty, inequality, ignorance, or even
improve the quality of housing, urban
transportation, and medical services.”

Science in this larger sense, which in-
cludes technology and the management
and funding of the scientific enterprise,
is not simply a specially skilled unit of
the labor force retained by the society.
Rather, it is a highly coordinated sys-
tem of ideas, techniques and patterns of
action that is an integral part of society—
indeed permeates the society. For more
than a century this system has been con-
sumed with carrying out a broad man-
date to understand the natural world
and exploit that understanding for ex-
pressed needs, whether these be relief
from the ravages of disease or the pro-
duction of superior weapons. The op-
eration of the system has transformed
the environment: capricious nature has
been controlled.

This conquest of the earth is nearly
over; the frontier has moved to the moon
and the planets. Yet here on the earth
we are besieged by new problems of our



own making, problems often arising
from the unforeseen consequences of
using science and technology for a much
more limited purpose. The social func-
tion of science now lies in a new direc-
tion: to help in creating a truly hospita-
ble human environment on this planet
to replace the jerry-built one the young-
er generations are inheriting from an
age when science and technology were
asked to do quite different things. To
move in these new directions requires
new instruments. The free market and
government planning as we know it are
not enough. Most of all a keen social in-
terest is needed, one quite different from
the tone of alienation and disenchant-
ment of much current social criticism,
which mistakes the vehicle for the driv-
er. If the driver neither decides where
he wants to go nor tends to the driving,
it is unseemly to blame the car for a
rough trip to an unwanted destination.

If we return now to the human situa-
tion within the scientific community, we
are struck by the similarity between
the personal problems scientists face in
their work and those confronting others
throughout the society. Again one can-
not detach this community from the
larger culture.

Nowhere is this more striking than in
Klaw’s interviews about science as work,
that is, the career or job aspect of the
scientific life. The hierarchical organiza-
tion of scientists can be likened to a
pyramid, but it is more accurate to de-
scribe it as a pyramidal iceberg with
only the top tenth of its bulk visible.
This visible section—the Nobel prize
winners, the President’s scientific ad-
visers, the active members of the Na-
tional Academy, the inventors of new
electronic devices and those who are in-
volved in the development or control of
nuclear weaponry—are the men who are
the collective public image of science.
It is they who are Klaw’s new Brahmins.
As in most fields, however, only a few
make it to the top. What happens to the
other nine-tenths is not often written
about, yet it is they who make up the
work force of American science—indus-
trial, governmental and academic. The
outsider looking at scientists may see
them as a homogeneous elite, but the
majority of those inside do not recog-
nize themselves as Brahmins.

As Klaw presents his findings, the at-
titudes toward success vary to some de-
gree with the expectations of the indi-
vidual. A student whose doctoral-thesis
experiment failed sees himself as doomed
to a life in industry. Yet another scien-
tist who has not attempted to go to grad-
uate school works his way up through

After sundown, most cameras
fall asleep. It's not out of boredom.
They just can’t keep their lens open
wide enough in the one big shadow of
evening.

That's why Minolta came up with
the SR-T 101 with a Rokkor /1.2 lens.

It shoots while others sleep.

Not only is it wide awake longer,
but the viewfinder’s brighter from cor-
ner to corner. That's because the auto-

matic diaphragm stays open until you
shoot.

If you've got a sleepy camera on
your hands, put it to sleep for good and
get a Minolta SR-T 101 35mm reflex
with an f/1.2 lens. It's under $335.00
plus case.

For details see your dealer or
write: Minolta Corp., 200
Park Ave. South, New Yaork,

N.Y. 10003.

e

IT STAYS AWAKE LONGER
THAN MOST CAMERAS.

THE RISE
AND FALL

OF T.D. LYSENKO

Zhores A. Medvedev, Translated
by 1. Michael Lerner

For sheer quackery in the field of genetics,
Trofim Lysenko was unequalled, and during his
decades of absolute control over Soviet
biological and agricultural research, he assured
the domination of both fields by the West.

How could this have happened? Medvedev’s
remarkable book gives answers to years of speculation
on Lysenko’s “take-over,” which not only stifled
Soviet science but had disastrous effects on the

economy as well.

Smuggled out of the Soviet Union (where it will
probably never appear) and translated by a
distinguished educator and scientist, the book telis

the whole story of the merciless purges that an
illiterate and fanatical charlatan arranged so that he

might continue to control Soviet science.

oz | COLUMBIA university Press

$10.00
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the very same organization, to the same
position the failing Ph.D. took for want
of anything better, and sees his promo-
tion as a sign of success. Now that more
than 50 percent of American youth are
attending college, everyone’s expecta-
tions about the possibility of “surfacing”
have been lifted. For the majority of the
workers in the broadest stratum of the
pyramid (now increasingly filled by
college graduates) their work will bear
little resemblance to the excitement of
science as depicted by college profes-
sors, appealing research-and-develop-
ment advertisements, industrial-person-
nel scouts and the ever visible tip of the
iceberg.

Although jobs may be upgraded by
title, their content becomes apparent all
too quickly. For some a shift into man-
agement is the answer. For others the
response is a feeling of having been be-
trayed by the system that promised a
career but produced a job. It is the dis-
crepancy between the expectation and
the reality that heightens the disillu-
sionment.

As social science is beginning to dem-
onstrate, the real recruitment of scien-
tists begins in school, not college. Stu-
dents may shift out of science in large
numbers in college but they rarely shift
in. As the high schools must provide
sufficient stimulus to would-be scientists
to prepare them for the college science
curriculum, so must the college serve as
a relevant link to postcollege opportu-
nities.

Because of the rapid accumulation of
knowledge and the resulting change in
industrial research and production, the
colleges must cope with the problem of
obsolescence in the science curriculums.
A recent study of science graduates in
Britain indicated that they make use of
roughly 15 percent of what they learned
in college. The figure is probably higher
in the U.S. because of less rigorous aca-
demic requirements, but it does serve as
a warning. If the college is to fulfill its
function of providing an education for
those other than an emergent elite, it
must somehow make the curriculum
relevant to the situation its graduates
will face. This is not an easy task.

The challenge now is to concern our-
selves with the quality of work, not the
quantity. Several companies afluent and
inventive enough to do so have begun
to experiment with new career patterns
for scientists in their organizations, by
changing task groups, by continuous ed-
ucation and by increased participation in
company decisions. These companies,
however, are clearly not in the majority.
In most places one finds a growing un-
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ease about life, not at the top but in the
middle. Science students who are not
headed for graduate school but who
know they can find a job somewhere
are beginning to question their future.
An undergraduate recently interviewed
about his prospects in chemistry said
that he was beginning to change his
mind and would probably shift to eco-
nomics because it was “too much of a
slog in college to end up as a drone.”

The curtailment of funds for the sup-
port of academic research has sudden-
ly reduced the number of openings in
good universities for this year’s doctor-
ates. For a promising M.I.T. physicist to
have to choose between a third-rate uni-
versity job with little opportunity for
research and a second-rate job in indus-
try is understandingly frustrating. It is
hardly surprising if he joins in a research
stoppage for a day’s discussion of the
misuse of science.

These dissatisfactions, which Klaw
picked up a few years ago and which are
now more evident, run parallel to the in-
creasingly frequent use of science as a
scapegoat. The rash of physical assaults
on computers illustrates this distemper.
It is clear that dissatisfactions are run-
ning wide and deep both inside and out-
side the community of the new Brah-
mins.

It is interesting that Klaw, in attempt-
ing to portray the scientific community
as an established elite, chose the meta-
phor of organized religion to convey his
impression of institutional solidity and
permanence. Consider what is happen-
ing within the religious establishment at
the moment: the clergy find themselves
torn by conflicting views on the role of
authority, on the war in Vietnam, on the
relevance of their church to society, on
church-state relations, on civil disobedi-
ence and on the modern role of the
church. With a little modification this
list becomes the issues that disturb many
scientists.

For the new Brahmins, as for the
clergy, this turmoil and self-questioning
are probably a prelude to a new rela-
tionship with society. If this new rela-
tionship is successful, there will be much
new work to do. Many of the present
discomforts and frustrations will disap-
pear. The number of scientists will again
increase, and their support will multiply.
Society may even get the new, hospi-
table environment it wants, and then
perhaps find itself dissatisfied with what
it has got. So the cycle may continue.
Among the Brahmins, however, there
will be some for whom the pursuit of
science itself is sufficient. They will not
be dismayed by the inner turmoil or the
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outer upheavals. This is what they ex-
pect and what they need. As Klaw re-
minds us, in the scripture according to
Jacques Monod there is this passage:
“In science, self-satisfaction is death.
Unquietness, anxiety, dissatisfaction,
and torment, those are what nourish
science. Without fundamental anxiety,
there is no fundamental research.”

Shorter Reviews
by Philip Morrison

LT NIFORMITY AND SIMPLICITY: A SyM-
POSIUM ON THE PRINCIPLE OF THE
UniFOoRMITY OF NATURE, edited by
Claude C. Albritton, Jr. The Geological
Society of America ($4.50). Tue His-
TORY OF THE EARTH'S CRuUST: A Sym-
posiuM, edited by Robert A. Phinney.
Princeton University Press ($13.50). The
astronomers of the 18th century placed
man within space. Even the distant gal-
axies were interpreted correctly by Im-
manuel Kant. Putting man into time,
however, was the task of the 19th cen-
tury, when geologists began to perceive
the true span of the earth’s history. Four
authors—a geologist, a historian of sci-
ence, a paleontologist and a philosopher
—address this topic in the first of these
two books, a rather too costly but very
interesting paperback. They approach
in their different ways the question of
that overarching but somewhat mysti-
cal principle of uniformity that gov-
erned the rise of modern geology. It is
plain that the principle is not literal: the
earth and the sun must wear out and
run down, if physics is not wholly in
error.

The mighty thermodynamicist Lord
Kelvin, with his magisterial manner, his
long equations and his long beard, de-
manded that his not very quantitative
adversaries set some limit on geologic
time. The field men and the evolution-
ists, from Lyell and Darwin on, knew
from the data that the time was long, far
longer than Kelvin’s energy sources
would allow. Their great principle
amounts in hindsight only to this: the
sum of geologic change is patently large.
Still, the observed rates of change are
painfully slow. Either the elapsed time
is very long or the rates of our epoch are
hopelessly misleading. It was learned
step by step that although rates must
and do differ (there are more glaciers
during ice ages), the possible differences
in rate seem small compared with the
vast ratio between the Biblical time scale
and the geologic one.

This insight was the implicit basis for
the principle of uniform change, which
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Why is air freight called “shipping?”’

It’s no mere sop to tradition that
anything carried by air (or any way) is
spoken of as “shipping.” The word per-
sists because ships persist in being the
major movers where the greatest
weights and distances are involved. As
in international trade...or military ship-
ments overseas. Of all material needed
in Vietnam, for instance, more than
95% is ship-delivered. It was 99% in
World War II. And in Korea, 98%.

Wartime or any time, ships are literally
life-and-death important to a nation on
an island continent and far from self-
sufficient: Of 77 strategic materials

needed, we must import 66. Yet—here’s
the shocker — nearly 95% of our im-
ports and exports are carried by foreign
ships.

That’s a ratio fraught with risk. A risk
no other nation elects to take. Smaller
ones, like West Germany and Sweden,
are building more than double our new
merchant tonnage. Russia is taking
delivery of 8 ships for every one
America builds.

Unless we build more ships in U.S.
yards, we really can’t be sure of getting
more ships—or shipping—when we may
need them even more than now.
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was never logically admissible and yet
informed a century of triumphs. Norman
D. Newell makes a strong case for the
rapid extinction of animal forms at cer-
tain periods, but even this special cir-
cumstance seems to imply nothing dif-
ferent from what we can see in recent
times. It was the American geologist
T. C. Chamberlin who seems to have led
the way to reconciling physics and ge-
ology, by breaking through Kelvin’s (and
Helmholtz’) limit of 20 million years
with the observation that the theory
“takes no cognizance of latent and oc-
cluded energies of an atomic or an ultra-
atomic nature.” He wrote in 1899, only
three years after Becquerel had found
his fogged photographic plate.

The second book, an updated report
of a symposium held late in 1966, orna-
mented by two striking magnetic maps
in color, is devoted to the geologists’
second victory over an immature geo-
physics. Nearly a score of papers set out
the impressive evidence for the change
of geography over the span of geologic
time—the long-denied formation of the
modern oceans by the worldwide wan-
derings of the continents. Only three of
the papers fail to present strong evi-
dence for continental drift. They are all
paleontological. It is plainly dangerous
to conclude from the presence of coal-
forming swamps that the climate was
warm; coal is being formed today in
northern Greenland. Even so, the main
climatic indicators such as fossil desert
soils or tropical trees tend to bear out the
drift, just as the jigsaw-puzzle fit of con-
tinental shapes and rock types do.

The story of sea-floor spreading is also
told here—the stuff pouring out of the
seismically active submarine ridges to
solidify in stripes of differing magnetic
polarity, neatly arranged in perfect sym-
metry and well ordered by radioactive
dating. It is compelling to see the mag-
netic directions on the sea floor near Ice-
land fit so well the magnetic-reversal
time scale deduced from profiles taken
in the South Pacific! The rich and satis-
fying order in these studies seems all but
final.

One misses some remarks about the
purely technical problem of position-
finding at sea implied by these maps.
Even the summaries drawn here show
positions meaningful at resolutions of a
couple of kilometers; the original data
were 10 times better than that. Doppler
tracking of satellites is to be thanked for
these elegant results, today and in the
future.

The kinematics of continental drift
now appear plain; its dynamics are still

| in doubt. Hot crystals do creep, how-
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ever, under a prolonged small stress.
The huge blocks in the earth’s crust rub
together, starting earthquakes whose di-
rection of first motion confirms the ex-
pected direction of flow and exhibits the
nature of the offsets in the submarine
ridges. California is sliding oceanward
an inch a year; someday soon, between
lasers and radio interferometry, we shall
be able to see it move. Someday we shall
also know what is pushing or pulling it.

x_vm\' CrLaRrk & Sons: ArTisTS IN Op-
+ % 11cs, by Deborah Jean Warner.
Smithsonian Institution Press ($1.75).
When Dom Pedro, the urbane emperor
of Brazil, came to the U.S. for the Cen-
tennial Exposition, he visited Cam-
bridge, Mass. There he sought to meet
only three people: Henry Wadsworth
Longfellow, Louis Agassiz and Alvan
Clark. Clark was the head of the Yankee
instrument-making firm that gained
America preeminence in large telescope
lenses, a preeminence that was carried
over to mirrors by the energy of George
Ellery Hale and that has been main-
tained since 1873. The Lick Observatory
in California, the Yerkes in Wisconsin
and the Pulkovo in Russia each used a
big Clark lens. His shop was prepared
to start on a 60-inch, and no one has yet
beaten the 40-inch they made, which is
still working well at Yerkes.

Alvan Clark was an engraver, a minia-
ture-painter and an amateur gunmaker
and sharpshooter. When the great comet
of 1843 stirred excitement, his son, then
a student at Phillips Andover, melted
down the broken dinner bell to make a
metal mirror. Father too was beguiled
by the new craft. The business began a
few years later, and for 50 or 60 years
Alvan and his two sons, with half a doz-
en workmen in a riverbank shop in Cam-
bridge, furnished the finest lenses in the
world (and many accessory instruments)
to observatories in Europe and all over
the U.S. Their work was conservative,
conventional, not much concerned with
new designs. They chiefly made big
Fraunhofer doublets. It was painstaking
care, patient local correction and the
artist’s integrity with which they worked
French and British optical glass that
enabled them to lead the world in big
lenses.

One anecdote must stand for the
many told so well in this small book.
The University of Mississippi built a
replica of the Pulkovo Observatory and
ordered from the Clarks the world’s big-
gest lens, a 19-inch objective. The Clarks
moved to a larger shop to make the lens,
the diameter of which they finally set at
18% inches. The work was finished late



This photograph of Nevada, Arizona, California and
Baja California, was taken with Hycon’s HR-236 Camera
during an X-15 flight at high speed at a near-space
altitude.

The HR-236 Camera was designed to focus in the
near infrared portion of the spectrum, enhancing the
use of Ektachrome IR film to delineate characteristics
of the earth not normally evident when color or black
and white film is used. Had this photo been exposed in
the normal manner, there would have been a blending
of colors or of shades of gray.

Our camera was designed to provide results for earth
scientists who are establishing earth resources criteria.
The brilliant reds are caused by the reflected return
from chlorophyll present only in healthy, well watered,
growing plant life.

In the foreground is Las Vegas with a few scattered
fields of irrigated alfalfa, also irrigated lawns and trees,
providing the red pattern in the center of town. The
stream leading from Las Vegas to Lake Mead (left

WE'LL TRADE YOU A 15" x 18” LITHOGRAPH OF THIS PICTURE FOR YOUR RESUME.

Hycon has career opportunities in optics, electronics, earth resources,
reconnaissance, electro-optical instrumentation, among others — from ground

level to space. We are an equal opportunity employer.

center) provides sufficient moisture to support plant
growth along its banks.

The two small red patterns between Las Vegas and
Hoover Dam are irrigated lawns of Henderson and
Boulder City. The Colorado River flows south from Lake
Mead to Lake Mojave through an area so rocky that
moisture cannot be absorbed to support plant life.

At the upper right of Lake Mojave lies Needles,
California; the irrigated fields to the south provide the
large red pattern. At the upper right of this area is
Lake Havasu. In the left corner some mountain tops
are tinged with red, indicating forested areas.

For the geologist the tonal differences from tan to
blue-gray provide a key to the lithologic nature of the
area. The geologist is also provided remote analysis
of the structural characteristics, exemplified by the
linear mountain ranges, the horizontal stratification in
the center of the photograph, and the randomly scat-

tered alluvial fans.

700 Royal Oaks Drive
Monrovia, California 91016

COPYRIGHT © 1969

© 1969 SCIENTIFIC AMERICAN, INC



© 1969 SCIENTIFIC AMERICAN, INC



“First we take the whole plane
apart, piece by piece’

American Airlines has a special place.
Where everything that can be done to a
plane, is done to a plane.

Where over 3,000 mechanics work shifts
around the clock. And every Astrojet
takes its turn getting overhauled.

It's our sprawling maintenance and engi-
neering center in Tulsa, Oklahoma.

A 55-million-dollar base that covers 255
acres, and is still growing.

But in Tulsa, nothing will ever be bigger
than the responsibility.

James Morgan, an airframe mechanic for
13 years, talked to us about his job:

“No one section or part is more impor-
tant than the next.
Everything has to be perfect. The ribs,
the beams, the skin surface, the landing
gear, the power systems.
First we make sure we did the job right,
then an inspector comes along to make
sure we did the job right. Check, check,
and recheck.
If your automobile got the same kind of
attention,itwould last forover100years.
Tell the passengers that”’

James Morgan is our kind of man. He has
his job because he's the best at it. That's
the American Way.

Fly the American Way. American Airlines
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in 1861, but by then Mississippi and
Massachusetts were at war. The Clarks
tested the lens on stars from a pier on
their own grounds. They were watching
to see how early the light from Sirius
could be perceived around the corner of
a building before the star itself came
into view; thus did they discover in 1862
the famous dense companion of Sirius.
Their lenses and prisms were used to
compile the great Draper catalogue of
spectra; their clock drive at Harvard
helped to make the first successful celes-
tial photographs.

The refractors they foresaw as the
great telescopes of the future have been
all but superseded, but the Clark work-
manship remains a monument. “For the
final rub, Alvan Clark could find no suf-
ficiently soft cloth, and so he used his
bare thumbs!” Under this punishing re-
gime his thumbs burst open late in life;
the Puritan view of a contemporary as-
tronomer, Maria Mitchell of Nantucket,
was that “into every superior work the
martyrdom must come.”

NOBLE-GAS CHEMISTRY, by John H.

Holloway. Methuen & Co. Ltd.
($6.75). In late summer of 1962 it be-
came clear to chemists that the noble,
or inert, gases in actuality had a normal
stable chemistry. Discovered in Britain
and first elaborated at the Argonne Na-
tional Laboratory in the U.S., com-
pounds of xenon and fluorine were made.
The author of this attractive, brief and
interesting book was then beginning
work in Birmingham on his Ph.D. thesis
in inorganic chemistry, which led him
to prepare xenon compounds. Since
then he has been caught up in this en-
ergetic field of work, which has in so
few years justified his sober remark that
“the broad features of the chemistry of
the noble gases are now fairly well
established.”

The text has three distinct parts. First
there is a useful, but hardly novel, re-
view of the discovery and properties of
the noble gases themselves. Then he dis-
cusses the older, weakly bound kind of
chemistry long known for the noble gas-
es: the existence of short-lived molecules
and ions including these atoms, margin-
ally capable of isolation and known only
from the spectroscopy of discharge tubes
and in the mass spectrometer. All the
gases that are heavier than helium, for
example, are theoretically expected to
form two-atom molecules at room tem-
perature and pressure on the order of 1
percent concentration; it seems that
such neutral diatomic argon and xenon
molecules have even been detected.
X-raywork in the postwar years revealed

that a long-known class of compounds
named clathrates (after the Latin word
meaning protected by a grating) con-
sisted of a crystalline lattice of a “host”
substance (an organic crystal or an un-
usual form of ice) holding in its cavities
“guest” molecules such as sulfur dioxide,
argon and xenon. The noble-gas cages

made by ice were discovered, if not rec- |

ognized, as soon as the inert elements
were known. Clathrates are now used to
store the noble gases, particularly their
radioactive isotopes.

The real, strongly bound chemistry of
noble gases occupies better than half of
the book, with detail extending from the
history of this young science through the
theoretical arguments behind it to the
methods of preparation and the man-
agement of the hazards of the art. The
compounds of the heavier noble gases
are not challenges to chemical theory,
however forgotten the possibilities were.
Linus Pauling predicted several of the
most important compounds quite accu-
rately in 1933. Don M. Yost and Albert
L. Kaye tried that same year to make
xenon and fluorine react in a spark, with
no success. The method they chose does
work; the small quantity of xenon avail-
able and the crudeness of fluorine tech-
nology at the time seems to have hidden
the result. Holloway comments: “Yost
seems to have been particularly un-
lucky.”

Now we have the main results. Only
krypton, xenon and radon form stable
compounds. In these the noble-gas
atoms are always bound either to fluo-
rine or to oxygen. Most of the work is
done with xenon; krypton is so light that
it forms few bonds and radon is so radio-
active that it can be studied only in mi-

nute quantities. But xenon compounds |

abound. They are all potential explo-
sives, because they react easily with wa-
ter to form the white, transparent crys-
tals of xenon trioxide (XeOjg). This stuff
is set off by rubbing, pressing or gentle
heating; it detonates with a blue flash
and the violence of TNT. A convincing
sketch of a nickel container blown asun-
der by 200 milligrams of solid XeO, adds
emphasis to the text.

The material in this book is not only
interesting but also occasionally surpris-
ing. Consider the class of compounds
called perxenates. An example is sodium
perxenate (NayXeOg), which at room
temperature is an entirely stable, not
very soluble colorless crystal. The per-
xenates are the most powerful solid oxi-
dizing agents we have. They are rivals
to fluorine gas, and can rapidly oxidize
water to oxygen. One imagines a con-
scientious editor of science fiction some
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years back striking out as being too
whimsical a sentence suggesting that
rocket engines might use a compound of
xenon!

THE CP PuzzLE: STRANGE DECAYS OF

- THE NEUTRAL KaoN, by P. K. Kabir.
Academic Press ($6). Everyone with an
interest in science that dates back at
least to Sputnik days can recall the ex-
citement with which the world learned
about the work of T. D. Lee and C. N.
Yang. They had foreseen that nature
does not treat every physical system and
a model made in its mirror image equal-
ly. Before a year was out the late Lev
Landau had generalized on the matter
a bit: even if right and left were distinct,
it might still be that the distinction de-
pended on knowing positive charge from
negative. The overall mirror, which re-
flects right into left and particle into
antiparticle, might remain indiscernible
in nature. Then the beta decay of anti-
cobalt would have a handedness exactly
inverse to the handedness observed in
the decay of real cobalt. This elegant
view persisted until 1964, when a re-
markable experiment at Princeton chal-
lenged the symmetry of the Landau
mirror (called the CP mirror for charge
and parity).

The Princeton experiment was a
sharper look at a phenomenon even
more remarkable than beta decay. It is
the decay of the neutral kaon, or K par-
ticle, which is different from the decay
of any other particle. First note that the
neutral kaon and its antiparticle are not
identical. They are opposites in the
quantity called strangeness, which gov-
erns the interaction with neutrons and
protons. But strangeness (unlike, say,
electric charge, to which it is in a way
analogous) does not remain strictly con-
stant in nature. The neutral kaon, and
the antikaon as well, both slowly decay
into two neutral pions, or into a positive-
negative pion pair. We know of no way
to tell the kaon and antikaon products
apart.

The result of the existence of two in-
distinguishable modes of decay is an
interference phenomenon, just as the
two alternative slits by which an elec-
tron can indistinguishably reach a detec-
tor give rise to an interference phenom-
enon. The kaon we observe, then, is
neither the pure neutral kaon nor the
antikaon but a superposition of the two.
This philosophically startling notion is a
firm prediction of quantum mechanics,
and it leads to an anomalous decay of
the experimental kaon, a decay that is
nonexponential and changes its nature as
time goes on. Over a short time span
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the neutral kaon decays mainly into two
pions; after the particle beam has moved
a few centimeters the remaining kaons
decay chiefly into three pions. It is even
possible to regenerate the two-pion de-
cay by allowing collisions along the way,
all according to the well-tested theory.
The Princeton experimenters showed,
however, that the distinction is only ap-
proximate; once in a great while even
the well-traveled neutral kaons can still
decay into a pion pair.

This book is a careful treatment of
the puzzle. It is not for the general read-
er; it assumes a good knowledge of the
mathematical formalism of one-particle
quantum theory in the style of P. A. M.
Dirac, although not of the full many-
particle field theory. It considers all the
ways out of the problem, which revolve
around the need to drop the Landau mir-
ror theorem, so that the neutral kaon
and its antiparticle are no longer to be
represented by distinct states that be-
have in precisely the opposite manner in
the CP mirror but rather by some mix-
ture. No other conclusion seems possible.

It is unfortunate that the book can
refer only in a footnote to an important
result obtained in the summer of 1967:
that the long-lived neutral kaon com-
ponent decays into negative pion and
positive muon more often, by a couple
of parts in a thousand, than into the CP-
mirrored pair (a negative muon and a
positive pion). This is a much clearer
basis for claiming CP violation than the
subtler two- and three-pion decay experi-
ments, on which the exposition focuses.
The entire treatment is nonetheless clear
and complete; it will be valuable for stu-
dents who want to enter this difficult
and deep field of investigation, and for
workers in other fields who want a clear
account of the results in simple quan-
tum-mechanical language.

ECOLOGY oF Parasites, by N. A. Croll.
Harvard University Press ($3.25). In
the 100-odd pages of this little book a
London zoologist has written a lively
beginning account for students and gen-
eral readers. The startling engineering
ingenuity of the host-parasite relation-
ship best appears in specific examples,
and they are here in plenty. Unlike the
usual text on the subject, this work does
not present the parasites by zoological
class. Instead it discusses the generalities
of parasitism: a sensible heuristic defini-
tion, the range of parasitism, the trans-
mission schemes, the effects on hosts,
the path of evolution and so on.
An almost moral conclusion is implied
by most descriptions of the commonly
degenerate state of the adult parasite.
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In 1963 the island of Surtsey was born of a volcanic eruption in the Atlantic submarine ridge south of Iceland.
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of catalogs on that desktop... from
the largest companies and the
important regardless of their size.
There is just about everything a
design engineer needs to have the
latest information about the newest,
as well as the most used products

There are over a half million pages
of other data too: every active MIL
spec, complete with amendments,
slash sheets with latest revisions
spotted. QPLs and MIL Standards
are there, and all the current ASTM

McGraw-Hill

We update all of this material every
two months (MIL Specs every month)
and have our computers print out a
whole new index. Result: you can
find almost anything in less than two
minutes. We say ‘“‘we make engineers
out of engineers’” because we've
eliminated their file clerk function.

It gives you 10% more engineers
for the cost of one file clerk.

For further data (a detailed 12 page
brochure) write

SWEET’'S
MICROFILM
FILE

Information Systems Company,
Dept. SA54. 330 West 42nd Street, New York,

Standards. N.Y. 10036.

UNUSUAL GIANT FREE
BARGAINS CATALOG *
BY MAIL A selection of products available by mail for readers of Scientific American 148 - PAGES

All merchandise sold on a money-back guarantee. Order direct by Stock No. Send check or M. O.

CONTINUOUS WAVE
HE-NE LASER

Top quality instrument —budget
price. Portable, versatile, easily
operated. Just plug in reg. outlet-
nowarmupreaq. Ideal for research,
lab experiments, holography, op-
tical testing & alignment, survey-
ing, etc. 1 milliwatt minimum
output in TEMQOO mode. Long
tube life guaranteed 1,000 hrs.
(3m typical). Produces continuous
intense beam of coherent, mono-
chromaticlightat 6328angstroms.
1.5 milliradian max. divergence;
10 mm beam diam. 1”7 diam. x
14” laser tube. Instant starting
cold cathode. Safe, solid state,
low ripple regulated power supply.
Stock No. 79,0025.5220.00 Ppd.

GIANT FREE CATALOG

148 Pages! More than 4,000
’ UNUSUAL
BARGAINS!

Completely new.
Enormous vari-
ety of telescopes,
microscopes, bi-
noculars, mag-
nets, magnifiers,

nents, lenses,
prisms, optical
instruments, partsand accesso-
ries. Write for Free Catalog ‘S’
NAME
ADDRESS
CITY_

STATE

photo compo- ]

>y

i _ :
3" ASTRONOMICAL
TELESCOPE

Seec moon shots, orbits—stars,
phases of Venus,
60 to 180 powe:
omar reflecting type. New, im-
proved, aluminized & overcoated
3” diameter /10 primary mirror,
ventilated cell. Equipped with 60X
eyepiece and mounted 3X finder
scope, hardwood tripod. FREE:
“STAR CHART''. 272-page
“HANDBOOK OF HEAVE H
“HOW TO USE YOUR TELE
SCOPE” book.

Stock No. 85,050S. .$29.95 Ppd.
44" REFLECTORTELLSCOPE
Stock No. 85,105S..584.50 FOB
6” REFLECTOR TELESCOPE
Stock No. 85,0865.5199.50 FOB

ANALOG COMPUTER KIT
Demonstrates basic analog com-
puting principles. Can be used for
multiplication, di on, powers,
roots, log operations, trig prob-
lems, physics formulae, electricity
and magnetism problems. Oper-
ates on two flashlight batteries.
Electric meter and 3 potentiom-
eters mounted on die-cut box.
Answer indicated on dial. 20”
long, 9” wide, 2” deep.

Stock No. 70,341S.. $14.95 Ppd.

- " R

WORKING MODEL
DIGITAL COMPUTER

Solve problems, teach logie, play
games with miniature version of
giant electronic brains! Adds, sub-
tracts, multiplies, shifts, comple-
ments,carries,memorizes.Colored
plasticparts easily assembled. 12”x
314”x434”. Incld. step-by-step as-
semblydiagrams, 32-p. instruction
book covering operation, computer
language (binary system) pro-
gramming, problems & 15 experi-
ments.

Stock No. 70,683S...55.98 Ppd.

WFF'NPROOF-LOGIC GAMES

Practice abstract thinking and
math logic. Developed by Yale
prof. If you think learning should
be fun, try WFF N PROOF
brain-to-brain combat! 21 games
of progressive difficulty. Starts
with simple games mastered by
6-year-olds, ends with subtle
logic for challenge to professional
logicians. 814”x534” case contains
logic cubes, playing mats, timer.
Stock No. 60,525S...%6.00 Ppd.

ORDER BY STOCK NUMBER » SEND CHECK OR MONEY ORDER = MONEY-BACK GUARANTEE
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One parasitic adult crustacean is hardly
more than a “bizarre, extravagantly de-
veloped egg sac,” quite unidentifiable as
to family. It was finally learned that its
tentacled free-living larva was quite
similar to the larva of many nonpara-
sitic relatives. There is typically such
a “staggered division of labor” during
the various life stages of the parasite;
viewed over the entire cycle of its life
the organism is in no way degenerate.
It is a successful, adaptive, independent
form.

The reactions of the hosts are most
varied: the oyster forms a pearl around
not only a grain of sand but also the lar-
va of a fluke. A shore crab parasitized by
one kind of barnacle suffers so severe a
hormonal disturbance that it stops molt-
ing. Its unrenewed carapace gradually
becomes covered with weeds and other
barnacles. Sometimes the disturbance
goes so far as to turn an infested male
into a female. Again, a larval worm ma-
tures inside a bee host. The larva must
return to water at maturity in order to
burst out of the host’s body, mate and
lay eggs. 1t is reported that “an infected
bee flying over a pool . . . about six feet
over it [dived] straight into the water.
Immediately on impact the gordian
worm burst out and swam into the wa-
ter, the maimed bee being left to die.”
The mechanism is obscure; one would
like statistics.

Parasites must of course avoid over-
kill. Too many guests living off a single
host means disease and is generally not
efficient. (“The parasite must live off
interest and not capital.”) Certain nema-
tode worms found in the gut of the sheep
and of the rat demonstrate the phenom-
enon of self-cure. The larva burrows
deep into the stomach lining, inducing
by irritation a secretion of histamine in
the host’s bloodstream. The histamine is
taken in by the adult worms clamped to
the gut, where they feed directly on the
flowing blood. Enough of the agent
causes the adults to release their hold.
Thus a second infection by larvae does
not add worms but rather replaces the
old adults by new ones. No sheep or rat
can pick up too many of these worms at
once. Parasitism is full of such feedback
loops, at once the fruit of long evolution
and the evidence of it.

XtOUND THE WORLD: A VIEW FROM
+* Space. Rand McNally & Company
($4.95). The Government Printing Office
gave us the first album of color photo-
graphs from the Gemini orbital flights
(reviewed here in January, 1968). Now
we have a commercial version, with 96
pictures in excellent offset color repro-



NEVER MIND OUR OPINION
after all,we’re prejudiced

BUT
read these new quotes from two

road tests of the Rover 2000 TC

On why we don’t need a yearly
model change:
“The design of the TC is such that even
in today’s fast changing automotive
world, the appearance of the Rover will
never grow old.”! “Few excuses need to
be made for its performance, roadabil-
ity, or accommodation when compar-
ing it to other sedans in the same class
but of more recent design.”?
On Rover engineering:
“This is a car which does everything
just right and to say that the Rover
2000 TC is a perfect piece of automo-
tive engineering is certainly not exag-
gerating.”3
On the Rover “ride”:
“Springing is soft, and the result is a
very plush ride with less harshness than
any car short of a large American
sedan.”* “Radial tires have been stand-
ard on 2000’s from the outset”® “and
the suspension has been tuned to these
radial ply tires in such a manner that”¢
“their usual effects on ride harshness
have been completely tuned out.”?

On manoeuverability and spunk:
“The TC also has very high cornering
power for a sedan.”8 “We had occasion
to come up against a few sports cars in
town, and no doubt their drivers were
somewhat amazed when this sedan
managed to leave them during corner-
ing manoeuvres. It is a very satisfying
feeling to have a luxurious sedan which
can give you adequate acceleration and
then perform like a true GT when it
comes to roaring through corners,
along super highways or over
country roads.”? ==
On the engine:
“The engine
doesrun flex-
ibly and with-
out tempera-
ment, starting

quickly onits manual choke and having
no carburetion flat spots or low-speed
bucking to spoil everyday city-suburban
driving.”10 “The car’s highway per-
formance is superb and cruising at
90 mph is an effortless job for the
engine,”11
On shifting and braking:
“The all synchromesh gear box makes
shifting a delightful experience and the
throws are quick and accurate.”12 “The
gearbox itself is quiet and infallibly syn-
chronized and its ratios are appropriate
for the car and engine. The shift lever,
which has a trigger release for getting
into reverse, is in just the right place.”13
“The brakes are familiar Girling solid
discs all around with plenty of swept
area and two vacuum boosters.”14
On getting into the Rover for the
first time:
“When you first sit in the TC it brings
out a certain excitement.”15 “In the
2000’s interior, the car’s individuality is
as clear as in the handling and ride.
There’s a definite English feeling about
the surroundings, with proper leather
...used as you would expect.”16
On instrumentation:
“Control switches are easy to reach and
there is no mystery as to what they are
as each one is clearly marked.”17 “The
steering wheel is adjustable up-and-
down about 1%% in. but not fore-and-

aft; a widely adjustable backrest, how-
ever, takes care of all adjustable
needs.”18 “Standard equipment for our
market is an intriguing gadget known
as Icelert.”1® “This flashes on and off
when the temperature goes below the
36 degree mark and stays on when the
temperature reaches the freezing
point.”20
On fresh air and heating:
“Most notable is the heating and venti-
lation system, which in spite of much
catching-up by other manufacturers
over the past five years is still the best
we’ve experienced in a British car.
Especially notable are the dash vents
smack in front of the driver and pas-
senger.”21
On creature comforts:
“Another touch, one we’d applaud in
any car, is the pair of drop-down bins
under each side of the dash that serve
as storage space and as the best knee
protection in a crash that we’ve seen.”22
“The seats themselves, both front and
back, fit like a glove providing maxi-
mum comfort.”23
On visibility:
“The view out over the sloping hood is
outstanding, little fender-cap lights de-
fining the front corners, and to the sides
and rear vision is also more than ac-
ceptable.”24
On buying a Rover:

The price we’re quoting these days for
the car that brought forth all this

unsolicitedenthusiasmis $4,198.
Write: British Leyland Motors
Inc., 600 Willow Tree Road,
Leonia, New Jersey 07605.

Or, better still, see your

Rover dealer. He'll do his
% best to make you happy—
and you can quote us on that.

Road and Track: 2,4,5,7,8,10,13,14,
16,18,19,21,22,24

Canadian Track & Traffic: 1,3,6,9,11,12,

15,17,20,23
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Is there someone
in your firm
you'd like to get out
of the country?

If there is, we’d like to suggest where to send him first.

Berlitz.

At Berlitz we’ll teach him tospeak the language.

And we’ll do it remarkably quickly. Because Berlitz language
lessons are practical language lessons. No long list of verbs to learn.
No tedious drills. Just lots of useful conversation.

Why, by the time your man gets abroad, he’ll have no difficulty
in coming out with sentences like this:

“Herr Hausmeister, ich glaube, da hat jemand eine tote Ratte in
meiner Schublade liegen lassen.”

(Caretaker, it seems as though someone has left a dead rat in my
desk drawer.)

Of course, if you can’t wait the two or three months an ordinary
Berlitz course takes, you could enroll him in our extraordinary
course: Total Immersion®.

Total Immersion has the advantage of being truly total. In other
words, instead of spending all his time with you at work, he’ll spend
it all at Berlitz.

Total Immersion also has another good point.

You can get him out of the country in only 3 or 4 weeks.

Berlitz School of Languages
Dept. SA4, 866 Third Avenue, New York, N.Y. 10022

I have a candidate for your language lessons.

Please rush me information about:
O Individual instruction [J Total Immersion [] Cassette courses

Name Title

Company

Address

City & State

I
I
I
I
I
I
I
I
I
|
|
|
I
|

Zip Telephone

If your man can’t come to Berlitz, we’ll send Berlitz to him. Our
cassette courses teach languages the same easy way. For details, mail

the coupon above.
Berlitz

Practical language lessons
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duction. This one shows the same world,
our white-blue-green-red home, in many
of the same photographs. The volume is
cheaper and smaller; it does not give the
data for the pictures, but it does present
an outline of each photographic field,
carefully drawn on a color photograph
of a relief globe. It is on the whole a less
technical work and a better one for
| schools. The great deltas from the Colo-
rado to the Yangtze, the great ranges
from the Andes to the Hindu Kush, the
great deserts from the Kalahari to the
Atacama of Chile are all present.
Man’s work shows here and there; the

| checkered pattern of the irrigated fields

of the Imperial Valley is the clearest evi-
dence in the book that we live on this
lovely planet. “Nature’s lacy patterns
on the South Pacific surface,” the text
says, “are the numberless and mainly
nameless coral reefs.... We see here Bi-
kini Atoll...one of the most beautiful to
be found. In 1946 two atomic bombs
| were exploded here.” In 1954 a 15-meg-
aton thermonuclear shot was fired too,
and the mile-wide bite taken out of the
reef still seems plain. The adjoining
photograph shows the carelessly thrown
loop of Rongelap Atoll, whose people
suffered the fallout from that same shot.

HE SHELL: Five HUNDRED MILLION

YEARs oF INspIRED DEsIGN, by Hugh
and Marguerite Stix and R. Tucker
Abbott. Photographs by H. Landshoff.
Harry N. Abrams, Inc. ($25). The de-
voted collectors, the learned concholo-
gist and the talented photographer who
share the credit for this beautiful book
have powerful silent partners: the un-
named Japanese craftsmen who de-
signed, printed and bound it. There are
some 200 illustrations, 82 in full color
and tipped in by hand. They display the
desirable marine shells of the world,
some larger than life. Each species has
its capsule description, and the book is
gracefully introduced with an account
of the role of the shell in human im-
agination since the time of Tyre and be-
fore. Here is the shell in art, in architec-
ture, in modern industrial iconography.
There is a quite unfamiliar painting by
Odilon Redon of the birth of Venus, not
out of a scallop but stunningly out of an
enfolding shell. A white fluted whorl
called the noble wentletrap, enlarged
four times in a brilliant black-and-white
print, will stand for the entire tasteful
collection, aimed at the eye and the
imagination alike. It is too bad that not
one diagram or measurement is given
to place before the reader the elegant
mathematics of the shell, so essential to
| its deepest beauty.
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Readers interested in further reading on
the subjects covered by articles in this
issue may find the lists below helpful.

HYBRID WHEAT

CROSS-BREEDING IN WHEAT, TRITICUM
AESTIVUM, I: FREQUENCY OF THE PoL-
LEN-RESTORING CHARACTER IN Hy-
BRID WHEATS HAVING AEGILOPS OVA-
1A CyroprLasMm. J. A. Wilson and
W. M. Ross in Crop Science, Vol. 1,

' No. 3, pages 191-193; May-June,

Deep-Sky Telescope 1961.

Imagine the thrill to the Student-Observer when he | CROSS BREEDING IN WHEAT, TrITIcUM

can swing a large telescope across the heavens and AESTIVUM L.. II: HYBRID SEED SET ON

bring into sharp focus the — W Wispy detail of a C ’ M S

remote Nebula. W Thousands of stars in a Globular A CYTOPLASMIC MALE-STERILE WIN-

Cluster, W Ever-changing belt structure of [upiter. TER WHEAT COMPOSITE SUBJECTED
m Pol. . .

c| o “’{' : iif Mars _—— . 1O CROss-POLLINATION. . A. Wilson
elestron Pacific offers a complete line of Observatory Telescopes . .

for the school or private installation in sizess ranging in aperture and W. M. Ross in CTOP Sclence, VO]

from 10 to 22 inches and prices starting at $2000. Each is of the

folded Schmidt-Cassegrain optical design. Celestron telescopes are 2, NO~ 5, pages 415_417> September-

professionally oriented and have been purchased by a number of 0 b - 1962

the nation’s leading science and research centers, yet they retain cto er, .

simple student-proof control and operation,

EVERY SCHOOL SHOULD BE EQUIPPED
WITH A MODERN OBSERVATORY , o
TELESCOPE!  Is yours?  There are many driguez, Marco A. Quifiones L., Nor-

HysBrip WHEATS: THEIR DEVELOPMENT
AND Foop PoteEnTIAL. Ricardo Ro-

methods of funding such an installation. For man E. Borlaug an('i Ignacio Narviez
details write to: Celestron Pacific, Inc. in Resear.ch Bulletin No. 3, Interna-
2430a Amsler / Torrance, California 90505 | tlonal Malze and Wheat Improvement

Center, Mexico; July, 1967.

Hysrip WHEAT. V. A. Johnson and
J. W. Schmidt in Advances in Agron-
omy, Vol. 20, pages 199-233; 1968.

more than just a telescope more than just a microscope

a complete
vestpockel

RELAXATION METHODS
IN CHEMISTRY

i ReLaxaTioNn MeTHODS. M. Ei d
. M. Eigen an
ﬂmlcal svs‘@,m \ a-EL?EET L. de Maeyer in Technique of Organ-
-7 =)

ic Chemistry, Vol. VIII, Part 1I: In-
|  wvestigation of Rates and Mechanisms
of Reactions, edited by S. L. Friess,
E. S. Lewis and A. Weissberger. In-

- Shown actual size terscience Publishers Div., John Wi-
We went to Wetzlar, Germany (world capital ley & Sons, 1963.

of fine optics) to find such perfection at such T
a price. Rémove the EMOSKOP from its fitted Fast Reactions 1N Sorution. E. F.

leather case and it is a 30x microscope. Caldin. Blackwell Scientific Publica-
A twist of the wrist converts it to a 3x tele- R
scope (ideal for theater, field or sky) or tions, 1964.

a unique 3x telescope-loupe. Another change
and you have your choice of 5x, 10x or 15x RELAXATION SPECTROMETRY OF BIoLoG-
magnifying glasses. The perfect vest-pocket

companion for exacting professionals and 1caL SysTEMs. Gordon G. Hammes
scientists and all those who wish to observe : . . . .
anyining_ closely and clearly. A most dis. in Advances in Protein Chemistry,
creet opera glass. If you make a fetish o _57.

quality, the EMOSKOP will do you proud. Vol. 23, pages 1-57; 1968.

ﬁoatfed lenses, ful'lqy achror:natic, absolutelly
at field. Modern Photography Magazine calls
the EMOSKOP . . . the only magnifier worthy A PALEOLITHIC CAMP AT NICE

of the name.”
[J Send me the EMOSKOP. | enclose $15.95

($14.95 plus $1 postage and insurance). LES NIVEAUX QUATERNAIRES MARINS DES

Calif. residents add 5% tax. Refund with- ,

in 10 days if not delighted. ALPES-MARITIMES: CORRELATIONS
Name SA 5 AVEC LES INDUSTRIES PREHISTORIQUE.
Adliress Henry de Lumley in Compte rendu

sommaire des Séances de la Société
Géologique de France, Vol. 5, Tth Se-

Zip.
584 Washington, H P .
San Francisco 94111 ries, pages 163—164, 1963.
Phone (413) 981-5688 Les FouiLLES DE TERRA AMATA A NICE:
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PreMIERs RESULTATS. H. de Lumley
in Bulletin du Musée d’ Anthropologie
préhistorique de Monaco, No. 13,
pages 29-51; 1966.

TYPESETTING

AUTOMATIC TyrPoGRAPHIC-QUALITY

TyYPESETTING TECHNIQUES: A STATE-
oF-THE-ART REvVIEW. Mary Elizabeth
Stevens and John L. Little. National
Bureau of Standards Monograph 99.
U.S. Government Printing Office,
1967.

ELEcTRONIC COMPOSITION IN PRINTING:

PROCEEDINGS OF A SymposiuMm, NAa-
TIONAL BUREAU OF STANDARDS, JUNE
15-16, 1967. Edited by Richard W.
Lee and Roy W. Worral. U.S. Govern-
ment Printing Office, 1968.

THE ENERGETICS
OF BIRD FLIGHT

Tue Use or D,O!8 FOR MEASURING

ENERCY MEeTABOLISM IN COLUMBA
LI1VIA AT REST AND IN FLIGHT. Eugene
A. LeFebvre in The Auk, Vol. 81, No.
3, pages 403-416; July, 1964.

RESPIRATORY EXCHANGE AND Evapo-

RATIVE WATER Loss iIN THE FLy-
ING BubpGERIGAR. Vance A. Tucker in
Journal of Experimental Biology, Vol.
48, No. 1, pages 67-87; February,
1968.

SHOCK WAVES IN SOLIDS

COMPRESSION OF SOLIDS BY STRONG

Snock Waves. M. H. Rice, R. G.
McQueen and J. M. Walsh in Solid
State Physics: Advances in Research
and Applications, Vol. VI, edited by
Frederick Seitz and David Turnbull.
Academic Press Inc., Publishers, 1958.

LaBORATORY TECHNIQUES FOR VERY

HicH PRESSURES AND THE BEHAVIOR
orF METALS UNDER DyNamic Loab-
iNG. R. G. McQueen in Metallurgy at
High Pressures and High Tempera-
tures, edited by K. A. Gschneider, Jr.,
M. T. Hepworth and N. A. D. Parlee.
Gordon and Breach Science Pub-
lishers, 1964.

Suock ErrecTs IN Sorips. Donald G.

Doran and Ronald K. Linde in Solid
State Physics: Advances in Research
and Applications, Vol. XIX, edited by
Frederick Seitz and David Turnbull.
Academic Press, 1966.

THE BACTERIAL CELL WALL

Tue BacTteEriaL CeELL WaLL. Milton

R. J. Salton. Elsevier Publishing Com-
pany, 1964.
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We'd like
to send you
ajobina
plain brown

envelope.

The name

of our company is MITRE.
And we design, develop and
verify large, computer-based
systems for the Government.
Under both civil

and defense contracts.

What you could work on covers

a lot of territory.Military command
and control, communications,
medical information, education,
urban planning, transportation,
air traffic control.

Obviously, we can’t pack all the
information about MITRE into a single ad.
But we can pack what you need to know
into a plain brown
envelope.
T TR

MI'T'RE

CORPORATION
An Equal Opportunity Employer

in Bedford or
: - Washington.
e s 'é‘“% A

Address Mr. Richard Seamans, The MITRE Corporation, 6405 Middlesex

Turnpike, Bedford, Mass. 01730. In Washington, Mr. Robert Knotts,
1820R Dolley Madison Boulevard, McLean, Va. 22101

© 1969 SCIENTIFIC AMERICAN, INC

| BAcCTERIAL CELL WALL SYNTHESIS AND

FiNiTE

RanpoM  WALKS:

Soar-BUBBLES:

STRUCTURE IN RELATION TO THE
MECHANISM OF ACTION OF PENICIL-
LINS AND OTHER ANTIBACTERIAL
Acents. Jack L. Strominger and
Donald J. Tipper in The American
Journal of Medicine, Vol. 39, No. 5,
pages 708-721; November, 1965.

IsoLaTION AND STUDY OF THE CHEMI-

CAL STRUCTURE OfF Low MOLECU-
LAR WEIGHT GLYCOPEPTIDES FROM
Micrococcus LYSODEIKTICUS CELL
WaLLs. David Mirelman and Nathan
Sharon in The Journal of Biological
Chemistry, Vol. 242, No. 15, pages
3414-3427; August 10, 1967.

RETINAL PROCESSING
OF VISUAL IMAGES

RecepTIvE FiELDS, BINOCULAR INTER-

ACTION AND FUNCTIONAL ARCHITEC-
TURE IN THE CAT'S VisuaL CORTEX.
D. H. Hubel and T. N. Wiesel in The
Journal of Physiology, Vol. 160, No. 1,
pages 106-154; January, 1962.

THE MECHANISM OF DIRECTIONALLY SE-

LECTIVE UNiTs IN RaBBIT'S RETINA.
H. B. Barlow and W. R. Levick in The
Journal of Physiology, Vol. 178, No.
3, pages 477-504; June, 1965.

RecepTivE FiELDS OF SINGLE OPTIC

NERVE FIBERS IN A MAMMAL WITH
AN ALL-CoNeE RetTiNa. Charles R.
Michael in Journal of Neurophysiol-
ogy, Vol. 31, No. 2, pages 249-282;
March, 1968.

MATHEMATICAL GAMES

Magrkov Caains. John G.
Kemeny, Hazleton Mirkil, J. Laurie
Snell and Gerald L. Thompson in
Finite Mathematical Structures. Pren-
tice-Hall Incorporated, 1959.

PArRT THREE OF
MATHEMATICAL CONVERSATIONS. E.
B. Dynkin and V. A. Uspenskii. Trans-
lated and adapted from the first Rus-
sian edition by Norman D. Whaland,
Jr., and Olga A. Titelbaum. D. C.
Heath and Company, 1963.

PrinciPLES OF Ranpom WaLk. Frank

Spitzer. D. Van Nostrand Company,
Inc., 1964.

THE AMATEUR SCIENTIST

THEIR COLOURS AND
THE FoOrceEs WHICH MoLb THEM.
C. V. Boys. Dover Publications, Inc.,
1959.

Tue NATURAL LIFE OoF SoAp BUBBLES.

A. V. Grosse in Report RITU 1967-1.
The Research Institute of Temple
University; 1967.



PHELPS DODGE &30’ rrooicrs

Baltimore... f
where Phelps Dod

is a tradition”

..-l.l'lliﬂ’
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The “Star-spangled City,”" birthplace of our national anthem.
Once home of the Continental Congress and harbor for privateers.

Now a busy seaport...a thriving commercial and manufacturing
center. Baltimore, like all cities going modern, is a Phelps Dodge city.

The Baltimore Gas and Electric Company uses our copper-nickel
condenser tubes in its generating stations. Much of its power is carried
on Phelps Dodge high-voltage cables. .. under the harbor, through down-
town, to surrounding suburbs and industrial parks. At Charles Center, at
the new sub-divisions out along 1-695 ... wherever there’s growth and
change, you’ll find our building wire and cable, aluminum conduit, plumb-
ing and refrigeration copper tubing, valves and fittings, telephone and
coaxial cable on the job. An ever-growing electrical industry uses
Phelps Dodge magnet wire in coils, motors, relays and transformers.
Our copper and aluminum basic shapes and forms are also used
by many industries.

You don’t always see us. But in copper, alu-
minum and alloys, you'll ind our experi-
ence and imagination hard at work
everywhere across the country.

© 1969 SCIENTIFIC AMERICAN, INC




Women in the
21st century
won’t wear a stitch.

Clothing isn’t going out of style. But revo-
lutionary changes are coming, including
stitchless clothing. Seams won't be
sewn. They will be bonded with adhe-
' sives or “liquid thread.”

Many more changes are shaping
up now at Union Carbide’s textile
research center including fabrics,
natural and manmade, to keep
you warm or cool as temperatures
change. Others will be made so they
will never get wet or dirty.

Union Carbide supplies more
than 200 chemicals which the
textile industry uses from fi-
ber to finished fabric. They
have made possible many
innovations,suchaswash-
and-wear and wrinkle-
proof clothing.

But what we look for-
ward to now is see-
ing you someday
without a stitch on.

UNION
CARBIDE

THE DISCOVERY COMPANY
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