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“| was 22,000 feet over the Atlantic on
a training flight, banking into a 360°
turn, when it happened.

The FAA Inspector cut my number
three engine.

The trick was to shut down the engine,
keep the airplane under control, and
do it all in a matter of seconds.

As soon as | had things humming
again, he failed an electrical system.
And when | handled that, he gave me
a series of missed approaches, instru-
ment landings and all the other things
the government makes an airline pilot
do to quality.

Fortunately for me, the training I'd
received at Eastern was so demanding,
| didn’t have any problems getting my
rating. But to be perfectly honest about
it, | wouldnt want to face that check
ride every day.

It's tough enough going through it
every six months.”

Captain Adam J. Whitley

TAIN HOWARD K. PLASMAN IN ““THE LEFT HAND SEAT*. HE FLEW 10 YEARS FOR THE RIGHT TO SIT THERE.

True Pilot Stories.

“"When | joined Eastern last February, |
was fresh out of the Marine Corps.

| remember being interviewed and
waiting for this fellow to ask about my
experience. | thought | shouldnt have
any trouble in that area.

| told him | had over 3,000 accident
free hours. That | had put in 4 years as
a fighter pilot and another 3 years as
a test pilot. That | had flown fighters,
bombers, submarine chasers and had
even spent a year in helicopters, so | fig-
ured | knew my way around airplanes
pretty well.

Well | guess he figured a little differ-
ently. He told me I'd go through Ground
School, The Simulator, Flight Training
and Engineer Training before they
would let me near an airplane. And
that if | were as good as it looked, in 7
to 9 years | might make Captain.”

First Officer John P. Tristani
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"I took my first airplane ride back in 1931.
My father ran a flying school. And
one day he pointed to this J-1 pursuit
plane, a relic from the First World War,
and said, ‘What do you say we take
her for a little spin, son?’

The next thing | knew we're doing
rolls and loops, and | was too excited to
do anything but hang on.

| guess | never got over it, because
I've been flying ever since. And even
though I've handled everything from
DC-3’s to DC-8's, and learned a lot in
25 years at Eastern, flying has never
become routine for me.

It's still my first love, and somehow,
I think my Father knew it would be.”

Captain Orville B. Bivens

N

-
EASTERN

We make iteasier o fly:
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How the original work of a
professor at the University of
Washington College of Fisheries
has resulted in a new breed of
superfish that may well provide
an important and amazingly
convenient new food supply.

Dr. Lauren Donaldson, pictured above,
is holding a “'baby”” two-year-old
Supertrout. Tipping the scales at 18
pounds, she is six times as large as
any normal trout has any right to be.
Donaldson is concerned. “'I don’t
know how big she’ll get because she
hasn’t stopped growing yet.”

In the back of the University fisheries
lab a high fence encloses eight pools
of fingerling Supertrout. The new
breed is a hybridization of the
migrating Steelhead and the fast-
maturing, stay-at-home Rainbow. In
crossing the two closely related species,
the rapid growth characteristic of the
specially selected Rainbow is
dominant. The Supertrout become
sexually mature in two years instead of
the usual four, and at that age are
three times larger than a mature
four-year-old Steelhead.

The University’s “fish ranch” borders
on Portage Bay, a fresh water lake in
Seattle which connects by way of
ship canals and locks with Puget

For further information, write: Daniel B. Ward, Director, Department of Commerce and Economic Development, Olympia, Washington

looking at a two-year-old trout

Sound. To insure selection of only the
hardiest trout, the lake water is
channeled into the breeding ponds
without benefit of any purification,
aeration or temperature control. The
fingerlings who don’t make the grade
are ground up for plant fertilizer. The
ones who do are fed a special fish
autosylate (predigested Hake) for six
months to build up their mineral
balance, and released into the lake to
make their way down the ship canal
and through the government locks to
salt water. When they return to spawn
after their abbreviated maturation,

the fisheries staff laboriously sifts
through half a million fish to select

a blue ribbon two hundred for

further breeding putposes.

Donaldson’s meticulous selective
breeding has produced a strapping
animal which resists pollution and
disease, migrates earlier than normal,
matures younger, has a higher
survival rate, produces ten times as
many eggs, and, according to certain
faculty members, tastes better.
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The University's research with the
Supertrout and migratory Chinook
Salmon has profound implications
both for the fishing industry and the
food supply of the human race. Bred
in the artificial environment of the
laboratory ponds, the fish make theit
way to the nearby open seas to mature.
Two years later, directed by their
infallible homing instinct, the giant
hybrids gallantly present themselves
to those same ponds for harvesting.

What could be more convenient?

The State of Washington is a
fertile field for the exciting new
breakthrough industries of the
future. In aerospace, agriculture,
fisheries, oceanography, nuclear
energy and many other areas, the
smart money is betting on the
State of Washington.

Daniel J. Evans, Governor



"Some people say we're the most
conservative company in the integrated
circuit business. | prefer the word
responsible, because it implies as much
concern for our customers' problems
as it does for our own. And besides-it's
a proven way to make profit’

JAMES F. RILEY

PRESIDENT

SIGNETICGS INTEGRATED CIRCUITS

SIGNETICS CORPORATION
THE RESPONSE/ABILITY COMPANY
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If your
record player
today still has

a heavy turntable.
it must have
yesterday's motor

rent in induction motors
aluminum turntable

uces wear and rumble and
rds proper edge support,
The Sy

variable speed controls as ob
are burdensome to use. The synchronous
seotion of the motor locks into the rigidly
olled 80 cycle current (rather than
voltage) to guarantes constant speed re-
gardless ol voltage. warm up, record load
and other variables. This means unwaver-
ing musical pitch. And the induction
section provides instant starting, high
driving torque and freedom from rumble.
the SL 05 Is the most
¢ playing umnit available
or Comparator Guide describing
all Garrard models, write Garrard, West-

bury, N.Y. 11580.

World’s Finest

British Industries Co., division of Avnet, Inc

47 711

THE COVER

The photograph on the cover shows part of the forward end of a container
of the type that is coming into increasingly wide use in the transportation
of cargo (see “Cargo-handling,” page 80). The multicolored object at the
bottom of the photograph is part of the trailer on which the container rests
preparatory to transfer aboard a specially designed container ship at the
container-ship terminal built by the Port of New York Authority in Eliza-
beth, N.J. The container is a vanlike, wheelless aluminum structure 35 feet
long, eight feet wide and eight feet high. It can hold up to 20 tons of gen-
eral merchandise of the kind that otherwise would be shipped in separate
and comparatively small lots. The container is also equipped in such a way
that it can be transferred readily between different modes of transportation,
such as from a train to a truck and from a truck to a ship, by highly mecha-
nized procedures that are to a limited but increasing extent automatic.
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It’s a pleasure to see red with
the new Plumbicon” tube

In the late 17th Century, Sir Isaac Newton was able to
demonstrate that the white light of the sun contained all
the colours of the rainbow. He even gave quantitative rules
(not very accurate by present day standards) to determine
the colour of light obtained by combining rays of some
of these colours.

Nearly three hundred vears later, our knowledge of human
colour perception is virtually complete. But colour TV
engineers still wrestle with the problems of transmitting
true-to-life colour pictures. Of course, reasonably accept-
able results have been obtained for some time, but colour
fidelity continues to be difficult to achieve, partly because
of problems on the pick-up side. Some TV camera tubes
had a good response over the entire visible spectrum, but
other properties, such as sensitivity, linearity and stability
were poor and they showed spurious signals or time lag.
The Plumbicon pick-up tube developed at Philips Research
Laboratories, Eindhoven, the Netherlands, was markedly
superior in several respects; it was more sensitive, linear,
free from colour shading and had no lag. Today, many
thousands of these are used in colour TV cameras. The
sensitivity of the Plumbicon tube however, was limited at
the “red end” of the spectrum. It
dropped to zero at a wavelength
of 6200 &. This is not as serious
as it might at first appear, as
coloured objects tend to reflect — c—-
fairly wide bands of wavelengths. ig (A Wi

It they do so, colour processing 3
will ensure good colour rendering

in the display. But there are spe-

cial situations where the loss of a
narrow band of long wavelength

red causes noticeable colour chan- 2
ges in the magentas or purples.

In order to cope with these, we
asked a team at the Philips Re- |
search Laboratories: *“Is it pos- [ 4
sible to extend the red sensitivity '
of the tube without harming its
good properties?”’ |
From experience in allied fields,
they knew that the photo-conduc-
tor lead sulphide is noted for its

400 A(nm)

Spectral sensitivity of the eye compared with
standard and extended red Plumbicon

extended red

o i
Ol g™ Sy >
vi'B T 6 ¥[ol R |

Plumbicon tube) and consequently its sensitivity extends
far into the infra-red. Unfortunately it is “laggy™, that is,
its conductivity is slow to disappear when illumination
stops, and this precludes its use in pure form for moving
TV pictures.

The team therefore set about trying to build just a little
PbS into the standard PbO layer to extend its absorption
towards the infra-red. Calculations showed that about
1 mol 9%, of PbS was needed. Sulphur can be built in either
by doping during the vapour deposition of the PbO layer
or by sulphurizing a vapour-deposited pure PhO laver
afterwards, using a compound containing sulphur. In
principle the first method results in homogeneously doped
crystals ; the second provides a dope at the crystal surfaces.
It was known from earlier experience that the actual
surface area of the layer far exceeds its macroscopic
geometrical area of a few cm2, due to the *‘leaflet” structure
of the target layer. In fact more than 109, of the PbO
molecules are surface molecules. Therefore the two methods
can be expected to give approximately the same result.
The doping-after-deposition however has less influence on
the laver structure and so it was chosen. After extensive
studies and experiments in pro-
cessing, a member of the team,
Mr. P. P. M. Schampers, succee-
ded in working out the proper
deposition techniques, using 1S
as the doping compound.

The new layer extends the limi-
ting wavelength to about 8000 §,
without affecting the lag to any
extent.

tubes.

- —

The Plumbicon tube with ex-
tended red sensitivity also gains
in other respects; improved red
absorption plus a higher absorp-
tion in the green, increase the
overall sensitivity. And the in-
creased absorption reduces the
scattering of light in the layer.
This results in improved resolu-
tion; the modulation depth in the
red signal at 400 lines increases

smallband gap(0.39eV,compared
with 2.0 eV for PbO the photo
conductive layer of the standard

* registered trade mark for T.V. camera tubes

from 35 to 509%,.
The new Plumbicon tube has no
trace of colourblindness.

In the Research Laboratories of the Philips group of companies, scientists work together in many fields of science. Among these are:
Acoustics, Cryogenics, Information Processing, Mechanics, Nuclear Physics, Perception, Solid State, Teleccommunications and Television.

Our research is an essential tool for maintaining the

standards implied in the slogan:

trust in PHILIPS is world-wide

PHILIPS
4N
&/
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Rolls-Royce
unlimited.

World's fastest ferryboat flies the
Channel at an altitude of seven feet.

It looks like a ferryboat, 165 tons
squatting in the water, absorbing 254
passengers and 30 cars. But when its
four 3,400-horsepower Rolls-Royce
Marine Proteus engines come to life,
it's no longer just a ferry but the
world’s largest Hovercraft. 1t rises
on its own cushion of air, surges out

into the Channel, ironing out waves as
it goes. At 50 miles an hour, it cuts
the Channelcrossing from a queasy
hour and a half to an agreeable 35
minutes.

Hovercraft have a short but
spectacular history to date. They can
travel over virtually any surface. Case
in point: the SRN.6 that recently
explored the Amazon River, crossing
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rocks, rapids and sandbars at an
unruffled 50 miles per hour. Canada
is testing an SRN.5 for Coast Guard
duty. Its 900-horsepower Rolls-Royce
engine (actually, all gas turbine .
Hovercraft have Rolls-Royce engines)
gives it a range of 260 miles, and a
top speed of 72 miles per hour.
Canada is also testing this same craft
for Arctic exploration.



A Corporate offices go intercontinental.

Now corporate aircraft are doing
things that only scheduled airliners
could do just a few years ago.
Recently, on a routine business trip
a Grumman Gulfstream |l corporate

aircraft made a nonstop transatlantic

crossing from Teterboro, New Jersey,
to London’s Gatwick Airport. After
short hops into Belgium and
Scandinavia it crossed the Atlantic
again, nonstop from London to
Burlington, Vermont.

Best time was eastbound, 3,500
milesin 6 hours 55 minutes at 518
miles per hour. Power is from twin
Rolls-Royce Spey fanjets, the same
engines that power BAC-111 airliners
operated by Aloha, American, Braniff
and Mohawk airlines.

Commuting by Rolls-Royce is routine
in Toronto, where Canadian National
Railways operates self-propelled,

Rolls-Royce diesel-powered rail cars
like this one. The idea is to make rail

travel attractive enough towoo drivers

off overcrowded roads. The rail cars
do it with soft music, tinted windows,
contour seats and air-conditioning. >

< Landlocked half-submarine is doing
yeoman service at Dounreay,
Scotland, as a test bed for a new type
of nuclear reactor core built by
Rolls-Royce. This new core may allow
Britain's nuclear submarines to stay
at sea twice as long as they do now.
Rolls-Royce has already built the
reactor cores for all of Britain's
nuclear submarines.

A Forty gallons of anything, please.
If you're driving a vehicle with a
Rolls-Royce K-60 engine, that's a
reasonable request. This extraor-
dinary multifuel engine runs on
gasoline, kerosene, diesel fuel or jet
engine fuel without losing power or
performing differently.

It's working fine right now in
Britain's Abbott self-propelled gun,
shown here, and Sweden’s S Tank.
The standard K engine offers 210
horsepower, but Rolls-Royce [ROLLS)]
engineers have squeezed out
an amazing 500 horsepower [{

from an experimental version.

(ROYCEJ
Rolls-Royce Limited, Derby, England
Sales Representative: 551 Fifth Avenue
New York, New York 10017
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We'll clue
You on

)

dustrial
sites

We want to make it easy
for you to find the site in
West Central Ohio which
suits your needs. Fifty out-
standing sites, ranging in size
from 1 to 475 acres and offering
various combinations of advan-
tages, have been cataloged for your
convenience. We'll send you folders
describing the topography, utilities,
taxes, transportation and zoning
along with an area map for any (or
all) of these hand-picked sites. No
cost or obligation, of course. West
Central Ohio has much to offer—in-
cluding the right industrial site for
you. Call or write today. The clues
we offer could end your search.

THE DAYTON POWER AND LIGHT COMPANY |

Dayton, Ohio 45401

C. L. GILLUM "\
N

AREA DEVELOPMENT
DEPARTMENT

~ LETTERS

Sirs:

Having read with interest the intrigu-
ing article on “The Origin of the Olym-
pic Games,” by Raymond Bloch, in your
August issue, I am minded to contribute
some additional information concerning
the care and feeding of (and attitudes
toward) those ancient forefathers—or
forerunners—of our present Jim Ryuns.
These little known, long remembered
facts are to be found in the book Greek
Athletes and Athletics, by England’s
H. A: Harris (Indiana University Press,
1966).

Item: “We are sometimes called on to
admire the Greek athletes of antiquity
on the ground that they were content to
struggle for a worthless crown, and they
are held up as paragons of the purest
amateurism in sport. The facts hardly
support this roseate view. The winner of
an event in one of the great ‘crown’ fes-
tivals was on to a very good thing. He
expected to be substantially and materi-
ally rewarded by his city for the glory
his victory had brought it. If Plutarch is
to be believed, Solon...laid down maxi-
ma for these grants, 500 drachmae for
an Olympic victor, 100 for an Isthmian.
Even the smaller Isthmian award was al-
most as much as a year’s earnings of a
working man.” And after the death of
Alexander “this pouring of money into
athletics” changed the games from
“amusement for the enjoyment of the
participants” to “entertainment for spec-
tators.”

Item: “Plutarch ascribes to trainers
and coaches a belief that intelligent con-
versation at meals spoils the food and
gives the diners a headache.”

Item: Two of Alexander’s generals
carried with them on their campaigns a

huge marquee 200 yards long to enable
| training to be continued under all condi-
tions of weather, perhaps the earliest ex-
ample of indoor athletics.”

Item: “We are apt to think of the fren-
zied adulation of sportsmen and enter-
tainers as a modern phenomenon, but it
was no less marked in antiquity. Oppian,
looking for a simile to describe pilot fish
crowding round a ship, can find no bet-
ter picture than the mob of admirers
[ round a popular athlete: ‘As an athlete
| crowned with fresh laurels is beset by
i boys, youths and men who conduct him

to his house and crowd round him in
‘ troops until he crosses the threshold of

«
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his home.”” Laodamas said to Odys-
seus: “...nothing brings a man greater
renown throughout his life than what he
does with his hands and feet.” But “at
least we in our day have not yet reached
a stage at which these darlings of the
people are officially granted exemption
from military service. ...”

Item: St. Paul “was a lover of athlet-
ics” and “the effects of this are deeply
marked in Christian thought and lan-
guage.”

Items: “...our ‘agony’ is derived from
‘agon,’” the Greek word for athletic con-
test.” As today, on the track “all turns
were made left-handed.” With the aid
of a thong that gave it a stabilizing twist
a superior but unnamed Greek athlete
seems to have thrown the javelin “well
over 300 feet,” which is “slightly long-
er than the modern world record....”
“...wrestling was by far the most popu-
lar sport.” “If the evidence for men’s ath-
letics in ancient Greece is scanty, that
for women’s is even scantier”—Pausanias
said that at the Heraean festival there
were “races for unmarried girls"—but the
girls” track suits were less scanty: where-
as the men competed naked, the ladies,
according to Pausanias, wore tunics
“reaching to a little above the knee,
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" Basic
fothe best
mentathion
Brush Beryllium

The long step from a simple gyroscope to the exotic gyros in guidance systems
is short compared with the vast refinements being achieved when beryllium replaces
ordinary metals in all types of instrumentation systems. (] Instrumentation can be
more precise...can gbserve, measure, and control better...when Brush beryllium
is used to maximum advantage. Brush beryllium is in vital parts that accurately and reliably
guide Polaris, Minuteman, Poseidon. {3 Beryllium is 'stiffer than steel. About as light
a5 magnesium. Maintains dimensions better than any of the common metals. Thermal expansion is
g comparable to steel. Its ratio of precision elastic limit to density is one of the highest.
- Properties are maintained up to 1500°F. [ Brush beryllium offers a perfect property combination
for components requiring minimum error and deviation with almost no distortion of data. J Let us
show you all that Brush beryllium can do. . . you may see exactly what your instrumentation needs.

Call or write Brush.
THE BRUSH BERYLLIUM COMPANY
17876 St. Clair Avenue » Cleveland, Ohio 44110
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We pay

people

like Jean Salvarelli of Paris
to cheer their heads off
at Shea Stadium.

Jean is on a six-week visit to
New York—including an afternoon
at a Mets baseball game.

At home, Jean is Director of
Public Relations for our French
companies. He is typical of the
people participating in PRIME,
ITT's Program for International
Manager Exchange, a plan to de-
velop the skill, initiative, and dedi-
cation of our international execu-
tive group.

In PRIME, managers spend
time away from their regular jobs
learning how managers think,
work and play in other countries
—right down to Saturday afternoon
at the Stadium. This broadens their
perspective and orients them to
working well as members of ITT’s
international executive team.

Today we have offices and fac-
tories in 67 countries, and sales
outlets in 56 more. Our operations
include industries as diverse as tele-
communications, data processing,
mutual fund management, car rent-
als, educational training services,
underseas cables, satellite com-
munication stations, hotels and
motor inns, and home and com-
munity building (through Levitt &
Sons).

Because ITT is a new kind of
company, active in many fields,
we've had to throw away the old
textbooks and devise new kinds of

training programs to help our di-
verse executives speak a common
management language. PRIME is
one approach to developing this
corporate philosophy.

Our World-Wide Executive
Seminar is another approach we
use to give a wide cross section of
our corporate and company man-
agers insightinto the ITT approach
to decision-making. Comptrollers,
industrial engineers, and market-
ing directors from many countries
and businesses meet together to
study actual business problems
and use ITT’s unique concept of
management to reach effective
solutions.

The result of these programs
is the development of a new breed
of executive—at home in many
countries and many businesses,
and equipped to deal with a wide
variety of opportunities for ITT’s
growth.

In all areas, our management
skills and widespread resources
generate increased competition
within industries which leads to
more efficent use of manpower
and material. This means a better,
safer, more comfortable life for
you and people all over the world.

Programs like PRIME and men
like Jean Salvarelli help make it so.

International Telephone and
Telegraph Corporation, 320 Park
Avenue, New York, N.Y. 10022.
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For the creative scientist, as
for the creative photographer,
good photography requires close
interaction between man
and camera.

Miranda Sensorex ® helps
fulfill that requirement. Sensorex
is designed to fit naturally into
your hand, to occupy only the
merest corner of your mind with
the mechanics of picture-taking.

Its built-in, through-the-lens
spot meter operates effortlessly,
accurately, instantly, with the lens
wide open. Any lens, automatic
or pre-set. And there are 1,500
interchangeable lenses, view-
finders, viewing screens and other
accessories that adapt Sensorex
to the requirements of virtually
every photographic situation—
from childrentomicroscope slides,
scenery to experimental set-ups.

Yet the Sensorex costs less
than $250*. Other through-the-
lens-metered Mirandas start at less
than $190* for the FvT; non-
metered Mirandas from less than
$160* for model Fv. All feature
Miranda’s superb 50mm f/1.9
automatic lens, and exclusive
three-year guarantee.

Allied Impex Corp., 300 Park Ave. So.,
New York, N.Y. 10010.
Chicago; Dallas;
Glendale, Calif.

In Canada: Kingsway
Film Equipment Ltd.,

Toronto. Lﬂﬁ@

#YOUR DEALER WILL DETERMINE EXACT RETAIL PRICE IN YOUR AREA.
® REGISTERED BY ALLIED IMPEX CORP., EXCLUSIVE U. S. IMPORTER.

with the right shoulder bare as far as
the breast.”

JonN Witk

Smithsonian Astrophysical Observatory
Cambridge, Mass.

P.S. Once upon a time there was a
boxer from Cyrene named Eurydamas,
“who after receiving a blow in the face
found himself with a mouthful of his
own teeth. Reflecting that if he spat
them out the sight could not fail to bring
comfort and encouragement to his op-
ponent, he swallowed them.”

J. W.

Sirs:

Professor Lwofl’s review of The Dou-
ble Helix [ScienTiFiIc AMERICAN, July]
raises some interesting questions about
the nature of truth—not so much of sci-
entific truth as of historical truth. As a
historian married to a biochemist, I have
some familiarity with the methodology
of both fields, and I think the reviewer

| is not sufficiently aware of the striking

differences between the two. He ac-
knowledges that Watson’s book is not
science but history, and yet his quarrel
with it (as has been true of many of the
reviewers) centers on that very charac-
teristic which qualifies it for the latter
label, namely an awareness of histori-
cal process. To take the most striking ex-
ample, consider Watson’s attitude to-
ward Rosalind Franklin. I have read and
heard many criticisms of his attack on
her, complaining of his injustice and lack
of understanding, to say nothing of his
snide personal remarks. The critics seem
to feel that the reversal of his feelings de-
scribed in the last chapter and his post-
humous apology do not justify the in-
clusion of the earlier evaluation, since he
acknowledges that it was “wrong.”

Here is precisely where the two fields
diverge: the scientist is interested chief-
ly in the result; the emotions and frustra-
tions he experiences along the pathway
to the goal are largely irrelevant. The
historian feels just the reverse: he does
not deny the importance of the goal, but
he is far more fascinated by the process
of reaching that goal—by the pathway,
in fact. How Watson felt about the
group at King’s College, and particularly
Miss Franklin, who seemed at the time
to be behaving obstreperously, is of vital
interest and importance. To pretend,
even by omission, that his later evalua-
tion of her was the one he had always
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held would have been to falsify the facts
seriously. This must be true if one grants
that scientists are not “thinking ma-
chines” but human beings with emo-
tions, jealousies and competitive feel-
ings, which do affect the kinds of prob-
lem they attack and how they attack’
them—at least to some extent.

Your reviewer does make this latter
point, but he seems unable to accept its
implications. How often, in writing his-
tory, we are faced with the memoirist,
writing in the fullness of age, who either
from blurred vision or from the need for
self-justification unconsciously falsifies
the feelings and opinions he had in the
past. He says, “This is how I thought.”
He rarely will say, “This is how I think I
thought 30 years ago.” The result is
falsified history, since for the historian
the true, contemporary feelings and
emotions of the actors are just as much
facts as the actions and events. Thus
Watson’s opinion of Miss Franklin, and
his change in opinion, are historical fact.

I do agree with Professor Lwofl’s
conclusion that not all impressions are
worth the pain their publication causes,
but this does not gainsay the point made
above. No one should infer from my re-
marks that I think Watson comes out of
the book as a completely admirable hu-
man being. He appears to have been
bumptious, opinionated, tactless and
rather ofthandedly cruel in his personal
judgments—as so many of us are. But he
is clearly a good scientist. He also ap-
pears to be devastatingly honest, a qual-
ity that goes a long way toward balanc-
ing the others, and one that is essential
to both the historian and the scientist.

Cy~nTHIA F. BEHRMAN

\Vittenberg University
Springfield, Ohio

Sirs:

Frederick C. Kreiling’s interesting ar-
ticle on Leibniz [ScIENTIFIC AMERICAN,
May] states that this seminal thinker
proposed the equals sign (=). Some read-
ers may take this to mean that Leibniz
was the first to use the sign. Actually it
made its debut in 1557 in a work by
Recorde and was used independently by
Pompeo Bolognetti in 1568. The absorb-
ing story of this universally adopted
symbol is recounted by Florian Cajori in
his A History of Mathematical Notations.

1. G. GRossyMAN

Durham, Conn.



The world’s

PDP-8/L

Complete. With teletype. With software
4096 12-bit words. 1.6 usec cycle time.
All integrated circuit. On-line, real-
time. Expandable.

PDP-8/L is the latest achievement in
the history of a company that intro-
duced the first under-$100,000 com-
puter, the first under-$50,000 computer,
the first under-$20,000 computer, the
first under-$10,000 computer.

PDP-8/L is based on the family of
PDP-8 machines, thousands of which
have been sold and delivered — to
scientists in laboratories, instrument

lowest
general purpose.computer.

000 complete.

builders, manufacturers of process
control equipment, industrial users
who have automated their machinery.
The PDP-8 family is, without question,
the most successful set of small
computers ever built. Bar none.

To those of you who have never used
computers before, because of price,
write to us. A large part of our back-
ground is in introducing people to
their first computers. We can be
extraordinarily helpful.

To those of you thinking of incorpo-
rating a computer in another system,
or another instrument, write to us.
Quantity discounts are available. And
our experience includes selling more
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st, full scale,

computers as built-ins than any other
company in the world.

dlilglitlall

COMPUTERS - MODULES

DIGITAL EQUIPMENT CORPORATION, Maynard,
Massachusetts 01754, Telephone: (617)

897-5111 « Cambridge, Mass. « New Haven

* Washington, D.C. « Parsippany, Palisades
Park, N.J. » Princeton, N.J. « Rochester, N.Y. e
Long Island, N.Y. « Philadelphia « Pittsburgh
Cleveland ¢ Dayton « Huntsville « Cocoa, Fla.

e Chicago « Denver « Ann Arbor « Salt Lake
City « Houston ¢ Albuquerque » Los Angeles ¢
Palo Alto « Seattle. INTERNATIONAL, Carleton
Place and Toronto, Ont. » Montreal, Quebec ¢
Edmonton, Alberta, Canada » Reading and Man-
chester, England e Paris, France « Munich and
Cologne, Germany ¢ Oslo, Norway « Stockholm,
Sweden « Sydney and West Perth, Australia ¢



Three-quarters of your next_
digital system 1s on our shellf.

Fairchild has enough MSI and LSI building blocks
on the shelf to produce 60 to 80 percent of any
digital logic system you have on the drawing board.

Since last October, we've introduced nine
versatile MSIs and nine unbelievable LSIs. Designed
specifically to work together. And, together,
they do more jobs than a hundred ICs.

Our MSI fundamental building blocks do the work
of shift registers, counters, decoders,latching circuits,
storage elements, digital multiplexers, etc. The LSI
building blocks serve as comparators, function
generators and dozens of other complex functions.

To tie the whole thing together, we make
Micromatrix ™ arrays that serve as interface circuitry
for all our building blocks. The arrays can be
customized for virtually any function in any digital
system. They can even be used as fundamental
building blocks themselves.

‘We also make MOS LSI fundamental building
blocks: read-only memories, parallel accumu-
lators, A/D converters, you name it. And,
we have the interface devices that make
our MOS devices compatible with CCSL.

Fairchild MSI and LSI building blocks
are available in both military and industrial
temperature ranges; in hermetic DIPs and Flatpaks.
You can buy them from any Fairchild distributor.
MSI BUILDING BLOCKS*

9033 Sixteen-Bit Random Access Memory
9034 Two Hundred Fifty Six-Bit Read-Only Memory
9300 Four-Bit Universal Register

9301 One-of-Ten Decoder

9304 Dual Full Adder

9306 Up/Down Counter

9307 BCD to Seven-Segment Decoder
9308 Dual Four-Bit Latch

9309 Dual Four-Input Digital Multiplexer
9312 Eight-Input Digital Multiplexer
9328 Dual Eight-Bit Shift Register

LSI BUILDING BLOCKS*

Bipolar

4510 Dual Four-Bit Comparator

4610 Dual Two-Variable Function Generator

MOS

3501 1024-Bit Read-Only Memory

3750 Ten-Bit D/A Converter

3751 Twelve-Bit A/D Converter

3800 Eight-Bit Parallel Accumulator

3801 Ten-Bit Serial/Parallel-
Parallel/Serial Converter

LSI CUSTOM ARRAYS*
4500 DTL Micromatrix Array
4600 TTurL Micromatrix Array
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OK.What about Linear?

We don’t know how much of your linear system
we have on the shelf. It depends on your design.
Our Second Generation linears are so versatile, they
may be all you need to build a whole system.

Or, at least half.

‘We have a family of Second Generation linear ICs
that will serve as fundamental building blocks in any
linear application.We have a temperature-controlled
differential preamp
that replaces chopper-
stabilized and FET
input amplifiers. We've
developed a frequency
compensated operational
amplifier that doesn’t

require external stabili- '}
zation components. We've '}
YTy ? introduced the first MSI : e

linear. And the first linear with an N-channel FET

directly onthe chip. And many otherdevicesdesigned

to take circuit designing out of systems designing.
See your Fairchild salesman or distributor.

He'll give you the whole story. Digital and linear.

LINEAR BUILDING BLOCKS*
rA722 Programmable D/A-
A/D Converter Current Source
nA723 Precision Voltage Regulator
nA727 Temperature-Controlled Differential Preamp
#A741 Frequency Compensated Operational Amplifier

*The devices listed here are those introduced by Fairchild as of
Aug.15,1968. More are on the way. Keep watching the trade
press. We're introducing a new IC every week for 52 weeks.
Fairchild Semiconductor, A Division of Fairchild
Camera and Instrument Corporation,

313 Fairchild Drive, Mountain View, California 94040

FAIRCHILD (415) 962-5011/ TWX: 910-379-6435
EEm e J

SEMICONDUCTOR

ill!lin_i;.;puaold.u
¥

N
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Free to

Manufacturers_

| ey B

PLANT
FIHANCJHG

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.

| Commissioner Ronald B. Peterson |
| New York State Dept. of Commerce, Rm. 593 |
| 112 State Street, Albany, N.Y. 12207 |
| Please send the following brochures: |
| [ Industrial Location [ Plant |
Services Financing |
[ Tax Advantages [J New York State |

I for Business Business Facts
[ Money for [ International |
Manpower Commerce |
e e e -

NEW YORK STATE DEPARTMENT OF COMMERCE
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20 AND 100
YEARS AGO

TN [»](1!'\HH1PIC

OCTOBER, 1918: “Nothing would
please the military masters of Germany
more than to create the impression
among the civilian population of the
Entente nations that the German army
is crumbling and that peace will come
before Christmas. Staggering under the
weight and borne back by the pressure
of the Entente attack, the fighting qual-
ities of her troops and the genius of her
generals are being strained to the break-
ing point, no doubt, in the effort to car-
ry through successfully that most diffi-
cult of all military maneuvers, a general
retreat in the face of, and in close contact
with, superior and victorious forces of
the enemy. The German armies are not
routed; and the way they respond when
called upon to hold by counter-attacks
such portions of the line as are essential

| to the orderly retirement of the whole
| front, proves to the military mind that

the discipline and the fighting spirit of
he German army as a whole are still
intact, and that it may take a season’s
campaign to bring about a general col-
lapse.”

“There have been delays in the air-
craft program; we have merely hun-
dreds of planes at the front when too
hopeful an attitude from many in au-
thority told us we would by this time
have thousands. The fact remains that
the United States, the most backward
of all civilized countries in developing
its aircraft industry, is now forging to
the front in such a rush that before very
long—certainly before the war ends—it
will lead the world in the production of

| aircraft and of motors, and will possess
more factories, more workmen, more
capital invested and more flying fields
than any other two, and possibly three,
countries considered as one.”

“The first of several factors through
which it is logically possible to explain
the life and conduct and customs of the
Indians of the Southwest is that of race
or heredity, in other words, the inher-

| ited tendencies—physical and psychical,
bodily and mental-which the people
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that carry these customs have or might
have. The general attitude of anthropol-
ogists, at least those who are primarily
concerned with modes of life, toward *
this factor of race or heredity as explana-
tory of the practices or conduct of peo-
ples, is distinctly negative. If there are
such hereditary differences between hu-
man groups, we have not yet been able
to determine them.”

“The first successful experiment on
record of jumping from a moving air-
plane with a parachute was recently
made by Capt. Sarrat, a French aviator.
This intrepid airman leaped from a
height of 800 yards with an umbrella
some twelve yards in diameter, and
landed safely. He was three minutes in
the air, suspended from the parachute.
Previous to this test numerous experi-
ments were carried out in France with
sandbags, and the practicability of the
scheme was established beyond reason-
able doubt. But it goes without saying,
nevertheless, that it required real cour-
age to be the first to risk his life and
limb in an actual test.”

“Thirty years ago the foreign com-
merce of the United States was carried
on on the strength of our agricultural ex-
ports. Fifty per cent of all the goods sent
abroad by this country consisted of food-
stuffs, 30 per cent was raw materials,
and but 20 per cent was contributed by
the factory. Since then matters have
changed vastly. The industrial producer
has usurped the place of the farmer and
the miner. When the war broke out in
1914, half the nation’s export consisted
of manufactured goods; raw materials
accounted for approximately a third; but
the farmer’s share had declined to 18
per cent of the total. Today the world
looks to the United States of America
for all that it was accustomed to buy
from Europe in former years.”

OCTOBER, 1868: “The theory of the
origin of species by natural selection,

which was first enunciated by Darwin
10 years ago and which has been so
widely discussed, has undoubtedly been
gaining ground among the most cele-
brated naturalists. When this theory was
first propounded, it met both vehement
opposition and ridicule. It was attacked

‘by philosophers and wits, and formed

the subject of many a lampoon and sat-
ire. It was denounced as opposed to the



teachings of revelation, as a system of
guesses which were not sustained by
either facts or logic. But there was a vi-
tality in the theory, and the conclusions
of a man who fortifies his opinions with
such a host of facts as Mr. Darwin
brought to sustain his are not easily put
aside. One after another the thinkers of
the entire world have slowly been ac-
cepting the theory, until it may be doubt-
ed that any hypothesis is more nearly
established upon a permanent basis.”

“The Paris Moniteur announced offi-
cially on Sept. 24 that the Government
concession lately granted in favor of
MM. Erlanger and Reuter of the Franco-
American Telegraph Company, author-
izing them to lay a submarine telegraph
cable between France and America un-
der certain reserved conditions, has be-
come definite and complete, capital to
the amount of 27,500,000 francs—the
main condition—having been subscribed
for the undertaking. The cable will, as at
present proposed, be laid in two sec-
tions; the first from Brest to the French
island of St. Pierre off Newfoundland;
the second from St. Pierre either to New
York direct or to a point between Boston
and New York, with a special line to
New York.”

“A remarkable paper has lately been
sent to the Royal Society by Mr. Hug-
gins, one of the Fellows. It announces
the application of a new and most prom-
ising method of inquiry to the determi-
nation of the motions of the stars. Mr.
Huggins tested t;Jis method by the mo-
tions of the star Sirius. The spectrum of
this star is crossed by a multitude of dark
lines, and among others by one known
to correspond to a bright line seen in the
spectrum of burning hydrogen. The two
spectra were brought side by side, and
due care having been taken to magnify
as much as possible any discrepancy
which might exist, it was found that the
dark line in the spectrum of Sirius was
not exactly opposite the bright line in
the spectrum of hydrogen, but was
slightly shifted towards the red end of
the spectrum. It followed from the
amount of the displacement that at the
observation Sirius was receding from
the earth at the rate of about 40 miles
per second. When due account is taken
of the earth’s orbital motion at the time
of observation, it results that Sirius is re-
ceding from the sun at the rate of about
28 miles per second, or upwards of 900
millions of miles per annum.”

“A man in England recently made 15
miles in one hour on a velocipede.”

_ Ours doesn’t lose
its meter when you add a
Wa|$t level flnder- = = or add a right angle

finder, or either of two high magnification finders, or any one of
nine special-purpose focusing screens. That’s because the meter’s
on the mirror and the mirror sees all the light the lens sees before
it is diffused or altered by finders, focusing screens, etc. This is one
of many reasons why the Beseler Topcon Super D has superseded
all other 35mm cameras where precision photography is critical
for national security.

Charles Beseler Co. / 219 South 18th Street / East Orange, N.J. 07018
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CHAPTER TWO:
THE RENAULI 16

SEDAN-WAGON

IIIIIIIIIIIIIIIIIIIIIIIIIII



YOU'RE ALREADY FAMILIAR WITH CHAPTER ONE, THE RENAULT 10

Our story opened with the
Renault10. And that chapteris
being written every day. At last
count, there were over 35,000
Renault 10’s on the road.

And so the stage is nicely set
for our latest installment: The
Renault 16 Sedan-Wagon.

There isn’t anything in the
world quite like it.

When it was introduced to
Europe in 1965 it was voted
Car of the Year by a jury of
32 international car editors. A
Rolls-Royce placed 2nd. The
Oldsmobile Toronado, 3rd.

The Sedan-Wagon. Besides
being a new chapter for us,the
Sedan-Wagon represents a new

chapter in the auto industry.
Until now, even if you only
needed a station wagon occa-
sionally, you had to drive one
around all the time. With the
Renault 16, you drive around

asedan. And when you need a
station wagon, it turns into a
station wagon.

The front-wheeldrive.Quite
logical. The engine up front to
get maximum hauling area in
therear.The drive wheels also
up front to get maximum trac-
tion from the engine’s weight.

The engine. Pressure cast
aluminum block. 5 main bear-
ings. And a sealed liquid cool-
ing system that virtually elim-
inates the bother of having to
add anti-freeze. It can milk 28
miles out of a gallon of gas,
and still manage a top speed
of 93 mph. It is so well put to-
gether that you could roll up
30,000 continuous miles at 85,
as we did, back and forth and
back and forth between Rome
and Milan.

The seats. They’re every bit
as comfortable as those in the
Renault 10. And the seats in
the Renault 10 have been stack-
ed up against the seats in the
Rolls-Royce.

The road manners. The sus-

pension is soft, without being
mushy. Each wheel moves up
and down independently, con-
trolled by extremely long tor-
sion bars. It has self-adjusting,
no play, rack and pinion steer-
ing. As well as 2 anti-roll bars.
It can haul around curves at
heart - freezing speeds, so in-
credibly does it grip the road.

Thebraking. Pressure limit-
ing drum brakes in back that
automatically adjust to load
weight. Huge self-adjusting
disc brakes up front.

There is much much more
we’d like to tell you about the
Sedan-Wagon. Not the least of
which is its price. $2,445 P.0.E¥
But it is rapidly becoming ap-
parent that in writing about
chapter two, we are beginning
to write a book.

To be continued.

RENAULI®

FOR MORE INFORMATION SEE NEAREST DEALER
OR WRITE RENAULT INC., 100 SYLVAN AVENUE,
BOX12, ENGLEWOOD CLIFFS,NEW JERSEY 07632
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THE AUTHORS

ANTONY HEWISH (“Pulsars™) is a
member of the group that discovered the
first pulsar during observations made at
the Mullard Radio Astronomy Observa-
tory of the University of Cambridge. In
addition to his work at the observatory,
Hewish is a fellow of Churchill College
and a university lecturer in physics. He
entered the University of Cambridge as
a student in 1942 but soon left for mili-
tary service at the Royal Aircraft Es-
tablishment in Farnborough. There, he
writes, he “met Ryle,” who is now Sir
Martin Ryle, professor of radio astron-
omy at Cambridge. “Returned to Cam-
bridge 1946,” Hewish continues, “grad-
uated 1948 and joined Ryle’s research
group at Cavendish Laboratory. A nat-
ural choice—brand-new subject, prior
acquaintance with Ryle, etc. Awarded
Ph.D. 1952 and elected research fellow,
Gonville and Caius College. Elected
Fellow of Royal Society 1968.” Describ-
ing his work, he says: “Besides pulsars,
which came my way rather gratuitously,
I am involved in investigations of inter-
planetary space using the scintillation of
quasars. This method gives useful mea-
surements of the solar wind, particularly
away from the plane of the ecliptic,
where space probes cannot go. Starting
from my early days as a research stu-
dent, when I hacked through piles of
brass tubing to make dipoles for Ryle, 1
have spent a good deal of my time de-
signing feed arrays for the radio tele-
scopes used in the 3C and 4C surveys at
Cambridge. Teaching also absorbs a fair
proportion of my effort as I am Director
of Studies in Physics at Churchill Col-
lege.”

DONALD B. EFFLER (“Surgery for
Coronary Disease”) is chief of the de-
partment of thoracic and cardiovascular
surgery at the Cleveland Clinic. He was
graduated from the University of Michi-
gan in 1937 and took his M.D. there
in 1941. During service in the medical
corps of the U.S. Army he received post-
graduate training in surgery at Walter
Reed Army Hospital, the medical school
of George Washingion University and
the Hospital of the Good Samaritan in
Los Angeles. He joined the Cleveland
Clinic in 1947.

RICHARD WOLFGANG (“Chemical
Accelerators”) is professor of chemistry
at the University of Colorado and also
retains an affiliation with Yale Univer-

20

sity, where he was on the faculty from
1956 until he went to Colorado this year.
Born in Germany, he took his under-
graduate and graduate degrees at the
University of Chicago. As a candidate
for a Ph.D. he worked under Willard F.
Libby and was involved in the discovery
of tritium in nature. After obtaining his
doctorate in 1951 he worked for a time
at the Brookhaven National Laboratory
and at Florida State University. His in-
terests include isotope geochemistry, nu-
clear physics, the chemical effects of
nuclear transformance and the nature of
chemical reactions. He is also attracted
to teaching because, he says, “I get most
of my good ideas from students, particu-
larly undergraduates.” Aside from his
work he enjoys sailing and skiing.

ARTHUR KORNBERG (“The Syn-
thesis of DNA”) is professor of biochem-
istry and head of the department of bio-
chemistry at the Stanford University
School of Medicine. A graduate of the
City College of the City of New York in
1937, he obtained his M.D. at the Uni-
versity of Rochester four years later and
remained there for a year as an intern at
the university’s Strong Memorial Hospi-
tal. From 1942 to 1953 he was an officer
of the U.S. Public Health Service, hold-
ing during the last six years the position
of chief of the Enzyme and Metabo-
lism Section of the National Institute of
Arthritis and Metabolic Diseases. From
1953 until he went to Stanford in 1959
he was professor of microbiology and
head of the department of microbiology
at the Washington University School of
Medicine in St. Louis. In 1959 he shared
with Severo Ochoa of New York Uni-
versity the Nobel prize in medicine and

physiology.

ROGER H. GILMAN (“Cargo-han-
dling”) is director of planning and devel-
opment for the Port of New York Author-
ity. He has been with the Port Authority
since 1937, the year after he was gradu-
ated from Harvard College with a degree
in engineering sciences. For four years
during World War II he was with the
U.S. Navy, and from 1961 to 1964 he
was on loan from the Port Authority to
serve as the first executive director of the
Tri-State Transportation Committee af-
ter its establishment by the governors of
New York, New Jersey and Connecticut.
He was promoted to his present position,
then called director of port development,
in 1953.

SHMUEL WINOGRAD (“How Fast '

Can C()mputérs Add?”) is a member of
the staff of the Thomas J. Watson Re-
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search Center of the International Busi-
ness Machines Corporation. His early
training was in electrical engineering;
he received his bachelor’s and master’s
degrees in that subject at the Massachu-
setts Institute of Technology. Earlier this
year he obtained his Ph.D. in mathemat-
ics from New York University. He joined
IBM in 1961 and has worked in the
mathematical sciences department of the
Watson Research Center. Concerning his
work there Winograd writes: “Was in-
terested in construction of reliable autom-
ata from less reliable components, and
in particular in the connection between
information theory and redundancy tech-
niques. Currently trying to determine
the minimum number of arithmetic op-
erations required to compute various
functions.”

KJELL JOHANSEN (“Air-breathing
Fishes”) is associate professor of zoology
at the University of Washington. He was
born and educated in Norway, receiving
his doctorate in zoology at the Univer-
sity of Oslo. In 1959 he came to the U.S.
as a postdoctoral scholar in the depart-
ment of physiology and biophysics at the
University of Washington. His interest
in cardiovascular and respiratory sys-
tems has taken him to Brazil, Australia,
East Africa, Alaska and Mexico to study
special adaptations and environments.
“My spare time,” he writes, “is used to
satisfy my interest in outdoor life such
as hiking and cross-country skiing. Art,
and painting in particular, is another in-
terest.”

ANNEMARIE DE WAAL MALE-
FIJT (“Homo monstrosus”) is associate
professor of anthropology at Hunter Col-
lege of the City University of New York.
A native of Amsterdam, she came to the
U.S. in 1951 and studied anthropology
at Columbia University, where she re-
ceived a bachelor’s degree in 1955 and
her Ph.D. in 1959. She has spent the
summers of 1967 and 1968 at the Aru-
ba Research Center recendy established
by the City University of New York at
Aruba in the Netherlands Antilles; in
addition to studying patterns of fishing
on the island she has worked with stu-
dents receiving field training in anthro-
pological research. Among her writings
is Religion and Culture: Anthropology
of Religion, a recently published book
dealing with the religions of nonliterate
peoples.

ROBERT M. ADAMS, who in this
issue reviews The Huxleys, by Ronald
W. Clark, is professor of English at the
University of California at Los Angeles.



The biggest Cyperus rotundus in the world.

You may know Cyperus rotundus as nutsedge, one of
the most common, most persistent crop destroyers
anywhere.

What you may not know is that Monsanto maintains
a weed farm where, under controlled research condi-
tions, we purposely pamper it to grow bigger and
tougher than anywhere else.

That's how we grow dozens of other food-starving
weeds, too. We figure if we develop a compound strong
enough to kill our weeds—it’ll work anywhere.

The real trick, of course, is to produce weed killers
so economically, they can be used worldwide. This we
have done and we’re doing more of it every year.
Monsanto—where people make science practical.

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

© 1968 SCIENTIFIC AMERICAN, INC



22

Cross-section of new cable: the twenty coaxial tubes can handle up to 32,400 simultaneous telephone calls.

Development of a
transmission system
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The Long Lines Department of the
AT&T Co. recently announced that a
new coaxial cable system was placed
in service between Washington, D.C.,
and Miami, Florida, and that the system
would later be extended to Boston.

Behind this simple statement lie
decades of research and development,
millions in investment, years of plan-
ning and of efficient manufacture. ..
and the constant desire to improve
telephone service.

Service, in fact, is the beginning of
the story. The demand for communica-
tions along the east coast has risen by
about 2500 new circuits per year. More
important, forecasts warned that this
rise would continue, and at an even
greater rate.

Why not, then, merely install addi-
tional systems of the types already
developed? The answer is that com-
munications technology has advanced
greatly in the fifteen years since Bell
Laboratories developed a major new
coaxial system. Here was a chance to
use this new technology for better
service and lower cost.

But what type of system? Why not
microwave radio, soimportantin modern
telephony ? Coaxial cable systems re-
quire a high initial investment. Cable,
rights-of-way, and installation add up to
large sums of money, even though only
part of the cable may be used at first.
Microwave radio also requires heavy
investment, but with the difference that
some expenditures may be deferred
until service is needed.

In other words, you don't use coaxial
unless you have a reasonable expecta-
tion of ‘‘rapid fill"'—the rapid use of
communications circuits to justify the
expense of making them available.

e I
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Underground ‘‘repeater’” or amplifier hut of
the new system. Reliable transistors and re-
lated devices, plus new designs, let advanced
electronic equipment work in such environ-
ments without i

Fy
ve main

But if you can expect this rapid use,
as on the east coast route, coaxial
cable becomes very attractive. It is not
inherently limited by frequency space.
And coaxial cable is ‘‘exploitable': new
systems, when developed, can be added
to in-place cable.

So the problem reduced to developing
the right coaxial system at the right
time to meet the rising needs for service
at a reasonable cost.

The ‘‘right"" coaxial cable system was
an all-solid-state system. For several
years transistors and related devices
had been available. They had the
desired bandwidth but had neither
the required linearity nor the power-
handling ability for amplifiers that could
transmit several thousand voice signals.

The technical problem, then, was to
improve transistors, to design efficient
circuits, and to organize circuits and

subsystems into a working whole. ..
that is, to plan and develop a large
communications system.

The new system had to be—and is—
better than older coaxial systems. Cost
per channel mile has come down. Noise
has been reduced (required because
better telephone instruments are now
used and because of very long, conti-
nental, and even intercontinental,
circuits). A high degree of monitoring
and control is built in; adjustments
that once required a trip to a remote
amplifier site can now be made from
a main station. Maintenance visits to
amplifier stations along the route are
to average one per year or less.

New prefabricated ‘‘manhole” struc-.
tures house the amplifiers. These are
much easier to construct and install—
and are more secure against damage—
than the previous above-ground ‘‘huts.”

In all, the new system typifies the
complex, essential jobs that are the
reason for Bell Laboratories. .. re-

search, development and systems engi-
neering organization of the Bell System.

Basic solid-state amplifier of the
new transmission system.

The new transmission system between
Washington and Miami. The cable contains
ten pairs of coaxials; one pair is reserved
for emergency service. Each pair can carry
3600 telephone channels; nine pairs can
carry up to 32,400 simultaneous telephone
calls, or the equivalent in mixed telephone,
data, telephoto, and other services. About
every two miles, there is an amplifier whose
basic solid-state circuit handles the very
wide range of 0.564 MHz to 17.548 MHz.
The circuit’s amplification characteristic is
carefully shaped to give more gain at the
high-frequency end of the band, where cable
loss is greater. Most amplifiers are of this
simple type, with fixed gain. Others incorpo-
rate the basic circuit but also include more
complicated circuits to compensate for tem-
perature and other effects on transmission.
Main stations (major terminals from which
remote adjustments can be made) are used
about every 150 miles along the route. In
addition to self-regulation, the new system
includes fault-locating equipment to identify
any failed repeater. These and other sophis-
ticated design techniques give stable and
reliable transmission. Noise is 4 dB less
than in earlier coax systems.

Bell Telephone Laboratories

Research and Development Unit of the Bell System
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How to squeeze 6-hours and 24-minutes

into a 2-hour and 8-minute reel.

For longer stretches of
sound, it’s the new skinny
recording tapes. Super-thin,
they let you put up to 3600

feet on a standard 7-inch reel.

Twice—even three times—
the playing time you used to
get. And all on a normal
tape machine!

Many of the best of the new
skinny tapes are based on
polyester formulas using DMT
(Dimethyl Terephthalate) or
TA (Terephthalic Acid) from
Amoco. They’re strong. More
resilient. (Skinny tapes absorb
tension by stretching.)

And they’re resistant to
temperature and humidity
extremes. They won’t get
brittle with age. Break. Curl
up. Or warp.

Amoco Chemicals supplies
both DMT and TA to polyester
manufacturers serving the
recording industry. The fabric,
tire and surface coating
industries, too. And we’re still
the only company that can!

It’s a good idea to s¢e us
first when you’re developing
and testing polyester tormulas
for new products. DMT and
TA froni Amoco could help
you do the job better.

Amoco Chemicals Corporation,
Department 9660, 130 East
Randolph Drive, Chicago,
1llinois 60601 .

AMOCO CHEMICALS A

Where what’s happening gets its start.
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Pulsars

These newest astronomical mystery objects emit radio pulses

with a spacing so regular they could be used as clocks. They

may be fuel-depleted stars that are pulsating or rotating

discovery, the pulsars, should have

been stumbled on unexpectedly dur-
ing an investigation of quasars, those
starlike radio sources whose origin is still
one of the outstanding problems of as-
trophysics. Almost exactly a year ago a
small group of workers operating a new
radio telescope at the University of Cam-
bridge were surprised to find that weak
and spasmodic radio signals coming from
a point among the stars were, on closer
inspection, a succession of pulses as regu-
larly spaced as a broadcast time service.
With skepticism bordering on incredu-
lity, the Cambridge group began sys-
tematic observations intended to reveal
the nature of these strange signals even
as they undertook to explain them away
in terms of man-made radio interference.
After all, seasoned radio astronomers do
not make the mistake of supposing that
every queer signal on their records is
truly celestial; in 99 cases out of 100
peculiar “variable radio sources” turn out
to be some kind of electrical interference
—from a badly suppressed automobile
ignition circuit, for example, or a faulty
connection in a nearby refrigerator.

As the days went by excitement rose
when we found that the pulses were
coming from a body no larger than a
planet situated relatively close to us
among the nearer stars of our galaxy.
Were the pulses some kind of message
from another civilization? This possibil-
ity was entertained only for lack of an
obvious natural explanation for signals

It is ironical that astronomy’s latest

by Antony Hewish

that seemed so artificial. It soon declined
in attractiveness with the discovery of
similar pulses coming from three other
directions in space, and with the absence
of any planetary motion associated with
the sources. (Presumably another civili-
zation would have to occupy a planet.)
We finally concluded that the only plau-
sible explanation for these mystifying
radio sources was that they were caused
in some way by the vibrations of a col-
lapsed star, such as a white dwarf or a
neutron star.

The publication of these findings,
about eight weeks after the pulses were
first detected, stimulated intensive theo-
retical and observational work at re-
search centers the world over. Whereas
the true nature of the pulsars is still far
from clear, it may be an opportune mo-
ment to take stock of the situation.

One obvious question to ask is why

pulsars remained undiscovered for so
long although powerful radio telescopes
have been in operation for at least 10
years. The short answer is that the sig-
nals are not only very weak but also have
an energy that falls off at the short-
er wavelengths that radio astronomers
mostly work with—wavelengths from a
few centimeters to a meter. To find the
pulsars it is necessary to use a sensitive
radio telescope operating at meter wave-
lengths with the additional requirement
that observations of the same areas of
sky must be repeated with a recording
system that has a sufficiently rapid re-
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sponse to show up the radio flashes. By
a lucky coincidence these instrumental
facilities were just those planned for a
quasar hunt at Cambridge. The search
was also designed to exploit the phenom-
enon of interplanetary scintillation.

The scintillation phenomenon was first
observed in 1964. We found that the
radio waves from very compact radio
galaxies—objects whose angular dimen-
sions are less than one second of arc—
showed a characteristic rapid and irregu-
lar fluctuation of intensity. This effect,
similar to the twinkling of visible stars,
is caused by the distortion of the in-
comingradio waves as they pass through
clouds of the electrically charged par-
ticles sprayed out by the sun (the “solar
wind”). These “plasma clouds” cause
scintillation only if the radio waves are
sufficiently coherent, that is, if their
source has extremely small angular di-
mensions. Ordinary radio galaxies have
angular dimensions considerably larg-
er than quasars and do not scintillate;
therefore the effect gives a first-rate in-
dication of whether a radio galaxy is
likely to be a quasar or not. Now, just as
the earth’s ionosphere bends long wave-
lengths more than short ones, so do the
plasma clouds in space. This means that
scintillation is more pronounced at meter
wavelengths than it is at the centimeter
and decimeter wavelengths for which
most radio telescopes are designed.

The radio telescope built at Cam-
bridge for seeking possible quasars by
the scintillation technique operated at a
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3C 270 3C 298

L

MINUTES
CHARACTERISTIC RECORDINGS show how interplanetary

scintillation can be used to distinguish between a radio source of
very large size, such as a normal radio galaxy (left), and sources
that are the size of stars or even smaller (middle and right). The re-
cordings were made by the author and his co-workers with the
large array radio telescope of the Mullard Radio Astronomy Ob-
servatory at the University of Cambridge. Such a telescope can be
adjusted only for elevation; the rotation of the earth then carries
the radio source past the antenna’s field of view. The normal radio

MINUTES

PULSAR

Nty N

MINUTES

galaxy 3C 270 produced the smooth “envelope” curve at the top
left. The lower trace is an amplified version of the fluctuations of
the upper trace. The middle pair of traces was produced by 3C 298,
a quasi-stellar radio source, or quasar. Interplanetary scintillations
are clearly visible. They are produced when the coherent waves
from a compact source travel through the nonuniform clouds of
electrically charged particles emitted by the sun, the “solar wind.”
The pair of traces at right provided the first indication of radio
emission from an object later identified as the first pulsar, CP 1919.

\MM_M\,/\J\VJ—-/\—A,AN\_J\J\,‘HA_W -Hﬁ_.,.q\.__.wJ‘"'-H_J'\Ar\/J L/\ SN NN
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EARLY PULSAR RECORDS show the regular but variable-
strength emissions of CP 1919 (top) and CP 0950 (bottom). In the
trace of CP 1919, 15 pulses can quite clearly be distinguished in
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each 20-second inferval, corresponding to one pulse approximately
every 1.3 seconds. The exact pulse interval is now established as
1.33730113 seconds. CP 0950 emits a pulse every .2530646 second.
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wavelength of 3.7 meters (equivalent to
a frequency of 81.5 megahertz). Unlike
many other radio telescopes, which are
paraboloidal dishes, our instrument has
a rectangular array of 2,048 dipole an-
tennas spread over an area of 4.5 acres.
By utilizing phase-scanning to steer the
reception beam in elevation (declination)
and the rotation of the earth to sweep the
sky from west to east (right ascension) it
was possible to survey a large fraction of
the sky in one week.

Observations were begun in late July,
1967. Thereafter the task of analyzing
the 400 feet of recorder chart paper that
rolled from the equipment each week
fell to a young graduate student, Jocelyn
Bell. For the first time in the history of
radio astronomy a large area of sky was
repeatedly surveyed with an extremely
sensitive radio telescope tuned to meter
wavelengths. The sky was soon found to
be liberally scattered with radio galaxies
that exhibited plasma-cloud scintillation.
These radio sources were carefully
studied week by week to ascertain how
the phenomenon changed in magnitude
as the position of the sources shifted
with the motion of the earth around the
sun. Since the plasma clouds are em-
bedded in the solar wind, which blows
outward past the earth, scintillation
becomes more intense as the line of
sight to a radio source moves closer to
the sun.

The recordings were mostly as we had

expected, but one day in August,
Miss Bell noticed something odd. What
looked like rapid scintillation involving
a very weak source was taking place in
the middle of the night, a time when
scintillation is usually low [see top illus-
tration on opposite page]. Another curi-
ous feature was that the signals were
present for only a fraction of the time re-
quired for the reception beam of the an-
tenna to swing past a source in the sky.
Had this happened only once we would
undoubtedly have disregarded it and
supposed that some interfering signal
was present. By the end of September,
however, the same thing was clearly ap-
parent on six different occasions, al-
though at other times it simply failed to
show up. The constancy of position ex-
hibited by the signals showed that they
were probably from a true celestial
source, which led us to imagine that we
had found some kind of flare star. When
the sun is active, its radio emission is
often enormously enhanced; we calcu-
lated that if such a burst of activity oc-
curred in a nearby star, it would be just
about detectable with our radio tele-
scope.

Now that we were really interested
the source responded by virtually dis-
appearing from the records for the next
six weeks. One day late in November,
Miss Bell undramatically announced:
“It’s back.” We immediately arranged to
make high-speed recordings to see if the
signals had the same characteristics as
signals from the sun. To our amazement
the signals came as a regular succession
of pulses at intervals of just over one
second [see Dottom illustration on oppo-
site page]. It was simply unbelievable
that such signals could be from a genuine
astronomical object, but repeated ob-
servations showed that there could be no
doubt about it. Naturally this mysterious
radio beacon rather dominated our lives
for the next few weeks as we carried out
more observations in an effort to under-
stand the true nature of the source.

One of our earliest surprises was the
discovery that each pulse was associat-
ed with radio signals of continuously
changing wavelength: the signals swept
through the one-megahertz pass band of
the telescope’s receiver from high fre-
quencies to low. This was revealed when
two receivers tuned to slightly different
frequencies were operated simultaneous-
ly and each pulse arrived a fraction of a
second earlier in the receiver tuned to
the higher frequency. A measurement of
the instantaneous bandwidth of the ra-
diation then showed that the actual
duration of the pulse was only from 10 to
20 milliseconds.

This provided the first vital clue to
the source itself: the body emitting the
pulses had to be extremely small. Its
radius could not be larger than a few
thousand kilometers. The reason is that
a large body cannot emit a pulse of ra-
diation in a time shorter than the time
required for light to travel across it. Sup-
pose, for example, the sun could be in-
stantaneously switched off; how would
it look from the earth? First we should
see a dark spot at the center of the sun,
since this is the part nearest to us. The
dark area would then enlarge outward
until the sun was a bright ring; finally
even its outer edge would disappear.
The entire sequence would take about
twou seconds, so that if the sun were to
flash on and off like a pulsar the flashes
could not have a duration shorter than
that.

The second clue was provided by the
frequency distribution of the pulses,
which gave an important indication of
the distance of the emitter. It is known
that interstellar space is filled with very-
low-density gas consisting predominant-
ly of hydrogen atoms. Light from hot

stars ionizes, or dissociates, some of
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these atoms, giving rise to free electrons.
In a perfect vacuum radio waves of all
wavelengths travel at the same speed—
the speed of light—but this does not hold
in an ionized gas. In such a gas the
longer the wavelength, the lower the
velocity. Thus a sharp pulse of radio
waves containing a spread of wave-
lengths becomes stretched out as it trav-
els through the ionized interstellar gas,
with the short wavelengths arriving at
the earth slightly before the longer ones
[see top illustration on next page].

This effect, called dispersion, is a gen-
eral property of wave motion. It hap-
pens, for example, with the ripples in a
pond into which a stone has been
dropped, and with the seismic waves that
travel outward from an earthquake. If
the density of electrons in interstellar
space were accurately known, the differ-
ence in arrival time of a pulse at different
wavelengths would give the distance of
the source immediately. Unfortunately
the density is not easily measured, but it
is probably around one electron in a vol-
ume of 10 cubic centimeters. If this esti-
mate is adopted, the distance of the first
pulsar to be discovered is about 130 par-
secs. (One parsec is 3.26 light-years.)
When one considers that the diameter of
our galaxy is about 30,000 parsecs, it is
evident that this pulsar must be regarded
as one of our neighbors in space.

The next big surprise came when we
began timing the pulses and the truly
staggering accuracy of the pulse rate be-
came apparent. We found that from day
to day the arrival of the pulses could be
predicted to better than a tenth of a
second, but we also observed that the in-
terval between pulses was gradually de-
creasing. The explanation is that during
this period the orbital motion of the
earth was carrying us in a curving path
toward the source. Thus there was a pro-
gressive decrease in period resulting
from the Doppler effect. When due al-
lowance was made for the Doppler vari-
ation, the pulses kept time within the
experimental accuracy of about 10 milli-
seconds for several weeks.

We now know that the regularity of
the pulses exceeds one part in 100 mil-
lion, so that the pulsar can be regarded
as a very good clock indeed. The period
of the first pulsar is, in fact, 1.33730113
seconds. This period differs slightly from
the value we originally gave; we had
made a counting error of one pulse per
day because we were unable to track the
source for long periods. Our mistake was
soon revealed when the large steerable
radio telescopes at Goldstone in Cali-
fornia and at Parkes in Australia were
trained on the source. Just what the true
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INTERSTELLAR CLOUDS OF ELECTRONS retard the velocity
of radio waves in direct proportion to their wavelength: the longer
the wave, the lower the velocity. Thus the broad-spectrum pulse
that may be emitted within 50 milliseconds by a pulsar is stretched

regularity of the pulses is we shall not
know until timing experiments have
been conducted for several years; the
present accuracy is limited by irregular-
ities in the shape of the pulses. The first
pulsar is now designated CP 1919,
which stands for Cambridge pulsar at
right ascension 19 hours 19 minutes.

Faced with the problem of accounting

for pulsed radio emission from a body
no larger than a planet stationed rela-
tively close to us in the galaxy, the possi-
bility of communication from another
civilization cannot be ignored. There is
strong evidence, however, that the sig-
nals are not radiated from a planetary
body in orbit around a star. Just as the
orbital motion of the earth gives rise to
a Doppler variation of period, so would
any planetary motion of the source itself.
We searched carefully for such effects,
but when the orbital motion of the earth
had been allowed for, no additional
Doppler variation could be detected.
Although it would be possible for an
orbit to lie in a plane perpendicular to
the line of sight, thus giving rise to no
Dopplereffect, we felt that this was rath-
er unlikely.

If the source is a natural emitter, pos-
sibly a collapsed star, we reasoned that
there should be others like it in the sky.
A careful inspection of all the records
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made in the quasar survey was under-
taken from which we obtained a number
of positions where pulses were possibly
present. The radio telescope was trained
on these places, and after some weeks
three more pulsars had been added to
the list. By this time we felt reasonably

confident that the pulsars were a natural ’
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out by electrons in space so that the longest waves may lag as much
as eight seconds behind the shortest when received on the earth.
By measuring this delay and making reasonable assumptions about
electron density one can estimate the distance to the source.

phenomenon. We published our findings
on the first pulsar while checking the
properties of the other three. One of the
three has a pulse interval of only .25306
second, the briefest period yet observed.
Nine pulsars are now known. The fifth
was found by Harvard University radio
astronomers working with the 300-foot

Wl

CONSECUTIVE PULSES FROM CP 0808 show marked differences in fine structure at

the recording frequency of the large Cambridge antenna array: 81.5 megahertz. This corre-

© 1968 SCIENTIFIC AMERICAN, INC



dish at the National Radio Astronomy
Observatory in Green Bank, W.Va., two
more have been turned up at Cambridge
and two have been located in the south-
ern sky by a team at the Cornell-Sydney
University Astronomy Centre at the Uni-
versity of Sydney. One of the southern
pulsars, PSR 2045, has the longest period
yet observed: 1.9616633 seconds [see
top illustration on page 35].

During the past six months strenuous
efforts have been made at radio and op-
tical observatories throughout the world
to penetrate the pulsar mystery. It is now
known that pulsars radiate over a very
wide band extending from 40 megahertz
to 3,000 megahertz. The spectrum of the
radiation is difficult to establish because
of large pulse-height variations that are
quite unrelated at the different wave-
lengths. It appears that the radiation is
strongest at low frequencies and drops
off steeply at frequencies above 1,000
megahertz. The rapid and irregular fluc-
tuation of pulse strength from instant to
instant is an important property of pulsar
radiation and shows up in all the sources
[see illustration below].

Pulse trains have been carefully stud-
ied to see if any kind of strength pat-
tern is present, but without success.
Amplitude modulation of the pulses
would, of course, be an obvious method
of coding a message if the signals were
an attempt at communication by another
civilization. One feature common to all
the pulsars is that the amplitude vari-
ations are more rapid at lower frequen-
cies. For example, at 81.5 megahertz CP

L7

<

sponds to a wavelength of about 3.7 meters. At centimeter and deci-
meter wavelengths the emissions from pulsars are much weaker,

1919 radiates relatively strong pulses for
only about one minute at a time, whereas
at 408 megahertz the bursts of strong
signals last for about half an hour. It has
been suggested that these fluctuations
arise from scintillation caused by plasma
clouds near the pulsar, and it does seem
quite likely that such clouds would be
blown out from the source.

When individual pulses are examined
in detail, they show a remarkable com-
plexity of structure. Each pulse is found
to consist of a number of subpulses, the
exact form of which may change radical-
ly between one pulse and the next [see
bottom illustration on next page]. Sub-
pulses lasting only .2 millisecond have
been reported from a group working
with the giant 1,000-foot paraboloid at
Arecibo in Puerto Rico. Since this figure
is at the detection limit of the Arecibo
receiving system, it may be that even
finer structure exists.

An important property of the sub-
pulses is that they often exhibit consider-
able polarization. Strong circular polar-
ization with the sense of rotation varying
rapidly from one subpulse to the next
has been observed at Arecibo, and long-
lived linear polarization has been de-
tected at the Jodrell Bank radio observa-
tory in England. At Cambridge we have
also found that the sweeping radio-fre-
quency signal that constitutes the pulse
has a complicated spectrum. The energy
in a single pulse may be quite differ-
ent at frequencies separated by only 300
kilohertz.

Although the shape of individual
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pulses varies considerably, it turns out
that the “envelope” of the pulse—a
smoothed-out form of its detailed trace
obtained by superposing pulses for a
minute or so—settles down to a charac-
teristic form that is different for each
source [see top illustration on next page].
CP 1133 has a double-humped envelope,
whereas CP 0950 shows a slow rise fol-
lowed by a rather narrow peak. It is
interesting, however, that all the pulse-
envelope traces last about 50 millisec-
onds. Referring back to our earlier con-
sideration of the physical size of the
pulsars, this shows that in all cases their
diameter cannot exceed about 15,000
kilometers. The subpulses must of course
be emitted from bright patches that are
even smaller than this upper limit.

[{adio astronomers will clearly be busy

for some time searching for more
pulsars and unraveling the properties of
those already found. Another line of in-
vestigation is the possibility of observing
pulsars with optical telescopes. The trou-
ble here is that the sky is so densely
packed with stars that very precise radio
positions are necessary in order to be
sure of identification. The Cambridge di-
pole array that originally detected the
pulsars was not designed for accurately
pinpointing sources, but at the same ob-
servatory Sir Martin Ryle operates a
large radio telescope system that em-
ploys the principle known as aperture
synthesis. Using three 60-foot dishes,
one of which is mounted on rails, and
feeding the radio signals into a computer,

which explains in part why they were not discovered earlier by the
large radio telescopes that usually work at the shorter wavelengths.
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AVERAGE PULSE ENVELOPES of four pulsars were determined by A. J. Lyne and B. J.
Rickett with the 250-foot dish telescope at the Jodrell Bank observatory of the University
of Manchester. The fact that all emit pulses of roughly the same duration, 50 milliseconds,
suggests that the emitting objects are all close to the same size. CP 0950 may be the smallest.
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TIME (MILLISECONDS)

FINE DETAIL IN CP 0950 was recorded at a frequency of 195 megahertz (1.55 meters
wavelength) with the 1,000-foot dish telescope at Arecibo, Puerto Rico, operated by Cornell
University. J. M. Camella, H. D. Craft, Jr., and Frank D. Drake made the recording.
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the system constitutes an instrument
equivalent in capability to a steerable
dish a mile in diameter [see bottom illus-
tration on page 35].

Accurate positions have now been ob-
tained with this instrument for CP 1919,
CP 0950 and CP 1133. Inspection of
prints from the National Geographic So-
ciety—Palomar Observatory Sky Survey
reveals no object within the rectangles of
probable pulsar position except for CP
1919 [see illustration on page 32]. The
pulsars CP 0950 and CP 1133 radiate no
visible light down to the limit of the pho-
tographic plates. In the case of CP 1919
a faint yellow star is seen near the pulsar
position, but we cannot be sure that this
is not a coincidence.

Much effort has been expended in at-
tempts to detect light flashes from this
star. Observers at the Kitt Peak Observa-
tory in New Mexico report that they
have found a small optical variation at,
curiously enough, twice the pulsar pe-
riod. A similar result was also reported
from the Lick Observatory in California,
but the report was subsequently with-
drawn. Other observations have failed to
show any fluctuation of light from the
star. In view of the absence of light from
at least two of the pulsars, and their close
similarity in all other respects, the optical
evidence obtained so far must be treated
with caution.

No satisfactory explanation for the pul-

sars has yet been suggested. The
energy requirement, combined with the
immense stability of the timekeeping
mechanism, implies that some object
with the mass of a star is involved. We
are currently aware of only two types of
star, white dwarfs and neutron stars, that
are as small as the pulsars must be
[see top illustration on page 33]. White
dwarfs are stars that have collapsed after
exhausting their nuclear fuel. Their mass,
roughly equal to the mass of the sun, is
packed into a volume the size of a planet.
Neutron stars have been proposed on
theoretical grounds, but none has yet
been found. They would have roughly
the same mass as white dwarfs, but their
diameter would be only on the order of
10 to 100 miles. Calculations indicate
that neutron stars might be hot enough
to emit detectable X rays.

The nature of these compact stellar
bodies and the reason why only the two
types are plausible depends on the prop-
erties of matter at enormously high den-
sity. A typical star such as the sun main-
tains its size by balancing internal pres-
sure against gravity; the pressure results
from the large amounts of radiant energy



OPTICAL SEARCH for pulsars has so far been unrewarding. The
rectangles in these two sky photographs delineate the radio posi-
tions of CP 0950 (top) and CP 1133 (bottom). The long side of the
rectangle equals two-thirds of an arc minute in the case of CP 0950

and one arc minute for CP 1133. One would expect that if either pul-
sar were a normal white dwarf it would be visible in such pictures if it
were as nearby as the radio evidence indicates. The prints are from
the National Geographic Society-Palomar Observatory Sky Survey.
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OPTICAL SEARCH FOR CP 1919, first pulsar to be discovered, has been conducted in
the region defined by the rectangle. Unconfirmed reports from optical astronomers suggest
that some object in this region is emitting light in a fluctuating and possibly regular man-
ner. But the star lying on the boundary of the rectangle exhibits no unusual properties.
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released by nuclear reactions deep inside
the star. As the nuclear fuel is used up
the radiation pressure must eventually .
decrease and gravity will then contract
the star to a smaller volume. A new equi-
librium becomes possible, even for a cool
star, when the pressure due to the mo-
tion of electrons balances gravity. For a
star as massive as the sun this happens
only when gravity has shrunk the mate-
rial into a sphere with a radius of some
6,000 miles. The visible white dwarfs
are presumed to be old, burned-out stars
of about this mass and size.

We can imagine a star much more
massive than the sun collapsing in the
same way, but an interesting situation
arises when gravitational forces com-
press the spent matter into too small a
volume. Quantum effects, and the “de-
generacy” of the electrons resulting from
the Pauli exclusion principle, dictate that
the electrons weaving in and out among
the atomic nuclei can be packed into a
smaller volume only if their energy is in-
creased. The more massive the star, the
greater the inward gravitational force
and the greater the electron energy.
Eventually the energy is so great that the
electrons react with protons to form neu-
trons—the reverse of the normal process,
in which a free neutron decays into a pro-
ton and an electron within a few minutes.
When the electrons disappear, so does
the pressure caused by their motions;
gravity then contracts the star still fur-
ther until it becomes a neutron star. Ac-
cording to current ideas a heavy star is
likely to explode before it reaches the
white-dwarf stage, leaving a neutron star
at its center. Attempts to find neutron
stars in the debris of supernovas, how-
ever, have not succeeded.

Since the time of Sir Arthur Edding-
ton astrophysicists have contemplat-
ed the possibility of pulsating stars that
alternately expand and contract over
their entire surface. These ideas are of
interest in the theory of variable stars
such as the cepheid and RR Lyrae types.
As we groped for some explanation for
the pulsars we were impressed by the
fact that the pulsation periods calculated
for white dwarfs and neutron stars came
fairly close to the observed periods of the
pulsars. For the neutron star it had also
been calculated that considerable quan-
tities of energy could be stored in the
vibrations, implying that the pulsation
might persist for a long time. It there-
fore appeared that the pulsation of an
entire star might provide just the re-
quired clock mechanism for triggering
the emission of the radio pulses.
Precisely how an up-and-down vibra-



CONJECTURED SIZE OF PULSARS is compared with relative
sizes of the sun, the earth, white dwarfs and neutron stars. The sun
is 864,000 miles in diameter, the earth not quite 8,000 miles. White-
dwarf stars incorporate a mass roughly equal to that of the sun in

a volume of planetary dimensions. Hypothetical neutron stars also
have a mass roughly equal to that of the sun but a diameter of
only 10 to 100 miles. The brief pulse interval suggests that pulsars
fall somewhere in size between neutron stars and white dwarfs.

tion of the surface of a star would give
rise to radio pulses is far from clear. One
can, however, visualize a pressure wave
being launched into the atmosphere by
the heaving surface; then, as the atmo-
sphere thinned out, the pressure wave
would be transformed into a shock wave.
The outward-moving shock front might
accelerate electrons to high speeds and
the electrons in turn might generate ra-
dio waves as they rushed out through
the ionized gas surrounding the star [see
illustration below]. Events of this kind
certainly occur in the solar atmosphere,
giving rise to radio outbursts. We may
imagine that similar activity, linked to a
pulsating surface, accounts for the regu-
lar radio flashes from a pulsar.
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When we first considered this possi-
bility, there was one important snag.
Calculations indicated that neutron stars
would pulsate rather too rapidly, with
periods of milliseconds. White dwanrfs,
on the other hand, would pulsate too
slowly; if they were compressed suffi-
ciently to vibrate with periods shorter
than a few seconds, they would be col-
lapsed by gravity. Faced with this chal-
lenge, several theorists have recently cal-
culated that a spinning white dwarf can
be made to vibrate considerably faster,
particularly if the interior of the star ro-
tates more rapidly than its equatorial re-
gion does. Periods as short as .1 second
are reported for this model, which would
certainly account for the known pulsars.
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Other modifications of white-dwarf theo-
ry assume that the star pulsates at some
overtone of the fundamental period, or
that the atmosphere vibrates at some
fairlyhigh rate thatis coupled to a slower
vibration of the interior.

Many other ideas have been suggest-
ed to explain pulsars, some of which can
be classified as “lighthouse” theories. If
radio waves continuously emitted from
some active region on a rotating star are
suitably formed into a beam, regular
flashes at the rotation period of the star
will be observed on the earth [see top il-
lustration on next page]. This picture
presents difficulties if the star is a white
dwarf; if the star spun fast enough to
account for the most rapid pulsations, it
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MODEL OF PULSATING STAR assumes that the entire surface of
a white dwarf (or possibly a neutron star) is oscillating at the fre-
quency characteristic of the pulsars so far observed. The regular

motion of the surface sends out shock waves that generate bursts of
radio waves in all directions when they strike the plasma, or elec-
trically charged envelope of gas, in the star’s upper atmosphere.
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ROTATING WHITE DWAREF is one of several “lighthouse” mod- of Princeton University, radio waves are continuously emitted
els put forward to explain the frequency and extreme regularity of from some active region, or hot spot, on the surface of a white
pulsar signals. In the model illustrated, proposed by J. P. Ostriker dwarf that is rotating at a rate equivalent to the pulse interval.
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ROTATING NEUTRON STAR is a lighthouse model proposed by plasma out to a great distance, forcing it to rotate at the same rate
Thomas Gold of Cornell University. It presupposes that the star’s as the star itself. At the periphery where the spinning plasma final-
magnetic field is sufficiently powerful to grip the star’s envelope of ly breaks away, highly directional radio beams will be emitted.

PAIR OF NEUTRON STARS traveling rapidly in orbit around focus radio waves if they were being continuously emitted by the

each other provides still another lighthouse theory. The gravita- companion star. The various lighthouse theories require that the
tional field of a neutron star is so immense that it would bend and earth be fortuitously located in line with the rotating radio beams.
34

© 1968 SCIENTIFIC AMERICAN, INC



might fly apart or rotate so unevenly over
its surface that accurate timekeeping
would be impossible. Neutron stars,
however, could spin at more than 600
revolutions per minute before centrifugal
forces disrupted them.

Neutron stars are also likely to have a
powerful magnetic field, and such a field
would provide the basis for another
lighthouse theory. The magnetic field
would cause the ionized atmosphere of
the star (if there is one) to whirl around
with the star, even if the atmosphere
were quite extended. Thomas Gold of
Cornell University has suggested that
the far reaches of such an atmosphere
might move at a speed approaching the
speed of light before it became discon-
nected from the magnetic field. At the
point where the spinning atmosphere
broke away, radio waves would be gen-
erated and formed into a beam by rela-
tivistic effects [see middle illustration on
opposite page].

Still another lighthouse model, pro-
posed by W. C. Saslaw, J. Faulkner and
P. A. Strittmatter of the University of
Cambridge, calls for a pair of neutron
stars in orbit around each other. Many
typical stars exist in pairs held together
by gravitational attraction; if neutron
stars exist at all, they too may exist in
pairs. Now, the gravitational force near
a single neutron star would be immense,
which means that light waves (and
therefore radio waves as well) would be
bent toward the star as they pass by.
Consequently if one of the neutron stars
is continuously emitting radio waves,
some of them would be focused by the
companion star: its gravitational field
would act like a gigantic lens. The result
would be a rotating beam that might ex-
tend in the direction of the solar sys-
tem [see bottom illustration on opposite
pagel. A severe difficulty with this idea
is that the orbital velocity of the neutron
stars would be slowed down rather rap-
idly by the loss of energy to gravitational
radiation. It may be, however, that bod-
ies in free fall do not radiate gravity
waves; that would save the theory.

One could continue to describe many

other pulsar models that have been
proposed. Difficulties arise with most of
them, and clearly theoreticians have
much work to do before the truth about
pulsars is known. Current opinion seems
to be about equally divided between
white dwarfs and neutron stars as the
source of the periodic emission. Quite
apart from what pulsars actually are,
however, they are likely to become im-
portant in widely different realms of as-

PULSAR ‘ RIGHT DECLINATION | PERIOD DISTANCE
ASCENSION (SECONDS) | (PARSECS)
CP 0328 | 03h 28m 5os \ 54°03° 0.714518563 i 268
CP o808 | o8noBmsos | 7442 120204126 | 58
CP o83 | O8ha4m 22s | o607 12737642 | s
CP 090 | 0ohs0m20s | o8 02530646 | 30
CP 133 | 1h 3 3es | 16°08 1187911 ‘ 49
HP 1506 | 15h 07m 50s 55°41" 0.739677626 | 196
CP 1919 { 19h 19m 37s 21°47" 133730113 | 126
PSR 1749 17h 49m —28°06 05626451 | 500
PSR 2045 200 46m 485 | —16°28 | 19616633 | 114

POSITION, PERIOD AND DISTANCE of nine known pulsars are listed. The hour and
minute values of the position in right ascension provide the four-digit number that follows
the designation CP (for Cambridge pulsar), HP (for Harvard pulsar) or PSR (simply for
pulsar). The last designation was suggested by the group in Sydney, Australia, that recently
discovered the two pulsars in the Southern Hemisphere. The distance estimates are based
on an assumed mean electron density in space of one electron per 10 cubic centimeters.

tronomy. For example, there is consider-
able interest in the question of whether
or not the astronomical time derived
from the motion of celestial bodies re-
mains in step with the atomic time de-
rived from atomic clocks in terrestrial
laboratories. It may be that pulsars are

sufficiently accurate astronomical clocks
to supply the answer. Already the con-
stancy of pulsar timekeeping is almost
good enough to provide a direct test of
the theory of general relativity. Pulsars
are exciting objects and we can expect a
great deal from them.
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APERTURE-SYNTHESIS TELESCOPE at the Mullard Radio Astronomy Observatory of
the University of Cambridge employs three 60-foot dish telescopes, of which only two are
shown here. One of the three is mounted on rails. The signals from the three dishes are fed
into a computer, where they are synthesized into a signal equivalent to that obtainable from
a steerable dish telescope a mile in diameter. The instrument has been used by Sir Martin
Ryle and his colleagues to establish the precise positions of pulsars in the northern sky.
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Surgery for Coronary Disease

There are three main surgical approaches to coronary artery disease:

(1) providing the heart muscle with an alternative supply of blood,

(2) repairing the diseased artery and (3) repairing the damaged heart

he effort to save lives with heart
transplants illustrates the increas-

ingly aggressive strategies to
which medicine has turned in recent
years to deal with acquired heart dis-
ease, the greatest single hazard to the
health and life of modern man. External
heart massage, once thought to be peril-
ous and of little value, is now taught
routinely to policemen, firemen, ambu-
lance attendants and others who admin-
ister first aid. Operations are performed
on the heart and its blood vessels almost
as freely as they were on less vital organs
a generation ago. It has been found that
the risks involved in these procedures
are relatively small compared with the
number of lives that can be saved by
their rational and timely use. This article
is an account of the results we have ob-
tained at the Cleveland Clinic over the
past 10 years with new diagnostic and
operative techniques for surgical repair
of the heart and its blood supply in coro-
nary arterial disease.

Of the four chambers of the heart, the
most important in terms of function and
vulnerability is the left ventricle, which
pumps oxygenated blood into the body’s
arterial system. As the heart’s basic work
unit the left ventricle comprises the main
bulk of the heart muscle and requires
most of the coronary blood supply. It is
fed by the two principal coronary arter-
ies: the right and the left. When these
arteries are ‘substantially narrowed by
atherosclerosis, the reduced blood flow
to the heart muscle leads to the symptom
of distress known as angina pectoris
(pain in the chest). The pain arises from
a metabolic deficit in the heart muscle
that in turn results from a severe blood-
vessel spasm. It is most likely to occur
during physical or emotional stress. (Ni-
troglycerin relieves anginal pain because
it is a potent dilator of blood vessels.) At
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a certain critical point in the narrowing
of a coronary artery by atherosclerosis
(usually reduction of its bore by 75 per-
cent or more) the danger of coronary oc-
clusion becomes acute, either by spasmic
closing of the vessel or by thrombosis
(clotting).

The consequent shutoft of the blood
supply to a significant portion of the left
ventricle (“heart attack”) will destroy the
muscle, but it may kill the victim even
before that happens by producing ven-
tricular fibrillation, a disruption of the
coordinated contractions of the muscle
cells. Fortunately the prompt application
of artificial resuscitation or electrical
stimulation can often restore the heart’s
coordinated pumping action [see “In-
tensive Heart Care,” by Bernard Lown;
SCIENTIFIC AMERICAN, July]. An indi-
vidual’s recovery from a heart attack
depends on maintenance of the heart’s
electrical stability and on quick restora-
tion of the blood flow to the heart mus-
cle. Sometimes the heart suffers little
damage; more often the survivor.is left
with permanent impairment of the func-
tioning of the left ventricle and perhaps
damage to other structures of the heart.

The treatment of heart patients and
of coronary arterial disease has depended
on rather vague and often controversial
criteria. To begin with, the diagnosis of
disease of the coronary arteries has itself
been highly uncertain. Traditionally it
has been based on electrocardiograms
and on general information such as the
patient’s ethnic background, age, weight,
occupation and subjective symptoms.
These clues are so inconclusive that it
is not uncommon for persons to have a
heart attack shortly after they have been
given a clean bill of health in a thorough
examination. Nor is it unusual, on the
other hand, for a healthy person to be
condemned by his physician to an un-
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necessarily restricted life on the basis of
an incorrect diagnosis of coronary dis-
ease.

A similar lack of specificity character-
izes the treatments usually prescribed
for coronary patients: dieting fads of one
kind or another, reduction of weight,
graded exercise, drugs such as blood-ves-
sel dilators and so forth. Helpful as these
prescriptions may be, they do not direct-
ly attack the patient’s prime need for im-
provement of the blood supply to the
heart muscle.

Attempts to achieve that purpose by
+* surgery were started many years
ago. Before World War II, Claude S.
Beck of the Cleveland Clinic and Lau-
rence . O’Shaughnessy in England pio-
neered experiments in supplementing
the coronary blood supply by attaching
blood vessels from the abdomen to the
heart. They abraded the heart surface
and then wrapped a segment of the
abdominal tissue called the omentum
around the heart in the hope that the
abdominal arteries would adhere to the
heart and thus nourish the muscle. Many
attempts to provide the heart with vas-
cular adhesions by one means or another
were made. In 1946 Arthur M. Vineberg
of the McGill University Faculty of Med-
icine tackled the objective in a direct and
rational way. He proposed that an artery
from the chest be implanted in the left
ventricle of the heart.

Unfortunately these novel attacks on
the problem of coronary artery disease
were not notably successful. The results
of clinical tests were disappointing, and
the medical profession dismissed the
concept of surgical revascularization of
the heart as being too exotic. Indeed,
Vineberg’s operation was seriously com-
promised at the time because it was not
supported by a diagnostic technique that



CORONARY ARTERY describes an irregular semicircle near the rowed by atherosclerosis (eight o’clock position at lower left), im-
left side and bottom of an arteriogram. It has been severely nar- pairing blood supply to the left ventricle, the heart’s main pump.

REPAIRED ARTERY is seen in a second arteriogram, made five prominent, evidence of a better blood supply to the left ventricle.
months after the narrow segment was replaced by a length of vein A pair of loops, one seeming to surround the vein graft, are the
taken from the patient’s leg. Many branches of the artery are more surgical wires used to close the chest wall after the operation.
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FOUR CHAMBERS OF THE HEART comprise two receiving areas and two pumps. Oxy-
gen-poor venous blood, received in the right auricle, is pumped by the right ventricle to
the lungs for oxygenation. The left auricle receives the returning oxygen-rich blood from
the lungs and the left ventricle pumps it by way of the aorta into the arteries. The left ven-
tricle makes up the bulk of the heart’s muscle and uses most of the coronary blood supply.

SITES OF _
OCCLUSION 7~ SITES OF
' OCCLUSION
RIGHT
CORONARY ——:_ LEFT
ARTERY CORONARY

ARTERY

RIGHT AND LEFT CORONARY ARTERIES do not share equally in the task of carrying
blood to the heart muscle. In 60 percent of cases the right artery is dominant, as seen here.
The right artery supplies the rear of the left ventricle with blood, whereas the left artery
supplies the front and side. Narrowing of the arteries usually occurs at the points shown.
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could show precisely under what circum-
stances the arterial implantation should:
be made. In medicine it is axiomatic that
specific diagnosis must precede therapy.

The diagnostic problem was solved in
1958, when I'. Mason Sones, Jr., of the
Cleveland Clinic developed a technique
that made it possible to examine the
coronary arteries and even the left ven-
tricle to determine whether they were
healthy or discased. He succeeded in ap-
plying X-ray photography to this pur-
pose. Radiography had long been em-
ployed to map and examine arteries in
more accessible parts of the body, but no
safe or effective way had been found
to exp]()re the coronary arteries by this
means. Sones resorted to a flexible cathe-
ter, inserted through a brachial (upper
arm) artery so that it reached the heart
by way of the aorta, to inject the neces-
sary opaque dyc into the coronary arter-
ies. With an image-intensifier and high-
speed motion-picture photography he
obtained pictures of the coronary ar-
teries showing their condition in precise
detail. Moreover, by the selective injec-
tion of opaque dye into the left ventricle
the same technique produced a “ven-
triculogram” that showed the contrac-
tions and expansions of the ventricle and
thus indicated whether or not the mus-
cle was performing normally.

Sones’s technique of selective coro-
nary arteriography produced a leap for-
ward in our ability to read coronary dis-
ease that can fairly be likened to the
impact of the invention of the printing
press on the written word. More than
11,000 patients have had their coronary
arteries “read” in his laboratory, and the
findings have been a revelation. (The
procedure is relatively simple, extreme-
ly safe and, done under local anesthesia,
causes little discomfort to the patient.)
Among other things, the examinations
showed that among patients who had
been diagnosed as having coronary ar-
tery disease, a substantial proportion
(15 to 35 percent) actually had normal
arteries. On the other hand, the radio-
graphic examination detected diseased
arteries in a number of patients whose
clectrocardiograms were normal. The
technique has brought certainty to the
diagnosis of coronary artery disease.
More important, it shows precisely what
repairs are needed and thus has initiated
a new era in heart surgery.

Examination of a large number of coro-

nary patients at the Cleveland Clinic
Hospital established that surgery could
usefully be undertaken for several dif-
ferent purposes. There are three basic



approaches in coronary artery surgery
today: (1) to provide an extracardiac
source of blood (indirect revasculariza-
tion) for patients with seriously diseased
coronary arteries, (2) to open obstructed
coronary arteries by the removal of oc-
cluded segments where these are the
only serious impediment to blood flow
and (3) to reconstruct or repair a left
ventricle already damaged by coronary
artery disease.

Vineberg had noted that two distinc-
tive aspects of the coronary anatomy and

physiology would favor revasculariza-
tion from a source outside the heart. In
the first place, the incoming artery need
not be connected to a vein for the out-
flow of the circulating blood. Unlike
skeletal muscle, the heart muscle is a
spongy structure riddled with tiny sacs
(called sinusoids). Blood percolating into
these spaces readily escapes into the
venous bed and runs off without produc-
ing swelling such as occurs when an ar-
tery bleeds in skeletal muscle (causing a
“charley horse”). Secondly, it is well

known that, in response to the heart’s
demand for blood, new arterioles will
develop naturally to provide collateral
circulation. Vineberg pointed out that
by this process an artery implanted in
the heart could grow arterioles from its
side branches to produce a network feed-
ing a substantial area of the muscle.
Vineberg observed that the two mam-
mary arteries in the chest wall immedi-
ately in front of the heart were ideally
located for the implanting operation he
had in mind. At least three of his implan-
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VISUAL DIAGNOSIS of coronary disease requires insertion of a
flexible catheter through an artery in the patient’s arm up to a
point where it is possible to inject a dye opaque to X rays into the
coronary arteries. A fluoroscope is in place under the patient; the
image formed by its X rays is displayed to the physician on a
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cathode-ray-tube monitor after image intensification and is also
recorded by a motion-picture camera. The technique, which makes
possible diagnosis with an unprecedented degree of accuracy, was
devised by F. Mason Sones, Jr., of the Cleveland Clinic. Arteriograms
on page 37 were made during examinations using the technique.
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RESTORATION OF BLOOD SUPPLY to the left ventricle is ac-
complished in several ways. First («) the patient’s blood supply is
bypassed through a heart-lung machine, permitting work on the
coronary artery. When the coronary obstruction lies close to the

tations of a mammary artery in the heart
were in fact found to produce the pre-
dicted result; Sones, who examined the
patient’s heart by radiography five years
later (in 1962), observed that the im-
planted artery was supplying blood to
the heart muscle.

NONCORONARY BLOOD SUPPLY has also been used for the
nourishment of heart muscle. A nearby blood vessel, the mammary
artery, is generally chosen. In the pioneer method developed by
Arthur M. Vineberg of the McGill University Faculty of Medicine
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Meanwhile William H. Sewell of the
Guthrie Clinic in Sayre, Pa., had discov-
ered a more effective technique for the
operation. Instead of the naked artery,
he implanted in the heart muscle a pedi-
cle of chest tissue containing not only
the artery but also its vein, communicat-
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aorta, a bypass graft is used to connect the aorta and the healthy
part of the artery heyond the obstruction. The link is end to end
(b) or into the side of the artery (c). More commonly the diseased
length of artery is removed and the vein graft put in its place (d).

ing blood vessels and supporting tissue.
This operation could be performed more
rapidly, reduced the chances of damage
to the artery, eliminated the tendency of
the unsupported artery to shorten and
enabled the surgeon to place implants
on the side and rear of the left ventricle

(a) the mammary z;rtery was stripped bare before implantation in
heart muscle. In a later refinement, developed by William H.
Sewell of the Guthrie Clinic (b), a pedicle of chest tissue, contain-
ing the artery, the vein, connecting vessels and supporting tissue,



“VISTA DOME” PATCH provides another means of eliminating a
dangerous narrowing of the coronary artery. An incision is made
along the narrowed artery segment (a) and the crosscut made at
each end is rounded (broken lines). When the incision is opened

(D), a probe is used to dilate the artery at each end of the nar-
rowed segment. A patch cut from the pericardial membrane is then
sewed in place along the edges of the incision (¢). When patching
is completed (d), a gentle bulge replaces the previous narrowing.

as well as on the front. Sewell’s proce-
dure considerably improved the clinical
results of the revascularization opera-
tion.

Combining the useful features of
Vineberg’s operation and Sewell’s elabo-
ration of it, a team of surgeons at the

Cleveland Clinic developed a standard
operative technique. More than 2,000
coronary patients have been treated with
mammary artery implants at the Cleve-
land Clinic Hospital since the program
was inaugurated in 1962. The extent of
the operation is based on the patient’s

need as shown by a radiographic exami-
nation of the coronary arteries. When the
deficit in the blood supply to the heart is
moderate, a single implant is made; in
cases of extensive disease of the coronary
arteries both mammary arteries are used,
the right pedicle being placed in the left

was implanted. The present practice at the Cleveland Clinic is to
prepare a pedicle of tissue hut to trim the tissue away from the part
of the mammary artery to be implanted (c). The length of artery
is then pulled into a tunnel previously prepared in the tissue of

the left ventricle (d). When circumstances require it, more than
one tunnel can be prepared (e). When implantation of only one
artery would not provide an adequate supply of blood, two can be
implanted, supplying both the front and the rear of the muscle (f).

41
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ventricle’s front wall and the left pedicle
in the side and rear walls of the ventricle.
The fatality risk in the operation is not
great; even in the group of very sick peo-
ple who have required the double im-
plant the mortality rate has been less
than 10 percent.

The beneficial results of our revascu-
larization operations have exceeded ex-
pectations. More than 400 patients have
been examined a year or more after the
surgery, and in more than 92 percent of
these cases it was found that the im-
planted arteries were supplying blood to
the heart muscle. The best results were
obtained in patients whose radiographic
pictures before the operation had shown
that the heart muscle was in good condi-
tion but required a better blood supply.
In these patients the implanted arteries
were functioning well, anginal pain had
diminished or disapneared and the toler-
ance for exercise had increased.

ocalized obstructions in the coronary

— arteries present a different surgical
problem from the foregoing. Such ob-
structions occur much less frequently
than general narrowing of the artery
does because atherosclerosis is a diffuse
process that usually involves the entire
artery. Nevertheless, many cases do arise
in which a particular segment of the ar-
tery is narrowed by disease, and in such
cases the indicated remedy is simply re-
moval of the obstruction. Among the ad-
vantages of that attack is the fact that
a normal flow of blood is restored im-
mediately, without any need for the de-
velopment of collateral arterioles.

The Cleveland Clinic surgeons first
tried the procedure of reaming out the
narrowed segment of artery. This was
quickly found to be ineffectual, because
the reaming operation sheared off side
branches and sometimes actually re-
duced the blood flow through the artery.
The surgeons then turned to an old strat-
agem used by seamstresses to widen a
sleeve or similar structure: opening a
seam and inserting a gusset, or strip of
cloth, to enlarge the diameter. The ob-
structed segment of the artery was slit
lengthwise and a “patch graft” of tis-
sue from a leg vein or the pericardium
around the heart was inserted to widen
the artery’s bore. Approximately 140
such operations were performed at the
clinic, and follow-up studies as long as
five years later showed that this type of
operation could produce a lasting reme-
dy for the arterial obstruction, improving
blood flow to the patient’s heart. The
procedure was not always satisfactory,
however; it was ill suited for the repair
of lengthy obstructions and in any case
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PLASTIC RECONSTRUCTION of a heart damaged by a major attack is another Cleveland

Clinic technique. Surgery begins («) after connection to a heart-lung machine allows

it left in place the diseased portion of the
artery, which could produce turbulence
in the flowing blood and thus lead to
eventual trouble.

A year ago the Cleveland Clinic team
adopted a new technique introduced by
Rene G. Favaloro of the clinic. Its ra-
tionale is elegantly simple: the diseased
segment of the artery is cut out entirely
and replaced with a spliced-in section of
leg vein (taken from the patient’s groin).
The operation itself requires a total by-
pass of the heart by the circulation dur-
ing the surgery; this is taken care of by
the use of an artificial heart machine
while the surgeon excises the diseased
portion of the coronary artery and grafts
in the connecting segment of vein. The
results of this technique have proved
highly gratifying so far. The obstructing
section of artery is replaced by a fine,
smooth-walled vessel. Although it is too
early to tell what the long-term effects
will be, the radiographic examinations of
patients made in the 14 months since the
technique was inaugurated show that the
improvement in the artery’s functioning
and in the coronary blood supply is far
greater than the improvement obtained
by the patch-graft operation.

All together more than 300 patients
have been operated on for coronary ar:
terial obstructions (by the methods I
have mentioned) over the past six years.
We have found that the operation is most
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useful for the right coronary artery (usu-
ally the dominant one), which feeds the
side and rear walls of the left ventricle.
This artery is the most accessible and has
relatively few side branches, so that the
danger of injury to blood vessels during
the operation is minimized. The mortali-
ty risk of the current procedure in re-
placing a diseased segment of the right
coronary artery is low—about 5 percent.
Our experience has shown, however, that
operations for the relief of coronary ob-
struction, like the other operations on
the coronary system, are useful and safe
only for patients who have been care-
fully selected on the basis of their clinical
condition and radiographic examination
of the difficulty in need of repair.

The third type of operation on which
- the Cleveland Clinic has been work-
ing is plastic surgery on the damaged
heart itself. The procedure is usually un-
dertaken only on patients who have suf-
fered a major heart attack and have a
critical impairment of heart function.
The damage may consist in extensive
tissue death and scarring of the left ven-
tricle that interferes with its pumping
capacity and with conduction of the elec-
trical impulses necessary for the coordi-
nated contractions of the muscle. The
attack may have ruptured the septum, or
partition, separating the left ventricle
from the right, so that blood leaks into



suspension of heartheat. The ventricle’s scarred muscle is removed

(b), along with any underlying blood clot, and the incision closed

the right ventricle instead of being
pumped into the arterial system. Or the
mitral valve between the left ventricle
and the left auricle may be incapacitated
by damage to the muscle operating it. In
each of these cases we have found that
under suitable conditions repairs are
feasible.

During the operation the beating of
the heart is suspended and the circula-
tion of blood through the body is pow-
ered by a heart-lung machine. For repair
of the left ventricle, the dead, scarred
tissue is completely removed and the
wall is reconstructed by plastic surgery.
In the case of a perforated septum be-
tween the left and right ventricles, the
gaps are closed by surgery. Similarly,
plastic surgery can rebuild the mitral
valve so that it functions normally.

More than 130 reconstructive opera-
tions on the heart have been performed
in the past five years. We have been en-
couraged to find that 90 percent of the
critically sick patients who undergo these
operations survive the surgery, and 75
percent of the survivors have recovered
sufficiently to return to gainful living.
Considering these results and the alter-
native that faces such patients, it seems
highly desirable that every victim of a
major heart attack who lives on the bor-
der of heart failure should be examined
for the possibility of rehabilitation by re-
constructive surgery.

Recovery after any of these surgical
procedures (revascularization or recon-
struction) may be a slow process. More-
over, surgery does not remove the un-
derlying causes that bring about the
degeneration of the arteries through
atherosclerosis. The surgery must there-
fore be accompanied by such medical
measures as are available to check the
disease. Before we operate on our pa-
tients we insist that they shed excess
weight and discontinue cigarette smok-
ing. After the operation they are put on
a medical program that includes vasodi-
lating drugs, careful weight control, a
diet low in animal fats and graded regu-
lar exercise. How eftective these mea-
sures are in controlling atherosclerosis is
difficult to assess, but they do appear to
be based on rational grounds.

The Cleveland Clinic is now exploring
the possibilities of surgical treatment of
the acute phases of the heart attack it-
self. Prompt radiographic diagnosis and
surgical intervention within a few hours
after the onset of an attack might in
many cases be effective in removing an
arterial obstruction and thus limiting
damage (infarction) of the heart muscle.
Prompt excision of the freshly destroyed
muscle tissue and plastic repair of the
myocardium could also save many lives;
this procedure has been applied success-
tully in a few patients who, when the
heart attack took place, had the good
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(¢). The reconstruction immediately improves the heart’s pumping
efficiency, dramatically rehabilitating the chronic postattack invalid.

fortune to be in a hospital where aggres-
sive therapy was available. In cases of
patients dying of heart failure a heart
machine might be employed to take over
the pumping function and tide the pa-
tient over the critical period until the
heart repaired itself. And finally, the
surgical implantation of a new heart,
either living or artificial, now seems with-
in the realm of eventual feasibility for
wide application.

C oronary artery disease kills more than

500,000 Americans each year. Ap-
proximately 3.5 million persons are esti-
mated to be more or less incapacitated
by this disease, and upward of 20 mil-
lion suffer some degree of insufficiency of
blood supply to the heart. The disease
appears to mark out the most active and
responsible groups in society for attack;
the heart attack is so common among
professional people, executives and men
in public office that it has become almost
a status symbol. If all the men in these
groups who have had coronary attacks
were forced to retire (as airline pilots
automatically are), the shortage of man-
power at the top levels of government,
industry and the professions in the U.S.
would cripple the nation. All in all, coro-
nary disease has become so prevalent
and ominous in modern society that
heroic measures to deal with it seem not
only appropriate but essential.
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CHEMICAL ACCELERATORS

The nature of chemical reactions at all energies 1s opene(l 10 study

by these new devices. They produce heams of molecules, atoms or

1ons that are made to react under pl'e('isely controlled conditions

he chemist’s basic concern is with
I the structure of molecules and the
nature of the reactions in which
these structures change. In the 1920’s
and 1930’s the concepts of structural
chemistry were profoundly altered. Now
our understanding of chemical reactions
—of chemical kinetics or dynamics—is in
a comparable period of upheaval. A sig-
nificant aspect of this revolution is the
advent of the chemical accelerator: a de-
vice for producing beams of atoms, mol-
ecules or ions with a controlled and vari-
able velocity whose interactions reveal
the detailed nature of reactive collisions
and how they depend on energy. Much
as particle accelerators have provided
physicists with most of their understand-
ing of nuclear reactions, chemical accel-
erators are beginning to extend the
range of reactions with which the chem-
ist can deal and to increase his insight
into the process of chemical change.

"I he classical method of chemical ki-
* netics developed in the 19th century
is simply to heat chemicals and note
what changes occur and how long they
take. From this information one attempts
to deduce the actual pathways by which
the atoms have rearranged themselves to
form new molecules from the old. The
energy required to break the chemical
bonds and form new ones is supplied
by thermal motion. When a substance is
heated, its atoms move faster and faster
until at some point certain bonds are
ruptured and reaction takes place.

The energy yardstick of chemistry is
the strength of the chemical bond, which
usually measures between two and 10
electron volts. At a given temperature
there is a wide spread of kinetic energies
of collision between two potentially re-
active molecules, but even at high tem-
peratures only relatively low energies
(below one electron volt) are accessible
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by Richard Wolfgang

[see illustration on page 46]. Thermal
techniques can therefore sample only
those chemical reactions occurring at the
lowest energies.

In the past decade a number of new
nuclear, photochemical and mass-spec-
trometric methods have made accessible
a part of the vast domain of chemical
reactions above thermal energies [see
“Chemistry at High Velocities,” by Rich-
ard Wolfgang; SCIENTIFIC AMERICAN,

January, 1966]. Unfortunately these

new techniques for studying high-ener-
gy chemical reactions, or “hot chemis-
try,” have some of the same drawbacks
as the classical techniques of thermal
chemistry. For one thing, the exact en-
ergy at which a reaction takes place re-
mains hard to estimate. Moreover, after
the products are formed the multiple col-
lisions they undergo before they are de-
tected alter their properties, so that one
cannot know how they actually emerged
from the reaction. In particular, vital

s -

CHEMICAL ACCELERATOR built at the University of Chicago by Lennard Wharton

will produce beams of molecules at an energy of about two electron volts, making possible

studies of energy-conversion processes that lead to chemical reactions. The photographs
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information on the energy and angular
distribution of the freshly formed prod-
ucts is lost.

These difficulties can be overcome by
making one or both of the reactants into
a beam traveling at a known energy
through a vacuum. Reaction occurs
when such a beam strikes either another
beam or a stationary target. One can
then measure not only the nature of the
products but also their probability of
being formed in a collision at any given
energy. Furthermore, if the target is a
gas so thin that a product is unlikely to
be subjected to further collisions, the
energies and angular distribution of the
product particles can be measured.

In 1955 Sheldon Datz and Ellison I1.
Taylor of the Oak Ridge National Lab-
oratory made the first successful molecu-
lar-beam studies of a chemical reaction.
At thermal energies this technique has
yielded much new information on the
nature of certain simple reactions. It also
indicates the potential value of appara-
tus that would operate over the entire
range of chemical energies, from zero to
30 electron volts and higher. It is these
devices that one may call chemical ac-
celerators. Clearly they call for a tech-
nology very different from that of nu-

show the long dipole accelerator from both ends. Molecules pro-
duced by heating in an oven (left) are accelerated down the
C-clamped tube by electric fields (see illustration on page 51). Af-

clear accelerators, which operate in the
energy range of the bonds in nuclei:
about 10 million electron volts.

The realization that the concepts of
high-energy chemistry should be joined
with the molecular-beam method to give
us the chemical accelerator is a recent
and rather sudden development. One
might think that such a simple concept
would long since have become the
standard method of studying chemical
reactions. The fact is that producing
chemical beams of the appropriate en-
ergies is technically quite difficult, and
to detect the reactions they bring about
can also be a subtle problem. The design
and construction of chemical accelera-
tors is a fast developing field that lerds
itself to innovation, and new approaches
and techniques are being suggested even
as the early results obtained with the
first devices are being reported.

rI“he simplest imaginable way to accel-
erate a molecule into the electron-
volt range is mechanical=by batting it
like a baseball. This was actually done
by T. H. Bulland P. B. Monn at the Uni-
versity of Birmingham about 15 vears
ago in what appears to have been the
first attempt to build a chemical accel-
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erator [see “Molecular Beams,” by O. R.
Frisch; SciexTiFic AsmERICAN, May,
1965]. In their device a rotor blade re-
volving at an extremely high speed
knocked molecules of carbon tetrachlo-
ride through a hole to form a beam. On
traversing another chamber containing a
little cesium vapor some of the molecules
reacted with the cesium to form cesium
chloride, which was detected by surface
ionization: the molecules donate elec-
trons to the surface of a hot tungsten
filament, become positive ions and are
measured as a current flowing between
the filament and a negatively charged
cylinder surrounding it. The energy that
can be obtained by this primitive but
rather charming methed is Lmited by
the rotor’s velocity, which in turn is lim-
ited by its strength, since above a certain
velocity it would simply fly apart. Given
existing materials, the energy of carbon
tetrachloride molecules obtained by Bull
and Moon was about as high as seems
readily feasible—about .5 electron volt,
or barely beyond the thermal range. The
possibilities opened by this pioneering
experiment therefore seemed rather lim-
ited, and not much more was done about
chemical accelerators for a decade.

The next step was to take advantage

ter colliding with target atoms the beam molecules and any reaction
products are detected and analyzed (right). Apparatus under tube
includes radio-frequency switching equipment and vacuum pumps.
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INCREASING PROBABILITY

CLASSICAL THERMAL TECHNIQUES are inadequate for reach-
ing any but the lowest chemical energies. The black curves indicate
probabilities that hypothetical chemicals 4 and BC, on colliding at
given energies, will yield three different combinations of prod-
ucts; each reaction has a threshold energy (arrows). The energy

of the fact that an ion—a charged mol-
ecule or atom—is much easier to move
around than a neutral species. Positive
ions traveling from a grounded plate to
one that is negatively charged acquire
an energy corresponding to the p()tentiul
difference between the plates. If there
is a hole in the negative plate, a beam
of ions will stream through it. To get
an intense and well-collimated beam of
ions a somewhat more sophisticated sys-
tem is needed [see top illustration on
opposite page]. Bombarding gas mol-
ecules with high-energy electrons knocks
electrons out of them and makes them
into positive ions. A negatively charged
plate extracts the ions and charged
plates or cylinders form the beam in a
process analogous to the focusing of light.

Most of the early work on the energy
dependence of reactions between ion-
ized molecules was done with slightly
modified mass spectrometers by workers
in the U.S. and several European coun-
tries. These were not chemical-acceler-
ator experiments—no beam was formed
and reactions took place over a wide
range of energies—but they led to the
development of “tandem mass spec-
trometer” devices. Here the first mass
spectrometer produces an ion beam that
reacts with gas molecules to yield prod-
ucts that are analyzed in the second one.
A further step toward the chemical-ac-
celerator ideal was a device built by
A. Henglein and his co-workers in Ber-
lin, in which the energies as well as the
identities of the products could be de-
termined. Then Morton A. Fineman,
R. F. Stebbings and B. R. Turner of the
General Dynamics Corporation built the
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COLLISION ENERGY (ELECTRON VOLTS)

first crossed-beam apparatus in the hot-
chemical range, which made it possible
to measure the angular distribution of
the products.

;\n odd aspect of ion accelerators is that

they are easier to operate at high
energies than at low energies. The rea-
son is that ions with the same charge
repel one another, so that a beam con-
taining many ions tends to “blow up.”
The slower the ions, the more readily
this occurs. Yet the most interesting en-
ergy for chemistry is around the energy
of the chemical bond, five electron volts
or less. At Yale University in 1964 Zde-
nek Herman of the Institute of Physical
Chemistry in Prague, Timothy Rose,
James Kerstetter and I started building
a chemical accelerator that would op-
erate from high energies down to less
than one electron volt and yield products
whose angular and velocity distribution
could be measured.

In our EVA (short for Evatron, a name
inspired by the billion-electron-volt par-
ticle accelerator at Berkeley called the
Bevatron) an ion beam of quite high
energy is produced as described above.
The beam goes through a small mass
spectrometer that transmits only ions
with the desired mass [see bottom illus-
tration on opposite page]. The resulting
beam is slowed down to the desired en-
ergy by a complex system of ion lenses.
The target consists of a beam of neutral
low-energy molecules that emerge from
a bundle of tiny tubes and are collimated
by a slit. The two beams cross at 1'igHt
angles, and the resulting particles are
detected by a mass spectrometer. The
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distribution of collisions between A4 and BC at 300 degrees Kelvin
(room temperature) and 900 degrees is shown (color). Even at 900
only a small fraction of the collisions exceed the lowest reaction
threshold. At the highest temperatures attainable in classical chem-
istry, reaction still occurs predominantly at relatively low energies.

crossing beams can be rotated around
their intersection so that angular distri-
butions can be measured. Ions entering
the mass spectrometer are confronted by
a series of electrically charged grids that
allow only those above a certain energy
to pass, so that their energy distribution
can also be measured. Finally, ions of
the proper mass hit a surface and cause
electrons to spray out of it, and the am-
plified current of these electrons is mea-
sured.

The first reaction we studied with
EVA, although it is apparently about
as simple as a chemical process can be,
showed us how much there was to learn.
This reaction was the formation of ar-
gon hydride ions (ArH') from argon
ions (Ar*) and hydrogen (Ar* + H, —
ArH " + H). Two mechanisms had been
suggested for the reaction. One was in-
direct, by way of an intermediate com-
plex. If this complex, ArH, ", has a life-
time long enough to enable it to rotate
a few times on its axis, then the ArH™*
product it eventually forms will have
most of the momentum of both the Ar*
and the H., and it will be scattered
through a relatively large angle. Other
possible mechanisms are direct, with the
final products formed on initial impact.
In one direct mechanism proposed by
Henglein, “spectator stripping,” the Ar*
simply picks up one hydrogen atom,
leaving the other to go on at the same
velocity apparently “unaware” that its
partner has been stripped away. In this
case the ArH* product would have the
momentum of the Ar* and half the mo-
mentum of the H., and would therefore
appear at about half the average angle



expected for the intermediate-complex
mechanism [see illustration on page 49].

What we found was that at most ener-
gies the ArH " was produced at an angle
smaller and a velocity greater than pre-
dicted by either of these mechanisms.
Clearly little, if any, long-lived interme-
diate ArH, " was formed. This is signifi-
cant, since chemists have often assumed
that, at least at low energies, reactions
between such strongly attracting chemi-
cals always involved such a complex.

The actual mechanism, as we deduce
it from the data, appears to be as follows
[see illustration on page 49]: As the
particles approach each other, the posi-
tive charge of the Ar™ pulls electrons to
the nearer end of the H, molecule, thus
polarizing its electric charge. Electro-
static attraction between the ion and the
polarized hydrogen molecule deflects
and accelerates each toward the other.
On “contact” a hydrogen atom jumps to
the Ar* to form ArH*. Both the freshly
formed ArH' and the leftover hydro-
gen atom retain their increased momen-
tum, although their direction has been
changed by the impact. The ArH* ion
now induces only weak polarization in
the hydrogen atom, and so the resulting
mutual deceleration is slight and the
final products are left with more velocity
than the initial ion and molecule had.
The actual trajectories of the system will
of course depend on the initial energy
and also on the exact geometry of the
three atoms on contact. As a result there
is a distribution of product angles and
velocities, and these distributions change
with energy. This kind of mechanism
seems to be generally applicable to di-
rect reactions. Many other reactions,
however, do go through an intermediate-
complex stage, and future studies should
reveal just how and when such a com-
plex is formed and the manner in which
itbreaksup.

EVA was designed to get into the low-
energy range near one electron volt, but
it required a trick to get still lower and
make contact with the thermal-energy
range at .1 electron volt. If the acceler-
ated ion is much heavier than the target
molecule, at collision most of the energy
continues to be in the form of forward
motion; from the point of view of the col-
lision partners, only a small fraction is
available to effect the reaction. This trick
can only be used, of course, if the two re-
actants have dissimilar masses. A more
general way to gain access to the low-
energy region is by the “merging beam”
technique, inwhich reactants are formed
into beams that are made to merge while
moving in the same direction. The colli-
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TION BEAM is produced by hoiling electrons (black) out of a glowing negative filament
and accelerating them into a gas-filled chamber. They collide with gas molecules (color),
knocking electrons out of them to leave positive ions, which are accelerated by a nega-
tively charged plate and focused into a beam by plates and tubes at various potentials.
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EVA, a crossed-beam accelerator, forms an ion beam that is accelerated by charged plates,
bent through 180 degrees to select ions of a specified mass, further focused and brought to
the desired energy. It meets a target beam of neutral molecules (light color). Products are
detected by a mass spectrometer. Angular distribution is measured by rotating both beams,
energy distribution by varying the charge on a grid at the entrance to the spectrometer.
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INTENSITY

ANGLE (DEGREES)

DATA OBTAINED WITH EVA give angular distribution (left)
and energy distribution (right) of a reaction product. The angular-
distribution peak is at a smaller angle than expected for the inter-

sions then occur at a relative velocity
corresponding to the difference in veloci-
ties of the two particles, so that even if
the two beams have quite high energies,
the energy of collision can readily be
made as small as desired [see top illus-
tration on page 50]. This technique is di-
rectly suitable for studies of reactions be-
tween two ions. By neutralizing one of
the beams by charge exchange, a method
I shall describe below, Stephen M. Tru-
jillo, Roy H. Neynaber and Erhard W.
Rothe in the U.S. and V. A. Belyayev,
B. G. Brezhnev and E. M. Erastov in the
U.S.S.R. have also used it to study elec-
tron-transfer processes between mole-
cules and ions.

N for the much more difficult problem

of accelerating neutral, or un-ion-
ized, molecules and atoms, several quite
different approaches are being devel-
oped. Some are mechanical, as the origi-
nal Bull and Moon device was, but de-
pend on a gas instead of a steel rotor to
push the reactant. This concept is being
developed by, among others, John B.
Fenn, James B. Anderson and R. P.
Andres of Princeton University, J. Deck-
ers of the University of Toronto and
Alva T. Stair of the Air Force Cam-
bridge Research Laboratories. Consider
a dense gas being released through a
nozzle into a vacuum [see middle illus-
tration on page 50]. At first the mole-
cules move at many different speeds and
in all directions, but as they are formed
into a stream this random motion is con-
verted into forward motion; the dense
gas in the reservoir inhibits backward
motion and the sides of the nozzle pre-
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vent sidewise motion. After the jet leaves
the nozzle, particles that still tend to
move sideways are simply lost. At the
same time the forward-moving mole-
cules undergo collisions with one an-
other that tend to equalize their veloci-
ties, so that at a certain distance from the
nozzle there is a stream of particles mov-
ing ahead at fairly similar energies. It
is now a supersonic flow, since its for-
ward velocity considerably exceeds the
remaining random motion of the parti-
cles within it, and the velocity of sound
is determined by this random motion.
By this simple means random thermal
motion is largely converted into the or-
ganized kinetic energy of a beam. A gas
at room temperature yields a beam en-
ergy in the neighborhood of .1 electron
volt. This energy is rather too low to be
useful for chemical accelerators, but if
the gas is initially at a temperature of
several thousand degrees, beam energies
of about one electron volt can be
achieved. The heat can be provided by a
shock wave or by an electric discharge
called a plasma arc. Eldon L. Knuth and
his co-workers at the University of Cali-
fornia at Los Angeles have used the plas-
ma-arc method to produce beams with
energies of up to three electron volts.
Now, at any given temperature a
molecule of a light gas such as helium or
hydrogen will have the same average
kinetic energy as a molecule of a heavy
gas, but because of its smaller mass it
will move at a higher velocity, both
thermally before expansion and after-
ward as a beam. Suppose that a light gas
is “seeded” with a small percentage of
heavy molecules. The velocity in the jet
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ENERGY (ELECTRON VOLTS)

mediate-complex (arrow) or spectator-stripping (gray curve) mech-
anisms. Energy-distribution peaks, shown for products at three
angles, are higher than expected with an intermediate (arrow).

will still be high, being determined by
the more abundant light molecules, and
the heavier molecules will tend to be
swept along at the same high velocity.
As a result they will acquire an energy
greater than that of the light “driver”
molecules in the ratio of their masses.
By this means Fenn and his co-workers
at Princeton have achieved energies of
up to five electron volts for fairly heavy
molecules.

Athough supersonic flows have been
used to make neutral beams in the
low-electron-volt range, few if any chem-
ical reactions have yet been detected by
this means. This points up the second
great problem in the use of chemical ac-
celerators: Whereas ions can be detected
by measuring an electric current, no such
simple and sensitive method is available
for neutral atoms and molecules. The
obvious solution is to convert the neu-
trals to ions, and that is what Bull and
Moon did in their early experiments. The
surface-ionization technique they used
will only work, however, with atoms and
molecules that have an electron so loose-
ly bound that it can be lost by contact
with a hot metal. A more general way of
converting molecules to ions is by the
electron-bombardment method (as in
forming an ion beam) but that method
has low efficiency.

A different approach to detection is
not to measure the product molecules
directly but rather to look for the radia-
tion they may give off. In most reactions
the new molecules that are formed con-
tain excess energy in the form of vibra-
tion, and eventually this energy is emit-



ted as infrared radiation. J. C. Polanyi
of the University of Toronto has pio-
neered in detecting such radiation when
it is emitted from reacting gases. The
technique has much promise for chemi-
cal accelerators, but again there is a dif-
ficulty: the radiation process is slow, and
since the products are moving rapidly
the chance that they will emit within
view of the radiation detector is quite
small.

The problem of detecting neutral par-
ticles is, then, as critical as the problem
of forming neutral beams. Actually, of
course, the problems are complemen-
tary. Given an intense beam, inefficient
detection will do; given an efficient de-
tector, a weak beam is enough. Once
again the never ending plaint of the
physical scientist is heard: “It’s all a
question of intensity.”

Another method of mechanical ac-
celeration is “sputtering,” a technique
whereby a very fast beam of ions (for
example argon at 40,000 electron volts)
is allowed to hit a solid target of the re-
actant and dislodge from its surface a
spray of neutral atoms at a broad range
of electron-volt energies. As the “hot”
atoms travel, spreading out according to
their velocity, they encounter a rapidly
spinning disk with one or more slots cut
into it, and this stops most of them; only
those atoms pass that have just the right
velocity to arrive at the rotating wheel
in time to go through a slit. By adjusting
the speed of rotation and timing the ini-
tial burst of ions with respect to the posi-
tion of the slit, one can create a beam
with the desired energy [sce boitom il-
lustration on next page]. This technique
is being developed by J. M. Los and his
co-workers in Amsterdam and by C.
Schlier and his collaborators at the Uni-
versity of Freiburg, and Los has recently
studied simple electron-transfer reac-
tions between neutrals.

If mechanical acceleration of mole-
cules by simply shoving or hitting them
seems crude, a more subtle method is to
put them in a vacuum where there is
some kind of force field. Gravity is such
a force, although too weak to be useful:
a hydrogen atom dropped to earth will
acquire only one ten-thousandth of an
electron volt per kilometer. An electric
field can be much more effective, and
will accelerate even a neutral molecule
if the molecule has a dipole (if one end is
positive and the other negative) and if
the field is inhomogeneous. The mole-
cule can lower its potential energy if its
positive end is as near as possible to the
negative pole of the field while its nega-
tive end is near the positive pole, and so

the field draws the molecule between the
poles just as a small magnet is drawn
between the poles of a large magnet. In
the process the molecule is accelerated,
and if the field is switched off as the
molecule reaches the position between
the poles, it retains its velocity. As the
field is switched on and off the molecule
is furtheraccelerated by a series of poles.

Lennard Wharton of the University of
Chicago is now building a dipole accel-

a

erator with 700 stages to accelerate mol-
ecules, such as lithium fluoride, that
have a high dipole moment. The energy
gain per stage is modest—only about .003
clectron volt—so that a 33-foot accelera-
tor is required to yield molecules with
only two electron volts of energy. In
spite of this low final energy and rela-
tively high expense, the apparatus
should be quite useful. It will cover an
energy range difficult to reach by ion-
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TRAJECTORIES corresponding to the intermediate-complex («) and spectator-stripping
(D) mechanisms are compared with the trajectories indicated by the experimental data for
the reaction Art 4+~ H, > ArH" + H (c). In complexing, the products are distributed
widely about a relatively large angle (a). The product appears at a smaller angle in spec-
tator-stripping (b). The angle is still smaller in the actual process (c), in which the Art in-
duces an increasingly strong polarization of the H.,, accelerating and deflecting hoth species.
A weak dipole induced after reaction by the ArH ™ decelerates products only slightly. Final
average velocity is larger and angle smaller than for originally proposed mechanisms.
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MERGING-BEAM ACCELERATOR produces lower-energy colli-
sions. Ion sources produce beams of two reactants at high but simi-
lar energies. Bending magnets merge the beams, one of which may
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SUPERSONIC FLOW is attained by allowing gas molecules to
expand into a vacuum. As molecules go through the nozzle their
random velocities become forward-directed. Collisions among mol-
ecules tend to equalize velocities and molecules moving sideways

HIGH ENERGY ION SOURCE

M
L

CHOPPER WHEEL

/
>
&5
PRIMARY TARGET \\

SPUTTERING produces a beam of neutral atoms by knocking
them off a solid target. A pulse of very-high-energy ions (black)
strikes a target of the substance to be accelerated, dislodging atoms
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INTERACTION REGION

first be neutralized. Reaction occurs at an energy proportional to
the difference in the velocities of the two reactants. Finally an
analysis magnet separates reactants and products for detection.

are lost, leaving a uniform-velocity beam. The gas is “seeded” with
a small number of heavier molecules (black), which begin with the
same kinetic energy but lower velocity. In the beam the heavy mol-
ecules are speeded up by collisions, acquiring substantial energy.

©
4
" =7
. O B
o © DETECTOR
TARGET
MOLECULES

that spread out a¢cording to their velocity. The chopper wheel is
timed to select those traveling at the desired velocity, forming a
pulse of atoms that meet and combine with the second reactant.

© 1968 SCIENTIFIC AMERICAN, INC



neutralization methods, it is applicable
to a wide range of molecules and, per-
haps most important, it should produce
molecules of precisely defined velocity
and orientation.

'I‘I « fact that it is much more difficult
to accelerate neutral atoms and mole-
cules than it is ions leads naturally to a
simple idea: Why not make a neutral
species into an ion, accelerate it as such
and then neutralize it again? The reneu-
tralization must be efficient and must not
change the velocity or direction of the
beam. This is quite possible if the neu-
tralization can be accomplished by the
simple addition or subtraction of an elec-
tron, since the electron is so light that it
carries little momentum to disturb the
motion of a l)il]'ti(‘]e.

One possibility is to remove an elec-
tron from a negative ion by shining light
on it. This process, first suggested by the
Yale astrophysicist Rupert Wildt, is now
being thoroughly investigated at the
Joint Institute for Laboratory Astrophys-
ics of the University of Colorado. Its full
effectiveness probably awaits the de-
velopment of suitable sources of in-
tense laser light as well as high-intensity
negative-ion beams. \When these are
achieved, the method will be particular-
ly useful because, like most photochemi-
cal methods, it leaves the resulting neu-
tral atom or molecule in a precisely
known state of internal excitation.

Meanwhile the simple process of elec-
tron exchange, or electron transfer, has
already proved to be a highly successful
source of fast neutral beams. For exam-
ple, a beam of accelerated positive ions
passes through a gas that donates elec-
trons to neutralize it [scc illustration on
next page]. The transfer process is very
efficient if the electron is attracted about
as strongly to the ion as it was to the
particle from which it was removed. Un-
der these circumstances there is also lit-
tle excess energy to dispose of and the
new neutral species is formed in a state
of low excitation. Most important, the
electron transfer can occur at such a dis-
tance that theion and the neutral do not
collide in the usual sense. As a result
little momentum is transferred, and the
fast species goes on its way neutralized
but having suffered no other change.

This technique has been used for
some years by I. Amdur of the Massa-
chusetts Institute of Technology and
others to make neutral beams with very
high energies. It was adapted for making
beams in the chemical-energy range by
Nyle Utterback and Robert C. Amme
and their associates at the University of

®©
e
B

-
e
D@ E

s | J
5.4 -

'_. I-\_a' u. g‘
\;:b |

4 g \\
‘Q‘t) ///// \\\\
Q / // \/ /&’\\\\ \\ \\
C’?*ﬁ’a' A\“li% : }
D T O B
8’ \\ \\ \\q/" // //
\
@
-~

&

9—4:»

;

DIPOLE ACCELERATOR is shown schematically at successive times. Dipolar molecules
with a positive (solid color) and negative (light color) end drift into a field produced by a
pair of rods and are accelerated into the gap between the rods (1). Then the field is turned.
off and the dipoles drift toward the next pair of rods (2). The field is switched on again,
further accelerating the molecules (3), and then off, allowing them to drift again (4).
As the cycle is repeated many times, the molecules gain more energy at each stage.
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FAST ION BEAM

NEUTRALIZATION CHAMBER

NEUTRALIZATION of a fast ion beam produces a beam of fast
neutrals. Positive ions (dark color) enter a chamber containing a
low pressure of the same species, un-ionized (light color). Elec-

Denver and the General Motors Cor-
poration. In their first studies they side-
stepped the bothersome problem of de-
tecting neutrals by examining a reaction
that yields ionic products: N, + CO —
CN~ 4+ NO*. Reactions between neu-
trals do not usually yield ions, however,
and efficient means of detecting un-
charged products must be found to make
full use of this relatively well-developed
method of making fast neutral beams.

"|'he difficulty of detecting the neutral

products of most reactions by con-
verting them to ions has led some work-
ers to combine the chemical-accelerator
concept with the radioactive-isotope
methods used in nuclear-recoil studies
of hot reactions. The idea is simple: The
accelerated beam consists of radioactive
atoms (or molecules containing radioac-
tive atoms), so that its reaction products
will also be radioactive and can be as-
sayed by radiochemical means. The
method’s extreme sensitivity is illustrat-
ed, in the case of tritium (the radio-
active isotope of hydrogen), by the fact
that a beam consisting of a total of only
10 billion atoms (less than one ten-tril-
lionth of a gram) can yield detectable
products.

Accelerators in which tritium atoms
in the chemical-energy range are pro-
duced by electron transfer of tritium-ion
beams are currently being built or oper-
ated by J. P. Adloff and J. M. Paulus at
the University of Strasbourg, by Solo-
mon Wexler at the Argonne National
Laboratory and by M. Menzinger and
myself at the University of Colorado.
We call our apparatus ADAM (to ac-
company EVA), and we have used it to
make the first measurements of the mini-
mum energies at which hot-atom reac-
tions can occur.
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Radiochemical detection is of course
limited by the availability of appropri-
ate radioactive isotopes. In addition to
tritium, radioactive carbon is promising.
High-velocity carbon-14-ion beams have
already been produced by Richard M.
Lemmon of the University of California
at Berkeley, David Blaxell and Alfred
Maddock of the University of Cam-
bridge and F. Cacace of the University
of Rome, but the energy of these devices
is still too great for them to be considered
true chemical accelerators. In time, how-
ever, the availability of these two iso-
topes should open up a new world of
high-energy organic chemistry, since al-
most any organic molecule can be la-
beled with either carbon 14 or tritium.
Nor is the method limited to stable mol-
ecules. With beams it should be easy to
investigate reactions of species that are
difficult to make by ordinary methods—
such as methyne (CH) or the carbon mol-
ecule (C.).

have taken up only a sampling of pos-
- sible chemical-accelerator concepts.
Others include such diverse ideas as ac-
celeration by a rifle bullet or shock
waves and the vaporization of fast dust
particles by laser light. The range of
techniques and the vigor with which
they are being developed indicates the
importance of this new field. Ion accel-
erators are already providing an inti-
mate view of the nature of reactions
between ions and molecules. To most
chemists, however, reactions of medium
and high-energy neutral species are of
even greater interest. For information on
these we must still rely almost exclu-
sively on the nuclear-recoil technology
that revealed the richness and order of
hot-atom chemistry and stimulated the
surge of interest in chemical accelera-
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trons transferred from neutrals to ions (broken arrows) produce
fast neutrals and leave thermal ions. The mixed beam leaves the
chamber and passes a charged plate that removes remaining ions.

tors. This situation is about to change.
Although simple mass-spectrometric, nu-
clear-recoil and photochemical methods
will retain their importance in mapping
out the broad outlines of hot chemistry,
chemical accelerators will add more
depth and breadth to our understanding.
For the next few years the emphasis
will probably be on studying what hap-
pens in chemical change as a function
of the kinetic energy—of how fast the
reactants are moving when they collide.
The course of chemical change is deter-
mined not only by kinetic energy, how-
ever, but also by the internal energy of
the reactants: the energy levels of the
electrons and the extent to which the
atoms vibrate and rotate around one an-
other. Chemical accelerators built in the
future will undoubtedly offer means of
varying the internal as well as the kinetic
energy of the reactants. A pr()mising way
to do that is by shining light on mole-
cules to excite them internally before ac-
celerating them. A forerunner of such a
device, designed to examine the effects
of internal—but not yet kinetic—energy,
has already been built by William A.
Chupka and Joseph Berkowitz of the Ar-
gomne National Laboratory. A marriage
of such a technique of internal energy-
state selection to the chemical accelerator
should provide all possible information
on the process of chemical reaction.
Finally, the chemical accelerator can
uncover a new chemistry of species so
hard to produce, so reactive or so un-
stable that they are beyond the methods
of classical kinetics. In spite of their
exotic nature, such chemicals can be
formed into beams almost as readily as
more prosaic species. Their study should
advance our understanding of what hap-
pens in flames, at the boundaries of
space and in the atmospheres of stars.



In hope of doing each other some good

Free consultation

If encountering difficulties achieving
desired color balance in photomicrog-
raphy, please describe them to L. C.
Wall, Department 942, Eastman Kodak
Company, Rochester, N.Y. 14650.

Along the road to conductive resins

Molecules like this are en-
veloped in nt-clouds of elec-
trons. Even some high
school chemistry students
(but not all) know that
much. Confidence in con-
cepts like m-electrons grows
from such work as was
done by a chap who acquired a bunch
of our benzene derivatives and watched
them under the microscope to see which
would or wouldn’t form brightly col-
ored addition compounds from a fu-
sion mixture with 2,4,7-trinitro-9-fluo-
renone (available as EAsTMAN 7135).

The structure shown above is known
for brevity as TCNQ, known for con-
venience as EAsTMAN 9771, but known
indeed where a connection is perceived
between rn-clouds and electrically con-
ductive resins that might be sprayed or
molded. The possibility of an eventual
descent from the nt-clouds to the factory
floor affects the picture. A patent own-
er who asserts some rights on this com-

NCCCN

NCCCN

pound but who does not want to con-
strict unduly the free flow of science
has licensed us to sell modest quantities
for further study. Takers have ap-
peared in rising numbers.

B&A, Curtin, Fisher, Howe & French,
North-Strong, Sargent-Welch, Van Waters
& Rogers, Walker, or Will will know
TCNQ as 17,7,8,8,-Tetracyanoquinodi-
methan. Any of them can supply any
EASTMAN Organic Chemical.

Heat and stick

EastMAN High Performance Adhesives
—something new—enter the customer’s
factory looking like this. The customer
is a pretty up-to-date organization if it
assembles its products by sticking com-
ponents together. Nuts and bolts, rivets,
and spot welders are encountering a
new competitor at the product design-

Ee.t.t ing Tn

Ralph Brown’s case sounds a bit pat:

Family migrated from Plymouth,
Fla., to Rochester, where father be-
came moulder in foundry. Inner-city
grade school raises visions of scientific
career. Visions busted in resounding
flunk of high school chemistry. Quits
school. Goes slack. Hangs around street
corners late at night jeering at fate.
Wakes up in Air Force blues one day
on isle of Crete. Decides to try for job
in foundry alongside dad. When hitch
is up, dad disagrees. Suggests applying
to Kodak.

Policy has long demanded good
high school grades for lab assistants.
Policy must face up to the facts of the
day. Hired as laboratory trainee. Does
much better than in high school. Raised
to regular employee of department
that tests ingredients of photographic
paper and checks production steps.
Undertakes evening course at com-
munity college. Makes passing grade.
Marries.

Switches on September 9, 1968 to
manning x-ray fluorescence spectrom-
eter. Two-man night team receives pa-
per samples by pneumatic tube from
various stages of production and checks
amount of Ag, Si, Ti, Cr, Mo, and Ba
present. College by day. One of these
nights may find self in position where
our profit on many acres of photo-
graphic paper will hang on his judg-
ment and alertness. Confident. Getting
the insider’s view. Unashamed of that.
Hopes to move into management some
day. Wouldn’t surprise us in the least.
Might surprise the high school chem-
istry teacher, though.

More typical laboratory trainee is
“Disadvantaged” more
applicable here. Hesitate to put him
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er’s board, now that much more is
known about adhesives. We may
have launched the trend a few years
ago with a picture of a convertible. The
vehicle, a conventionally assembled one
loaded with beautiful girls, was being
lifted by a crane through a joint be-
tween flat ends of 2-inch steel rods
established 30 minutes earlier by a drop
of EasTMAN 910 Adhesive.

The new EastMaAN High Perform-
ance Adhesives don’t have to perform
that high. They are cheaper and more
tractable in application, suggested
where 200-260C can be tolerated in
bonding operations and where good
bond strength up to 200C is needed.
Bond strengths, as measured in tensile
shear, develop to the point that metal
failure of 7-mil-thick coated steel strips
occurs before the bond fails. These ad-
hesives are linear polyesters of high
molecular weight, not the usual poly-
olefins. Formulations of differing re-
sistance to chlorinated or phenolic
solvents are offered, and all bonds, once
formed, resist oils and greases such as
might be encountered in metal-to-metal
applications.

Correspondence on EASTMAN High
Performance Adhesives is conducted by
Eastman Chemical Products, Inc., Kings-
port, Tenn. 37662 (Subsidiary of Eastman
Kodak Company).

under more pressure by displaying his
picture. Schooling ended with 6th grade
in Puerto Rico. English weak. Joins Job
Corps. One of crew of compatriots
sent to Medina, N.Y., fruit-belt town
west of Rochester. Assigned as orderly
in Veterans’ Hospital. Peeks into a
laboratory. Seems like nice place.
Kodak personnel man visits camp.
Told that José wants to work in lab.
OK, hired into lab trainee program.
Goes on payroll. Put through intensive
educational upgrading. 3 R’s for adults
not the same as for kids. Afternoons
devoted to atomic weights, spectropho-
tometers, densitometers, melting points,
distillations, extractions, making soap,
making oil of wintergreen. Incredible
what the advanced educators we en-
gage are trying these days. José hangs
on! Soon should reach point where his
work needn’t be checked at every step.
Due for raise then.

José not the real problem either.
Real problem those who just can’t get
interested. Haven’t been able to solve
that yet.

EASTMAN KODAK COMPANY

An equal-opportunity employer



Electronic troubleshooter takes pulse of giant plane
e Ultra-fast memory system speeds handling of
huge data quantities » Statistical approach reduces
Lunar Orbiter photo information « Compression
techniques now can reduce telemetry data by 80%

Ways to cope with exploding masses of datia — by storing
it, speeding it, reducing it, converting it, analyzing it—

together with new methods for gathering still more vitally [
needed facts, are becoming prime concerns among sci-
entists, businessmen and administrators alike. Lockheed's
[

involvement in this great numbers game is producing

[ ]
new kinds of hardware and fresh approaches 1o growing
problems. Below are some samples of current Lockheed ln Orma On
information projects. @ Y
Madar. In 1968, the maiden flight of the largest airplane
ever built also will mark it first in airborne information ln l S p ace
systems. MADAR (malfunction detection analysis and
recording), 1 maintenance management tool, was chosen
by the LI.S. Air Force to monitor the giant (-3A.

Lockheed’'s MADAR system is a combination of
sensing, computing and recording components. Iy
automatically provides information on dozens of
a plane’s critical subsvstems through hundreds  /
of test points. It monitors and records condi-
tions, making comparisons between actual and r
expected data. It classifies performuance usually
as either “go'’ or "no go.”

When a ““no go”’ condition is found, MADAR
records the LR U (line-replaceable unit) number,
time and date. It alerts the flight engineers and
pinpoints the problem, printing out nstructions for
immediate repair

At programmed intervals, MADAR measures and
records all instrumented functions to olitain trend-
significant data. This information hecomes part of the
ship’s stutistical history. After processing by ground
equipment, these data are used to predict mission success
and improve maintenance cyvelic rates.

I'he value of MADAR, besides the obvious importance
of in-ﬂight repairs, is considerablyv increased aircraft
utility. The total picture of capability MADAR presents
adds to the accuracy of readiness evaluations. During
flight, the svstem confirms success prediction and is the
basis for determining mission extensions or curtailments
It also lowers operating costs by reducing needed muin-
tenance man-hours for troubleshoating and pinpoints
the skill level of maintenance men required.

500 nanosecond memory system. The world's fastest
ferrite core memory system now has been developed and
put into production by Lockheed. Complete memory

LOCKHEED

LOCKHEED AIRCRAFT CORFPORATION
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cvele time s 300 nanoseconds
(2 million storage and retrieval
functions per second) and
storage capacity is in excess
of 1 million bits,

At the heart of the system
are Lockheed-produced 18-
thousandth-inch-diameter
lithium ferrite memory cores,
Through each of these toroid-  Section showing 18 mil ferrite
shaped cores pass 3 wires — Wemory iores wired in 293D
X drive, Y drive and sense - "Renisation. Magnified 12.X.
utilizing o 2380 organization for storage and retrieval
of binary digital data,

The 2¥5D organization provides inherently greater
aperating margins by eliminating the inhibit current
required in 3D organization. This is because absolute
current tolerance, dictated by the knee of the memory
core, is divided between only X and Y currents, rather
than X, Y and inhibit currents.

Another advantage of 245D organization is that the
Y lines essentially are driven on o bit by hit basis.
Because both the number of cores linked is small and the
leagth of each Y line is short, resaltant cireuit require-
ments are considerably less stringent, permitting simpler,
more cconomical circuit designs,

The most important advantage gained from the new
system —higher speeds —stems from ehiminating the in-
hibit current. Without this current, associated transient
current on the sense line disappears, thereby removing
a major obstacle ra faster operation.

Now available, large-scale, ultra-fast 214D memory
svstems offer definite economies for applications where
capacity is 16,000 words and above. In total, the 21513
organization's advantages add up to the most significant
innovition in high-speed memory technology during the
past decade.

Lunar orbiter data conversion. Todefineasinglehigh-
pesolution photograph (covering 20 square miles of the
moon's surface) beamed back by the Lunar Orbiter takes
.upprnximttety A0 milhion computer words of 36 bits each.
That 15 vinless the computer can use statistical analysis
© o selected portions of the photograph, thereby greatly
~reducing the number of words needed.
~ Achieving this end. Lockheed designers have created
_.A_l;unitr Orbiter: Data Conversion System. Incorpo-
in the system is electronic equipment carefully
ted to prm;dc thc accuracy and intricate ummg

evaluate and photograph both raw data and computer-
reconstituted data.

The immediate application for the LODCS is to help
find the best landing site for Apollo astronauts. In the
future, the system holds promise for use in other fields.
Data compression. With every successful space shot,
mountains of new technical data pour in for processing.
So much that stored masses of information are overflowing
archives. Ground networks are reaching the saturation
point: their ability to handle vital real-time data is be-
coming overtaxed. Among the consequences are increis-
ing preflight checkout times...and costs.

Well aware of this growing dilemma, Lockheed re-
searchers have been pursuing techniques to compress
amounts of data since 1960. An idea once used only by
human analysts and for processing data off-line, data
compression now has been made workable for on-line
service —including space vehicle telemetry data.

Basically, compression minimizes data by eliminating
redundant samples. The number of total data samples to
the actual number used is the compression ratio.

Lockheed's studies, both theoretical and computer-
simulated, produced a telemetry data compressor that
can handle up to 1,024 separate data channels. It will
accept inputs either directly from a telemetry multiplexer-
encoder or from a telemetry decommutation station...
and at more than 50,000 words per second.

Besides telemetry data, a wide variety ol inputs can
be compressed effectively—such as facsimile and video
information, biomedical data and industrial process data,
Currently, compression ratios of 4:1 to 6:1 are being
achieved. And with new improvements m techniques,
ratios of 30:1 or more can be reached without signifi-
cantly degrading data,

Television picture taken during GEMINT mission. Left: us onginally
tkew, Rights reconitencted from 0:d compressed date

Theactivities mentioned here ire only i few of Lockheed's
current R&D projects in data handling, If vou are an
engineer or scientist interested in this field of work,
Lockheed invites vour inquiry, Write: K, R. Kiddoo,
Lockheed Aircralt Corporation, Burliak, California. An
equal opportunity employer.
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Start with a formula.
Deliver the world’s largest

styrene plant.
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Raytheon makes thmgs happen.

You live in a world of plastlcs
Your fountain pen, telephone, pic-
nic dishes — maybe even your
automobile body — had their be-
ginnings in a complex chemical
processing plant like this, built by
The Badger Company, Raytheon’s
newest subsidiary.

But Badger is more than just a
builder. Badger’s service starts
with process design and ends with
delivery of a complete facility. More
than 300 petroleum and chemical
plants around the world are evi-
dence of Badger’s special skills.

This is an example of Raytheon’s
growing role in natural resources
exploration and development.

Exploration crews from Seismo-
graph Service Corporation, another
Raytheon subsidiary, are at work
throughout the world helping cus-
tomers locate oil and gas reserves.
Capitalizing on Raytheon'’s long ex-
perience in sonar technology, SSC
is using a new, non-explosive,
acoustic energy source — devel-
oped at Raytheon — to search for
offshore oil.

Raytheon makes many things
happen. By mixing and matching a
broad range of technologies and
bringing them to bear on complex
problems, we are helping satisfy the
needs of people and industry all
over the world. Raytheon Company,
Lexington, Massachusetts 02173.

Acoustic energy probes beneath the
ocean floor in search for oil.

703 computer speeds seismic, radar
or other scientific data handling.

Official U.S. Navy Photo
Submarine standing guard at sea is
equipped with Raytheon sonar.

At Raytheon, tomorrow’s technologies are taking shape today for space
and defense systems, natural resources,education, home appliances,
electronic components,communications and marine electronics.
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Behavioral Science and Government

he Government should get more
I out of behavioral science, a com-
mittee of the National Research
Council has urged—and also put more
into it. Complex decisions in foreign
affairs, defense, urban reconstruction
and many other areas call for valid social
and economic information and judg-
ments about human behavior, accord-
ing to the council’s advisory committee
on Government programs in the behav-
ioral sciences; the knowledge and meth-
ods of disciplines that deal with group
and individual behavior and social insti-
tutions should be brought to bear more
effectively in making those decisions.
Conversely, the behavioral sciences
(like the physical and biological sciences)
require further financial support from
the Federal Government in order to
develop more knowledge and better
methods.

The committee, of which Donald R.
Young of Rockefeller University was
chairman and Gene M. Lyons of Dart-
mouth College executive secretary, rec-
ommends increased use of behavioral
science and scientists in a wide range of
Federal programs and agencies. Giving
the Bureau of the Census and the Coun-
cil of Economic Advisers as instances of
behavioral-science expertise in govern-
ment, it asks for similar developments in
other fields, “especially in sociology, so-
cial psychology, political science and
anthropology, that are relevant to new
social programs.” Apparently with the
Project Camelot affair (an Army-spon-
sored study of internal conflict in Latin
America) in mind, the committee urges
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that Government research in foreign af-
fairs be coordinated by the Department
of State and emphasize international
cooperation.

Within the Executive Branch, the re-
port states, the behavioral sciences have
been slighted by both the Office of Sci-
ence and Technology and the President’s
Science Advisory Committee. The Office
of Science and Technology should be
broadened to coordinate Government
programs in the behavioral sciences and
the advisory committee should include
behavioral scientists so as to deal more
effectively with such matters as the so-
cial and economic effects of scientif-
ic and technological change. Moreover,
the National Science Foundation should
give increased emphasis to grants in the
behavioral sciences.

Finally, the committee recommends
the founding of a new National Institute
for Advanced Research and Public Pol-
icy. The institute would undertake long-
range analyses of national problems, pro-
vide for continuing interchange between
Government policy makers and scientists
and promote the application of knowl-
edge from all the sciences to the major
issues of society. The report concludes
by suggesting that such an institute, ade-
quately financed and with sufficient
prestige and independence, “would be a
sign of dedication to the place of knowl-
edge in democratic government.”

Lumpy Moon

\X/Thereas green cheese has been out of

favor as a model of the moon, a de-
scription of the latest picture of the
moon’s composition is provided by raisin
bread. Analysis of slight variations in the
orbital speed of Lunar Orbiter V, which
was placed in orbit around the moon last
year, indicates that the main body of the
moon is interspersed with lumps of com-
paratively dense material. Selecting a
10-day period in August, 1967, Paul M.
Muller and William L. Sjogren of the
Jet Propulsion Laboratory of the Cali-
fornia Institute of Technology compared
differences in frequency between signals
transmitted by Lunar Orbiter V and sig-
nals received at the Jet Propulsion Lab-
oratory tracking station. Analyzing 80
consecutive polar orbits, they were able
to plot some 9,000 points along Lunar
Orbiter V’s flight path. Variations in
velocity from point to point permitted
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construction of a gravity contour map.
When the contours were superposed on
a topographic map of the moon, the in-
vestigators found that five points of
greater than average gravitational at-
traction coincided with five of the six
large “ringed seas” visible on the moon’s
earth-side face. The moon’s more irregu-
larly shaped “seas,” in contrast, showed
no variation in gravitational attraction.
Writing in Science, Muller and Sjo-
gren note that the findings agree with
the suggestion of Harold C. Urey and
others that the moon’s ringed seas are
impact scars caused by colliding aster-
oids and that the heat of impact would
have caused local high-density concen-
trations to form. They estimate that the
mass concentration centered in the Sea
of Showers is equivalent to a nickel-iron
sphere some 100 kilometers in diameter.

Ultimate Fossils?

T he earth’s oldest known fossil orga-

nisms now appear to be tiny alga-
like spheroids found in sedimentary
rocks of the Onverwacht formation of
South Africa that may be as much as
3.5 billion years old. Until recently the
record was held by other alga-like fossils
from the three-billion-year-old Fig Tree
formation, which overlies the Onver-
wacht formation, and before that by sim-
ilar fossils from the two-billion-year-old
Gunflint cherts of Ontario.

The discovery of the microfossils was
described in Science by Albert E. ].
Engel, a geologist at the University of
California at San Diego, in a report writ-
ten jointly with five colleagues. Noting
that the Onverwacht sediments, located
in the Komati River valley of eastern
Transvaal, are probably the oldest well-
preserved fossil-bearing rocks in Africa
and perhaps in the world, Engel sug-
gests that their discovery may mark the

end of the search for the origins of uni- |

cellular life. Any evidence of life that
may once have been contained in still
older sediments, he points out, would
almost certainly have been destroyed by
subsequent geological activity.

Enriched Rainwater

I{ainwater is apparently a significant

source of the vitamin B-12 required
by more than 70 percent of all the spe-
cies of freshwater and marine algae, ac-

The descriptive quotation above is the title of a paper pub-
lished by Patrick H. Verdone of Goddard Space Flight Center,
regarding a special all-quartz Questar used in two rocket flights
to photograph the sun in the near ultraviolet. Mr. Verdone’s
report on the equipment and its performance appears in the
March 1967 issue of Applied Optics. The entire project is
covered in a paper called “Rocket Spectroheliograph for the
Mg II Line at 2802.7 A” by Kerstin Fredga.

In the past we have pointed with pride to the many things
Questar can do for you, the hobbyist, by bringing you superb
resolution for astronomical and terrestrial observing and pho-
tography, in a fully mounted yet portable instrument. Imagine
how gratifying it is that this versatility also can serve so many
fields in industry and scientific research. The closed-circuit
televising of nearby objects, photography of earth and sky from
the Gemini capsules, laser sending and receiving, and now the
rocket-borne investigation of the sun, are but a few of the uses
so radically different as to appear to be beyond the capacity of
a single instrument. Yet all are in the day’s work for Questar.
It strikes us that when you make the world’s finest optical
system, the world finds ways to use it.

Questar, the world’s finest, most versatile telescope, priced from $795,
is described in our new booklet which contains more than 100 photographs,
50 in color, taken by Questar owners. Send 31 for mailing anywhere in
North America. By air to rest of Western Hemisphere, $2.50; Europe and
North Africa, $3.00; elsewhere, $3.50.

LOOK FOR US AT THE AIAA MEETING AND TECHNICAL DISPLAY, PHILADELPHIA CIVIC CENTER, OCT. 21-26

QUESTAR

BOX 20 NEW HOPE, PENNSYLVANIA 18938
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“How to be
a‘(@n-novator

“Easy”

“Innovate” with tin. It is an amaz-
ingly versatile metal. Its unique
combination of physical and chemi-
cal properties lends itself to diverse
applications ranging from cryo-
genics and exotic alloys to regular
solders.

“Examples:

Precision soldering by induction
heating uses radio-frequency
energy to heat pre-treated metal
surfaces which have the correct
amount of tin/lead solder between
them. A joint is made in seconds.
Air can be used to cool the sol-
dered parts. The process can be
performed on an assembly-line
basis.

Bronze (tin/copper) coated shafts
running in steel bushings last
longer than steel running in bronze
bushings. The bronze, being softer,
sustains most of the wear. With
the bronze distributed over the en-
tire shaft, the wear is even and
thus both shaft and bushing retain
their roundness.

Phosphor-bronze solder terminals
mount into punched or drilled
holes by mechanical or hydraulic
pressure. Resist vibrations and en-
vironmental disturbances. No nuts,
screws, rivets, or lugs are required.
Terminals are electroplated with tin
and dipped in stearic acid wax for
soldering ease and oxide-develop-
ment resistance.

@ink Gn,

It may hold the answer to one of
your current problems. Be a tin-
novator. And remember, Straits Tin
from Malaysia — the tin-novator’s
tin — is the world’s standard for
quality ... minimum 99.899, purity.
“Straits is to Sn as Sterling is to Ag.”

Free Newsletter

Write today for a free
subscription to TIN
NEWS —a monthly
newsletter on tin sup-
ply, prices, and new
uses.

THE MALAYAN
TIN BUREAU

Dept.39-K, 2000 K St., N.W.
Washington, D.C. 20006
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cording to experiments conducted by
Bruce C. Parker of Washington Univer-
sity. “This discovery,” he writes in Na-
ture, “stemmed from the observation
that a species of Chlamydomonas re-
peatedly dominated the phytoplankton
of a small experimental pond after the
spring rains and that a significant in-
crease in soluble B-12 in this pond
correlated consistently with these spe-
cific rains.” Parker found appreciable
amounts of the vitamin in seven of nine
collections of rainwater that he made
during a recent period of 13 months.

To test the possibility that the vitamin
arose from microbial activity during the
several hours between the beginning of
collection and the sterilization of a sam-
ple, Parker collected one sample in alco-
hol, which kills microorganisms. The
sample contained B-12. “One hypothesis
now being tested,” according to Parker,
“is that soil borne into the atmosphere by
the wind is the chief source of vitamin
B-12 in rainfall.” Parker points out that
the presence of the vitamin in rainfall
may be of considerable ecological sig-
nificance: If the vitamin gives certain
species of algae an advantage over other
ones that do not benefit from the pres-
ence of the vitamin, “then rains contain-
ing this vitamin may directly affect the
biology of lakes and seas.”

Psychological Autopsy

'W,r"hat causes death? Even a postmor-

tem examination cannot truly estab-
lish the answer, according to Avery D.
Weisman of the Harvard Medical School
and Robert Kastenbaum of Clark Uni-
versity. “What prompts a person to be-
come ill...and die at a particular time
and in a particular way cannot always be
ascribed entirely to a disease process,”
they suggest. “The final illness is a psy-
chosocial as well as a medical event.”
This being so, Weisman and Kasten-
baum advocate the “psychological au-
topsy” as a means of correlating medi-
cal, social and psychiatric information
about a patient after his death. In
a Community Mental Health Journal

| monograph they report on their method

and on the first 80 such autopsies they
conducted in Cushing Hospital, a state
geriatric institution in Framingham,
Mass.

The core of the authors’ method is a
multidisciplinary conference at which
nurses, therapists, social workers, the
chaplain and other hospital workers join
the psychologist and psychiatrist in an
effort to evaluate the patient’s life, e.épe—
cially the “preterminal” phase before his
final illness, and determine the psycho-
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social factors in his death. The investiga-
tion deals with the patient’s life before
hospitalization, his course in the hospital,
the preterminal period and the final ill-
ness. The study has shown that death
may be heralded by some distinct emo-
tional or social crisis. There may be a
phase of resignation or acceptance; a
few patients have a clear intimation that
death is imminent. The authors maintain
that most patients do not “lose contact”
completely until the very end; by assum-
ing that very sick elderly people cannot
respond, hospital personnel may con-
tribute to their alienation and thus to
their death. Another finding is that fear
of dying was observed only in patients
so helpless that their apprehension may
have been the result of inability to com-
municate.

Such preliminary results suggest that
psychological autopsies can have direct
benefits: improving the care of older
people and meeting the pressing needs
of dying patients within an institution.
Beyond that, the psychological autopsy
should contribute to basic understanding
of old age and of the process of dying.

Messenger for Mold and Man

rl’he substance secreted by certain so-
-+ cial amoebae, the amoeboid slime
molds, that causes them to gather by the
hundreds into a single sluglike mass in
order to reproduce has proved to be
identical with the chemical messenger
that acts inside human cells that are
stimulated by hormones. It is a cyclic,
or ring-shaped, form of the compound
adenosine monophosphate (AMP). Its
chemical identity, recently established
by Theo M. Konijn, John Tyler Bonner
and their co-workers at Princeton Uni-
versity, comes some 20 years after Bon-
ner, in pioneering experiments with the
amoeboid slime molds, first demonstrat-
ed the existence of the substance, which
he named “acrasin.”

In the peculiar life cycle of the amoe-
boid slime molds a single amoeba will
suddenly increase its secretion of cyclic
AMP. Other amoebae, attracted by the
substance, move toward the source and
also begin to secrete more of the com-
pound, attracting still other amoebae un-
til a multicellular aggregate is formed
that behaves as a single organism. The
cylindrical slug moves a few inches and
raises a vertical stalk, stiffened by the
secretion of cellulose fibers and topped
by a spherical mass of spores that will be-
come the individual amoebae of the next
generation. The slime molds also secrete
the enzyme phosphodiesterase, which
destroys the attractant and thus makes



the aggregation process self-regulating.

Writing in The American Naturalist,
Konijn, Bonner and their colleagues note
that studies by Earl W. Sutherland, Jr.,
of Vanderbilt University and others have
shown that when hormones reach the
surface of animal cells on which they are
to act, they enter into a chemical reaction
that releases cyclic AMP inside the cell
wall. Thus a great variety of hormones
act as “primary messengers,” but the
“secondary messenger,” which triggers
further chemical activity within the cell,
is always the same substance. “For the
biologist,” Bonner concludes, “the prob-
lem is to discover the relation of these
specialized, complex hormone effects to
the chemical’s profound effect in the cel-
lular slime molds.”

Fertilizer by Pipeline

he trend toward transportation of an

increasing number of products by
pipeline is about to add fertilizer. Two
pipelines that will transport anhydrous
ammonia in liquid form from producing
areas on the Gulf Coast to corn-growing
areas in the Middle West are in ad-
vanced stages of development. A 1,200-
mile line from Texas to Iowa is under
construction by the Mid-America Pipe-
line System of mapco, Inc., and is sched-
uled to begin operating by the end of
this year. The Gulf Central Pipeline
Company has announced plans for an
1,800-mile pipeline system between
Louisiana and Nebraska, with branch
lines into other Middle Western states.
At full capacity the Gulf Central sys-
tem, which is due to start operating next
summer, will carry about three million
tons of ammonia a year.

Farmers in the corn belt annually use
about 1.5 million tons of anhydrous am-
monia applied directly to the soil as a
nitrogenous fertilizer. Most of the ammo-
nia is now transported by river barges.
Transportation by pipeline is foreseen
as a low-cost and automatic process.

FEarly Man in the Northwest

X cave in central Oregon has yielded
+ % charcoal from a prehistoric hunter’s
hearth that has been shown to be some
13,600 years old by carbon-14 analysis.
The site of the fire is Fort Rock Cave,
where anthropologists from the Univer-
sity of Oregon have worked for several
seasons. The presence of man in Ore-
gon at so early a date is added evidence
that the American Northwest had al-
ready been populated before glacial ice
blocked the route from Asia to the New
World for some 15,000 years between
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PAPERS THAT HOLD OUT GREASE
and repel oil, or water, solvents, waxes, inks,
and asphalt. Papers that can be used in con-
tact with dry, aqueous, or fatty foods . . .
at freezing, refrigerated, or room tem-
peratures. Many other papers that perform
specific functions at lowest possible cost,
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25,000 and 10,000 B.c. Other recent evi-
dence to this effect includes discovery
of the 11,000-to-13,000-year-old remains
of “Marmes man” in eastern Washington
in 1965 and of 15,000-year-old artifacts
at Wilson Butte Cave in southern Idaho
in 1960.

Luther S. Cressman, professor emeri-
tus of anthropology at the University of
Oregon, first explored the Fort Rock
Cave site 30 years ago, discovering a
number of ancient sandals that proved
to be some 9,000 years old. Since his re-
tirement in 1963 Cressman has contin-
ued work at the site with the assistance
of university undergraduate and gradu-
ate students. One graduate student, Ste-
phen Bedwell, shares the discovery of
the charcoal with Cressman.

Bioholography

r ljhe latest example of a technological

- innovation turning out to be antici-
pated by a natural process may be in the
field of holography, or photography by
wave-front reconstruction. The holo-
graphic principle is involved in a star-
tling conjecture put forward by a Hun-
garian investigator to account for the
extraordinary sensitivity of the ultra-
sonic echo-location systems used by bats,
whales, dolphins and porpoises to “see”
in the dark. This capability has been
known for many years to resemble mod-
ern sonar, but no satisfactory explana-
tion has yet been offered for the fact that
these animals can apparently distinguish
between targets of different shapes and
can discriminate between their own sig-
nal and those emitted by their compan-
ions, even though the frequency of the
pulses is the same.

Writing in Nature, Paul Greguss of
the RSRI Ultrasonic Laboratory in Bu-
dapest maintains that the characteristics
of the animal systems suggest that the
animals perceive not only the amplitude
but also the phase of the ultrasonic
waves, which they can discriminate by
using a coherent “background” level
of ultrasound as a reference. In other
words, the animals are using a version of
the holographic technique.

According to Greguss’ conjecture,
when a bat emits an ultrasonic pulse of
a certain frequency, the part of the brain
that orders the pulse to be emitted simul-
taneously sends information concerning
the pulse to a second part of the brain,
where the ultrasonic information is re-
ceived and processed. The information
sent from the first part of the brain to
the second is the coherent reference

background.
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Greguss points out that the receiving
and associating parts of the bat’s brain
have a structure that looks like an assem-
bly of minute dipoles, which suggests to
him binary digital processing. He con-
cludes that bats use the holographic prin-
ciple to interpret the data supplied by
the dipole-shaped receptors. This would
enable a bat to distinguish shapes and to
orient itself in three dimensions. The bat
would not be disturbed by the pulses
emitted by its companions, because it
would employ only its own signal for
reference.

To test his idea, Greguss has made a
model of the bat’s brain, which operates
in water at a frequency of about one
megacycle, which is approximately the
frequency used by hunting bats. The
resulting ultrasonic holograms were re-
corded on sound-sensitive photographic
plates and were scanned with a micro-
densitometer. From these records he has
succeeded in reconstructing images of
objects.

Superfine Machining

machine tool of remarkable preci-
+ X sion, which can make cuts so fine
that the removed metal floats in the air,
has been developed at E. I. du Pont
de Nemours & Co. In some applications
the tool, which is called “ultraprecision
positioner and shaper,” uses a knife
made from a cleaved and sharpened dia-
mond of gem quality. The machine
maintains straight-line accuracy of 20
millionths of an inch over a 30-inch
length and a precision of cut within two
millionths of an inch. Angular deviation
can be held to one second of arc. In many
applications the tool achieves higher ac-
curacy and smoother finish than can be
obtained with grinding.

The ultraprecision tool achieves posi-
tioning control on three axes by means
of interferometer fringes arising from a
point of white light. Temperature con-
trol presents no major problem; because
of air-film lubrication and low cutting
forces, relatively little power is required,
and thus little heat is generated within
the machine. The heavy construction of
the machine acts as a sizable heat sump,
thus making the tool insensitive to brief
variations in temperature. With nonfer-
rous metals and alloys such as aluminum
and bronze a mirror-like finish of optical
quality can be obtained by direct ma-
chining. The machine has been used to
make precision dies, extrusion equip-
ment, optical components such as front-
surface mirrors, and complex processing
equipment for polymeric materials.



We've mixed up a batch of jelly
you'd never put on toast.

It does things grape jelly never
could.

It's an electrolytic jelly we use
to improve the manufacture of
electronic communications
circuits.

For example, in making thin film
circuits, we raise the value of
tantalum nitride resistors, 400
atom layers thick, by oxidizing part
of the metal with an electrolyte and
direct current, Because of the small
size, extreme thinness and close

>

proximity of resistor patterns, the

electrolyte must be applied just so.

Add gel to the electrolyte and it
becomesviscous. Apply the jelly
through a silk screen and it stays
right where it belongs. Then
anodize the surface resistor by
resistor, until the prescribed
resistance is reached.

Today we can trim thin film
resistors to within 0.1% of desired
values. There is no danger of the
electrolyte spreading. And any
unevenness in the substrate
surface doesn't affect the
anodizing process.

Sounds simple doesn’t it?

The process is. But the

engineering research that made the

process possible was far from
simple.

N
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But this is the kind of thinking
we come up with routinely. We
must, to manufacture critical
communications components
within precise dimensions.

Making an electronic jelly
sandwich is just one of a million
ways we accomplish our task.

Which is to help supply the Bell
System with what it needs at
low cost.

MANUFACTURING & SUPPLY UNIT OF THE BELL SYSTEM

Western Electric



THE SYNTHESIS OF DNA

Test-tube synthesis of the double helix that controls heredity

climaxes a half—century of effort by biochemists to re-create

biologically active giant molecules outside the living cell

y colleagues and I first undertook
M to synthesize nucleic acids out-

side the living cell, with the
help of cellular enzymes, in 1954. A
year earlier James Watson and Francis
Crick had proposed their double-helix
model of DNA, the nucleic acid that
conveys genetic information from gen-
eration to generation in all organisms ex-
cept certain viruses. We attained our
goal within a year, but not until some
months ago—14 years later—were we
able to report a completely synthetic
DNA, made with natural DNA as a tem-
plate, that has the full biological activity
of the native material.

Our starting point was an unusual sin-
gle-strand form of DNA found in the
bacterial virus designated $X174. The
single strand is in the form of a closed
loop. When ¢X174 infects cells of the
bacterium Escherichia coli, the single-

by Arthur Kornberg

strand loop of DNA serves as the tem-
plate that directs enzymes in the syn-
thesis of a second loop of DNA. The
two loops form a ring-shaped double he-
lix similar to the DNA helixes found in
bacterial cells and higher organisms. In
our laboratory at the Stanford Universi-
ty School of Medicine we succeeded in
reconstructing the synthesis of the sin-
gle-strand DNA copies of viral DNA and
finally in making a completely synthetic
double helix. The way now seems open
for the synthesis of DNA from other
sources: viruses associated with human
disease, bacteria, multicellular orga-
nisms and ultimately the DNA of verte-
brates such as mammals.

An Earlier Beginning

The story of the cell-free synthesis of
DNA does not start with the revelation

DOUBLE HELIX, the celebrated model of deoxyribonucleic acid (DNA) proposed in 1953
by James D. Watson and F. H. C. Crick, consists of two strands held together by crossties
(color) that spell out a genetic message, unique for each organism. The Watson-Crick mod-
el explained for the first time how each crosstie consists of two subunits, called bases, that
form obligatory pairs (see illustrations on page 66). Thus each strand of the double helix
and its associated sequence of bases is complementary to the other strand and its bases. Con-
sequently each strand can serve as a template for the reconstruction of the other strand.
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of the structure of DNA in 1953. It be-
gins around 1900 with the biochemical
understanding of how the fermentation
of fruit juices yields alcohol. Some 40
years earlier Louis Pasteur had con-
vinced his contemporaries that the liv-
ing yeast cell played an essential role in
the fermentation process. Then Eduard
Buchner observed in 1897 that a cell-
free juice obtained from yeast was just
as effective as intact cells for convert-
ing sugar to alcohol. This observation
opened the era of modern biochemistry.

During the first half of this century
biochemists resolved the overall conver-
sion of sucrose to alcohol into a sequence
of 14 reactions, each catalyzed by a spe-
cific enzyme. When this fermentation
proceeds in the absence of air, each mol-
ecule of sucrose consumed gives rise
to four molecules of adenosine triphos-
phate (ATP), the universal currency of
energy exchange in living cells. The en-
ergy represented by the fourfold output
of ATP per molecule of sucrose is suffi-
cient to maintain the growth and multi-
plication of yeast cells. When the
fermentation takes place in air, the oxi-
dation of sucrose goes to completion,
yielding carbon dioxide and water along
with 18 times as much energy as the an-
aerobic process does. This understanding
of how the combustion of sugar provides
energy for cell metabolism was succeed-
ed by similar explanations of how en-
zymes catalyze the oxidation of fatty
acids, amino acids and the subunits of
nucleic acids for the energy needs of the
cell.

By 1950 the enzymatic dismantling of
large molecules was well understood.
Little thought or effort had yet been in-
vested, however, in exploring how the
cell makes large molecules out of small
ones. In fact, many biochemists doubted
that biosynthetic pathways could be suc-



THREE CLOSED LOOPS OF DNA, each a complete double helix, ried out by enzymes, of a synthetic complementary strand. The hy-

are shown in this electron micrograph made in the author’s labora- brid molecules are biologically active. The enlargement is about
tory at the Stanford University School of Medicine. One strand of 200,000 diameters. Each loop contains some 5,500 pairs of bases. If
each loop is the natural single-strand DNA of the bacterial virus enlarged to the scale of the model on the opposite page, each loop
¢X174, which served as a template for the test-tube synthesis, car- of DNA would form a circle roughly 150 feet in circumference.
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DNA CONSTITUENTS are bases of four kinds, deoxyribose (a sugar) and a simple phos-
phate. The hases are adenine (A4) and thymine (T'), which form one obligatory pair, and
guanine (G) and cytosine (C), which form another. Deoxyribose and phosphate form the
backbone of each strand of the DNA molecule. The bases provide the code letters of the
genetic message. I'or purposes of tagging synthetic DNA, thymine can be replaced by 5'-
bromouracil, which contains a bromine atom where thymine contains a lighter CH; group.

DNA STRUCTURE resembles a ladder in which the side pieces consist of alternating units
of deoxyribose and phosphate. The rungs are formed by the bases paired in a special way,
A with T and G with C, and held together respectively by two and three hydrogen bonds.
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cessfully reconstructed in cell-free sys-
tems. Since then nearly two decades of
intensive study have been devoted to the
cell-free biosynthesis of large molecules.
Two things above all have been made
clear.

The first is that large molecules can be
assembled in cell-free systems with the
aid of purified enzymes and coenzymes.
The second is that the routes of biosyn-
thesis are different from those of deg-
radation. Some biochemists had specu-
lated that the routes of breakdown were
really two-way streets whose flow might
somehow be reversed. Now we know
that the molecular traffic in cells flows
on distinctive and divided highways.
All cells have the enzymatic machinery
to manufacture most of the subunits of
large molecules from simple nutrients
such as glucose, ammonia and carbon
dioxide. Cells also have the capacity to
salvage preformed subunits when they
are available. On the basis of what has
been learned the prospects are that in
this century biochemists will assemble in
the test tube complex viruses and major
components of the cell. Perhaps the next
century will bring the synthesis of a com-
plete cell.

The Nucleotides

My co-workers and I were at Wash-
ington University in St. Louis when we
made our first attempts to synthesize a
nucleic acid in the test tube. By that time
the constituents of nucleic acid were
well known [see illustrations at left].
If one regards DNA as a chain made up
of repeating links, the basic link is a
structure known as a nucleotide [see
illustration on opposite page]. It consists
of a phosphate group attached to the
five-carbon sugar deoxyribose, which is
linked in turn to one of four different ni-
trogen-containing bases. The four bases
are adenine (A), thymine (T), guanine
(G) and cytosine (C). In the double helix
of DNA the phosphate and deoxyribose
units alternate to form the two sides of
a twisted ladder. The rungs joining the
sides consist of two bases: A is invari-
ably linked to T and G is invariably
linked to C. This particular pairing ar-
rangement was the key insight of the
Watson-Crick model. It means that if
the two strands of the helix are sepa-
rated, uncoupling the paired bases, each
half can serve as a template for re-creat-
ing the missing half. Thus if the bases
projecting from a single strand follow
the sequence A, G, G, C, A, T..., one
immediately knows that the complemen-
tary bases on the missing strand are T,
C, C, G, T, A.... This base-pairing



mechanism enables the cell to make ac-
curate copies of the DNA molecule how-
ever many times the cell may divide.

When a strand of DNA is taken apart
link by link (by treatment with acid or
certain enzymes), the phosphate group
of the nucleotide may be found attached
to carbon No. 3 of the five-carbon de-
oxyribose sugar. Such a structure is
called a 3"-nucleoside monophosphate.
We judged, however, that better sub-
units for purposes of synthesis would be
the 5’-nucleoside monophosphates, in
which the phosphate linkage is to car-
bon No. 5 of deoxyribose.

This judgment was based on two lines
of evidence. The first had just emerged
from an understanding of how the cell it-
self made nucleotides from glucose, am-
monia, carbon dioxide and amino acids.
John M. Buchanan of the Massachusetts
Institute of Technology had shown that
nucleotides containing the bases A and
G were naturally synthesized with a 5
linkage. Our own work had shown the
same thing for nucleotides containing T
and C. The second line of evidence came
from earlier studies my group had con-
ducted at the National Institutes of
Health. We had found that certain co-
enzymes, the simplest molecules formed
from two nucleotides, were elaborated
from 5’ nucleotide units. For the en-
zymatic linkage to take place the phos-
phate of the nucleotide had to be acti-
vated by an additional phosphate group
[see illustration on next page]. Thus it
seemed reasonable that activated 5 nu-
cleotides (nucleoside 5" triphosphates)
might combine with each other, under
the proper enzymatic guidance, to form
long chains of nucleic acid.

Our initial attempts at nucleic acid
synthesis relied principally on two tech-
niques. The first involved the use of
radioactive atoms to label the nucleo-
tide so that we could detect the incorpo-
ration of even minute amounts of it into
nucleic acid. We sought the enzymatic
machinery for synthesizing nucleic acids
in the juices of the thymus gland, bone
marrow and bacterial cells. Unfortunate-
ly such extracts also have a potent capac-
ity for degrading nucleic acids. We add-
ed our labeled nucleotides to a pool of
nucleic acids and hoped that a few syn-
thesized molecules containing a labeled
nucleotide would survive by being
mixed into the pool. Even if there were
net destruction of the pool of nucleic
acids, the synthesis of a few molecules
trapped in this pool might still be de-
tected. The second technique exploited
the fact that the nucleic acid could be
precipitated by making the medium
strongly acidic, whereas the nucleotide
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DNA BUILDING BLOCK, the monomer from which DNA polymers are constructed, is
termed a nucleotide. There are four nucleotides, one for each of the four bases A, T, G and
C. Deoxyadenosine 5-phosphate, the nucleotide incorporating adenine, is shown here. If
the phosphate group is replaced by a hydrogen atom, the structure is called a nucleoside.

precursors remained behind in solution.

Our first experiments with animal-
cell extracts were uniformly negative.
Therefore we turned to E. coli, which
has the virtue of reproducing once every
20 minutes. Here we saw a glimmer. In
samples to which we had added a quan-
tity of labeled nucleotides whose radio-
active atoms disintegrated at the rate of
a million per minute we detected about
50 radioactive disintegrations per min-
ute in the nucleic acid fraction that
was precipitated by acid. Although the
amount of nucleotide incorporated into
nucleic acid was minuscule, it was none-
theless significantly above the level of
background “noise.” Through this tiny
crack we tried to drive a wedge. The
hammer was enzyme purification, a tech-
nique that had matured during the eluci-
dation of alcoholic fermentation.

DNA Polymerase

In these experiments Uriel Littauer, a
Fellow of the Weizmann Institute in
Israel, and I observed the incorporation
of adenylate (a nucleotide) from ATP
into ribonucleic acid (RNA), in which
the five-carbon sugar in the backbone
of the chain is ribose rather than de-
oxyribose. Actually the first definitive
demonstration of synthesis of an RNA-
like molecule in a cell-free system had
been achieved in the laboratory of Se-
vero Ochoa in 1955. Working at the New
York University School of Medicine, he
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and Marianne Grunberg-Manago were
investigating an aspect of energy metab-
olism and made the unexpected observa-
tion that one of the reactants, adenosine
diphosphate (ADP), had been polymer-
ized by cell juices into a chain of ade-
nylates resembling RNA.

In our first attempts to achieve DNA
synthesis in a cell-free system we used
the deoxyribonucleoside called deoxy-
thymidine. To Morris E. Friedkin, who
was then at Washington University, we
are grateful not only for supplying the
radioactively labeled compound but also
for the knowledge that the compound
was readily incorporated into DNA by
bonemarrowcells and otheranimal cells.
We were hopeful that extracts of E. coli
would be able to incoporate deoxythy-
midine into nucleic acid by converting
it first into the 5" deoxynucleotide and
then activating the deoxynucleotide to
the triphosphate form. I found this to be
the case. In subsequent months Ernest
Simms and I were able to prepare sepa-
rately deoxythymidine 5’-triphosphate
and the other deoxynucleoside tri-
phosphates, using enzymes or chemical
synthetic routes. (In what follows the
various deoxynucleosides in their 5 tri-
phosphate form will be designated sim-
ply by the initial of the base followed
by an“asterisk. Thus deoxythymidine 5’
triphosphate will be T*.)

In November, 1955, I. Robert Leh-
man, who is now at Stanford, started on
the purification of the enzyme system
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in E. coli extracts that is responsible
for converting T* into DNA. We were
joined by Maurice J. Bessman some
weeks later. Those were eventful days
in which the enzyme, now given the
name DNA polymerase, was progressive-
ly separated from other large molecules.
With each step in purification the char-
acter of this DNA synthetic reaction
became clearer. By June, 1956, when
we participated at a conference on the
chemical basis of heredity held at Johns
Hopkins University, we could report two
important facts about DNA synthesis in
vitro, although we still lacked the an-
swers to many important questions.

We reported first that preformed
DNA had to be present along with DNA
polymerase, and that all four of the de-
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oxynucleotides that occur in DNA (A, G,
T and C) had to be furnished in the ac-
tivated triphosphate form. We also re-
ported that DNA from virtually any
source—virus, bacterium or animal—
could serve with the E. coli enzyme.
What we still did not know was whether
the synthetic DNA was a new molecule
or an extension of a preexisting one.
There were other questions. Did the
synthetic DNA have the same chemical
backbone and physical structure as nat-
ural DNA? Did it have a chemical com-
position typical of DNA, in which A
equals T and G equals C, and in which,
therefore, A plus G equals T plus C? Fi-
nally, and crucially: Did the chemical
composition of the synthetic DNA re-
flect the composition of the particular
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ACTIVATED BUILDING BLOCK is required when synthesizing DNA on a template of
natural DNA with the aid of enzymes. The activated form of the nucleotide containing ade-
nine is deoxyadenosine 5'-triphosphate, symbolized in this article by “A*.” It is made from
deoxyadenosine 5’-monophosphate by two different enzymes in two steps. Each step'in-
volves the donation of a terminal phosphate group from adenosine triphosphate (ATP).
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natural DNA used to direct the reaction.

During the next three years- these
questions and related ones were resolved
by the efforts of Julius Adler, Sylvy Korn-
berg and Steven B. Zimmerman. The
synthetic DNA was shown to be a mole-
cule with the chemical structure typical
of DNA and the same ratio of A-T pairs
to G-C pairs as the particular DNA used
to prime, or direct, the reaction [see il-
lustration on page 70]. The relative start-
ing amounts of the four deoxynucleoside
triphosphates had no influence whatever
on the composition of the new DNA.
The composition of the synthetic DNA
was determined solely by the composi-
tion of the DNA that served as a tem-
plate. An interesting illustration of this
last fact justifies a slight digression.

Howard K. Schachman of the Uni-
versity of California at Berkeley spent
his sabbatical year of 1957-1958 with
us at Washington University examining
the physical properties of the synthetic
DNA. It had the high viscosity, the com-
paratively slow rate of sedimentation
and other physical properties typical of
natural DNA. The new DNA, like the
natural one, was therefore a long, fibrous
polymer molecule. Moreover, the longer
the mixture of active ingredients was al-
lowed to incubate, the greater the vis-
cosity of the product was; this was direct
evidence that the synthetic DNA was
continuing to grow in length and in
amount. However, we were startled to
find one day that viscosity developed in
a control test tube that lacked one of the
essential triphosphates, G*. To be sure,
no reaction was observed during the
standard incubation period of one or two
hours. On prolonging the incubation for
several more hours, however, a viscous
substance materialized!

Analysis proved this substance to be
a DNA that contained only A and T nu-
cleotides. They were arranged in a per-
fect alternating sequence. The isolated
polymer, named dAT, behaved like any
other DNA in directing DNA synthesis:
it led to the immediate synthesis of more
dAT polymer. Would any G* and C* be
polymerized if these nucleotides were
present in equal or even far greater
amounts than A* and T* in a synthesis
directed by dAT polymer? We found no
detectable incorporation of G or C under
conditions that would have measured the
inclusion of even one G for every 100,-
000 A or T nucleotides polymerized.
Thus DNA polymerase rarely, if ever,
made the mistake of matching G or C
with Aor T.

The DNA of a chromosome is a linear
array of many genes. Each gene, in turn,



SYNTHESIS OF DNA involves the stepwise addition of activat-
ed nucleotides to the growing polymer chain. In this illustration
deoxyadenosine 5'-triphosphate (A*) is being coupled through a

is a chain of about 1,000 nucleotides in a
precisely defined sequence, which when
translated into amino acids spells out a
particular protein or enzyme. Does DNA
polymerase in its test-tube synthesis of
DNA accurately copy the sequential ar-
rangement of nucleotides by base-pair-
ing (A=T, G=C) without errors of
mismatching, omission, commission or
transposition? Unfortunately techniques
are not available for determining the
precise sequence of nucleotides of even
short DNA chains. Because it is impos-
sible to spell out the base sequence of
natural DNA or any copy of it, we have
resorted to two other techniques to test
the fidelity with which DNA polymerase
copies the template DNA. One is “near-
est neighbor” analysis. The other is the
duplication of genes with demonstrable
biological activity.

Nearest-Neighbor Analysis

The nearest-neighbor analysis devised
by John Josse, A. Dale Kaiser and my-

self in 1959 determines the relative fre-
quency with which two nucleotides can
end up side by side in a molecule of syn-
thetic DNA. There are 16 possible com-
binations in all. There are four possible
nearest-neighbor sequences of A (AA,
AG, AT and AC), four for G (GA, GG,
GT and GC) and similarly four for T
and four for C. How can the frequen-
cy of these dinucleotide sequences be
determined in a synthetic DNA chain?
The procedure is to use a triphosphate
labeled with a radioactive phosphorus
atom in conducting the synthesis and to
treat the synthesized DNA with a specif-
ic enzyme that cleaves the DNA and
leaves the radioactive phosphorus atom
attached to its nearest neighbor. For ex-
ample, DNA synthesis is carried out
with A* labeled in the innermost phos-
phate group, the group that will be
included in the DNA product. This la-
beled phosphate group now forms a nor-
mal linkage (1016 times in a typical ex-
periment!) with the nucleotide next to it
in the chain—its nearest neighbor [sece
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phosphodiester bond that links the 3’ carbon in the deoxyribose
portion of the last nucleotide in the growing chain to the 5" carbon
in the deoxyribose portion of the newest member of the chain.

illustration on page 76]. After the syn-
thetic DNA is isolated it is subjected to
degradation by an enzyme that cleaves
every bond between the 5 carbon of
deoxyribose and the phosphate, leaving
the radioactive phosphorus atom at-
tached to the neighboring nucleotide
rather than to the one (A) to which it
had originally been attached. The nu-
cleotides of the degraded DNA are read-
ily separated by electrophoresis or paper
chromatography into the four types of
which DNA is composed: A, G, T and
C. Radioactive assay establishes the ra-
dioactive phosphorus content in each of
these nucleotides and at once indicates
the frequency with which A is next to
A, to G, to Tand to C.

The entire experiment is repeated,
this time with the radioactive label in
G* instead of A*. The second experiment
yields the frequency of GA, GG, GT and
GC dinucleotides. Two more experi-
ments with radioactive T* and C* com-
plete the analysis and establish the 16
possible nearest-neighbor frequencies.
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SYNTHESIS OF DUPLEX CHAIN OF DNA yields two hybrid molecules, consisting of a
parental strand and a daughter strand, that are identical with each other and with the origi-
nal duplex molecule. During the replicating process the parental duplex (black) separates
into two strands, each of which then serves as the template for assembly of a daughter
strand (color). The pairing of A with T and G with C guarantees faithful reproduction.
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Many such experiments were per-
formed with DNA templates obtained
from viruses, bacteria, plants and ani-
mals. The DNA of each species guided
the synthesis of DNA with what proved
to be a distinctive assortment of nearest-
neighbor frequencies. What is more,
when a synthetic DNA was used as a
template for a new round of replication,
it gave rise to DNA with a nearest-
neighbor frequency distribution identi-
cal with itself. Among the other insights
obtained from these analyses was the
recognition of a basic fact about the
structure of the double helix. In replica-
tion the direction of the DNA chain be-
ing synthesized was found to run oppo-
site to that of its template. By inference
we can conclude that the chains of the
double helix in natural DNA, as sur-
mised by Watson and Crick, must also
run in opposite directions.

Even with considerable care the ac-
curacy of nearest-neighbor frequency
analysis cannot be better than about 98
percent. Consequently we were still left
with major uncertainties as to the preci-
sion of copying chains that contain 1,000
nucleotides or more, corresponding to
the length of genes. An important ques-
tion thus remained unanswered: Does
DNA that is synthesized on a genetically
or biologically active template duplicate
the activity of that template?

One way to recognize the biological
activity of bacterial DNA is to see if it
can carry out “transformation,” a process
in which DNA from one species of bac-
teria alters the genetic endowment of a
second species. For example, DNA from
a strain of Bacillus subtilis resistant
to streptomycin can be assimilated by
a strain susceptible to the antibiotic,
whereupon the recipient bacterium and
all its descendants carry the trait of re-
sistance to streptomycin. In other words,
DNA molecules carrying the genes for a
particular characteristic can be identi-
fied by their capacity for assimilation
into the chromosome of a cell that pre-
viously lacked that trait. Yet when DNA
was synthesized on a template of DNA
that had transforming ability, the syn-
thetic product invariably lacked that
ability.

Part of the difficulty in synthesizing
biologically active DNA lay in the per-
sistence of trace quantities of nuclease
enzymes in our DNA polymerase prepa-
rations. Nucleases are enzymes that de-
grade DNA. The introduction by a nu-
clease of one break in a long chain of
DNA is enough to destroy its genetic
activity. Further purification of DNA
polymerase was indicated. Efforts over



start with the need

Markets are people and people have
needs. When these needs are
fulfilled, a remarkable cycle begins.
A rising standard of living generates
new hopes, new ambitions and

new needs, until growth becomes

a normal condition of the economy.
The injection of capital creates

new profits and new employment
and an ever-widening circle of
benefits for the nation’s people at
large, including, of course, those
who share in ownership.

Celanese considers its job to be

a contribution to higher living
standards throughout the world by
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filling human needs through our
engineering, technical and
marketing skills. This we do in
chemicals, plastics, fibers,
pstroleum, paint and forest
products, in 100 plants employing
50,000 people in 27 countries
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Take almost any kind of subject and the Polaroid MP-3
camera will take almost any kind of picture of it in seconds.
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production sample, wall chart, biological _ @ A, < This camera is adaptable for all Polaroid Land
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sample, stress analysis record, immuno- T RO Just get the subject to the MP-3, and
electrophoretogram or anything else you v g 2 the MP-3 will get the picture in sec-
can think of... onds. Assuming, of course, the sub-
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You're ready for it with the Polaroid MP-3 Land camera, our eye level, The Polaroid MP-3 Multipurpose View Land Camera.
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Ask Charlie Bick
about the future of microelectronics.

Seventy times a minute, Charlie Bick
depends on a tiny electronic “pacer”
to tell his heart to beat. So do more than
15,000 other Americans. And the
companies that build them couldn't have
done it ten years ago.

As microelectronic circuitry gets

smaller and smaller, its potential gets
bigger and bigger. In medicine, in space
flight, in communications, in industries
that haven't even been thought of yet.
And there's no end in sight. That's why
microelectronics is referred to as one of
the great emerging industries.
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Already, we've developed micro-
clectronic parts so small that 12 millon
transistors will it inside a thimble, And
we're working to make them even smaller.

Keep your eye on the things we come
up with in microelectronics. While
they're still big enough to see.




MICROELECTRONICS~
ONE OF THE EMERGING
INDUSTRIES OF
NORTH AMERICAN ROCKWELL.

WE'RE ALSO BUSY:

Discovering a whole new world of
natural resources through Oceanography.

Developing sodium-cooled fast-breeder
reactors to produce Nuclear Energy for
more efficient power generation.

Developing new techniques in hospital
systems and hospital modernization
for advanced Medical Technology.

Applying our knowledge of data
processing to develop new Learning
Technology that will cope with the
information explosion.

Finding new ways of filtering air to
provide effective Pollution Control.

Developing Systems Management
techniques, an entirely new approach
to solving human problems.

And we're active in leading growth
markets:

Automotive: Our Rockwell-Standard
Divisions are major suppliers of heavy-
duty truck components.

General Aviation: Between our

Aero Commander® aircraft and our
Sabreliner jets, we manufacture the
nation’s fullest line of business, pleasure
and agricultural aircraft.

Leisure Market: The Hatteras Yacht
facilities of our Industrial and Marine
Divisions build a complete line of
luxury fiberglass motor yachts.

To find out what else we’re

doing, send for our Seven Emerging
Industries booklet. Write

North American Rockwell Corporation,
Corporate Public Relations, General
Offices, 2300 East Imperial Highway,

El Segundo, California 90245.

several years by Charles C. Richardson,
Thomas Jovin, Paul T. Englund and
LeRoy L. Bertsch resulted in a new pro-
cedure that was both simple and effi-
cient. Finally, in April, 1967, with the
assistance of the personnel and large-
scale equipment of the New England
Enzyme Center (sponsored by the Na-
tional Institutes of Health at the Tufts
University School of Medicine), we
processed 100 kilograms of E. coli bac-
terial paste and obtained about half a
gram of pure enzyme, free of the nucle-
ase that puts random breaks in a DNA
chain.

Unfortunately even this highly puri-
fied DNA polymerase has proved inca-
pable of producing a biologically active
DNA from a template of bacterial DNA.
The difficulty, we believe, is that the
DNA we extract from a bacterium such
as B. subtilis provides the enzyme with a
poor template. A proper template would
be the natural chromosome, which is
a double-strand loop about one millime-
ter in circumference. During its isolation
from the bacterium the chromosome is
broken, probably at random, into 100
or more fragments. The manner in which
DNA polymerase and its related en-
zymes go about the replication of a DNA
molecule as large and complex as the
B. subtilis chromosome is the subject of
current study in many laboratories.

The Virus ¢ X174

It occurred to us in 1964 that the
problem of synthesizing biologically ac-
tive DNA might be solved by dealing
with a simpler form of DNA that also
has genetic activity. This is represented
in viruses, such as $X174, whose DNA
core is a single-strand loop. This “chro-
mosome” not only is simpler in structure
but also it is so small (about two microns
in circumference) that it is fairly easy to
extract without breakage. We also knew
from the work of Robert L. Sinsheimer
at the California Institute of Technology
that when the DNA of $X174 invades
E. coli, the first stage of infection in-
volves the “subversion” of one of the
host’s enzymes to convert the single-
strand loop into a double-strand helical
loop. Sinsheimer called this first-stage
product a “replicative form.” Could the
host enzyme that copies the viral DNA
be the same DNA polymerase we had
isolated from E. coli?

In undertaking the problem of copy-
ing a closed-loop DNA we could foresee
some serious obstacles. Would it be pos-
sible for DNA polymerase to orient it-
self and start replication on a DNA
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template if the template had no ends?
Shashanka Mitra and later Peter Rei-
chard succeeded in finding conditions
under which the enzyme, as judged by
electron microscope pictures, appeared
to copy the single-strand loop. We then
wondered if in spite of appearances in
the electron micrographs, the DNA of
¢X174 was really just a simple loop.
Perhaps, as had been suggested by
other workers, it was really more like a
necklace with a clasp, the clasp consist-
ing of substances unrelated to the nu-
cleotides we were supplying. Finally, we
were aware from Sinsheimer’s work that
the DNA of $X174 had to be a com-
pletely closed loop in order to be in-
fectious. We knew that our polymerase
could only catalyze the synthesis of lin-
ear DNA molecules. How could we syn-
thesize a genuinely closed loop? We
were still missing either the clasplike
component to insert into our product or,
if the clasp was a mistaken hypothesis,
a new kind of enzyme to close the loop.

Fortunately the missing factor was
provided for us by work carried on in-
dependently in five different laborato-
ries. The discovery in 1966 of a poly-
nucleotide-joining enzyme was made al-
most simultaneously by Martin F. Gellert
and his co-workers at the National In-
stitutes of Health, by Richardson and
Bernard Weiss at the Harvard Medical
School, by Jerard Hurwitz and his col-
leagues at the Albert Einstein College of
Medicine in New York, by Lehman and
Baldomero M. Olivera at Stanford and
by Nicholas R. Cozzarelli in my own
group. It was the Lehman-Olivera prep-
aration that we now employed in our
experiments.

The polynucleotide-joining enzyme
has the ability to repair “nicks” in the
DNA strand. The nicks occur where
there is a break in the sugar-phosphate
backbone of one strand of the DNA
molecule. The enzyme can repair a break
only if all the nucleotides are intact and
if what is missing is the covalent bond in
the DNA backbone between a sugar and
the neighboring phosphate. Provided
with the joining enzyme, we were now
in a position to find out whether it could
work in conjunction with DNA polym-
erase to synthesize a completely circu-
lar and biologically active virus DNA.

By using the DNA of $X174 as a tem-
plate we gained an important advantage
over experiments based on transforming
ability. Even if we were successful in
synthesizing a DNA with transforming
activity, this would still be of relatively
limited significance. We could then say
only that a restricted section of the
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DNA-—a section as small as a part of a
gene—had been assimilated by the recip-
ient cell to replace a comparable section
of its chromosome, substituting a proper
sequence for a defective or incorrect
one. However, Sinsheimer had demon-
strated with the DNA of ¢X174 that a
change in even one of its 5,500 nucleo-
tides is sufficient to make the virus non-
infective. Therefore the demonstration
of infectivity in a completely synthetic
virus DNA would conclusively prove
that we had carried out virtually error-
free synthesis of this large number of
nucleotides, comprising the five or six
genes that carry out the virus’s biological
function.

In less than a year the test-tube syn-
thesis of ¢X174 DNA was achieved.
The steps can be summarized as fol-
lows. Template DNA was obtained from
$X174 and labeled with tritium, the
radioactive isotope of hydrogen. Tritium
would thereafter provide a continuing
label identifying the template. To the
template were added DNA polymerase,
purified joining enzyme and a cofac-
tor (diphosphopyridine nucleotide), to-
gether with A*, T*, G* and C*. One of
the nucleoside triphosphates was la-
beled with radioactive phosphorus. The
radioactive phosphorus would thus pro-
vide a label for synthetic material analo-
gous to the tritium label for the tem-
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“NEAREST NEIGHBOR” ANALYSIS can reveal how often any of the four bases is located
next to any other base in a single strand of synthetic DNA. Thus one can learn how often
A is next to A, T, G or C, and so on. A radioactive phosphorus atom (color) is placed in
the innermost position of one of the activated nucleotides, for example A*. The finished
DNA molecule is then treated with an enzyme (right) that cleaves the chain between every
phosphate and the 5" carbon of the adjacent deoxyribose. Thus the phosphate is sepa-
rated from the nucleotide on which it entered the chain and ends up attached to the nearest
neighbor instead, C in the above example. The four kinds of nucleotide are separated by
paper chromatography and the radioactivity associated with each is measured. The experi-
ment is repeated with radioactive phosphorus linked to the other activated nucleotides.
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plate. The interaction of the reagents
then proceeded until the number of nu-
cleotide units polymerized was exactly
equal to the number of nucleotides: in
the template DNA. This equality was
readily determined by comparing the
radioactivity from the trittum in the
template with the radioactivity from
the phosphorus in the nucleotides pro-
vided for synthesis.

Such comparison showed that the ex-
periments had progressed to an extent
adequate for the formation of comple-
mentary loops of synthetic DNA. Com-
plementary loops were designated (—) to
distinguish them from the template loop
(+). We had to demonstrate that the
synthetic (—) loops were really loops.
Had the polymerase made a full turn
around the template and had the two
ends of the chain been united by the
joining enzyme? Several physical mea-
surements, including electron micros-
copy, assured us that our product was a
closed loop coiled tightly around the
virus-DNA  template and that it was
identical in size and other details with
the replicative form of DNA that ap-
pears in the infected cells. We could
now exclude the possibility that some
clasp material different from the nucleo-
tide-containing compounds we had em-
ployed was involved in closing the virus-
DNA loop.

The critical questions remaining were
whether the synthetic (—) loops had bio-
logical activity—that is, infectivity—and
whether the synthetic loops could in turn
act as templates for the formation of
a completely synthetic “duplex” DNA
analogous to the replicative forms that
were produced naturally inside infected
cells. In order to answer the first of these
questions we had to isolate the synthetic
DNA strands from the partially synthetic
duplexes. For reasons that will be ap-
parent below, we substituted bromoura-
cil, a synthetic but biologically active
analogue of thymine, for thymine [sce
top illustration on page 66]. We then in-
troduced just enough nuclease to pro-
duce a single nick in one strand of about
half the population of molecules. The
duplex loops that had been nicked would
release a single linear strand of DNA;
these single strands could be separated
from their circular companions and from
unnicked duplex loops by heating. Thus
we were left with a mixture that con-
tained (4-) template loops, (—) synthetic
loops, (+) template linear forms, (—)
synthetic linear forms—all in about equal
quantities—and full duplex loops.

It was at this point that the substitu-
tion of bromouracil for thymine became



useful. Because bromouracil contains a
bromine atom in place of the methyl
group of thymine, it is heavier than the
thymine. Therefore a molecule contain-
ing bromouracil can be separated from
one containing thymine by high-speed
centrifugation in a heavy salt solution
(the density-gradient technique perfect-
ed by Jerome R. Vinograd of Cal Tech).
In this system the denser a substance is,
the lower in the centrifuge tube it will
settle. Thus from top to bottom of the
centrifuge tube we obtained fractions
containing the light single strands of thy-
mine-containing (+) template DNA, the
duplex hybrids of intermediate weight
and finally the single-strand synthetic
(—) DNA “weighted down” with bro-
mouracil. The reliability of this fraction-
ation was confirmed by three separate
peaks of radioactivity corresponding to
each of the fractions. We were further
reassured by observations that the mean
density of each fraction corresponded
almost exactly to the mean density of
standard samples of virus DNA contain-
ing bromouracil or thymine.

Still another physical technique in-
volving density-gradient sedimentation
was employed to separate the syn-
thetic linear forms from the synthetic cir-
cular forms. The circular forms could
then be used in tests of infectivity, by
methods previously developed by Sins-
heimer to demonstrate the infectivity of
circular $X174 DNA. We tested our (—)
loops by incubating them with E. coli
cells whose walls had been removed by
the action of the enzyme lysozyme. In-
fectivity is assayed by the ability of the
virus to lyse, or dissolve, these cells
when they are “plated” on a nutrient me-

SYNTHESIS OF ¢$X174 DNA was accom-
plished by the following steps. Circular sin-
gle-strand X174 DNA, tagged with tritium,
served as a template (1). Activated nucleo-
tides containing A, G, C and 5"-bromouracil
instead of T were added to the template, to-
gether with DNA polymerase. One of the ac-
tivated nucleotides was tagged with radioac-
tive phosphorus. The DNA synthesized on
the template was complete but not yet joined
in a loop (2). The loop was closed by the
joining enzyme (3). Enough nuclease was
now added to cut one strand in about half
of all the duplex loops (4). This left a
mixture of complete duplex loops, tem-
plate loops, synthetic loops, linear template
strands and linear synthetic strands. Since
the synthetic strands contained 5’-bro-
mouracil, they were heavier than the tem-
plate strands and could be separated by cen-
trifugation (5). The synthetic loops were
then isolated and used as templates for mak-
ing wholly synthetic duplex loops (6 and 7).
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dium. Our synthetic loops showed al-
most exactly the same patterns of infec-
tivity as their natural counterparts
had. Their biological activity was now
demonstrated.

One further set of experiments re-
mained in which the (—) synthetic loops
were employed as the template to de-
termine if we could produce completely
synthetic duplex circular forms anal-
ogous to the replicative forms found in
cells infected with natural $X174 virus.
Because the synthetic (—) loops were
labeled with radioactive phosphorus,
this time we added tritium to one of
the nucleotide-containing subunits (C*).
The remaining procedures were essen-
tially the same as the ones described
above, and we did produce fully syn-
thetic duplex loops of ¢$X174. The (+)
loops were then separated and were
found to be identical in all respects with
the (+) loops of natural ¢$X174 virus.
Their infectivity could also be dem-
onstrated. Sinsheimer had previously
shown that, under these assay condi-
tions, a change in a single nucleotide of
the virus gave rise to a mutant of mark-
edly decreased infectivity. Therefore the
correspondence between the infectivity
of our synthetic forms and their natural
counterparts attested to the precision of
the enzymatic operation.

Future Directions

The total synthesis of infective virus
DNA by DNA polymerase with the four
deoxynucleoside triphosphates not only
demonstrates the capacity of this enzyme
to copy a small chromosome (of five or
six genes) without error but also shows
that this chromosome, at least, is as sim-
ple and straightforward as a linear se-
quence of the standard four deoxynu-
cleotide units. It is a long step to the
human chromosome, some 10,000 times
larger, yet we are encouraged to extrap-
olate our current conceptions of nucleo-
tide composition and nucleotide linkage
from the tiny ¢X174 chromosome to
larger ones.

What are the major directions this re-
search will take? I see at least three im-
mediate and productive paths. One is
the exploration of the physical and
chemical nature of DNA polymerase in
order to understand exactly how it per-
forms its error-free replication of DNA.
Without this knowledge of the structure
of the enzyme and how it operates under
defined conditions in the test tube, our
understanding of the intracellular  be-
havior of the enzyme will be incomplete.

A second direction is to clarify the
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control of DNA replication in the cell
and in the animal. Why is DNA syn-
thesis arrested in a mature liver cell and
what sets it in motion 24 hours after part
of the liver is removed surgically? What
determines the slow rate of DNA repli-
cation in adult cells compared with the
rate in embryonic or cancer cells? The
time is ripe for exploration of the factors
that govern the initiation and rate of
DNA synthesis in the intact cell and ani-
mal. Finally, there are now prospects of
applying our knowledge of DNA struc-
ture and synthesis directly to human
welfare. This is the realm of genetic en-
gineering, and it is our collective respon-
sibility to see that we exploit our great
opportunities to improve the quality of
human life.

An obvious area for investigation
would be the synthesis of the polyoma
virus, a virus known to induce a variety
of malignant tumors in several species of
rodents. Polyoma virus in its infective
form is made up of duplex circular DNA
and presumably replicates in this form
on entering the cell. On the basis of our
experience it would appear quite feas-
ible to synthesize polyoma virus DNA.
If this synthesis is accomplished, there
would seem to be many opportunities for
modifying the virus DNA and thus de-
termining where in the chromosome its
tumor-producing capacity lies. With this
knowledge it might prove possible to
modify the virus in order to control its
tumor-producing potential.

Our speculations can extend even to
large DNA molecules. For example, if a
failure in the production of insulin were
to be traced to a genetic deficit, then ad-
ministration of the appropriate synthetic
DNA might conceivably provide a cure
for diabetes. Of course, a system for de-
livering the corrective DNA to the cells
must be devised. Even this does not
seem inconceivable. The extremely in-
teresting work of Stanfield Rogers at the
Oak Ridge National Laboratory suggests
a possibility. Rogers has shown that
the Shope papilloma virus, which is not
pathogenic in man, is capable of induc-
ing production of the enzyme arginase
in rabbits at the same time that it in-
duces tumors. Rogers found that in the
blood of laboratory investigators work-
ing with the virus there is a significant
reduction of the amino acid arginine,
which is destroyed by arginase. This is
apparently an expression of enhanced
arginase activity. Might it not be pos-
sible, then, to use similar nonpathogenic
viruses to cairy into man pieces of DNA
capable of replacing or repairing defec-
tive genes?
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CARGO-HANDLING

Mechanization and contaimerization, with emphasis on facilitating

the transfer of cargo between land vehicles, ships and airplanes,

have become strong trends in both national and international trade

ithin the past few years the
international transportation of
cargo has undergone the most

significant technological change since
steam replaced sail a little more than a
century ago. A term that sums up the
change is “containerization.” Much gen-
eral cargo, which has traditionally been
shipped in separately packaged lots re-
quiring a considerable amount of man-
ual labor at each loading and unloading,
is now shipped in large vanlike contain-
ers that can be transferred easily to and
from trains, trucks, ships and planes by
highly mechanized routines.

The change can be described in terms
of two ships. The new technique is rep-
resented by the Trenton, a 16,000-ton
container ship. The traditional technique
is represented by a hypothetical vessel,
typical of many freighters still in service,
that I shall call the Breakbulk. The two
ships are comparable in carrying capac-
ity and cruising speed. Let us suppose
we are watching each of these freighters
as it enters the Port of New York to dis-
charge and take on cargo.

The Trenton carries, on its decks and
in its holds, 609 metal containers, each
35 feet long, eight feet wide and 8% feet
high. They were loaded aboard the ship
five days earlier in San Juan and contain
a typical assortment of the products
of Puerto Rico. The ship’s destination
is the Elizabeth-Port Authority Marine
Terminal, a container-ship terminal the
Port of New York Authority has built at
Elizabeth, N.J. The terminal’s berths are
quays—in eftect parallel extensions of
the shoreline—rather than the finger-like
piers that are common elsewhere in the
Port of New York.

As the Trenton is warped alongside a
quay, large cranes that move along the
quay on tracks are put into position to
work the ship. Eleven minutes after the
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by Roger 1. Gilman

last line from the Trenton has been se-
cured to the wharf the first of the con-
tainers is lifted gently off the ship by one
of the cranes and put on a trailer dolly.
Special grips controlled by the operator
of the crane make it possible to lift the
container by its four upper corners.

As a tractor pulls the trailer to the
storage area that is an integral part of the
terminal another trailer is moved into
place for the next container. It takes
about three minutes to pick up a contain-
er from the ship and deposit it on a trail-
er. In 20 hours all the Trenton’s con-
tainers (each holding up to 20 tons of
cargo) have been taken off the ship, 609
other containers with outbound cargo
have been put aboard and the ship is on
its way back to San Juan.

"I he Breakbulk must be handled in a

much different way. It is a break-
bulk freighter: its cargo consists of thou-
sands of comparatively small units fitted
into its large holds. When the Breakbulk
is tied up at its berth, its hatches are
opened and gangs of longshoremen go
aboard to unload its cargo. The ship’s
booms are positioned to lift rope slings
that carry loads of cargo from the hold
and put them on the pier. Winches, pow-
ered by electricity generated by the
ship’s steam, are manned by longshore-
men experienced in working together so
that one winch is used to lift and lower
a cargo sling while a second winch
moves it over the horizontal distance be-
tween the hold and the pier.

The longshoremen assigned to work
in the ship’s hold quickly begin to load
packages of cargo into the slings. When
a sling is filled, the deck man signals the
winchman. The winches lift the sling out
of the hold and swing it over to the pier.
There more longshoremen detach the
sling and fasten an empty sling to the
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tackle. The time elapsed from loading
the sling to detaching it on the dock is
about four minutes. The amount of cargo
handled in that time is about one ton,
perhaps as much as two.

The Breakbulk takes three days to dis-
charge cargo consigned to the Port of

CONTAINER-SHIP TERMINAL at Eliza-
beth, N.J., was built by the Port of New
York Authority to facilitate the movement



New York. It then goes to other ports
along the Atlantic Coast, unloads the re-
mainder of its inbound cargo and picks
up cargo for its outbound voyage. After
moving for a week from port to port it
returns to New York to “top off,” or take
on last-minute cargo, before proceeding
on its transocean voyage. The topping
off takes three more days, including sev-
eral hours of overtime for the five work
gangs and the large dock force required
to handle the cargo. Finally the ship’s
hatches are secured and it is able to get
under way—two weeks after it arrived in
New York from overseas.

One of the basic economic facts of

transportation is that a vehicle,
whether it is a ship, an airplane, a truck,
a barge or a train, earns revenue only
when it is carrying cargo. While the ve-
hicle is being loaded or unloaded it earns
nothing. On the basis of time spent in
port it is clear that the container ship
Trenton, which unloaded and loaded the
same amount of cargo as the Breakbulk,

of cargo in large vanlike containers, many of which appear in the
storage area adjacent to the quay. The ship at right is a modern
container vessel, with no gear of its own for loading and unload-

is by far the more efficient, economical
and productive carrier.

The trend exemplified by the Trenton
is toward eliminating the handling in
cargo-handling, that is, toward mecha-
nizing the operation and incorporating
automatic control. It is not too strong a
statement to say that the trend is rapidly
revolutionizing the transportation of car-
go on land, across the oceans and in the
air. The tremendous improvements that
have taken place in the vehicles of com-
merce (from horse-drawn wagon to jet
airplane and from sailing vessel to tur-
bine-driven container ship) are at last
being matched by advances in the meth-
ods of transferring goods from storage
places to carriers and from one type of
carrier to another.

The amount of handling that is re-
quired in traditional methods of moving
cargo can be described in terms of a box
of nails being sent from a factory in Ohio
to a ranch in South America. It takes
manpower to (1) put the box at the fac-
tory into a larger package with other
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boxes of nails, (2) move the larger pack-
age onto a truck that carries it to a rail-
road depot, (3) unload the package from
the truck to the depot platform, (4) load
it onto a freight car, (5) take it from the
freight car at the port of embarkation
and put it on a truck or a lighter, (6)
move it from there to a storage place on
the pier, (7) put it in a sling at the pier,
(8) take it out of the sling and stow it in
the ship’s hold, (9) get it out of the hold
and into a sling for unloading at the
South American port, (10) move it from
the sling to the pier, (11) put it on a
freight car or a truck, (12) remove it from
the vehicle and (13) separate the box of
nails from the larger package for de-
livery to the ranch.

Each of the 13 handlings adds to the
cost of moving the box of nails from the
factory to the ranch. The costs are in-
curred mainly for manpower and for
preparing the documents that must be
presented at each transfer point. Tradi-
tional methods of cargo-handling also
involve the risks of damage and of loss

ing vans. That work is done by the shoreside cranes, which move
on tracks along the quay. The wide apron adjacent to the ships pro-
vides ready access for trucks bringing or carrying away containers.

8l



LOADING OPERATION is carried out by one of the cranes at the by grips that are controlled by the operator of the crane. A con-
Elizabeth-Port Authority Marine Terminal. The container is lifted tainer such as the one being moved can hold up to 20 tons of cargo.
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FLOW OF CARGO in a containerized shipment begins (top left) which can be either wheeled, and thus pulled as a trailer, or wheel-
with the loading of individual packages in a vanlike container, less and thus moved on a trailer dolly. By truck or rail the con-
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CONTAINER-SHIP STOWAGE is achieved by fitting containers into slots or grips that hold
them firmly. A container ship such as this one can hold some 600 containers of this size.

— __;TMH“ _ff @

tainer is taken to a port and put aboard a ship. After the sea voyage the container is put on
a train or a truck and taken to a terminal where the packages are unloaded and delivered.
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through theft or misdirection of the ship-
ment.

The stowage of general cargo (which
is defined as goods shipped in fairly
small lots and mixed with other goods in
the same vehicle) in containers makes it
possible to move the entire contents of
the container as a unit. The container
lends itself to mechanical handling and
thereby lowers the costs. Moreover, the
container provides protection against
theft and is not readily misdirected.

[n many respects modern container

shipping evolved from technological
advances in transporting bulk cargo such
as grain, ore and petroleum. At one time
bulk products were transported as gen-
eral cargo. Grain was (and to some ex-
tent still is) carried in bags on break-
bulk ships; petroleum products were
shipped in barrels and five-gallon tins;
coal was carried in cars that were mixed
in with boxcars on trains.

As requirements for bulk products in-
creased, more efficient methods were de-
veloped to reduce the amount of han-
dling required to move them. Special
ships were designed to carry ore, petro-
leum and grain. The emphasis in these
ships was on mechanical devices for
loading and unloading. Ore is scooped
onto conveyors that carry it to and from
the ship. Grain is blown into elevators or
the holds of ships. Petroleum is pumped.
All this work is done with little manual
labor, although many skilled workers are
employed in the manufacture and opera-
tion of the mechanical devices.

The use of machinery for loading and
unloading made possible the construc-
tion of larger bulk-cargo ships. Tankers
with a capacity of 250,000 deadweight
tons are now in operation, and 500,000-
ton tankers are in the design stage.
Ore carriers with a capacity of 50,000
deadweight tons are hauling ore from
South America to steel mills in the U.S.
Shipments of 60,000 tons of grain in
converted tankers are becoming com-
mon. The trend is to ship more and more
products in bulk. The list includes ce-
ment, sugar, wood pulp, orange juice,
wine, molasses and chemicals.

It was logical that transportation men
should seek some means of applying
bulk-transportation principles to general
cargo. Plainly the solution was to trans-
form such cargo so that it would have a
uniform size and shape. This objective
could be achieved by stowing items of
different shapes in containers. If ship-
pers would accept such a method, the
designing of machinery to move con-
tainers by ships, trains, planes or other
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modes of transportation would be com-
paratively simple.

The concept was not accepted quick-
ly by the transportation industry, which
has traditionally resisted capital invest-
ment in new techniques. Containeriza-
tion as it is known today finally found a
foothold in the highly competitive field
of trucking. Truckers had learned early
to use detachable trailers that could be
loaded and unloaded at terminals while
the tractor was hauling other trailers.
The logical step forward from this pro-
cedure was to have the vans of trucks
serve as containers.

Imaginative trucking and railroad
men saw the possibilities of having rail-
cars carry loaded trucks as long ago as
World War 1. Legal difficulties prevent-
ed the full development of this simple
concept until 1954, when a decision of
the United States Supreme Court al-
lowed railroads to haul containers as
units of freight without regard to the na-

CONTAINER TRAIN of the type now being operated by a number
of railroads to move only containers is loaded by a movable crane
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ture of the commodities in the contain-
ers. As a result moving truck trailers
“piggyback” by train advanced rapidly.
In 1955 the service was offered by 32
railroads; by 1965 it was available on 59
railroads. Indeed, the hauling of truck
trailers has been one of the few bright
spots in railroad economics. Although
freight-car loadings decreased 22 per-
cent between 1955 and 1967, piggyback
operations increased 700 percent.

The piggyback procedure originally
emphasized the hauling of truck trailers
because it is fairly easy to rig sloping
platforms for pulling trailers on and off
flatcars. Recently the trend has been
toward containers that have no wheels to
take up revenue-earning space. It seems
likely that railroads will someday be
hauling stacked containers on specially
designed flatcars. Containers already ac-
count for about 10 percent of the piggy-
back loads on railroads.

The principal advantage of container
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shipping is its adaptability to efficient
transfer between different modes of
transportation. Containers can be hauled
by truck to railroad freight terminals or
airports, where they can be transferred
readily to flatcars or airplanes. The
transfer of containers between a railroad
freight terminal and a marine terminal
can be accomplished with equal facility.
No matter where the container is trans-
ferred, machinery performs the work
with a minimum of manual labor.

The container’s adaptability to trans-
fer between the different modes of trans-
portation has had a major impact on the
designing of carriers. Container ships
such as the Trenton are representative
of the change; larger and faster contain-
er ships, some of which will handle as
many as 1,000 containers, are now being
designed. Airplane designers have plans
for huge container planes. Railroads,
which have been applying the principles
of bulk-cargo hauling by operating unit

designed for the purpose. An advantage of containers is that they
can be transferred readily among trains, trucks, ships and planes.



trains for coal, grain and a number of
other bulk commodities, are making up
container trains.

Containerization has made possible
the operation of larger and faster gen-
eral-cargo vessels just as mechanization
of loading and unloading set the stage
for the huge vessels that carry bulk prod-
ucts. Because containerization greatly
reduces the amount of time a ship must
spend in port, it has become economi-
cally feasible to make the heavy capital
investment necessary for specialized con-
tainer ships. In contrast, heavy capital
investment in large break-bulk ships,
which must spend approximately half of
their time in port, would be most unat-
tractive.

The economic trend is clear in figures
assembled by the U.S. Maritime Ad-
ministration showing that 122 container
ships were under construction or on or-
der at the end of 1967. American ship-
yards led with 38; these vessels will be
large ones, averaging 17,400 deadweight
tons, compared with conventional break-
bulk freighters that average about 10,-
000 tons and seldom have a capacity of
more than 14,000 tons. West German
yards were in second place with 22 con-  CARGO AIRPLANE awaits loading of freight at the highly mechanized cargo terminal re-
tainer ships averaging 12,400 tons, and  cently opened by Pan American World Airways at John F.Kennedy International Airport in
yards in Japan and the United Kingdom  New York, where a mechanized terminal has also been opened by Seaboard World Airlines.
were not far behind.
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Container-ship terminals, if they are

to operate at maximum efficiency,
must be designed differently from the
conventional roofed piers used by break-
bulk ships. The quay wharf with pow-
erful shoreside cranes is the best kind
of facility for handling container ships.
Wide aprons are needed to provide easy
access to the side of a ship for tractors
moving containers. Moreover, a contain-
er-ship terminal needs ample room for
assembling containers coming from over-
seas for delivery inland and vice versa.
Studies have shown that 12 to 15 acres
of assembly area is the minimum require-
ment for each ship berth. Such an area
can hold about 1,000 containers, half of
which are inbound and half outbound.
Finally, it goes almost without saying
that a container-ship terminal should be
close to major highways and convenient
to trunk-line railroads.

More than a decade ago the Port of
New York Authority (the joint public
agency of New York and New Jersey re-
sponsible for developing transportation
and terminal facilities in the New York—
New Jersey port district) recognized the
trend toward containerization in ocean
trade and acquired the land on which MECHANIZED PLATFORMS load cargo onto an airplane at the Pan American freight
the Elizabeth—Port Authority Marine terminal. The cargo has been put on the pallet in such a way as to fit the shape of the plane.
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CONVEYOR SYSTEM in the air freight terminal is operated by a
console that directs packages to particular storage areas reserved
for certain flights or destinations. From the storage areas the pack-

ages can be moved by gravity to the part of the terminal where

they are put on pallets for loading aboard airplanes. A computer

keeps track of all shipments that pass through the freight terminal.

]

—— PACKAGE-CONVEYOR SYSTEM
[l CHECK STATION
i GRAVITY-FEED CONVEYOR

® CONSOLE TO COMPUTER

—— AIRPAK SYSTEM

B CHECK STATION
——= SHUTTLE

=== TOW-CART SYSTEM

CARGO FLOW in the Pan American terminal is on two levels.
Heavy packages are moved by the automatic tow-cart system on the
ground level. At the check station they are logged on the computer
and then moved to storage areas until flight time, when they are
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moved to the flight makeup area, loaded on pallets and lifted by
elevators to the rollers that put cargo on the plane. Packages
weighing up to 75 pounds move on the conveyor system and are
stored on gravity-flow racks on the second level until makeup time.
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Terminal has been built. At the time the
land was a swamp. In 1962 the facility
began operation as the world’s first con-
tainer-ship terminal. So far the Port
Authority has completed 11 container-
ship berths at Elizabeth and at adjacent
Port Newark and is constructing another
20 berths, which are scheduled to go
into operation by 1975. The need for
these facilities is indicated by a recent
Port Authority study estimating that by
1975 some 8.8 million tons of ocean-
borne general cargo—half of the port’s
entire foreign commerce—will be con-
tainerized.

Containerization is rapidly becoming a

major factor in the movement of
cargo by air. Indeed, the economic feasi-
bility of the huge air freighters sched-
uled to go into operation within the next
five years is predicated on the prospect
that containerized cargo will be loaded
and unloaded by highly automatic me-
chanical devices. Underlying these re-
cent and prospective developments is a
change in attitude toward air freight.
Until recently most air freight was of a
priority nature; the plane’s speed was
more important to the shipper than the
freight charge. Now other reasons pre-
vail. Air transportation enables many
wholesalers to reduce inventories of
stock on hand, because they can get
more stock quickly by air freight. New
markets have been opened or extended
by air freight. For example, fresh straw-
berries, melons, avocados and other out-
of-season foods are now available during
much of the year because they can be
shipped quickly by air. Flowers are reg-
ular items of air cargo.

The scope for air freight was increased
considerably by the advent of jet planes
as commercial vehicles in 1958. Since
then the domestic movement of cargo
on scheduled airlines has more than
doubled to upward of 1.6 billion ton-
miles. International movement has al-
most quadrupled to 1.8 billion ton-miles.
Those figures, compiled as of 1965 by
the International Air Transport Associa-
tion, represent a total movement of near-
ly 3.5 billion ton-miles. The forecast is
that the total on scheduled carriers alone
will be 10.6 billion ton-miles by 1970
and 52.7 billion by 1980.

The largest share of air freight is still
uncontainerized. The use of containers
is advancing rapidly, however, as is the
development of mechanical handling
techniques for air freight. Two major
airlines have opened highly mechanized
cargo buildings at John F. Kennedy In-
ternational Airport in New York. With-
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in the next four years more than 60 auto-
matic cargo facilities are scheduled to
be built throughout the world.

The loads now carried by jet freight-
ers range up to 50 tons. The Boeing
747's and Lockheed 500’s due to begin
operation in a few years will be able to
carry more than 100 tons. The costs of
operating these large jets fully loaded
will be as much as 30 percent lower per
ton-mile than current costs, offering the
possibility of reduced rates for air freight
if enough traffic can be generated to
keep the planes full. Indeed, Lockheed

believes its L-500 could reduce the cost
of door-to-door shipment to about 10
cents per ton-mile, making it quite com-
petitive with surface transportation for
types of cargo not now sent by air be-
cause of the cost.

he trend to containerization is not

without its problems. Stowage is one
of the more serious ones, particularly on
ships. Inexpert stowage of articles in sea-
going vans has caused a number of con-
signees to receive their shipments in a
highly scrambled condition.

GROWTH OF TANKERS since 1945 is depicted schematically. The “supertanker” imme-
diately following World War II (left) was 617.5 feet long, 68.2 feet wide and 43.9 feet
deep; its capacity was 30,000 long tons. By 1959 (center) the capacity was up to 114,000
tons. Latest vessel (right) is 1,135 feet long, 105 feet deep and has 312,000-ton capacity.
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Another problem is backhaul, the
transportation man’s word for what a
freight-carrying vehicle carries on its re-
turn trip. If more cargo moves in one di-
rection than moves on the return route,
it becomes necessary to deal with empty
containers. Several ship companies have
met this problem by carrying a full load
of containers on every voyage. When all
the loaded containers have been put
aboard, the remaining space is filled
with empty ones. In this way the pos-
sibility of a shortage of empty containers
at one end of a run (at a time when there
may be a surplus of empty containers at
the other end) is reduced.

Paper work continues to be a problem.
In parts of the world separate bills of
lading are still demanded for each item
in a container. Frequently individual
bills of lading are required to move a
container by truck to a rail terminal, by
rail to a port, by ship to a foreign port
and by train or truck for the inland trip
abroad. Alan S. Boyd, secretary of the
new U.S. Department of Transporta-
tion, took note of the situation last year.
“When it takes a sheet of paper 12 feet
long and 11 inches wide to describe the
processing steps involved in document-
ing international shipments,” he said, “it
is easy to see why some transactions pro-
duce so little profit.” Industrial groups
involved in cargo-handling have formed
a National Committee on International
Trade Documentation to attack the pa-
per-work problem.

The U.S. Bureau of Customs, under
its mandate to enforce laws requiring
the inspection of all imports, could es-
tablish regulatory procedures that would
impede the movement of containerized
cargo. The bureau, however, has cooper-
ated closely with the air and sea trans-
portation industries as containerization
has developed. The cooperation has in-
cluded assigning customs inspectors to
inland points to inspect cargo when the
consignee opens the container. Regula-
tory barriers in foreign countries are ex-
pected to fall as pressure from shippers
overcomes the reluctance of govern-
ments to change traditional practices.

The full advantages of this revolu-
tionary method of moving cargo will be
realized only when containers them-
selves—rather than trucks, trains or ships
—are regarded as the vehicles of cargo
movement. In other words, one would
think in terms of a container transporta-
tion system rather than of railroading,
trucking, shipping or air freight. This in-
termodal concept, or total transportation
system, is gaining increasing recognition
in the transportation industry.



An altimeter is just one of
hundreds of components on every U.S.
Air Force plane. Each is a potential
trouble spot. The Air Force has skilled
mechanics to detect faulty parts on
the ground, and it has given them
access to a UNIVAC® real-time computer
system to locate replacement parts
from inventory in a matter of seconds.
And, the parts can be delivered to the
flight line in about twelve minutes.

The warehouse location, quantity
on hand and cost of 65,000 parts is in
the memory of a Univac real-time
computer system.

When the mechanic orders a

replacement altimeter, the computer
notifies issue clerks and indicates where
it’s stored. The computer checks its
memory again. This time to see how
many altimeters should be on hand. If
inventory is now too low to meet
expected demand, it initiates a re-order
and updates accounting records for
Base Level Supply Command.

Multiply that altimeter order by
afew hundred an hour and youhavea
rough idea how much work the Air
Force gets out of this Univac inventory
system. A total system with
forecasting, control and cost-cutting
functions built in.

There’s a Univac system at virtu-
ally every Air Force base. 166 systems
to be more precise. All equipment
and procedures are the same. Personnel
have to be trained only once to use any
of them.

Univac computer systems are also
being used by people in business,
government and science. And you don’t
have to own an air force to have one
working for you.

UNIVAC

Univacis saving a lot of people alot of time.

TSPERRY RAND

According to the instruments
this plane is at 32,000 feet.

Air Force mechanics can ask a computer system for a new altimeter. They can get it delivered in about twelve minutes.
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This may seem an unlikely photograph.
But Esso’s Fawley refinery on England’s south
coast is an unlikely place.

Major Oliver Kite, a prominent British nat-
uralist, said it was one of the most remarkable
examples of wildlife conservation he had ever
seen. And, shortly before his untimely death
last June, he finished making a film about it.

In a single year, Major Kite identified
eighty-eight speciesof birdand twelve species of
butterfly within the refinery fence.

Hewatched kestrels dive, lapwings tumble

The enchanted

and kingfishers eye their royal dinners. And, in
May, “the nightingales sang throughout the
day” Some refinery.

He also fly-fished.

He hooked a two-pound trout from the
refinery’s cooling lake. And, even at the jetties,
where tankers unload sixteen million tons of oil
a year, he found nature just as ebullient. “This
is where flounders provide food for the resident
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oil refinery.

cormorants and charms of goldfinches feed on
the seeding thistleheads.”

Fawley’s foliage impressed him too. When
Jersey’s Esso affiliate built the refinery, they
planted twenty-six thousand trees and shrubs
to screen it from the road. This tree belt now
provides woodland runs for squirrels, moles and
foxes. .

And, sometimes, even a wild poghf wan-

-

dersin. Perhaps to admire the rhododendrons.

What does all this prove? Simply that an oil
refinery can be a good neighbor. It needn’t be
ugly. It needn’t disturb the peace. It needn’t soil
the air, the land or the water. And it needn’t
upset the balance of nature.

Fawley isn't exactly a vacation spot. But
it’s nice to think that so many living things find
it a good place to raise a family.

Standard Oil Company.
(New Jersey) ’
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UOP ends your wife’s dirty work...

The secret of the self-cleaning oven is a unique catalytic

screen developed by UOP.

This wife-pleasing innovation is manufactured by
UOP Air Correction Division, which is busy making a
cleaner world for all of us by supplying industry with

. ' imaginative pollution control systems.

In other ways, UOP technical competence makes the woman's world
more feminine. Synthetic fibers for much of her wardrobe come from
raw materials produced by petrochemical processes developed and
licensed by UOP. So do plastics and detergents. Other UOP processes
provide today’s high-octane gasoline for her car.

And to make her more alluring to you, another UOP group creates
fragrance formulations—for perfumes, cosmetics, toiletries.

We care for your wife. You'll find it can pay you to care for UOP.
Universal Oil Products Company, Des Plaines, lllinois 60016, U.S.A.

better ideas from

4
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How Fast Can Computers Add?

Computers today add at a rate of 10 million calculations per second

and will soon add even faster. Mathematical analysis can now predict

the best performance attainable by any computer, present or future
. v % .

he first large digital computers of
| the late 1930’s could add two
numbers at the rate of about three
pairs of digits per second. This perform-
ance has been improved by more than
six orders of magnitude: today’s comput-
ers can carry out 10 million additions in
a second. Multiplication by computers
has advanced even further. Its speed has
increased from one calculation every
three seconds to more than three million
per second. It is these phenomenal gains
in the rate of computation that have
transformed the role of the computer, for
example making possible the processing
of data in “real time,” that is, as events
are actually taking place.

An increase in the speed of computa-
tion by an additional order of magnitude
is forecast for the next few years. Look-
ing to the future, the designers of com-
puters and mathematicians concerned
with computer theory are confronted
by fundamental questions. How fast can
computers be expected to operate? Is
there any limit to their speed and, if so,
what is it? These questions involve two
different considerations. One has to do
with the performance of tomorrow’s
computer components, the “hardware”
of the future. Whatever ultimate limits
there may be to the operating speed of
components, they will be determined by
the laws of physics and lie beyond the
scope of this article. Here I shall take up
a second consideration. What improve-
ments are possible in the ways computer
components are organized to do their
work?

For some years I have been interested
in finding out what limitations there may
be on the speed of computers-in terms of
their organization. The number of pos-
sible computer designs is of course limit-
less. It is only by mathematical reason-
ing, and not by experimentation, that

by Shmuel Winograd

one can determine the least possible time
it would take the computer to add or
multiply two numbers. At this point it
will be useful to briefly review computer
circuitry and computer arithmetic and
to give some examples of how unortho-
dox computer organization can achieve
gains in speed.

"I he basic elements in the arithmetic

section of a computer are its switch-
ing circuits. A switching circuit has one
or more input leads, through which in-
coming signals are received, and an out-
put lead to carry away whatever output
signal is predetermined by the design of
the switch. Usually input and output
leads carry only one of two possible sig-
nals: either a high voltage or a low volt-
age, a large amount of current or a small
amount. It is this “either-or” characteris-
tic of switching circuits that is responsi-

BASE10 BASE2 BASE10 BASE 2

ble for the fact that the notation of com-
puter arithmetic is customarily binary
notation. The two binary digits, 0 and 1,
can represent any number, and they are
admirably suited to a high-voltage, low-
voltage switching system. A high-voltage
signal is read as a 1 and a low-voltage
signalas a 0.

The signal on the output lead of a
switching circuit depends on the input
signals. Let us consider four switching
circuits that can be combined to form
a standard adder. The first is a two-input
circuit called an “and” switch: a high-
vo]tage 1 appears on its output lead ()n]y
when the signals on both its input leads
are high-voltage 1's. A second two-input
circuit is called an “exclusive or” switch;
here the outgoing signal is a 1 only if
one or the other, but not both, of the in-
coming signals is a 1 [see top illustration
on next pagel].

BASE 10 BASE 2 BASE 10 BASE 2

BINARY NOTATION needs only a sequence of two digits, 0 and 1, to represent numbers
of any size (the numbers from 0 to 32 are shown in base-10 and base-2 representation). Such
an “either-or” system is ideally suited to computers with switching circuits that respond
either to high-voltage signals (which can be read as 1’s) or to low-voltage signals (which
can be read as 0’s). Binary notation can be used for many representations other than base-2.
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INPUT

“AND"

HIGH VOLTAGE

OouTpPUT
0
0
0
1
1
0
1
0
0
0

LOW VOLTAGE

“"EXCLUSIVE OR”

INPUT

OuUTPUT

TWO COMPUTER SWITCHES, each with two input leads and one output lead, are de-
signed to respond in different ways. The “and” switch (left) has a high-voltage output
(readable as the bhinary digit 1) when both input signals are high-voltage, but not other-
wise. The “exclusive or” switch (right) has a high-voltage output (readable as 1) when
either input signal is high-voltage but not when both are high-voltage or low-voltage.

“ODD-EVEN"

; INPUT OuUTPUT ] INPUT OUTPUT
0 1 1 0
0 0
0=—— 0
1 — 1 1 0
0 1
= 1
) 1 0 0
1 1
1 0
1 1 0 0
1 0
“MAJORITY"

INPUT OuUTPUT INPUT OUTPUT
1 1
1= 1 0 0
0 0
0
1 1 0
1
1
0 1 0
1
1 0
1 1 0 0
1 0

HIGH VOLTAGE

LOW VOLTAGE

SWITCHES WITH THREE INPUTS are more complex; they can receive eight possible
signals compared with only four possible with two-input switches. The “odd-even” switch
(top) has a high-voltage output, readable as 1, in the four instances when the number of
high-voltage input signals is odd. The “majority” switch (bottom) has a high-vollage'out-
put when two or more input signals are high-voltage. These two switches and the two in
the top illustration, combined, form an adding circuit (see illustration on opposite page).
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The other two switching circuits have
three input leads. The output signal of
one, the “odd-even” switching circuit,
is a 1 only when the number of 1 signals
on the input side is odd. Thus when any
one, but only one, of the three odd-even
input leads carries a high-voltage signal,
the output signal will be high-voltage,
and the same is true when all three of its
input leads carry a high-voltage signal.
The second three-input switching cir-
cuit, the “majority” circuit, has an output
signal of 1 when, and only when, at least
two of the input signals are 1's. There-
fore in one instance the odd-even and
majority switches have the same output:
when all three of their input leads carry
high-voltage signals [see bottom illustra-
tion at left].

No switching circuit acts instantane-
ously; there is a brief delay between the
instant incoming signals appear on the
input leads and the instant an outgoing
signal appears on the output lead. In the
days of vacuum-tube circuitry the delay
was about 10 microseconds (millionths
of a second). Some of today’s solid-state
circuits have a switching delay no great-
er than one nanosecond (a billionth of a
second). This represents a gain in speed
of four orders of magnitude in about a
decade. Large or small, switching delay
is a factor that affects the speed of com-
putation. Called delay time, it is repre-
sented by the expression At.

Another factor that must be consid-
ered in relation to computation speed is
the physical limit on the number of in-
put leads a switching circuit can have.
Typically the number of input leads
varies from three to five. If a circuit
could have many more than five input
leads, it could process more information
simultaneously, and its increased capac-
ity would greatly increase computation
speeds. Regardless of whether the circuit
has two input leads or 20, however, the
number of leads is a factor that sets a
limit on its performance. The number of
input leads is called the “fan-in,” and it
is represented by the letter r. In any
formula that expresses the least possible
time it takes a computer to add or multi-
ply, both At and r must appear. The
numbers they stand for will depend on
the characteristics of the particular com-
ponents involved.

]'et us take the switching circuits de-
4 gcribed above and make an adder
that can combine any two numbers be-
tween 0 and 31. I set this limit for the
sake of simplicity; in the “base-2” repre-
sentation only five digits are needed to
write numbers of this magnitude. Base-2
means that the value of each digit from
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HIGH VOLTAGE

FIVE-DIGIT ADDER contains 10 switches grouped in five pairs
(vertical row, center): an “exclusive or” and “and” pair to start,
followed by four sets of paired odd-even and majority switches. The
registers 4 and B (left) contain the numbers to be added, 21 and 19,
in base-2 representation. The input leads of each pair of switches
receive signals from matching sections of the registers. All 1’s in
the registers are received as high-voltage signals (solid lines) and

LOW VOLTAGE

all 0’s as low-voltage signals (broken lines). The consequent out-
put signal is a 1 or a 0, depending on switch design (see illustra-
tions on opposite page). The output of the first switch in each pair
appears as a 1 or a ) in register X (right), which stores the result of
each addition. Simultaneously the second switch of the pair sends
a “carry” of 1 or 0 to the next pair of switches. Because five con-
secutive steps are involved in the process, five delays are required.
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right to left is twice the preceding power
of two. Thus the digit at right represents
20 or one; the next to the left, 21, or two;
the next, 22, or four; the next, 2%, or
eight, and the last, 24, or 16.

The task we shall set our adder is to
combine the number 21 (10101 in base-2
representation, 21 equaling one 16 plus
no 8 plus one 4 plus no 2 plus one 1) and
the number 19 (10011, 19 equaling one
16 plus no 8 plus no 4 plus one 2 plus one
1). Because each of the two numbers is
smaller than 31, the largest number that
can be written in five binary digits, each
of the input registers of the adder, in
which the numbers are stored, will have
only five positions. The sum of 21 plus
19, however, is greater than 31; for this
reason the output register, in which the
product of the addition appears, will
need to have six positions (the number
needed to display binary numbers from
32 to 63).

The way our adder works is similar to
the way binary addition is taught in
school. Starting at the right side of the

two numbers, as if one were working
with pencil and paper, the first addition
is 1 plus 1. This, of course, is 2, written
as 10 in base-2 representation, so one
puts down 0 and carries 1 to the next
place to the left. Here one adds the 1
plus the 0 plus the “carry” of 1; again the
total is 2. Again one puts down 0 and
carries the 1 to the next place to the left.
When the two digits plus the carry add
up to less than 2 (which happens, for ex-
ample, in the fourth position from the
right), the adder—human or mechanical
—sets down the number 1; otherwise 0
is set down and the 1 is caried to the
next place to the left. Our final result is
101000, the base-2 representation of the
number 40.

Substituting switching circuits for
pencil and paper, we find that after five
consecutive switching operations have
taken place the same six-digit represen-
tation of the product, 40, appears in the
output register. (It is possible to obtain
a six-digit number in only five steps be-
cause the final carry, which produces the

sixth digit in the output register, takes
place at the same time as the switching
action that combines the fifth digits of
the input registers.) Assuming that each
switching circuit has a delay time of 10
nanoseconds, our adder needs 50 nano-
seconds to complete the operation.

The length of time taken by the adder
to complete its task was dictated by three
implicit decisions we had made at the
start. First, we decided that the adder
would handle only the numbers from 0
to 31. Second, we decided that we would
use base-2 representation. The fact that
our switching circuits are binary does not
dictate this choice; for example, in Morse
code all numbers are written in binary
symbols (a dot and a dash), but the num-
ber representation in Morse code is not
base-2. Third, we decided on a way to
carry out the addition process, choosing
a method much like the schoolroom one.
If we change any one of these three de-
cisions, we find that the addition time
also changes.

In the world of real computers the de-

[ [ ][] TIME 1 TIME 2 TIME 2 TIME 4
@ —[o] IO ReGISTER :
___,m
“CARRY" [ 1 [1]
L SWTER *[i _ o ]__TO REGISTER
+

(o]

ER

CARRY [7]

L SWITCH 2 _ ET] B
+

“CARRY"

SWITCH 3

110(0(1](9

DELAY TIME involved in conventional computer addition is
shown schematically; the numbers 7 and 9 are being added. Be-
cause 9 is represented by four binary digits, four switching circuits
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must be activated consecutively, producing four delays. Unortho-
dox arithmetic procedures and methods of representing numbers
can reduce the number of steps required, thus minimizing delay.



signer is faced with the same choices.
His first choice is to pick a size for his
output register, that is, to establish the
largest number that can be represented
without “overflow.” In our five-position
adder, for example, the largest number
that can be represented is 31, because
the binary representation of 32 (27) will
overflow into a sixth position. Real adder
circuits, of course, handle numbers many
thousands of times larger than 2% One
common adder handles numbers with
magnitudes on the order of 235, which is
roughly 100 billion. Another goes up to
248 which means that numbers in excess
of 100 trillion can be added without
overflowing the output register. Our five-
position adder could easily be extended
to handle such enormous numbers, and
could accomplish the addition of any
two numbers between 0 and 2* — 1 in n
times the delay time (n X At).

Having set his maximum number, the
designer has two more choices to make.
First he must decide how to represent
the numbers of the real world. His cus-
tomary choice is the base-2 representa-
tion, but he can elect any other method
he wishes. His second choice is the
means by which his arithmetic operation
will be carried out. He is certainly not
required to use the orthodox arithmetic
organization used in our model five-
position adder. Increases in the speed
of computation can be achieved both
by performing arithmetic in unorthodox
ways and by choosing novel means of
number representation. Because these
two tactics are unfamiliar to most peo-
ple outside the computer field 1 shall
give an example of each.

The first example is a method known
as conditional-sum addition. This meth-
od uses the base-2 representation of
numbers but handles the numbers in an
unusual manner. To allow comparison
with the orthodox arithmetic of our
model adder I shall again combine the
numbers 21 and 19. This time, however,
we shall break up the five binary digits
representing each number into groups.
First we set aside the three lower digits
of each number (a grouping I shall call
“addition problem A”). We then write
down the two higher digits of each num-
ber twice (groupings I shall call “addi-
tion problems B and C”). We add a carry
of 1 to the digit at the right in addition
problem B but leave addition problem C
as it is. We now add A, B and C simul-
taneously. If A propagates a carry when
it is added, then B will be the correct
sum of the higher numbers; if it does
not, then C will be correct. Since all
three adding operations go on at the

NUMBER REPRESENTATION
0 0.0
1 1.1
2 2,2
3 3.0
4 41
5 0.2
6 1.0
7 2.1

NUMBER ' REPRESENTATIdN
8 3.2
9 4,0
10 0.1
1" 1.2
12 2,0
13 3.1
14 4,2

UNORTHODOX NUMBER REPRESENTATION uses the modulus method to obtain
unique two-digit representations of the numbers from 0 to 14. Representations of this kind
can be used for “remainder addition,” the familiar method by which, for example, time is
told. The table is in modulo-15, 15 being 5 times 3. The left digit in each digit-pair ix ihe
remainder after the number it represents is divided by 5; the right, after its division by 3.

same time, they are all completed in the
time required by the longest one. This is
the addition of the three lower digits, A,
which requires three delay times. (B and
C are completed in only two delay
times.) When the addition of A is com-
pleted, it is evident that a carry has been
propagated. This meansthat B is the cor-
rect sum to be recombined with A. The
recombination costs us a fourth delay
time and we arrive at the final num-
ber: 101000. Assuming that a machine
working with conditional-sum addition
contains switching circuits like those of
our orthodox model adder, our use of the
unorthodox arithmetic method will save
us 10 nanoseconds per addition. The
reason for the saving is that we are doing
several operations simultaneously rather
than consecutively.

\ly example of unorthodox number
1YL representation is the “modulus”
technique, which is used in the arithme-
tic method called remainder addition.
Daily experience has made us all familiar
with remainder addition, indeed so fa-
miliar that we are seldom conscious of
using it. When a train leaves on a four-
hour trip at 10:00 a.»., we know that we
should reach our destination at 2:00 p.M.
because we have done a sum in modulo-
12 addition. Ten plus 4, modulo-12,
equals 2 because 14 (the sum of 10 plus
4) divided by 12 yields a quotient of 1
(which is ignored) and a remainder of 2.
We deal with the days of the week in
modulo-7, with the months of the year in
modulo-12 and, three years out of four,
with the days of the year in modulo-365.
Indeed, when the computer designer se-
lects the largest number his machine is
to handle, he is preparing for addition
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modulo-N, the value of N being the max-
imum number he chooses.

To see how remainder addition can
save computntion time, let us try ndding
modulo-15. I choose modulo-15 because
of its simplicity. The number 15 is equal
to 5 times 3; this property allows us
to obtain an unorthodox, two-digit rep-
resentation of every number from 0
through 14 in the following manner. The
digit at the left in each two-digit pair will
be the remainder after dividing the
chosen number by 5; in the case of 0,
for example, the digit at the left will be
0. The digit at the right will be the re-
mainder after dividing the number by 3;
in the case of 0, again 0. Thus the repre-
sentation of 0, modulo-15, is 0,0. In the
same manner the number 7 is represent-
ed by 2,1 because 7 divided by 5 yields
a quotient of 1 (which is ignored) and a
remainder of 2, whereas 7 divided by 3
yields a quotient of 2 (also ignored) and
a remainder of 1. Following this meth-
od number by number, we find that ev-
ery number from 0 to 14 is represented
by a unique pair of digits, modulo-15
[see table in illustration above]. In writ-
ing the table I have used familiar deci-
mal notation; only five digits, 0 through
4, are needed to write all 15 numbers.
In actual practice, of course, the dig-
it pairs would have to be translated into
binary notation before they could be
handled by a computer’s switching cir-
cuits.

To do modulo-15 addition we set
down the digit pairs representative of
the numbers to be added and proceed
by adding the two right-hand digits
modulo-3 and the two left-hand digits
modulo-5. As an example we shall add
4 and 12. The digit pair, modulo-15, for
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CONVENTIONAL ADDITION requires as many sequential steps
as there are digits in the numbers. Adding 19 (10011 in base-2 rep-
resentation) and 21 (10101 in base-2) requires the five steps illus-

4 is 4,1; the pair for 12 is 2,0. Starting at
the right and adding 1 and 0, we obtain
1 (which, since it does rot overflow mod-
ulo-3, stands as 1 in the sum). Adding 4
and 2, we obtain 6. This sum overflows
modulo-5 by 1, so that we set down 1.
Thus our final 1esult is 1,1. Reference to
the table of modulo-15 representations
shows that 1,1 is the representation for
the number 1. This is the correct an-
swer: 4 plus 12 is 16 and 16 overflows
modulo-15 by 1.

Done with pencil and paper, remain-
der addition is tedious and seems a very
hard way to achieve a simple result.
As with conditional-sum addition, how-
ever, the method has great potential ad-
vantages for computers because the two
digits in each pair can be added si-
multaneously rather than consecutively,
thereby accelerating the computation.
Furthermore, remainder numbers are
obviously not peculiar to modulo-15. If
any number N is a product of two num-
bers Ny and N, such that no number ex-
cept 1 divides both Ny and N, then we
can represent every number between 0
and N — 1 by a unique pair of numbers.
The first number will represent the re-
mainder after dividing by N; and the
second the remainder after dividing by
N.. Modulo-N addition is then per-
formed exactly as modulo-15 addition
was; the first numbers are added modu-
lo-N; and the second modulo-N.. The
only numbers, N, that are not the prod-
uct of two such numbers, Ny and N.,, are
those that are the powers of a single
prime number. This means that remain-

der addition cannot be used to add mod-
ulo-2", because 2 is a prime number,
divisible only by itself and 1.

The two examples I have given are
representative of the two principal tac-
tics available to the computer designer:
a free choice of representation and
operation methods. From a theoretical
point of view the dilemma is that no
imaginable system of number represen-
tation or way of performing arithmetic
can be declared advantageous or worth-
less without a trial, yet to try each and
every one of an essentially unlimited
number of tactics would be impossible.

Four years ago M. O. Rabin of the
Hebrew University of Jerusalem visited
us at the IBM Watson Research Center,
and he and I were discussing such mat-
ters. Among other things we wondered
how base-2 representation had become
such a sine qua non in computer arith-
metic. Why not some other base? For
that matter, why any base representa-
tion at all? The result of our discussion
was that I set out to seek the minimum
time for addition that would hold true
regardless of the hardware involved, of
the way the numbers were represent-
ed (except that each must comprise a
unique combination of (s and 1s) or of
the method of doing the addition. Unless
a sound theoretical basis for calculating
the least possible time of computation
was available, the designers of comput-
ers could never be certain if their intui-
tive schemes were the most efficient ones
possible.

Asa starting point, let us compute the

trated (numerals in color are
the same as the one handled by the adder illustrated on page 95,
where a pair of switches was activated for each step shown here.

“carries”). The addition problem is

time required for addition with both
conditional-sum adding and remainder
arithmetic. One first breaks down N, the
number selected as the modulus, into its
constituent powers of prime numbers.
The largest of these constituents is our
bottleneck; its size is a key factor in de-
termining the length of the computa-
tion process. We denote this number,
the largest power of a single prime that
divides N, as the alpha of N, a(N).

To suit the computer’s switching cir-
cuits the various parts of the remainder-
arithmetic representation have to be
translated into binary notation. Because
we want to use the conditional-sum
method of addition, we choose a base-2
representation. The number of binary
digits necessary to represent the integers
0 through «(N) — 1 is [log.a(N)]. I use
[log,D] to denote the smallest integer, x,
such that ¢* > b. The reader can easily
verify for himself that, by repeated ap-
plication of conditional-sum addition, it
takes [log,2n|Af to add two n-digit num-
bers. Conditional-sum addition
however, be generalized by breaking the
numbers into r parts, rather than just
the two parts shown in our example.
Under these circumstances [log,2n]At is
required to add two n-digit numbers.
Combining the two formulas, we find
that the delay time for performing addi-
tion with remainder arithmetic and con-
ditional-sum addition is expressed by the
formula [log,2[logee(N)]]AL.

I was surprised to discover that no
way exists to improve this method of
performing addition. This is to say that

can,
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UNORTHODOX ADDITION, using the conditional-sum method,
sets apart the three lower digits of the same two binary numbers
and then enters their two higher digits twice, once with a carry
(color) and once without it. Next, all three groups are added simul-
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taneously. The largest gronp comprises three digits; all addition is
therefore complete after three delays. If addition of the lower digits
propagates a carry (as in this example), the product of the high-
er digits that included the conditional carry is the correct one. A



no matter what representation is used
or what method of operation is selected,
the process of addition has to take at
least the delay time shown by the for-
mula.

Let us now use the formula to find
the least time for modulo-24 addition.
We start by assuming a computer com-
ponent technology in which r, the input-
lead fan-in, is equal to three, and At, the
delay time, is a hundred-millionth of a
second (108 second). To find the least
time we must first determine the alpha
of 248, the largest number that is a power
of a prime number and by which 2% is
divisible. Since 2% is a power of a prime
number, the alpha of N proves to be 2%
itself. We next find the logarithm to the
base-2 of 245; it is 48. Entering all these
values in the formula, we learn that the
least time is [log,2 X 48110, or five
hundred-millionths of a second (5 x 10-8
second).

I_[ow close to the absolute maximum

+ speed of addition are contemporary
computers getting? By using the fo:mula
we can move for the first time from
an area of intuition to the realm of hard
fact. For example, one high-performance
computer has an input-lead fan-in of
four, a delay time of one nanosecond
(10 second) and an N of 2% (equal
to 4,294,967,296). Using these values,
we learn that the computer cannot pos-
sibly add two numbers faster than
[log,64110-9, or three nanoseconds (3 X
10 second). In point of fact, the ma-
chine takes five nanoseconds to add. The
formula enables us to show that five-
nanosecond addition is within 40 per-
cent of the maximum speed possible.
The establishment of absolute maxi-
mums gives designers a much clearer
measure of the amount of room for im-
provement that may exist in any com-
puter.

Let us give N an even larger value—
13,762,686,640—and find the speed with
which addition at that modulus value is
possible. The number is more than three
times the size of 23%; intuition would sug-

SELECT CORRECT CARRY AND COMBINE 1
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fourth switching delay combines that prod-
uct with the three lower digits. With only
four delays, conditional-sum addition proves
20 percent faster than conventional addition.

gest that addition with so much larger a
modulus would be more time-consuming.
The number I have selected, however,
is a special one: it is the product of
nine numbers—5 X 7 X 9 X 11 x 13 X
16 x 17 x 19 x 23—that are mutually
divisible only by 1. The largest of the
numbers, the alpha of this N, is 23 and
[log.23] is 5. With a fan-in of four and a
delay time of one nanosecond, the time
of addition using this modulus proves to
be only two nanoseconds. Thus even
though N is substantially larger, adding
with this modulus is faster than modulo-
232 addition.

Why have computer designers left
such phenomena unexploited and con-
tinued to use moduli that are powers of
2? Because modulo-N addition involves
a companion process that cannot be
speeded up. Modulo-N addition and
conventional addition give the same an-
swers only as long as the product does
not overflow the modulus. In every mod-
ulo-N addition it is necessary to know if
an overflow occurs (in which case some
correction is necessary) or if it does not
(in which case the final result is correct).
This companion process, called “over-
flow indication,” cannot be speeded
up using remainder arithmetic. I have
proved that no representation of num-
bers can increase the speed of overflow
indication beyond what can be achieved
by base-2 representation. As long as
both the addition operation and the over-
flow indication must be completed in or-
der to accomplish the entire operation of
addition there can be no speed gained
by substituting remainder addition for
base-2 representati()n.

\ surprisingly different picture emerg-
= % es with regard to multiplication.
Primary school pencil-and-paper multi-
plication, which is the method used in
most computers, is simply consecutive
addition in which one of the two num-
bers is added to itself over and over
again. Since the operation is consecutive
it has been assumed that multiplication
has to be more time-consuming than ad-
dition. Surprisingly this is not the case.
Consider the most common computer sit-
uation, in which binary representation is
used and N is therefore a power of 2. De-
noting N as 2, we discover that in multi-
plication modulo-2" the formula is ¢t >
[log,2(n — 2)1At.

Comparing this with the result for ad-
dition modulo-2", one finds that the
multiplication process is not necessarily
slower than addition and may even be
faster. Once again the key to this ap-
parent contradiction of intuition lies in
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how the numbers are represented. The
familiar “base” method of representa-
tion, including base-2 and base-10, is
quite efficient insofar as addition is con-
cerned. For fast multiplication, however,
another unorthodox representation is
necessary. I shall describe it with anoth-
er example: modulo-64 multiplication.

As in modulo-15 addition, in modulo-
64 multiplication each number from 0
upward is represented by a special com-
bination of digits. Each combination in
our example is a triplet; the digit at the
right ranges from 0 to 6, the center digit
is either 0 or 1, and the number at the
left ranges from 0 to 15 [see illustration
on next page]. As in modulo-15 addition,
each modulo-64 triplet is a unique rep-
resentation of one of a series of numbers,
in this instance the series running from
0to 63.

An instance of modulo-64 multiplica-
tion, performed according to its own
special rules, is the following: Let us
multiply 23 (represented by the triplet
14,1,0) by 43 (the triplet 13,1,0). We
begin by adding the pair of digits at the
right, both of which are 0; this yields a
total of 0 to set down. (According to the
rules, if the total of the digits at the right
is more than 6—as would be the case if
we multiplied 48 by 8—the total is set
back to 6.) Next the center digits are
added, modulo-2. In this case 1 plus 1
equals 2, and 2, modulo-2, is 0. There-
fore we set a second 0 to the left of the
first one. We now add the pair of digits
at the left, 14 plus 13, for a total of 27.
The rule governing the addition of this
pair of numbers says it is to be done
modulo-2*~ %, where k is the result of the
addition of the pair of digits at the right.
Here k equals 0, and the modulus for the
addition of the digits at the left is there-
fore 16. The result is 11 (the remainder
when 27 is divided by 16) and the final
triplet, showing our result, is 11,0,0. Ref-
erence to the table shows that 11,0,0 is
the representation for 29. This checks:
23 times 43 is 989; 989, modulo-64, is
29 because 989 divided by 64 yields a
quotient of 15, which is ignored, and a
remainder of 29.

The rules for modulo-64 multiplica-
tion are exacting and seem even more
complicated than those for modulo-15
addition insofar as paper-and-pencil
computation is concerned. The reader
will note, however, that the modulo-64
system consists of three groups of digits
that the computer can process simul-
taneously. Indeed, the most time-con-
suming part of the operation is the addi-
tion of the digits at the left, which, as the
example shows, is done according to a
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0 0.0.6 16 0.0.4
1 0.0.0 17 12,0,0
2 0.0.1 18 6,01
3 3.1.0 19 7,1,0
4 002 20 1,02
5 1.00 21 13,0,0
6 3.1.1 22 51,1
7 10,10 23 14,1,0
8 0,03 24 1.1.3
9 6.0.0 25 2,00
10 1,01 26 7,01
" 51,0 27 91,0
12 3.1.2 28 212
13 15,0,0 29 11,0,0
14 10,11 30 411
15 41,0 31 8,1.0

32 0,05 48 0.1.4
33 8.0,0 49 4,00
34 4,01 50 2,011
35 11.1.0 51 15,10
36 2,02 52 3,02
37 9,0,0 53 50,0
38 711 54 1,11
39 21,0 55 6,10
40 103 56 0.1.3
41 14,0,0 57 10,0,0
42 50,1 58 3,011
43 13.1,0 59 1,1,0
44 1.1.2 60 012
45 7,0,0 61 3,00
46 6,11 62 01,1
47 12.1.0 63 0.1.0

MODULUS MULTIPLICATION offers advantages similar to those of remainder addition

because the system of number representation allows the computer to process several groups

of digits simultaneously. The table shows the unique triplets representing the numbers from
0 to 63 that are used in multiplication modulo-64. The method is as fast as adding modulo-16.

variety of moduli depending on the
value of k. The “worst case,” that is, the
most complex possible modulus for this
pair, is modulo-16; thus modulo-64 mul-
tiplicnti(m is essentiully no more time-
consuming than modulo-16 addition.

The method of multiplication de-
scribed here is about as fast as any pos-
sible method. I should mention that the
same qualitative comparison between
addition and multiplication holds not
just for powers of 2 but for anv number
N. Accordingly it is clear that the intui-
tive feeling that multiplication is a more
time-consuming operation than addition
arises mainly from the nature of the
base representation that is usuallv adopt-
ed. Tt is not an inherent property of these
operations.

rI‘he logical deductions T have outlined
¥ provide the computer designer with
a means of evuluuting various designs.
Knowing the capabilities of the available
hardware, he can determine how fast his
computer will compare with an ideally
fast one. Let us assume that the design-
er’s objective is to add modulo-2# in 20
nanoseconds. As long as his components’
input fan-in is three and their delay time
is 10 nanoseconds, the shortest time the
operation could take proves to be 50
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nanoseconds. Thus in order to attain his
goal the designer will need either com-
ponents with an input fan-in that has
been raised to 10 or cemponents with a
delay time that has been shaved to four
nanoseconds. The formula does not and
cannot decide which approach the de-
signer should take; what it does provide
is a quantitative measure of the eflect
on the speed of arithmetic operations
that anv imaginable change in hardware
can produce.

Finding the absolute speed limits for
addition and multiplication has been
only one in a series of continuing investi-
gations of the eflort reqquired to compute
functions. For example, we should like
to know what is the minimum number of
arithmetic ()perutions necessary to com-
pute an nth-degree polynomial and the
minimum number of operations nec-
essary for matrix multiplication. Just as
the widespread use of the steam engine
in the 19th century greatly increased
theoretical interest in thermodynamics,
the increasing use of computers today is
a driving force behind the study of com-
putational complexity. It is safe to as-
sume that as work on these questions
continues mathematicians will gain a
better insight into the whole realm of
computation.
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Air—breathing Fishes

Lack of oxygen in water forced certain Devonian fishes to develop

air-breathing organs. Some left the «water and colonized the land;

descendants of others are today’s remarkable air-breathing species

he transition from breathing water
I to breathing air was perhaps the
most significant single event in the
evolution of vertebrate life. How did it
come about? The change in respiration
is commonly identified with the emerg-
ence of animals from the water to dry
land. Actually the fossil and living
evidence shows that air-breathing by
vertebrates began long before that de-
velopment. Well before the evolution of
amphibians some fishes had begun to
use air instead of water for respiration.
The crucial steps toward the develop-
ment of lungs came about not as an
adaptation to living out of the water but
in response to changes in the aquatic
environment itself.

During the Devonian period of some
350 million years ago a respiration crisis
developed for much of the vertebrate
life inhabiting the freshwater basins of
the earth. The oxygen content of the
waters gradually declined, as a result of
high temperatures and the oxygen-con-
suming decay of dead organic material
in shallow lakes, rivers and swamps.
Tln'()ugh()ut a vast p()rti()n of the aquntic
environment the oxygen supply dropped
to a marginal level. For the fishes,
equipped only with gills for obtaining
oxygen from water, life became quite
precarious. Yet they were mere inches
away from the limitless reservoir of oxy-
gen in the atmosphere above the surface
of the water. This saving circumstance
led to the evolution of a variety of or-
gans that enabled fishes to obtain oxygen
from the air.

We can see the adjustments that were
made to the oxygen problem in many
fishes today, among both modern and
archaic species. Certain species living
in stagnant tropical pools, for instance,
spend their entire existence close to the
surface, within ready reach of the thin
top layer of water that contains more
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oxygen than the waters below. Some of
these species come to the surface layer
to replenish their oxygen at frequent in-
tervals; others visit the layer less fre-
quently but stay in it longer each time.
During a recent expedition to the Ama-
zon River area I witnessed a dramatic
demonstration of the latter performance.
We had placed a freshwater stingray in
a tank containing only a small amount
of water. We noted that as the oxygen
content of the water declined the fish
pumped water over its gills more and
more rapidly. Suddenly, when the oxy-
gen pressure dropped below 20 milli-
meters of mercury, the fish swam straight

to the surface, began to draw the surface
film of water into the intake openings
on its upper side and continued this per-
formance at the surface for more than 15
minutes. The whole act was beautiful,
and we were excited to discover this il-
luminating behavior—which the Amazon
stingray probably has been performing
routinely for millions of years. All the
close relatives of this stingray are marine
or brackish-water fishes with the flat-
tened shape of bottom-dswellers and with
water-intake openings on their upper
surface, where the openings cannot be
clogged by debris from the bottom.

In the amazing freshwater stingray the

OXYGEN-DEFICIENT TROPICAL SWAMP is the habitat of air-breathing fishes and some
that breathe near the surface where the oxygen supply is best. The relative oxygenation is
shown by the color intensity. Hoplosternum littorale (a) is an intestinal breather that gets
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same morphology exploits the opposite
side of the hydrosphere: the interface
with the air! It is also significant that the
gills of the stingray (and of other fishes
with similar habits) are large and well
developed, maximizing gas exchange so
that the fish can make efficient use of
the limited supply of oxygen in the sur-
face water.

"1V step from tapping surface water
* for oxygen to obtaining oxygen frcm
the air above the surface was of course
a drastic one for fishes, requiring radical
modification of their respiratory struc-
tures. The typical gills of a fish, although
well suited for gas exchange in the wa-
ter, are totally unsuited to performance
of that function in the air. The thin
lamellae of the gills, with their fine blood
vessels, collapse under gravity in the air.
In order to breathe air fishes had to de-
velop air-holding chambers of one kind
or another. Some species became air-
breathers by adapting the stomach or a
segment of the intestine to this purpose;
they swallowed air and expelled it again
at the mouth or the cloaca. Others de-
veloped elaborate air-holding structures
in the mouth or throat. The most com-
mon adaptation for breathing air was
the development of the special organ
now recognized in many fishes as the
swim bladder. This chamber serves other
purposes in water-breathing fishes: it

oxygen from air it swallows. Electrophorus, the electric eel (b),
gulps air and obtains oxygen through the walls of the mouth. The
freshwater stingray (c) visits the surface to breathe oxygenated wa-

maintains the fish’s buoyancy by adjust-
ing to the hydrostatic pressure, and it
may also act as an organ for detecting
and producing sounds. The fossil evi-
dence indicates, however, that the swim
bladder of fishes originally came into
being as an organ for respiration, and in
some species it eventually evolved into
a true lung,.

A surprisingly large number of mod-
ern species of teleosts (bony fishes) are
capable of breathing air. Evidently con-
ditions like those that existed in De-
vonian times—swampy, oxygen-deficient
waters—have given rise again and again
to air-breathing fishes. Apart from these
latter-day examples, we have consider-
able direct information on the respira-
tory revolution that led to the liberation
of vertebrates from the aquatic environ-
ment during the Devonian. The informa-
tion is provided not only by fossils from
that time but also by living representa-
tives of several archaic groups of air-
breathing fishes that still exist today.
These include two African genera in the
primitive order Chondrostei, two Ameri-
can genera in the order Holostei and
three genera of lungfishes (Dipnoi) in
Africa, Australia and South America.
These descendants from Devonian times
inhabit oxygen-deficient waters and are
so remarkably little changed from their
ancestors that we can consider them rep-
resentative of the early vertebrate forms
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that made the first crucial step toward
air-breathing. The amphibians are be-
lieved to have arisen from the archaic
ancestors of the lungfishes.

The lungfishes have an air bladder
that developed originally as a diverticu-
lum, or pouch, from the gut. The acqui-
sition of this incipient lung was of course
only a first step toward effective air-
breathing. Tt had to be accompanied by
changes in the fishes’ system of blood
circulation that would provide efficient
transportation to the body tissues of
bleod oxygenated in the lung. In the
lungfishes we see the circulation trans-
formed in that way. In short, the lung-
fishes are truly lung breathers, with a
respiratory and circulatory system that
forecasts the system later developed by
the higher vertebrates—the birds and the
mammals. Fortunately the three living
genera of lungfishes depict three stages
in the transition from water-breathing
to air-breathing, so that we are able to
trace the anatomical changes that eftect-
ed this transition.

Curiously, although the lungfishes
offer an inviting opportunity to investi-
gate the evolution of air-breathing by
experimental studies, it is only within
the past decade that such studies have
been undertaken. With the collabora-
tion of Claude Lenfant and other col-
leagues 1 have been pursuing this in-
quiry with lungfishes and certain other

ter, as does Characidium (d). The gills of Symbranchus marmora-
tus (e) function in air as well as water. In lungfishes such as Pro-
topterus (f) the swim bladder has become a well-developed lung.
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air-breathing fishes in Africa, Australia,
South America, Norway and in my lab-
oratory at the University of Washing-
ton. The following is an account of our

findings.

r ]’he lungfishes have long been known

- to man; they have been an important
source of food for primitive peoples, in
part because many of the species go into
estivation (a dormant state) during dry

a

SYSTEMIC
CIRCULATION

VASCULAR SYSTEM is diagrammed in relation to air- and water-
breathing organs in typical fishes («), birds and mammals (f)
and various “in-between” air-breathing fishes: Symbranchus (b),
Electrophorus (c), Hoplosternum (d) and the lungfishes (e). Wa-
ter-breathing fishes have a single circulation with no mixing be-
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seasons and therefore are easy to catch.
Some of the lungfishes grow to consid-
erable size; one African specimen dis-
played in a Nairobi museum measures
seven feet in length. It was only about
130 years ago that lungfishes began to
attract the attention of scientists. The
discovery at that time of their remark-
able ability to breathe air evoked consid-
erable excitement and confusion in zo-
ological societies. Reluctant to accept an
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air-breather as a fish, the zoologists at
first classified the lungfishes as amphib-
ians, and the surprise occasioned by the
discovery is still preserved in the species
name of a South American lungfish:
paradoxa.

In the three lungfish genera we can
observe a sequence of development frcm
very little dependence on air-breathing
to a stage where air-breathing became
the principul means of respiration. The

-

tween oxygenated (red) and deoxygenated (gray) blood (a). Birds
and mammals have a double circulation with no mixing (f). In the
others there is more or less mixing of blood. The lungfish arrange-
ment (e) was conducive to development toward the vertebrate con-
dition: two circuits are arranged in parallel, with variable mixing.



Australian lungfishes (genus Neocerato-
dus), living today in rivers that are never
severely deficient in oxygen, are pri-
marily water-breathers, with well-devel-
oped and functioning gills. They do,
however, possess lungs and can raise
their heads out of the water to breathe
air when necessary. The South Ameri-
can lungfishes (Lepidosiren) and the Af-
rican (Protopterus) live in swamps whose
waters are severely deoxygenated and
periodically dried up by droughts. In
dry periods these fishes entomb them-
selves in burrows or cocoons in the mud
and go into a profound state of suspend-
ed animation; one might say their meta-
bolic furnace is turned down all the way
to the pilot light. Within minutes or
hours after the swamp is flooded again
by rainfall they revert to active life. Al-
though water is their natural habitat,
they depend mainly on their lungs and
air-breathing for the absorption of oxy-
gen. In the adult South American and
African lungfishes large portions of the
gills have degenerated to the point
where they are little more than vestiges.

For examination of the functioning of
the lungfishes” respiratory apparatus we
have used catheters and transducers that
enable us to determine blood flow and
blood pressure in the vessels supplying
the respiratory organs. We implant the
instrumentation in the important blood
vessels and in the lung itself, and after
the fishes’ recovery from the surgery we
are able to obtain a continuous record of
blood flow and pressure as the animals
swim about in an aquarium, and to mea-
sure the oxygen tension in the blood and
lung by analyzing samples from those
organs. With this technique we have
studied the lungfishes’ respiratory be-
havior under normal conditions and
under experimental variations of their
environment.

The observations that are thus made
possible show clearly the extent of the
difference between the Australian lung-
fish and, say, the African lungfish with
regard to breathing behavior [sce il-
lustration on this page]. With the fish
swimming in well-oxygenated water, the
blood coming from the gills of the Aus-
tralian lungfish is almost fully saturated
with oxygen. The lung then has little or
no importance; there is no need to add
to the oxygen supply by means of air in
the lung. Furthermore, the carbon diox-
ide in the blood is kept at a very low
level, because carbon dioxide has a rela-
tively high solubility in water and the
gills are remarkably efficient in exchang-
ing this gas. In the African lungfish, on
the other hand, the situation is some-
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MEASUREMENTS of the oxygen and carbon dioxide content of the blood in the Australian
lungfish Neoceratodus (black) and the African lungfish Protopterus (color) show that the
latter depends more on its lung even in the water. In Neoceratodus, blood going to the lung
in the pulmonary artery (circle) is about as well saturated with oxygen (gray curves) as
blood coming from the lung in the pulmonary vein (triangle). In Protopterus, however,
oxygen saturation is higher and carbon dioxide tension lower in hlood coming from the
lung (triangle) than in blood going to it (open circle); the oxygenated blood is channeled
preferentially to the systemic arteries (dot) rather than to the lung. The lower carbon diox-
ide tensions in Neoceratodus reflect the dominance of water-breathing with efficient gills.

what reversed. The blood delivered to
the lung from this fish’s vestigial gills is
not nearly as rich in oxygen, and the
lung makes a large additional contribu-
tion to the oxygen tension, raising the
oxygen saturation of the blood to about
80 percent. The lung also serves to elimi-
nate some carbon dioxide. It is less effi-
cient in this function than gills are, how-
ever, and the carbon dioxide tension in
the blood is therefore considerably high-
er in the African lungfish than it is in the
Australian lungfish.

Now let us drain the water from the
tank and leave both types of fish exposed
to air. The Australian lungfish frantically
searches for a return to water and at the
same time begins to gulp air into its lung
at a rapid rate. This effort succeeds in
saturating the blood flowing through the
lung with oxygen, but the rate of blood
flow is not sufficient to maintain the oxy-
gen level in the arterial system. The oxy-
gen tension in the arteries of the fish’s
body rapidly declines. Moreover, the
lung does not eliminate carbon dioxide
at the requisite rate, and in less than 30
minutes the carbon dioxide tension in
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this fish’s arterial blood rises more than
fivefold. In contrast, the African lung-
fish fares much better when it is left
completely exposed to air. The intensifi-
cation of this fish’s air-breathing suc-
ceeds in keeping the oxygen tension in
the arteries at a high level. The carbon
dioxide concentration in the blood does
rise for a time, but the elimination of
that gas through the lung is such that the
carbon dioxide tension soon levels oft
[see top illustration on page 107]. Thus
the African lungfish clearly shows that
its air-breathing system is sufficiently de-
veloped to enable it to survive out of
water, as it must do during periods of
drought, whereas the Australian lung-
fish normally never leaves the water.

Obvi()usly the African lungfish’s su-

perior performance in air-breathing
must depend on a circulatory advantage
that enables it to make more effective use
of the oxygen taken up through the lung.
The possession of a lung, even one well
supplied with blood vessels, cannot effi-
ciently provide oxygen to an animal for
its metabolic needs unless it is accom-
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CATHETER VELOCITY GAUGES

PULMONARY ARTERY
PULMONARY VEIN

HEART
LUNGFISH was the major subject of the author’s investigations. were attached ; animals swam freely after the instruments were im-
The schematic diagram shows how blood-velocity gauges and cath- planted. In the lungfish blood is shunted either to the gills and
eters for the measurement of blood pressure and blood-gas tensions lung for gas exchange or to the dorsal aorta for systemic circulation.

X-RAY ANGIOGRAPHY of Protopterus shows that blood return- in two gill-less branchial arteries (arrow) and does not enter the
ing to the heart from the lung is preferentially sent to the systemic pulmonary artery. Injected in the vena cava, however (right), it
circulation, with slight recirculation to the lung. When contrast appears in all the branchial arteries and fine gill capillaries (verti-
medium is injected in the pulmonary vein (left), it appears mainly cal arrow) and also enters the pulmonary artery (horizontal arrow).
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panied by an appropriate circulation for
effective direct delivery of the oxygen to
the metabolizing tissues. The circulatory
requirement for an air-breather is funda-
mentally different from that for a water-
breather. Hence a principal key to the
transition from water-breathing to air-
breathing lies in the evolution of the
cardiovascular apparatus. The circula-
tory systems of the air-breathing fishes,
differing one from another, show the
steps in this evolution.

In ordinary water-breathing fishes the
blood issuing from the pumping heart
is not oxygenated. It flows to the gills,
picks up oxygen there, emerges into a
dorsal aorta and then flows through ar-
teries to the various parts of the body,
returning to the heart by way of the
venous system. In short, the water-
breathing fish has a single circulation, in
contrast to the double circulation of a
mammal, which first sends the venous
blood from the right ventricle of the
heart to the lungs and then, on return of
the oxygenated blood to the left ventri-
cle, pumps it out into the systemic cir-
culation. For the fish the single circula-
tion is perfectly adequate; the gills are
highly efficient gas exchangers, and the
blood flowing freely through them needs
no extra input of energy in order to
travel on through the arterial system.

When a fish acquires a lung and
breathes air, complications begin to
arise. The fish tends to retain its gills,
at least at first, as an escape hatch for
carbon dioxide, which is eliminated
much more readily through gills than
through a lung. Now, with gas exchange
taking place both in the lung and in the
gills, and with new avenues of blood
circulation developing, the oxygenated
blood from the lung becomes mixed with
deoxygenated blood from the veins [sce
illustration on page 104]. Many of the
air-breathing fishes still retain a single-
circulation system in spite of this dis-
advantage. In the lungfishes, however,
we see the beginnings of development
of a double circulation. The two circula-
tions are parallel, one passing through
the lung, the other through the gills.
They are not distinctly separated, and
consequently there is some mixing of
blood between them.

The Australian lungfish, as we have
noted, is principally a water-breather
and still has well-developed gills. It re-
sorts to air-breathing only when the oxy-
gen content of the water falls below nor-
mal. This fish could not survive long in
severely deoxygenated water because
the oxygen it gained by breathing air
would be lost to the water as its oxy-
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ADAPTABILITY TO AIR exposure varies in Protopterus (color) and Neoceratodus
(black). When the tank is drained, both fish intensify air-breathing. Protopterus increases
arterial oxygen tension (solid curve) and controls carbon dioxide (broken curve). Neocerat-
odus cannot get enough oxygen into its circulation or eliminate carbon dioxide efficiently.
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SHUNTING of oxygenated blood changes with the breathing cycle in Protopterus. Right
after each breath almost all blood entering the systemic arteries is oxygenated blood from
the lung; later in the cycle the proportion is lower. Blood flow through the lung also
tends to be highest just after a breath and then to diminish until the next breath is taken.
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ELECTRIC EEL is a mouth bhreather. The mucous membrane lin-
ing its mouth is creased and wrinkled, providing a large surface

genated blood circulated through the
well-developed gills. The African lung-
fish, however, gets along without stress
in oxygen-depleted waters partly be-
cause its gills are degenerated and even
bypassed by the two largest arteries
from the heart, which go directly to the
dorsal aorta, and partly because its lung
circulation is more fully developed.

y means of X-ray angiography, using
special film changers capable of ex-
posing several frames per second, we
have examined the pattern of circulation
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in the African lungfish in considerable
detail. We find that the channeling of
venous and arterial blood is highly se-
lective in this fish; the recirculation, or
mixing, of blood is very slight in the
pulmonary circuit and only moderate in
the systemic circuit. The X-ray studies
of blood flow and oxygen analysis of the
blood also show that the blood flow
through the lung is greatest immediately
after the intake of an air breath (when
the lung gas is richest in oxygen) and
that the blood in the arteries issuing
from the heart to the tissues reflects a

BREATH

\

HEART

richly supplied with blood vessels for gas exchange. Blood moves
past the vestigial gills, which are unimportant in gas exchange.

similar cycle: it is richest in oxygen right
after a breath and gives way to deoxy-
genated blood frem the tissues in the in-
terval before the next breath.

Evidently the African lungfish has a
control system that coordinates the res-
piratory and circulatory mechanisms to
achieve a maximal yield in gas exchange
and gas transport. Interestingly enough,
an interaction of the two mechanisms
such as we observe in the African lung-
fish can also be seen in man. When part
of the human lung is blocked frem con-
tact with air or is poorly ventilated for

BREATH

v

0o 50 100 150
TIME (SECONDS)

BLOOD FLOW in the electric eel is coordinated with breathing.
Right after each breath (arroics) the cardiac output is high; the

heart rate (pulse) and the average blood velocity and pressure then
decline until the next breath, when they return to the high level.
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some other reason, the vascular system
reduces the flow of blood to that part.
That is to say, the blood flow is adjusted
to the availability of oxygen at the lung
interface, as it is in the lungfish.

An even more basic parallel between
the lungfish and human respiratory sys-
tems can be noted. Human respiration
is regulated by an elaborate process of
negative feedback in which the respira-
tory activities are controlled by changes
in the oxygen and carbon dioxide ten-
sions and the acidity of the blood. A rise
in the blood’s carbon dioxide tension, for
instance, stimulates more rapid breath-
ing to reduce it to the normal level. In
air the African lungfish displays a sim-
ilar sensitivity to specific internal cues.
If it is exposed to air deficient in oxygen,
the lungfish responds by breathing more
rapidly than it would on taking normal
atmospheric air into its lungs. Evidently
its internal receptors sense hypoxia (oxy-
gen deficiency) within the blood, and
this acts as negative feedback to stimu-
late increased respiratory activity. In
water, however, the response is differ-
ent. If an adult African lungfish is placed
in even severely deoxygenated water,
the rate of its air-breathing, the gas ten-
sions in its arterial blood and the nor-
mally slow rate of water-pumping across
its gills all remain unchanged. The fish
has been relieved of the threat of inter-
nal deoxygenation from oxygen-poor wa-
ter; the gills no longer offer effective
communication between the blood and
the external environment and the res-
piratory control system monitors pre-
dominantly the activity of what is now
the principal organ for oxygen extrac-
tion: the lung,

(It is easy to see that a feedback
response prompting increased water-
breathing in severely oxygen-depleted
water would be harmful rather than
advantageous to a fish that depends
primarily on water-breathing. For an in-
habitant of a tropical swamp it would
lead only to an energy-consuming effort
to obtain oxygen that is simply not avail-
able. The few truly water-breathing
fishes living in such waters depend on a
high tolerance for lack of oxygen in their
blood and an ability to stay away from
water masses most deficient in oxygen.)

What causes a lungfish to intensify its
breathing efforts when it is totally ex-
posed to air? This response is so prompt
that it seems unlikely it is initiated by
the operation of some internal chemical
mechanism. My own surmise is that the
response is probably triggered by the
sudden translation of the fish from its
weightless condition in water to the ex-

posure to net gravitational force in the
air. This represents a massive physical
stimulus that may well jolt the ani-
mal into a burst of rapid breathing. We
may have here a phylogenetic parallel
to mammalian ontogeny. The newborn
baby’s first breath after it emerges from
the amniotic pool of its mother’s womb
seems to be triggered by the massive
impingement of physical stimuli to
which it is suddenly exposed in the air.

\X/Te come now to certain fishes in

which the mouth serves as a lung.
One example is the famous climbing
perch of India (which, contrary to its my-
thology, does not actually climb trees).
Probably the most remarkable of the
mouth breathers is the electric eel (Elec-
trophorus electricus) that lives in shal-
low, muddy pools along creeks and riv-
ers in tropical South America. This fish is
an obligate air-breather; it could not sur-
vive if it did not come up frequently for
air. At regular intervals—even’y minute or
two—the fish rises to the surface, gulps
air into its mouth and then sinks back to
the bottom. It expels the air through flap-
covered opercular openings.

The electric eel has markedly degen-
erate gills that play no significant part
in its respiration. The uptake of oxygen
occurs in the mouth, which is almost en-
tirely lined with napillae (protuberances)
that provide a large total surface area
for gas exchange. Comparatively little

carbon dioxide is released through the
mouth; most of it is discharged into the
water by way of the skin and the ves-
tigial gills.

A rich network of blood vessels is em-
bedded in the lining of the mouth for
the absorption of oxygen. For the car-
nivorous electric eel the presence of
these fragile vessels would be a serious
drawback if it had to kill and chew its
prey with its mouth, but it avoids that
problem by stunning its victim with a
powerful electric charge (up to 500 volts)
and swallowing the food whole. The
electric eel's respiration is handicapped,
however, by a relatively inefficient cir-
culatory system. The blood, after its oxy-
genation in the mouth, is not dispatched
directly to the body tissues by way of
the arteries but goes into veins that carry
it to the heart [see illustration on page
104]. Consequently the oxygenated
blood is mixed with the deoxygenated
blood. As a result of the circulatory pat-
tern, in which the blood is shunted
through the respiratory organ between
the arterial side and the venous side of
the circulation, the arteries receive only
part of the cardiac output, and the blood
delivered to the tissues is a mixture of
oxygenated and deoxygenated blood.

Our studies of blood flow in the elec-
tric eel showed that it pulses in a cyclic
pattern like the pattern in the lungfish.
Immediately after the eel has taken a
breath the heart steps up its output; the
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RESPONSE of electric eel to changes in the ambieni atmosphere is clear and prompt. If it

surfaces in an atmosphere low in oxygen (or high in carbon dioxide), its breathing rate is

accelerated. If there is more oxygen present than in normal air, the breathing rate declines.
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AIR-FILLED SPACE —

SYMBRANCHUS is unusual in that it can use the same organ, its gills, for air- and water-
breathing, and can do both quite successfully. In addition to gills modified for air-breath-

ing, it has a richly vascularized mouth lining (flup) that participates in gas exchange.

heart rate, output and blood pressure
then decline until the next air breath.
During the accelerated phase of the
cardiac output a high proportion of the
blood flow goes to the mouth, where it
can be oxygenated; then, as the oxygen
in the mouth is used up, the proportion
of the cardiac output delivered there de-
clines. Thus the operation of the circula-

RESPIRATORY

tory system partly compensates for the
inefliciency of its structure by deliver-
ing more blood to the respiratory organ
when the availability of oxygen in the
organ rises to a peak. The increase in
cardiac output evidently stems from
stimulation of mechanical receptors in
the mouth by the act of inhalation; we
have found that it can be elicited by in-

ARTERIES AND VENsm

_—

RESPIRATORY
VEINS /

THICK-WALLED
INTESTINE

HOPLOSTERNUM is one of several kinds of intestinal-tract breathers. It swallows air,

which fills a long, coiled portion of the intestine that is thin-walled and richly supplied

with blood vessels. Only a short segment of the intestine remains to function in digestion.
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flating the eel’s mouth with pure oxygen
or with nitrogen. Our experiments have
also shown that the electric eel, like the
African lungfish, is responsive to the oxy- .
gen content of the air it breathes. When
it is subjected to air that is low in oxy-
gen, the eel speeds up its breathing ef-
forts; when the air is abnormally high in
oxygen, the fish’s breathing slows down.

A few remarkable fishes are able to

use their gills for breathing air. An
outstanding example is an eellike fresh-
water fish of South America named Sym-
branchus marmoratus. The gills of this
fish are so organized that their fine blood
vessels do not collapse under the force of
gravity in the air; hence the blood flow
through the gills remains normal. In
Symbranchus the gills serve as an effec-
tive breathing organ both in the water
and in the air. In air they are assisted by
the lining of the mouth cavity, which
also is well vascularized and provides
gas exchange between the air and the
blood. As long as the water contains an
adequate oxygen content the fish spends
all its time underwater. When the oxy-
gen content drops, however, as common-
ly happens in tropical waters during the
heat of the day, the fish rises to the sur-
face, inflates its mouth and throat with
air, closes its mouth and uses the trapped
air for respiration. The inflation of the
head makes the fish buoyant, and it may
float on the surface for a considerable
time, sometimes for hours, opening its
mouth at intervals to expel the spent air
and take a fresh breath. Symbranchus’
air-breathing ability is so well developed
that during a dry season it can survive
for several months out of the water in
the dormant state.

According to our measurements of the
gases in this fish’s blood, the oxygen
tension of the arterial blood rises to high-
er levels when the fish is breathing air
than when it breathes water. The carbon
dioxide tension of the blood, however,
also rises during air-breathing, both be-
cause the gills are less efficient in elim-
inating carbon dioxide in air than in
water and because, as the fish rebreathes
the air trapped in its closed mouth,
waste carbon dioxide accumulates there.
We found that when we removed Sym-
branchus from the water, it changed its
breathing behavior so that the mouth
was ventilated more or less continually,
which allowed more carbon dioxide to
escape. The fish kept its mouth open and
made intermittent inhaling movements
with its lower jaw. This change in
breathing behavior on dry land may also
be related to the fact that the fish no
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longer needs to maintain positive buoy-
ancy,

Several species of tropical freshwater
fishes use rhythmically ventilated air
pockets in the gastrointestinal tract for
air respiration. Air is swallowed and oxy-
gen is delivered to the blood at the spe-
cialized, thin-walled and richly vascular
portions of the gut. The circulatory sys-
tem in these cases is generally inefficient
for delivery of the oxygen to the body
tissues because the arrangement is such
that the oxygenated and deoxygenated
blood is completely mixed and the ar-
teries carry this mixture to the tissues
[see illustration on page 104].

For the gastrointestinal-breathing spe-
cies air-breathing by way of the gut
is accessory to water-breathing with the
gills. Nonetheless, the intestinal breath-
ers are vitally dependent on air; most of
them cannot survive if they are denied
occasional access to the air, and for some
species air-breathing has become the
dominant method of respiration. A case
in point is Hoplosternum littorale, a
common fish of tropical South America
that cannot live by water-breathing
alone even if the water is saturated with
oxygen, but that on the other hand is
able to survive indefinitely in waters
very severely deficient in oxygen by
breathing air. Incidentally, this fish, like
most other intestinal breathers, presents
a puzzling question. Most of its intestine,
a coiled tube that occupies nearly the
entire body cavity, is modified for air-
breathing. How can it carry out the
usual intestinal functions, or, for that
matter, how can it convey foodstuffs
without disturbing the gas-exchange
process of respiration? In our examina-
tions we have always found the intestine
full of gas and empty of solid food. It
appears that the fish must feed only at
long intervals and perform the digestive
and absorptive functions with the short
sections of the intestine that have not
been modified for breathing,

rrhe air-breathing fishes give a striking
-+ exhibition of the combination of ex-
ploratory and conservative forces that
shaped the course of animal evolution.
Changes in the oxygen tension of their
aquatic environment forced the fishes to
develop an apparatus for breathing air,
yet they clung to the advantages that
living primarily in water had to offer. At
the same time, the crucial acquisition of
the ability to breathe air opened a new
world that inexorably led some fishes to
develop the structural modifications that
enabled vertebrates to step out of the
water and walk onto dry land.
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REPRESENTATIVES OF MONSTROUS TRIBES were believed or headless ones; the long-eared Phanesians; the big-lipped peo-
to inhabit actual lands, principally India. Among the foreign peo- ple; the Sciapodes {who used their single foot as an umbrella) and
ples described by Herodotus, Ktesias and Megasthenes are (from the goat-footed people, later called satyrs. The woodcuts are from
left to right, top to bottom) the one-eyed people; the Blemmyae, the Liber Chronicarum, by Hartmann Schedel, published in 1493.
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HOMO MONSTROSUS

For 2,000 years most educated men believed that remote areas were

mhabited l)y monstrous races. It was only with the 19th century

that 1t became clear that there was only one species of living men

hen Carl von Linné (Linnaeus)
worked out his monumental
classification of natural things

in the 18th century, he included the spe-
cies Homo monstrosus. By Homo mon-
strosus he meant a species related to
Homo sapiens but markedly different in
physical appearance. To do Linnaeus
tull justice, he was quite aware that there
were men on all continents who be-
longed to the species Homo sapiens. He
nonetheless believed, as many of his
contemporaries and predecessors did,
that in remote areas there were manlike
creatures with weird characteristics.

The belief in the existence of mon-
strous races had endured in the Western
world for at least 2,000 years. During
that time a rich assortment of semihu-
man creatures were described by ex-
plorers and travelers, whose accounts
were probably based largely on mal-
formed individuals and the desire to
enhance their own fame at home. No
part of the human body was neglected;
each was conceived as having elaborate
variations. There were, for example, peo-
ples with tiny heads, with gigantic heads,
with pointed heads, with no heads, with
detachable heads, with dog heads, with
horse heads, with pig snouts and with
bird beaks. In the absence of knowledge
about faraway places (and about the
limits of human variation) men popu-
lated them with creatures of their imag-
ination.

At the same time there were efforts to
explain how such strange beings could
have originated and what was responsi-
ble for their extraordinary characteris-
tics. Thus in the rise and decline of
Homo monstrosus one encounters ideas
and attitudes that hold much interest for
the modern anthropologist. The credu-
lousness of those who accepted the re-
ality of monstrous peoples is not so very
different from the unfounded prejudices

by Annemarie de Waal Malefijt

that human groups often harbor toward
one another today, and one of the major
tasks of anthropology is to clear away
misinformation that may lead to such
misunderstanding.

Nnong the earlier writers on fabulous
“ % peoples was the Greek historian
Herodotus. In the fifth century B.c. he
traveled widely in the world that was
known to him. He was fairly objective
in his accounts of the nearby Egyptians
and Persians, and he certainly did not
believe everything he was told. In lands
far from home, however, people and
their habits often appear more unusual;
as Herodotus wrote, “The ends of the
earth produce the things that we think
most fair and rare.” Thus he reports that
in Ethiopia near the Egyptian border a
tribe called the Troglodytes live under-
ground. They eat snakes and lizards, and
their language resembles the screeching
of bats. Near the Atlas Mountains live
the Atlantes, who are unable to dream.
The Indian Padaei consume their fellow
men as soon as they show the slightest
sign of illness; the Lybian Adyrmachi-
dae, after catching a flea on their per-
son, give it bite for bite before throwing
it away.

If human habits could be so strange,
it was perhaps not surprising that phys-
ical differences also existed. Herodotus
reports that the Agrippaei across the Riv-
er Don are totally bald. In the mountains
of the same region, so the bald men told
him, are a goat-footed race of men and
another group that sleeps six months of
the year, hibernating like bears.

“I don’t believe it,” Herodotus com-
ments, yet he continues. He describes
the Arimaspi, who have only one eye
situated in the middle of their forehead,
and the griffins (half-lion, half-eagle)
that guard hoards of gold. He writes that,
according to the Libyans, their region
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has dog-headed men, headless people
with eyes in their chest, wild men and
wild women and many other monstrous
races.

It may be that Herodotus actually
heard such stories in his travels, but it
should be noted that other Greeks of his
time were acquainted with similar fabu-
lous tales. Several centuries before He-
rodotus the poet Hesiod had mentioned
one-eyed, dog-headed and breast-eyed
tribes. Homer wrote about the one-eyed
Cyclops and about giants and pygmies;
the epic poet Aristeas spoke of the one-
eyed Arimaspi. Herodotus thus did not
invent the monsters; he was rather the
first to locate them in actual geographic
areas.

The Greeks knew that surrounding
them were peoples with cultures quite
different from their own. This may have
made it easier for them to accept the
monstrous races as a reality. There was
at least one Greek theory of evolution
that could account for the existence of
hybrid creatures. Empedocles, a con-
temporary of Herodotus, held that parts
of men and animals arose separately and
independently. Hands wandered with-
out arms, feet without legs and heads
without trunks. These isolated parts com-
bined at random, so that there could be
animals with human heads or manlike
creatures with the features of animals.
Although in time only favorable com-
binations survived, peculiar ones could

still be found.

Soon after the death of Herodotus re-

ports about India added to the credi-
bility of monstrous races. At the begin-
ning of the fourth century B.c. Ktesias,
who had once been a physician at the
Persian court, wrote that India was pop-
ulated by many wondrous tribes. He de-
scribed the Sciapodes, who had a single
large foot on which they could hop faster
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than any biped. They made further use
of this appendage by employing it as a
kind of umbrella, holding it over their
head for protection against the rain or
the heat of the sun. The Cynocephali,
or dog-headed ones, were said to bark
rather than to use words; the Blemmyae
were headless, with their face between
their shoulders. There were people with
ears so long they covered their arms as
far as the elbow; others had long and
very hairy tails; still others had eight
fingers on each hand and eight toes on
each foot.

Similar reports about India came from
Megasthenes, the learned ambassador of
the Babylonian king Seleucus I. Having
served at the Indian court of Chandra-
gupta, he added some new examples to
the older ones and was the first to give
currency to the tale of certain Indian
nemads who had no nose but only small
holes for nostrils. He also spoke of Sci-
apodes whose feet pointed backward,
and of the happy Hyborians, whose life-
span was 1,000 years. The Phanesians,
he said, had ears so long they slept in
them, with one ear serving as a mattress
and the other as a blanket. There were

also Indian tribes that had dog ears or
had an upper lip extending below their
chin or had no mouth. The last, being
unable to eat (or to speak), subsisted on
the odor of roast meat and fruit and the
perfume of flowers.

The invasion of India by Alexander
the Great in 326 B.c. probably gave rise
to similar reports. With Alexander’s army
were scholars charged with describing
the countries through which they passed.
Most of these writings have been lost,
but the Romance of Alexander (which
some scholars date back to 200 B.c.) was
translated into many languages in the
early Middle Ages. Together with the
works of Megasthenes it was for cen-
turies an important source of knowledge
about the real and imaginary inhabitants
of India.

A number of learned Greeks chal-
lenged the stories about monsters. The
geographer Strabo, who lived at about
the time of the birth of Christ, did not
hesitate to call such tales mere super-
stition. Nonetheless, the tradition re-
mained vigorously alive.

In the first century A.n. the Roman
naturalist Pliny the Elder devoted sev-

eral volumes of his encyclopedic His-
toria Naturalis (Natural History) to de-
scriptions of the physical nature and
manners of mankind. Asserting that he
had read more than 2,000 books, Pliny
repeated in a systematic manner all that
had been said about monsters; he also
added a few embellishments of his own.
Some later commentators remarked that
a more appropriate title for these writ-
ings would have been “Unnatural His-
tory.” Pliny’s contributions included the
cannibal Scythians, who used skulls for
drinking vessels; the Thibii, who had a
double pupil in one eye and the image
of a horse in the other, and the solitary
Essenes, who lived without women and
yet propagated. Other Roman writers,
such as Pomponius Mela (first century
A.p.) and Caius Julius Solinus (third cen-
tury), elaborated on Pliny. The ears of
the Phanesians and the feet of the Sci-
apodes grew larger and larger; in the
land of the Neuers the men were trans-
formed into wolves in summer and re-
gained human form in winter. These
writers were important sources for the
medieval acquaintance with monsters.
Belief in their reliability was bolstered by

ANIMAL-HEADED PEOPLE were popular during the Middle
Ages. At left is shown one of the Cynocephali, or dog-headed ones,
also believed to inhabit India. They were often assigned allegorical
roles, at one time signifying harshness of temper, at another meek-
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ness. The goose-headed man shown at right and others like him
were depicted on printed pamphlets that sold well at 17th-century
country fairs. The woodcuts are reproduced from Monstrorum
Historia, by Ulisse Aldrovandi, which was published in 1642.



reports of travelers and missionaries that
were written with apparent sincerity and
conviction.

N[onstrous races presented a problem
- for the early church fathers. It was
difficult to deny the reality of such crea-
tures, not only because of the mission-
aries’ reports but also because of the
Bible. The Book of Genesis refers to
races of giants. A passage in St. Jerome’s
translation of Isaiah reads: “And the
hairy ones shall dance there.” St. Je-
rome’s own commentary explained that
“the hairy ones” might be wild men.

In The City of God St. Augustine dealt
with the question of the reality of such
beings. If, he wrote, the stories about
monsters are not plain lies, such beings
either are not men at all or, if they are
men, they are, like other men, descend-
ants of Adam. St. Augustine tended to
favor the last possibility. He argued that
individual monstrous births do occur and
are clearly descended from Adam. Mon-
strous races might therefore exist and be
human.

Later medieval scholars asked them-
selves how such transformations could
have taken place. A common answer was
that the devil had so perverted the souls
of some pagans that their appearance
had also degenerated. Scripture could be
invoked to prove that such changes were
possible. The evil king Nebuchadnezzar
had been transformed from a man into
a beastlike creature: his hair grew like
an eagle’s feathers, his nails were like a
bird’s claws and he ate grass.

Other commentators who were less
strict about the concept that man—mon-
strous or otherwise—had a single origin
advanced the idea that monsters might
have been separately created by the
devil in an effort to confound God’s cre-
ation, man. It was also deemed possible
that monsters were creatures of the An-
tipodes who had managed to climb up
over the edges of the (flat) world.

Meanwhile medieval travelers steadily
made the monsters more monstrous.
There were peoples with one eye, three
eyes or five eyes, with eyes in the back
of their head, with four or more arms
and legs or with enormously long teeth.
There were others without nostrils, with-
out eyes, without a mouth or with a
mouth so small they could only drink
through a straw. Some had ears so long
they hindered walking and had to be
knotted together behind the back or
wound around the arms; some had ears
shaped like large fans. Some walked on
all fours or had legs that were mere
leather strips so that they could only
crawl; some had spider legs or goat feet

LATTER-DAY MONSTER was a subject of “scientific” study. Fortunio Liceti, who intro-
duced the elephant-headed man, was one of those who considered fabulous monsters together
with cases of abnormal birth. The etching is from Liceti’s De Monstris, published in 1665.

or bird claws. Some were entirely bald
or exceedingly hairy; some had tails or
had the neck as well as the head of
horses or mice. There was also a tribe of
creatures that had only a head; the rest
of the body was lacking.

It was understood that monsters had
monstrous habits: they were naked, las-
civious, promiscuous and filthy; they had
a bad smell and no religion. They ate
snakes, lizards, dogs, mice, fleas and
flies; they ate their parents or (after fat-
tening them for years) their children.
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The celebrated myth of Prester John
lent further credence to fabulous crea-
tures. In the 12th century there ap-
peared the Latin text of a letter ad-
dressed to the Byzantine emperor Man-
uel Comnenus and purportedly written
by Prester John, ruler of a realm in the
East. Prester John professed to be a de-
vout Christian whose land was enor-
mously wealthy, harboring not only rich
mineral resources but also the fountain
of perpetual youth. The inhabitants of
the region included, in addition to a
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normal human population, nearly all the
marvelous and monstrous creatures ever
described: wild men, men with horns,
one-eyed men, pygmies, giants 40 ells
(about 90 feet) tall, centaurs, fauns and
SO on.

rI"‘he letter was widely accepted as be-
“ing genuine. European monarchs
were eager to discover Prester John’s
realm, if only to enlist a powerful ally in
their struggle with Islam. Pope Alexan-
der III wrote a letter to Prester John and
entrusted it to his physician for personal
delivery. The physician never returned.
Many travelers who later set out to dis-
cover this earthly paradise did return,
and they gave “eyewitness” accounts. As
late as 1590 an English traveler by the
name of Edward Webbe reported that
he had visited Prester John’s court and
had seen a monster there. It was kept
chained to prevent it from devouring hu-
man beings, but after executions it was
fed human flesh. The geographic loca-
tion of Prester John’s country was vari-
ously conceived. At first it was usually
in or near India; later it was in Abys-
sinia. The discovery of the Cape of Good
Hope was due in part to the efforts of
the Portuguese to find Prester John’s
country. Columbus believed he had
passed near it.

Apart from the Prester John myth and

the fictitious accounts of travelers, there
were many literary sources dealing with
monsters. One of the earliest encyclo-
pedic works was Etymologies, written
by Isidore of Seville in the seventh cen-
tury A.p. Isidore attempted single-hand-
edly to summarize all knowledge; he
devoted a volume to “men and mon-
sters,” and he placed the monsters in
definite geographic areas. This immense-
ly popular work was translated into sev-

eral languages and was often imitated..

In the 13th century a similar work ex-
plicitly directed to unlearned people
(On the Properties of Things, by Bar-
tholomaeus Anglicus) was translated into
six European languages; with the in-
vention of the printing press it reached
46 editions. The popularity of monsters
is further attested by the fact that print-
ed pictures of them were often sold at
country fairs.

Monstrous men are also depicted on
the medieval mappa mundi, maps of the
world. In earlier editions the fabulous
races were drawn on the maps them-
selves, indicating their supposed geo-
graphic distribution. On a late-13th-
century map in Hereford Cathedral the
Sciapodes, pygmies and giants are found
in India, horse-hoofed and long-eared
tribes in Scythia, and tailed satyrs and
the Blemmyae in Abyssinia. On later
maps the creatures often appear as bor-

der decorations, suggesting the direction
in which they might be found.

In the Middle Ages monsters were
cited to teach moral lessons. According‘
to one 13th-century source, pygmies de-
noted humility, giants pride and Cyno-
cephali harshness of temper. The long-
lipped races were gossips and mischief-
makers. In the widely translated Gesta
Romanorum, a late-medieval collection
of moral tales, the symbolism had
changed. Long-lipped people now signi-
fied justice; long-eared ones were de-
vout. (They were listening to the word
of God.) The dog-headed people were
humble. (They were said to be a model
for priests.) The headless Blemmyae also
represented humility.

The question St. Augustine had
raised—Are the monstrous races human?
—became a matter of practical concern
with the discovery of the New World
and its inhabitants. Columbus (con-
vinced to the day of his death that he
had found the sea route to India) wrote
quite objectively about the Indians of
Hispaniola (today Haiti and the Domini-
can Republic). They were, he said, well-
made men who were so generous with
their possessions that they never refused
anything that was requested. He de-
scribed the Carib Indians as being
handsome of face and figure and intelli-
gent. Nonetheless, Columbus also men-

APELIKE MEN, thought to be human species, were the result of
the enduring belief in monstrous peoples and confused observa-
tions of apes in the wild. Reading from left to right, the species are
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Homo troglodytus, Homo luciferus, Homo satyrus and Homo
pygmaeus. The etching is reproduced from an article titled “An-
thropomorpha,” by C. E. Hoppius, which was published in 1760.



tioned the existence of races that were
hairless, tailed or dog-headed.

Later explorers less restrained than
Columbus maintained that they had per-
sonally met Indians who were monstrous
both in appearance and habits. It was
necessary for Pope Paul Il to declare
explicitly (in his Papal Bull of 1537) that
American Indians were fully human and
in possession of an immortal soul.

Many Europeans had the opportunity
to examine human representatives of the
New World. Captured “specimens” were
shipped to Europe and placed on public
display; some of them, dressed in tiger
skins and fed raw meat, were exhibited
in cages. Even so, it must have been a
disappointment to many onlookers that
they had no tail, were not very hirsute
and had only two eyes, two arms and
normal-sized ears.

The character Caliban in The Tempest
no doubt reflects attitudes toward the
peoples of the New World in Shake-
speare’s time. Caliban is “as dispropor-
tion’d in his manners as in his shape,” “a
thing most brutish,” a member of a “vile
race,” a “monster of the isle with four
legs.” He is filthy and smells like a fish,
and one of the European sailors ship-
wrecked on his island at first mistakes
him for a devil. Another sailor calls him
a puppy-headed monster. Caliban is said
to use the language taught him by his
master, but only to curse. He has no
capacity for abstraction and understands
neither music nor love. “A devil, a born
devil, on whose nature nurture can never
stick....”

The name Caliban is an anagram of
canibal and this Spanish word is itself
a corruption of Caribal, an inhabitant of
the Caribbean islands. Canibal in turn
suggests canino, Spanish for “dog.” The
Cynocephali come readily to mind, the
more so because of the term “puppy-
headed monster.” Shakespeare thus
equated the monstrous Caliban with in-
habitants of the New World. A further
indication that he was thinking of the
New World in The Tempest is his men-
tion of “vex’d Bermoothes” (Bermuda).

Wfith the development of modern sci-

ence in the 17th century, empha-
sis was placed on systematic study by
direct observation; this method was also
applied to the study of monsters. The
only monsters available for examination,

however, were those resulting from ab- |

normal births. In the absence of detailed
knowledge of embryology, endocrine
glands and hormones the causes of such
births were little understood. Most of
the scholarly works dealing with them
were a mixture of science and credulous-
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ness; congenital abnormalities were dis-
cussed on the same level as the fictitious
monstrous races. In his book De Mon-
stris (1665) Fortunio Liceti added an ele-
phant-headed creature to the lengthy
catalogue of composite beings. Other
students of teratology (the study of mon-
strous living forms) occupied themselves
with classification; they grouped fabu-
lous tribes according to the part of the
body that was abnormal. Moral lessons
were not lacking: monstrous births were
seen as punishment for deviation from
accepted customs, most particularly for
incest or promiscuity but also for a va-
riety of other transgressions.

In the 17th century, as increasing
numbers of animal and plant species
were being discovered, efforts were
made to arrange the species in an or-
derly array. In some of the earlier sys-
tems of classification the monsters pre-
sented no problem: they were simply
left out (together with man himself).
Linnaeus, however, proposed to classify

HIRSUTE ABORIGINE exemplifies the “hairy nations” described by Pliny the Elder and be-

everything in nature. In the first edition
of his System of Nature, which appeared
in 1735, he boldly classified man as a
quadruped, placing him in the same or-
der as the sloth and the ape. At that time
Linnaeus had not yet introduced his bi-
nomial system of nomenclature (genus
and species); he simply noted that satyrs
(described as being tailed, hairy and
bearded and having a human body) and
tailed men were ape species.

In the 10th edition of Linnaeus
(1758) man was given the name Homo
sapiens, and the separate species Homo
monstrosus was also listed. Linnaeus
considered the satyrs and the pygmies to
be closer to the apes, as is indicated by
their names: Simia satyrus and Simia
sylvanus. He described a somewhat more
human species believed to live in Abys-
sinia and on Java. They are, he said, noc-
turnal, they walk erect, they have friz-
zled white hair, they speak in a hiss, they
are able to think and they believe the
world was made for them.

Jill

lieved to exist by New World explorers. This woodcut is from Anthropometamorphosis: Man
Transformed: or The Artificial Changling, by John Bulwer, which was published in 1653.
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Linnaeus granted that it was extreme-
ly difficult to distinguish such creatures
from man. He was of course severely
handicapped; not only were there no
specimens of monsters but also he had
not seen many apes. The only ape he
mentioned as being accessible to him
for examination was an immature chim-
panzee.

At least two followers of Linnaeus
continued to classify fabulous tribes in a
scientific manner. C. E. Hoppius, a pupil
of Linnaeus’, ranked Homo troglodytus
closest to man. Next came Homo luci-
ferus, as Hoppius named human crea-
tures with tails; he was followed by
Homo satyrus and Homo pygmaeus. A
German physician named Martinus con-
tended that there were two races of
Homo sylvestris, the members of one
race being smaller than those of the
other.

Nonetheless, the end of Homo mon-

strosus and his like was approach-
ing. With increased knowledge of anat-
omy, in particular the anatomy of the
great apes, it was realized that the sto-
ries about satyrs and men with tails, if
they were not fantasies, came from faulty
observations of apes and monkeys. Al-
though many a 19th-century traveler
wrote about tailed men, such reports
eventually became rare.

The puzzling similarities and differ-
ences between men and apes were clari-
fied by Darwin’s theory of evolution, but
the theory did not solve the problem of
man’s specific ancestry. The erroneous
idea that the lineage of man could be
traced to known ape species spurred the
search for a “missing link,” a creature
half-ape, half-man. Eugéne Dubois be-
lieved that (in the fossil remains of Pithe-
canthropus erectus, or Java man) he had
found such a link, a belief many people
shared until the discovery of other hu-
man fossils changed the picture. With
the knowledge that the ancestors of man
are not represented among contemporary
ape species, the search for links between
men and apes ended.

Curiously, however, Homo monstro-
sus is not quite dead. Reports of an
“abominable snowman” living in hidden
fastnesses of the Himalayas are still in
circulation. Speculation about life on
other planets gives rise to new monsters
with pointed heads and strange append-
ages. These fanciful beings are mostly
invented in a spirit of fun, but the lesson
is the same: When men can conceive of
some remote place where other men or
manlike creatures might exist, he is pro-
foundly motivated to populate the un-
known with creatures of his imagination.
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MATHEMATICAL GAMES

MacMahon’s color triangles and

the jovs of fitting them together

by Martin Gardner

ast year Franz O. Armbruster, a Cali-
fornia computer programmer, re-

designed a tantalizing little puz-
zle that has been marketed in dozens of
different forms for more than half a cen-
tury. He packaged it cleverly and inex-
pensively with brief, amusing instruc-
tions and called it “Instant Insanity.” It
was an instant success. Parker Brothers
took it over and this year its sales have
been astonishing. The puzzle consists of
nothing more than four plastic cubes, all
the same size, each face bearing one of
four colors. The problem is simply to ar-
range the cubes in a straight row so that
all four colors appear on each of the
row’s four sides. I had mentioned this
puzzle in a chapter on “The 24 Color
Squares and the 30 Color Cubes” in New
Mathematical Diversions from Scientific
American (1966), but the puzzle’s most
complete analysis is to be found in Chap-
ter 7 of Puzzles and Paradoxes (1965) by
the Glasgow mathematician Thomas H.
O’Beirne. O’Beirne calculated the prob-
ability of solving the puzzle by chance as
one in 41,472 random tries! He wrote
that the most tantalizing feature of the
“Tantalizer,” as it was called in one of its
most recent incarnations, is that it “can
be brought out again and again, with
trivial variations, while many other good
puzzles appear once and vanish, or cir-
culate only privately, if at alll”

“Instant Insanity” can be considered
one of a huge general class of combina-
torial problems in which regular poly-
gons or polyhedrons with their edges or
faces colored or distinguished by num-
bers or other symbols are to be fitted to-
gether under certain restraints to achieve
specified results. One of the pioneering
authorities on combinatorial mathemat-
ics, Major Percy Alexander MacMahon,
who died in 1929, devoted a great deal
of thought to such puzzles. MacMahon,
a professor of physics and a mathemati-
cian, was the author of the classic two-
volume Combinatory Analysis (1915,
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1916) and an excellent introductory ar-
ticle on the same topic for the 11th edi-
tion of The Encyclopedia Britannica. He
also wrote a little-known and long-out-
of-print book called New Mathematical
Pastimes (1921), in which he explored a
large variety of puzzles of the general
type characterized here.

In my chapter on the 30 color cubes
(a remarkable set of cubes discussed by
MacMahon in New Mathematical Pas-
times) 1 also dealt with MacMahon’s
analogous two-dimensional set of 24
color squares. This month I should like
to introduce MacMahon’s companion
set of 24 color triangles. If the three
edges of an equilateral triangle are each
colored with one of two colors, and if
rotations of triangles are not considered
different, a set of four triangles results.
Three colors produce a set of 11 distinct
triangles and four colors the set of 24
triangles shown in the top illustration on
the opposite page. To work with such a
set, cut from cardboard, it is convenient
to divide each triangle into three identi-
cal triangular parts as shown and then
color each part, using four contrasting
colors for the four differently labeled re-
gions. The triangles are not to be turned
over, because the set includes mirror-
image pairs, and so only one side of the
cardboard should be colored.

The formula for the number of difter-
ent equilateral triangles that can be pro-
duced in this way, given n colors, is

nd + 2n
3

When n is 3, the resulting set of 11 tri-
angles is small and will not form any in-
teresting shapes. When n is 5, the set of
45 triangles is a little too large for recre-
ational purposes. The set of 24, using
four colors, is just about right; moreover,
its pieces will form a regular hexagon as
well as an unusually large number of dif-
ferent symmetrical shapes. MacMahon
gives many combinatorial problems con-

nected with this set. The simplest prob-,

lems treat the pieces as triangular “dom-
inoes” to be fitted together with adjacent
edges matching in color to form sym-

© 1968 SCIENTIFIC AMERICAN, INC

metrical polygons. To this he adds a sec-
ond restriction: the entire border of the
polygon must be the same color. (Hence-
forth these will be referred to as Mac-
Mahon’s two provisos.) Since each color
appears in the set on 18 edges (an even
number) and since the contact proviso
requires that the color appear within a
polygon on an even number of edges, it
follows that the perimeter of any shape
solvable under the two provisos must
have a border composed of an even
number of edges.

Wade E. Philpott, a retired engineer
who lives in Lima, Ohio, has done more
work on this set of MacMahon color tri-
angles than anyone else I know of. What
follows is taken from my correspondence
with him and is presented here, with his
kind permission, for the first time.

It is not hard to prove that all poly-
gons formed by the 24 color triangles
under MacMahon’s two provisos must
have perimeters of 12, 14 or 16 unit
edges. The perimeter, as we have seen,
must have an even number of edges. The
minimum-length perimeter of a polygon
formed by putting together 24 unit tri-
angles is 12. A perimeter of 18 is impos-
sible because there are only 18 edges of
a given color in the set and the solid-col-
or triangle cannot contribute all three of
its edges to a polygon. Therefore 16 is
the maximum length of the perimeter of
a solvable polygon.

Only one polygon, the regular hexa-
gon, has the minimum perimeter of 12.
Its one-color border can be formed in six
different ways, each with an unknown
number of different solutions. Philpott
estimates the total number of solutions
as several thousand. (This does not in-
clude rotations and reflections as dif-
ferent, or new solutions obtained simply
by interchanging colors.) Philpott has
discovered that for each type of border
the hexagon can be solved with the three
triangles of solid color (necessarily dif-
fering in color from the border) placed
symmetrically around the center of the
hexagon. Since each solid-color triangle
must be surrounded by triangular seg-
ments of the same color, the result is
three smaller regular hexagons of solid
color situated symmetrically within the
larger hexagon. The middle illustration
on the opposite page shows the gen-
eral schemata for the six different ways
of making the one-color border, with
the solid-color triangles symmetrically
placed at the hexagon’s center in one of
two possible ways. Next month I shall
give six solutions (none unique) supplied
by Philpott, one for each of the sche-
matic patterns.

The 24 triangles will form two kinds
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of parallelogram: 2 X 6 and 3 X 4. It is
casy to prove that the 2 X 6 cannot meet
MacMahon’s two provisos: the parallelo-
gram has 14 triangles that contribute an
edge to its perimeter, but only 13 tri-
angles bear the same color. The 3 X 4
parallelogram is solvable. Again, the to-
tal number of solutions is not known, al-
though Philpott guesses it is less than for
the regular hexagon. Like the hexagon,
it has six different types of border. The
bottom illustration on page 121 shows
a solution by Philpott for each type, each
with the three solid-color triangles (nec-
essarily differing from the border color)
arranged in a row.

The 3 X 4 parallelogram is an exam-
ple of a symmetrical shape with a perim-
eter of 14 unit edges. Philpott has found
18 polygons with 14-edge perimeters
that possess symmetry, either reflectional
or rotational, or both, and that are solv-
able under MacMahon’s two provisos.
The 18 are reproduced in the top illus-
tration on the opposite page. All have
more than one solution. It is easy to see
that to be solvable a 14-edge polygon
must have at least one “point” (a 60-de-
gree corner) because at least one triangle
with adjacent edges of the same color
must contribute both of those edges to
the perimeter. The solid-color triangle
cannot be used for a point. Note that
only one of the 18 figures (the first one)
has a single point. This is also one of 11
symmetrical shapes of 14 or 16 edges for
which there is only one type of one-color
perimeter. Shape No. 5 is also of special
interest. According to Philpott, it is the
only symmetrical pattern that has 11
kinds of one-color border (the maximum
possible). Solutions are known for each
of these 11 forms.

Philpott found 42 solvable symmetri-
cal shapes with 16-edge perimeters [see
bottom illustration on opposite page],
making a total of 61 solvable symmetri-
cal polygons in all. He reports that all
solvable 16-edge polygons must have at
least three points and not more than
four. Not all three-point symmetrical
shapes are solvable, but all four-point
shapes are.

The “duplication problem,” proposed
by Philpott, is to form two identical sym-
metrical shapes, of 12 triangles each,
that meet MacMahon’s two provisos and
have borders of different colors. He has
found 22 such solvable shapes, one of
which is shown in the illustration at the
top of this page, and estimates the num-
ber of different solutions for each shape
to be in the hundreds, not thousands.
Philpott’s “triplication problem” is to use
the 24 triangles to form three identical
symmetrical shapes, of eight triangles

Solution to a duplication problem

each, with perimeters of three different
colors. There are, he reports, 10 such
shapes, which are reproduced in the il-
lustration below along with a solution
for one of them. Philpott estimates the
number of different solutions for each
to be less than 100. The search for solv-
able triplication shapes was made easy
to check, he writes, because each shape
is an “octiamond,” of which the 66 va-
rieties had previously been enumerat-

ed [“Mathematical Games,” December,
1964].

A tile set of the 45 MacMahon color
triangles that have edges labeled with
symbols (of which the 24 four-color tri-
angles are a subset) recently went on
sale in West Germany under the name
“Trimino.” The boxed set includes a
booklet by Heinz Haber that pictures
a number of symmetrical shapes to be
made with the pieces and gives instruc-
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tions for using the triangles to play a
competitive game. A similar set is cur-
rently being imported into the U.S. from
Hong Kong as a game called “Three Di-
mensional Dominoes.” Other forms of
MacMahon color triangles had earlier
been marketed in this country as the
basis for various domino-type games,
such as “Contack” (Parker Brothers,
1939) and “Al-lo-co,” put out by a Cleve-
land firm in 1964.

Instead of coloring the triangles with
four colors, each colored edge can be
replaced by one of four types of sym-
metrical edge. This was proposed by
MacMahon as a way of transforming his
color triangles into equivalent jigsaw
puzzles [see illustration below].

In three dimensions the cube is the
only regular solid replicas of which will
fit together to fill space. This surely is
one reason for its being used in so many
different combinatorial puzzles of the
“Instant Insanity” type. If the reader
will obtain 27 identical cubes (alphabet

blocks will do) and paint nine one color
(on all sides), nine another color and
nine a third color, he will have the ma-
terial for working on two unusual three-
dimensional combinatorial problems.

It is obviously impossible to form the
27 cubes into a single 3 X 3 X 3 cube
so that each of its 27 orthogonal rows
(rows parallel to an edge of the large
cube) consists of three cubes of the same
color. Can they form a cube in which all
three colors appear on each of the 27 or-
thogonal rows? They can; a unique solu-
tion (not counting rotations, reflections
or permutations of colors as different)
was discovered by Charles W. Trigg, a
retired California mathematician. I shall
give his solution next month.

The second problem, much more dif-
ficult, was recently discovered by John
Horton Conway, a mathematician at
Sidney Sussex College of the University
of Cambridge and an inventor of the
topological game of “sprouts” discussed
here in July, 1967. Conway set himself

Jigsaw puzzle using triangles made with four different edges
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the task of forming the 3 X 3 X 3 cube
so that every row of three (the cube’s 27
orthogonal rows, its 18 diagonal rows on
the nine square cross sections, and its
four ‘'space diagonals that join opposite
corners) contains neither three cubes of
like color nor three of three different
colors. In other words, each of the 49
straight rows of three cubes will consist
of two cubes of one color and one of
another. Conway found two distinct
but closely related solutions (again not
counting rotations, reflections or permu-
tations of colors). The solutions will be
published here next month for the first
time.

One can, of course, work on both
problems by drawing three ticktacktoe
boards to represent the three levels of
the large cube and labeling the 27 cells
properly with nine A’s, nine B’s and nine
C’s. It is easier and more fun to work
with actual cubes, however, and well
worth the trouble of acquiring and col-
oring a set, even if it is only a set of
crayoned sugar cubes.

Iast month’s first problem was to de-

— termine the number of fingers on
a Venusian’s hand, assuming that this
number is the base of the Venusian num-
ber system used in the following addi-
tion problem, in which each symbol is a
Venusian digit:

The only solution is 12 4+ 12 = 101 in
a ternary (base-3) system (equivalent to
5+ 5 =10 in our decimal system), and
so a Venusian presumably has three fin-
gers on each hand.

The second question assumed that the
10 extended fingers of both hands repre-
sented the 10 1’s of a binary number
equivalent to the decimal 21" —1, or
1,023, and asked for a simple method
of using the fingers to subtract from such
anumber a given smaller number n. The
answer, supplied by Frederik Pohl in his
article cited last month, is simply to ex-
press n as a binary number, using the
fingers in the manner explained. Now
bend down every extended finger and ex-
tend every bent-down finger—the equiv-
alent of changing every 1 to 0 and every
0 to 1. The new number is the desired
binary answer.
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Conducted by C. L. Stong

eginning where the blue of the rain-
bow fades into invisibility is a

broad but normally unseen band
of radiation that carries much of the
story of the sun. The band is the ultra-
violet region of the solar spectrum. To
explore it and comparable spectra emit-
ted by all luminous gases and vapors one
needs an ultraviolet spectrograph, an in-
strument that separates relatively short
electromagnetic waves according to
length and records them on photograph-
ic film as a series of parallel lines that
vary in spacing and intensity.
The pattern of the recorded lines is
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determined both by the kind of atoms in
luminous gas that emit and absorb ra-
diant energy and by the atoms’ energy
levels and velocities. A unique spectro-
graphic pattern is associated with each
kind of atom. The pattern is influenced
in minor but significant ways by the at-
om’s environment.

In terms of the frequency at which
electromagnetic waves vibrate, the solar
spectrum spans more than 30 octaves,
including the single octave of visible
light. Spectroscopists have measured,
identified and tabulated some three mil-
lion spectral lines. With this information
and an instrument for recording ultra-
violet spectra amateurs can identify the
metals in ores, learn the relative veloci-
ties of particles in glowing gases and
vapors, measure colors precisely and per-
form many related experiments. An in-
expensive ultraviolet spectroscope has
been built at home by Roger Hayward,
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the retired architect and optical designer
who illustrates this department. Hay-
ward writes:

“Figuratively, at least, I have spent
some of my most delightful hobby hours
chasing rainbows. It all grew out of a
pre-high-school desire to build an instru-
ment that was good enough to show sep-
arately the two closely spaced yellow
lines that appear in a spectroscope when
a sheet of asbestos paper soaked in salt
brine is held in the flame of a Bunsen
burner. The instrument I planned was to
consist of a slit through which light from
the Bunsen burner would be admitted to
a lens. The lens would make the diverg-
ing rays parallel and direct them into a
glass prism that, like a drop of rain,
would split the light into its constituent
colors. The emerging colors would enter
a second lens, through which I hoped to
see a band of colored lines, each an im-
age of the slit. In particular I hoped that
the yellow emission lines of sodium in
the salt would appear.

“A glass prism that dangled from the
chandelier in our dining room was liber-
ated to do the splitting of colors. A lens
from a magnifying glass was appropri-
ated for making the light rays parallel.
A lens from another magnifying glass
was used as the telescope lens for exam-
ining the spectrum. The slit was made
from a tin can.

“When these parts had been assem-
bled in a wooden box, I fired up the
burner and had a look. I could make out
a single yellow line with fuzzy edges,
but no amount of adjustment made it
splitinto the sodium pair. Finally I gave
up in disgust, partly at my own ineptness
and partly because of the inadequacy of
the illustrations in my father’s old high
school physics text.

“The memory of that frustrating ex-
perience goaded me for nearly 30 years.
Eventually I decided to try again and
also to practice the art of making inform-
ative illustrations. In the meantime my
interest in spectroscopy had expanded. I
learned that the spectroscopic informa-
tion of most interest lies outside the vis-
ible spectrum, much of it in the ultravio-



let region to which glass is relatively
opaque.

“Two basic schemes have been de-
vised for dispersing ultraviolet radiation
with minimum loss. In one of them the
rays are reflected from a polished metal-
lic surface, such as aluminum, that has
been ruled with closely spaced parallel
lines. This forms a diffraction grating,
which causes reflected waves to inter-
fere with one another selectively so that
the angle at which they emerge from the
1'u1ings increases in proportion to their
length. At the time I made my spec-
trograph diffraction gratings were not
available at a price I could afford.

“The second scheme is to use a prism
cut from a substance that is transparent
to ultraviolet radiation. Quartz is such
a substance. Fused quartz would work,
but at that time it could not be made
in large blocks of the necessary opti-
cal quality. The resolution of a spectro-
graph—the ability of the instrument to
separate closely spaced spectral lines—
increases with the size of the prism. I
wanted a prism with at least two inches
on a face, which meant I had to cut the
prism from a natural crystal of quartz.

“This requirement introduced another
complication. Crystalline quartz is an
optically active substance. It polarizes
light, meaning that it rotates the plane
in which the light waves vibrate. It is
also birefringent: unless the light travels
along a path that parallels the optic axis
of the crystal an entering ray is split. It
emerges from the other side of the crys-
tal as two rays that produce a double
image.

“The effect of birefringen®e can be
minimized by cutting the prism from the
quartz in a direction such that the rays
travel parallel to the optic axis of the
crystal. The effect of polarization can be
minimized by placing behind the crys-
tal a mirror that reflects the rays back
through the quartz. Waves that are ro-
tated in one direction during their for-
ward transit through the prism are un-
twisted by the same amount during the
return trip.

“In 1938 I bought a two-pound quartz
crystal from the Brazilian Importing
Company in New York for $5. (No doubt
it would cost much more today.) The
facets came to a point at one end, which
indicated that the optic axis was paral-
lel to the length of the piece.

“Quartz is difficult to cut, so I took the
crystal to a shop that had a diamond
saw. The technician simply held the
crystal by hand and ran it against the
blade, using kerosene as a coolant. After
cutting out a block roughly in the form

of an equilateral triangle we examined
the piece critically. The corners were
not filled out. It was clear that if we took
thin slices off the sides, the prism would
present a better appearance. So the tech-
nician took off the two slices by hand. As
Irecall I paid $10 for the job.

“We had just guessed at the angle of
the apex. It turned out to be approxi-
mately 63 degrees. Prisms of commer-
cial spectrographs are usually made with
60-degree angles, at which the loss of
light by reflection from the faces is mini-
mal. The extra loss at 63 degrees is
trivial.

“The faces of the roughly cut blank
were ground flat and smooth against a
surface made of hexagonal ceramic tiles

sliding couplings
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stuck to an eight-inch steel disk with hot
pitch. For the grinding compound I used
a slurry of Carborundum grains in water.
The rough grinding was begun with No.
80 grit and continued with successively
finer grits through No. 600, as explained
in Amateur Telescope Making: Book
One, by Albert G. Ingalls, which is pub-
lished by ScientirFic Anterican. I held
the prism by hand and ground it back
and forth across the ceramic surface,
much as amateurs make telescope mir-
rors. To polish the faces I covered the
ceramic blocks with pitch and used a
slurry of rouge in water. The prism was
supported by a wooden block during
polishing.

“I cannot remember why I elected to
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grind and polish the prism by this un-
orthodox procedure instead of mounting
it conventionally in a plastic disk along
with pieces of quartz to fill out the cir-
cular array. I suppose I was just impa-
tient to see the finished product. Any-
way, I knew that if the faces did not
come out flat, I could always mount the
piece conventionally and make the nec-
essary corrections. One of the secrets of
my success in handwork of this kind is
that I have cold hands. The heat trans-
mitted to the piece by my fingers did
not distort the surfaces. People with
warm, fleshy hands usually have difficul-
ty getting good optical figures when they
attempt handwork, but skinny hands like
mine make out well.

“Having finished the prism, I made

half-speed

prism carrier L

.\}

half- speed
prism table

= of prism
i f,f Axis

of quartz prism.

prism table 7

'_-\rc}”cryolu.‘: =
. o T

P

four mirrors. One had a flat surface for
reflecting rays through the prism, one
was spherical and two were cylindrical.
The cylindrical mirrors collect light from
the source and direct it through the slit
of the instrument. The spherical mirror
receives converging rays from the slit,
transforms them into parallel rays, di-
rects the parallel rays through the prism,
receives the dispersed rays and reflects
them to a focus on a strip of photograph-
ic film located immediately above the
slit [see illustration on page 126].

“The glasses were ground, polished
and figured by techniques somewhat
similar to those used for making tele-
scope mirrors. A commercial shop ap-
plied reflecting films of aluminum to the
polished glasses. Incidentally, disks of
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cast iron that are used as weights on bar-
bells can be made into handy flat sur-
faces on which to grind mirrors. They are
generally available from dealers in sports
accessories. The hole in the center is not
much bother. I had the face of a disk
ground flat on a Blanchard grinder by a
local machine shop.

“The instrument is housed in a light-
proof pine box with Masonite ends. A
tube of 16-gauge steel 1% inches in di-
ameter forms the backbone of the mech-
anism for supporting and adjusting the
position of the optical parts. One end
of the tube slides into a bronze casting,
locked by clamps, that forms a table for
supporting the spherical mirror.

“The table has a sliding top for alter-
ing the distance between the mirror and
the other optical elements of the in-
strument [see illustration on preceding
page]. A threaded hole in a lug that ex-
tends downward on one side of the slid-
ing tabletop engages a screw that can be
turned by a knob on the front of the in-
strument. This control adjusts the focus
of the spectral lines on the film.

“Two other knobs and similar screw
mechanisms operate a pair of rocker
arms that bear against the rear edges of
the spherical mirror, which is supported
in an annular cell by spring clips. By
manipulating the screws I can adjust the
angular position of the mirror. The bot-
tom of the casting includes a foot that is
fastened to the bottom of the box with
a screw.

“The design of the mechanism for
mounting and positioning the prism and
the flat mirror is somewhat more elabo-
rate. The prism must be rotated to bring
the various regions of the spectrum into
view and to center desired spectral lines
on the photographic film. To accomplish
the rotation certain optical properties of
the prism must be taken into account in
the design of the mounting fixture.

“A ray of light that traverses a prism is
bent where it enters the prism and bent
still more in the same direction when it
emerges into the air. The magnitude of
the total angle through which a ray is
bent depends on the nature of the crystal
and also on the angle between the ray
and the face of the prism through which
it enters. The ray is bent least when the
angles between the ray and the front
and rear faces of the prism are equal.
Then the path of the ray is symmetrical
with respect to the faces of the prism.
When the prism is so positioned, it is
said to operate at minimum deviation.

“Short waves are bent progressively
more than long ones. The waves are dis-
persed according to their length. Some



transparent substances disperse waves
of differing lengths more than other sub-
stances do. It turns out that the disper-
sion of quartz is relatively low. For this
reason I decided to use a 60-degree
prism instead of one of 30 degrees, as is
customary in instruments of this type.

“This decision made it imperative that
I operate the prism at minimum devia-
tion because, as mentioned, quartz is bi-
refringent. If a quartz prism is operated
at other than minimum deviation, the
oppositely polarized rays do not cancel
completely, and two images appear in
the focal plane. Of course, not all rays
can be made to pass through the prism
at minimum deviation because some
waves are bent more than others, de-
pending on their length. Even so, the
prism can be placed so that the rays of
most interest traverse it on a path that
closely approaches minimum deviation.

“To achieve this condition it is essen-
tial when scanning the spectrum to ro-
tate the flat mirror at exactly twice the
rate of the prism. A system of differen-
tial gears would do the trick, but I was
worried about the smoothness of gear
motion. Gear teeth tend to introduce
periodic accelerations.

“I decided to generate the desired
motion by rotating a disk on a set of
three conical rollers linked with yokes.
One revolution of the disk would cause
a half-revolution of the roller assembly
[see illustration on opposite page]. The
movement of the rollers is restrained by
a pair of circular grooves. One groove is
in the bottom of the disk and the other
is in a circular baseplate.

“The disk, which is a flat worm gear,
carries the mirror. A hole through the
gear admits the foot of a prism table to
the roller assembly, to which the table is
attached by screws. The width of the
hole restricts the rotation of the disk to
30 degrees, but in use the table turns
only 26 degrees. Two of the rollers are
yoked to the prism table. The third roller
acts as an idler. A worm engages the
teeth of the gear and is rotated by a shaft
that terminates in a calibrated dial on
the front of the instrument.

“Most of the metal parts are castings
of red brass. They could have been made
from strip, plate and rod stock of other
metals. I undertook the project just after
I had written a chapter on molding and
casting for the book Procedures in Ex-
perimental Physics, by John Strong and
others. It therefore seemed to me that I
should design the apparatus to be built
with castings made from my own pat-
terns. There are 18 patterns all told, one
for a wavelength drum that I later dis-
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carded. The bill from the foundry, as I
recall, amounted to about $20. I some-
times wonder what the same job would
cost today.

“The control panel consists of a brass
plate that covers an opening in the front
of the cabinet. It fits loosely in a groove
in the edge of the Masonite front. In
turn the plate supports the shaft bear-
ings and control knobs, the slit assembly
and the film carrier. When the spectro-
graph was completed, I learned that the
spherical or autocollimating mirror could
have been equipped with less fancy con-
trols. The position of the mirror has not
been altered since its initial adjustment
more than 25 years ago!

“Ports for the slit assembly and the
film carrier are identical. They are sep-
arated by a narrow dovetail strip. The

optic axis of the system passes through
the center of the strip. For this reason
the slit and the film carrier can be inter-
changed.

“Access to the optic axis can be had
by removing the dovetail strip, which is
attached to the panel by four machine
screws. By removing the strip and the
prism it is possible to direct light along -
the optic axis by means of a half-sil-
vered mirror. One can then look through
the half-silvered mirror and adjust the
positions of the flat and spherical mir-
rors so that light is returned along the
optic axis. The mirrors are then in prop-
er orientation.

“The dial that rotates the flat mirror is
calibrated in minutes of angular arc. A
setscrew locks it to its shaft in the zero
position when the flat and spherical mir-

/O
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rors have been aligned. Each full turn of
the minutes dial advances an associated
degrees dial 1/30 of a turn.

“The motion is transmitted froem the
minutes dial to the degrees dial through
a Geneva movement and a pair of 1:3
reduction gears. This feature was an af-
terthought. I could have used a Veeder
counter to record degrees, of course, but
I had fun filing out the Geneva wheel by
hand. I undertook the job mostly to see
it I could do it. The cup-shaped degrees
dial and the large flat minutes dial are
made of Lucite.

“The film carrier was designed to take
pieces of cut roll film, Type No. 120, 2%
inches wide and 2% inches long. Strips
3/4 inch wide can also be used. It is easi-
er to make the film carrier lightproof if
the dark slide that protects the emulsion
when the carrier is removed from the in-
strument cannot be fully removed. I fas-
tened a limiting stop to the inner end of
the slide; it prevents the slide’s removal.
The slide was made from sheet brass
1/32 inch thick. The frame of the carrier
is milled from stock brass strip one inch
wide and 1/2 inch thick. The rim of the
cover, which includes a Hat spring for
pressing the film in place, is also made of
sheet brass and is silver-soldered to the
top plate. It could be made of other
metal.

“The body of the slit assembly was
milled from the same stock used for the
frame of the film carrier. The width of
the slit should be adjustable so that the
width of the spectral lines and the
amount of light that enters the instru-
ment can be controlled. The center of
the slit should not be displaced when
the width is altered, because the spec-
tral lines would be similarly displaced.

“The slit of my instrument is formed
by two strips of 16-gauge stainless steel
that slide in V grooves of the body.
Springs that bear against the outer ends
of the strips move the strips together. A
pair of eccentrics that bear against the
inner ends of a pair of pushrods, which
are coupled in turn to the ends of the
strips, force the strips apart [see bottom
illustration on preceding page]. A mech-
anism designed to force the strips to-
gether, instead of separating them, might
damage the inner ends, which are honed
to sharp edges.

“The frame of the slit assembly also
supports a pair of strips made of phos-
phor bronze, the inner ends of which are
cut at an angle of 45 degrees. These
strips can be adjusted to admit rays

| through any part of the slit. In one posi-

tion, for example, they may admit rays
from an unknown source to the upper
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half of a piece of film. After the unknown
spectrum has been recorded the position
of the strips can be readjusted for re-
cording a known spectrum on the lower
half of the film as a comparison. The po-
sition of the diagonal strips can be sim-
ilarly changed for registering a series of
exposures of various time intervals.
“The most precise and convenient
method of determining the wavelength
of an unknown spectral line is to com-
pare its position with that of a line of
known wavelength. The spectrum of
iron, which is particularly rich in lines
that have been accurately measured
and tabulated, is used routinely as the
comparison spectrum. I generate emis-

sion from iron by means of a spark gap.

“The gap consists of a pair of cold-
rolled steel electrodes 1/4 inch in diam-
eter; they are sharpened to edges 1/32
inch wide and 1/4 inch long. The rods
are supported in alignment by an elec-
trically insulating fixture of plastic so that
the inner edges are parallel and spaced
1/32 inch apart. Alternating current is
applied to the electrodes by the small-
est available neon-sign transformer. The
one I use develops about 2,000 volts and
perhaps 20 milliamperes.

“I connect a high-voltage capacitor
across the gap. I made the capacitor by
sandwiching sheets of aluminum foil be-
tween glass plates and connecting alter-
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By SAMUEL BOGOCH, M.D., Ph.D., Foundu-
tion for Research on the Nervous System and
Boston University School of Medicine. Based on
the author’s extensive research in the field,
and on a review of current work on the mo-
lecular basis of memory, the book describes
studies dealing with the mucoids of the brain,
their structure, metabolism, pharmacology,
immunology, development, and state in learn-
ing situations. The work is interdisciplinary,
covering material of interest to those in the
brain sciences, neurology, psychiatry and bio-
chemistry, as well as to students of medicine

and biology.
1968 280 pp.

44 illus. 21 tables  $7.50
A Dictionary of Genetics

By ROBERT C. KING, Northwestern University .
Thoroughly up-to- date in its coverage, this
concise voflume defines some 4,300 terms that
the student or researcher in biology, medi-
cine, and related sciences is likely to en-
counter. Also included are 230 structural
formulas for biological compounds and se-
lected tables.

““A useful dictionary for the biology library,
for the geneticist, and the student of genetics.”
—Philip E. Hartman, Johns Hopkins Uni-
versity.
1968 250 illus.
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EARTH, MOON,
AND PLANETS

By Fred L. Whipple

Third Edition Thoroughly Revised
with 180 Illustrations

Here is one of your best chances to
catch up with the recent spectacular in-
crease in our understanding of the solar
system. In the five years since this pop-
ular and authoritative book was last re-
vised, the body of knowledge about our
system has greatly exceeded that gained
in the two previous decades. While the
space programs of the U.S. and the
U.S.S.R. have been the prime contribu-
tors to this rapid progress, the impetus
has carried over to ground-based studies
as well: the advances in radio and radar
astronomy are particularly striking.
Fred L. Whipple, Professor of Astron-
omy at Harvard University and Direc-
tor of the Smithsonian Astrophysical
Observatory, has thoroughly up-dated
his interesting and informative book.
The most extensive revisions are in the
chapters on the Moon, Mars, and Venus
—the members of the solar system on
which the various space programs have
concentrated.

There are many new and dramatic illus-
trations,among them photographs taken
from spacecraft—close-up views of the
Moon, pictures of Mars taken from
Mariner IV,and radar pictures of Venus
that “see through” her obscuring cloud
layer.
Writing in lively, non-technical lan-
guage that avoids mathematics, Mr.
Whipple discusses the origin and evolu-
tion, motions, atmospheres, tempera-
tures, and surface conditions of the
planets and their moons, the environ-
ment essential for life as we know it,
and the possibilities of life outside the
Earth. Concluding with an analysis of
current theories about the origin of the
solar system. he lays out a fascinating
sequence of developments. Professional
and amateur astronomers alike will rel-
ish his book as some of the finest read-
ing they have come across in the field.
The Harvard Books on Astronomy.
Illustrated $7.25
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nate sheets to the respective electrodes
of the spark gap. Odd-numbered foils

| were connected to one electrode, even-

| numbered foils to the other.

| “The glass plates are about one milli-
meter thick and of the quality used for
supporting photographic emulsion. They
are five inches long and 24 inches wide.
The sheets of foil are 4% inches long and

¥ inches wide.

“A 350-micromicrofarad capacitor of
the high-voltage type used in amateur
radio transmitters would serve nicely.
Without the capacitor in the circuit the
spark is faint and bluish and radiates
many spectral lines that arise from gases
and chemical radicals in the atmosphere.
With the capacitor it becomes a brilliant
bluish white and the light is not contami-
nated by the atmosphere.

“For operation the instrument re-
quires a final adjustment. The prism
must be mounted on its table and orient-
ed to the position of minimum deviation.
Two accessories are needed: a source
of monochromatic light and an eyepiece
that includes a pair of cross hairs. For
the source I use a mercury lamp; a so-
dium flame could be substituted. The
eyepiece is trained on the center of the
field normally occupied by the photo-
graphic film. The mechanism for adjust-
ing the eyepiece is a mounting plate that
slides into the grooves that hold the film
carrier.

“Light from the mercury lamp is fo-
cused on the slit. With the prism table
stationary I rotate the prism by hand,
thereby moving the spectral line at a
wavelength of 5,461 angstrom units (the
most brilliant green line of mercury) into
the field of view. As the prism is rotated
still more in the same direction the green
line advances at a constantly decreasing
rate and finally comes to rest. At this
point the prism is set for minimum devia-
tion. If the prism is rotated still more in
the same direction, the green line re-
sumes its movement but in the reverse
direction. The prism is lightly clamped
to its table in the position of minimum
deviation by means of a knurled screw.

“To record the iron spectrum I replace
the eyepiece with the loaded film carrier,
open the slit to about .004 inch and flood
it with light from the spark gap. The
time of exposure must be determined
experimentally. Several exposure inter-
vals can be tried by periodically advanc-
ing one of the two diagonal jaws to in-
crease the length of the spectral lines by
increments. A second spectrum, such as

that of mercury, can then be recorded -

adjacent to the spectrum of iron. The
brilliant green line, which is known to

© 1968 SCIENTIFIC AMERICAN, INC

be located at 5,461 angstroms, is easily
identified on the developed film and can
serve as a starting point for identifying
the iron lines by reference to published
data.

“The spectral lines of iron are numer-
ous and closely spaced. Their positions
are most easily measured by means of a
traveling microscope, which consists of
a mechanical carriage with a calibrated
micrometer screw for transporting alow-
power microscope across the recorded
spectrum at precisely measured intervals
of length. A traveling microscope I made
was described in this department in Au-
gust, 1954. The accompanying photo-
graph [below] shows a small length
of the ultraviolet spectrum of iron that
was made with my spectrograph and
analyzed with the traveling microscope.”
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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 want

With so many advances in so many scientific disci-
plines, how does one get the total picture? By let-
ting the Library of Science search out hundreds of
seek through dozens of technical
journals, to discover and offer only the books of
highest interest and significance. It’s comfortable,
sensible—and a great money-saver, too.

manuscripts,

NOTE: Retail price shown for each book.

34100. THE APES. Vernon Reynolds. Profusely
illustrated, delightful and authoritative
study of man’s nearest relatives—the gorilla,
chimpanzee, orang-utan, etc. $10.00

39610. COMBINATORIAL THEORY. Marshall
Hall, Jr. Systematic analysis of the discrete in
mathematics and science. The definitive work
in combinatorial mathematics. $9.50

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

42280. DIGITAL COMPUTER FUNDAMENTALS.
Thomas C. Bartee. Comprehensive treatment
of modern digital computers, explaining num-
ber systems, circuitry, design and major ma-
chine elements. $6.95

43200. THE EARTH. Carl O. Dunbar. The de-
velopment of the earth and the mystery of its
origins by the dean of American geologﬁg‘,s.so

44940. THE ENCYCLOPEDIA OF PHYSICS. Rob-
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832-page book counts as two choices.) $25.00
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Ericson and Goesta Wollin. Brilliant synthe-
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Brilliant introduction to the fundamental
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day’s outstanding science writers. 7.50

55420. INSTINCT AND INTELLIGENCE. S. A.
Barnett. Fascinating discussion of animal
ways of communication, social communities,
migratory habits, much more. $6.95

56330. INTRODUCTION TO SOLID STATE PHYS-
ICS. Charles Kittel. Completely revised and re-
written 3rd Edition of the authoritative work
on the subject. $12.50

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
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by Robert M. Adams

Tue Huxveys, by Ronald W. Clark.
McGraw-Hill Book Company ($8.953).

book about the Huxleys is imme-
A diately attractive, since for more
than 100 years the name has been
a distinguished and influential one in
British intellectual circles. Thomas Hen-
ry Huxley, Darwin’s champion and pop-
ularizer, founded the dynasty, and there
have been many scions. Indeed, there
have been too many for biographical
unity or completeness, as Ronald Clark
must have realized with some dismay
when he had the bushy family tree laid
out in front of him. His solution was to
concentrate on the three best-known
Huxleys, Thomas Henry and his two
grandsons Julian and Aldous, and to let
the interwoven figures of the less public
Huxleys form a tangled hedge, visible in-
termittently in the background.
However sensible this compromise, it
exacted various prices, and the idea that
seemed initially so promising has been
flawed in the performance. It is tantaliz-
ing to find the work of the family’s one
winner of a Nobel prize, Andrew Hux-
ley, dismissed in a paragraph. In order to
cover the genealogical ground, the mar-
riages and offspring of a great many re-
spectable but undistinguished Huxleys
are catalogued. Something in the family-
chronicle approach, or in the values
Clark brought to it, proved irresistibly
reductive. There are moments when he
sounds like the familiar parody of a Jew-
ish mother reciting the varied accom-
plishments of her son the lawyer, her son
the dentist and her son the taxicab
driver. And by suggesting that the later
Aldous Huxley (with his devotion to psy-
chedelic drugs, dilute Buddhism and
quack theories of vision) carried forward
in a major way the intellectual traditions
and methods of T. H. Huxley, Clark
renders the real achievements of the
family commonplace and even suspect.

BOOAS

T. H Huvley

and his clan

To go back from this homogenized
modern production to the writings of
T. H. Huxley himself is to experience,
even across the busiest of centuries, the
stimulating rasp of a first-class mind.
The man was a major prose stylist,
whose command of the idiom was lucid,
flexible and remarkably tough. He had a
cruelly trenchant wit. Huxley laying out
an errant bishop or scarifying the “host
of pleasant, moneyed, well-bred young
gentlemen who do a little learning and
much boating by Cam and Isis” was a
formidable figure, the more so because
his own training and equipment as an in-
tellectual gladiator were so impressively
sound. His skeptical intellectual princi-
ples were grounded on a thorough ac-
quaintance with the writings of Hume
and Descartes, but he had read far be-
yond the range of his natural intellectual
sympathies. He could launch against the
bishop an apposite quotation from Jo-
seph Butler’s Analogy of Religion, quote
Goethe or Dante to the young gentle-
men in the ()riginal tongue, cite as a mat-
ter of course the great anatomists of
ancient and modern times—in short, he
could move with remarkable freedom
and assurance through the cultural and
scientific monuments of the Western
world. The range of his acquaintance
and the depth of his understanding
would have been impressive in anyone;
for a man whose formal education had
been limited to a couple of elementary
years in the Great Ealing School and a
course of lectures in anatomy at the
Charing Cross Hospital they were ex-
traordinary. It was a mind quite with-
out clutter, with a sharp cutting edge
and plenty of energy behind it. One
senses this aggressiveness, not only in his
personal relationships—he was tough,
and proud of it—but also in his attitude
toward his work. Although he had been
trained as a doctor, he disowned any hu-
manitarian interest in curing people’s ail-
ments, and although he was famous as a
naturalist, he never indulged in mere
collecting or observation. He was no bird
walcher. In retrospect, he thought he
had “been all along a sort of mechanical
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engineer in partibus infidelium.” What
fascinated him was the analysis of anal-
ogous structures, comparative m()rph()]-
ogy as the expression of functional adap-
tation. What he saw with delight in the
multiple forms taken by a simple pat-
tern of bones in fin, paw and hand was a
kind of clean, adaptive economy that his
own mind handsomely exemplified. Tt
was a tool he turned to many purposes,
and one for which he never lacked em-
ployment.

In social terms T. H. Huxley under-
took a familiar, difficult job: widening a
very solid and compact establishment
to make room not only for himself but
also for his kind. He could not have be-
gun life more pronouncedly “out,” as the
seventh son of a provincial schoolmaster
forced to turn bank manager; his career
could not have owed less to favor, influ-
ence or family backing; he could scarce-
ly (short of a bishopric or a seat in the
House of Lords) have ended his life more
pronouncedly “in.” What he had joined
and helped to create was that intricately
woven thicket of conservative British in-
tellectual aristocracy that has been so
suggestively described by Noel Annan
(Studies in Social History: A Tribute to
G. M. Trevelyan, edited by J. H. Plumb,
1955). For this loosely defined yet limit-
ed group of families (among which it is
inevitable to mname the Wedgwoods,
Darwins, Haldanes, Huxleys, Arnolds,
Trevelyans, Macaulays, Stephens and
Stracheys) the universities and the civil
service were as landed estates, and the
critical exercise of free intelligence was
as a religion. Like the great Whig aris-
tocracy of earlier days, they built up a
cat’s cradle of connections and influ-
ences, half-tribal, half-cultural, flexible,
ubsorptive, tenacious and far-reuching.
The descendants of T. H. Huxley are to
be looked for not in the Great Ealing
School or even in the Royal School of
Mines but in Balliol College, Oxford;
their problem is not to conquer the cita-
del of the establishment, which is theirs
as a birthright, but to make some toler-
able space for themselves within it or,
tailing that, to get out.
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The fact is that although Clark pumps
hard for marks of intellectual distinction
and eminence among the descendants of
T. H. Huxley, the record seems to show
great energy, laudable curiosity and
open-mindedness, immense verbal dex-
terity, some administrative versatility
but no overwhelming amount of concen-
trated intellectual originality. Andrew
Huxley and T. L. Eckersley (a grandson
of T. H. Huxley through his daughter
Rachel) evidently produced “hard” scien-
tific work of great distinction, the former
in cell physiology, the latter in short-
wave radio. But they were exceptional,
and the exceptional character of their
work is obscured in the present account
both by the author’s reluctance to over-
tax his readers with hard words and
complicated ideas, and by a plethora of
miscellaneous relatives who did good
work in propagandizing the general use
of tea, achieved high diplomatic posts
somewhere, became directors of large
corporations or wrote amusing travel
books. Until quite recently it was a
largely unchallenged assumption that a
man who had achieved a first at Oxford
or Cambridge could be relied on to do
a rather good job at practically any-
thing, whether he knew the subject or
not. It was on this assumption that
Annan’s intellectual aristocracy flour-
ished, and flourish, after its own fashion,
it certainly did. There is a curious pas-
sage in the biography where Clark
speaks with relish of “the continuing
Huxley facility (sic) for dropping the
right word into the right ear at the right
time,” as if conniving and wire-pulling
represented an order of talent like any
other. There is no special moral attitude
to be taken toward this particular fact of
life, but one finds it irksome to see social
privilege and entrée counted casually
among the tokens of intellectual distinc-
tion. It certainly would have irked the
soul of T. H. Huxley.

The two figures treated at length in
the last two-thirds of Clark’s book are
instances of great talents incompletely
and unsatisfactorily realized. Sir Julian
Huxley, perhaps the more substantial of
the two brothers, had at least five dif-
ferent careers: he was for a while a
teacher; he became a popular lecturer,
journalist and writer on science; he tried
his hand at administration (the London
zoo and UNESsco, not exactly parallel en-
terprises); he starred on a quiz program,
and he crusaded on behalf of disappear-
ing wildlife, on behalf of a semireligious
creed loosely titled humanism, on behalf
of population control and eugenics. He
has been the author or coauthor of al-
most 30 volumes, many of them pro-
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vocative, some of them weighty and, so
far as one can tell at present, none of
them permanently memorable. This in
itself is no ultimate judgment. Sir Julian,
like every other man who is quick with
the pen, produced, and was bound to
produce, a considerable amount of writ-
ing on occasional and ephemeral topics.
Still, compared with his grandfather’s
command of the occasional essay, which
he handled like a meat cleaver separat-
ing a joint, Julian Huxley’s journalism is
too often pufly and desultory. One feels
that he never bent heart and soul to any
one overwhelming task, as men less ver-
satile or volatile are sometimes impelled
to do. The record shows no one subject
explored to a new limit, no fresh tech-
nique or hypothesis applied to new sub-
ject matter, no public campaign fought
through to a distinct and perceptible
conclusion. The account of Sir Julian
could be written, and has been, without
a single allusion to the biological revolu-
tions of the recent past. Evidently a man
born in 1887 could not be expected to
take a very active partin these advances,
but to present his life as a biologist ex-
clusively in a 19th-century perspective
should not have been as easy and natural
as Clark evidently found it. Clark has a
theory that it is the destiny of the Hux-
leys to work out the relation of mankind
to the cosmos, and indeed most of the
things they wrote turn out to bear, in
one way or another, on this topic. But a
concept so grandiose does not really
provide a sense of an individual’s intel-
lectual unity and development, nor does
it give one much insight into the differ-
ent levels on which it is possible for
a man to work—as a laboratory experi-
menter, observer of nature, summarizer
of the literature, synthesizer of results or
philosopher at large. Sir Julian has worn
all these hats at different times, and it
would have been helpful to know which
one was on at what stage. Problems of
Relative Growth (1932) presents fresh
observations and draws them toward a
coherent quantitative pattern; it is much
closer to original research than The
Elements of Experimental Embryology
(1934), which is essentially a review of
work in the field. Yet Clark simply calls
it “an equally important volume,” a
judgment that is not so much wrong as
blurred.

In the sphere of cultural statesman-
ship there are grounds for thinking that
Sir Julian, if something less than an au-
thoritative guide to the cosmos, has been

a provocative and wide-ranging public -

spokesman. His brother Aldous provides
a much more delicate and revelatory
case—less of a success, perhaps, but
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a specimen of greater complexity and
more poignant interest. Perhaps owing
to a frail youth and poor eyesight, he
was never as pronouncedly established
as Julian in the establishment. Like his
elder brothers, he passed from Eton to
Balliol, getting his First there but pur-
suing his own development in almost
perfect independence of the instruc-
tional program. Schoolteaching, tried
briefly, proved temperamentally impos-
sible, and the civil service was not even
to be considered. Then, after the war,
which had involved him in various un-
congenial secretaryships, journalism and
fiction claimed him, the two callings
being intertwined, in his career, with
particular intimacy.

The four novels Aldous Huxley wrote
during the 1920’s (Crome Yellow, 1921;
Antic Hay, 1923; Those Barren Leaves,
1925, and Point Counter Point, 1928)
were recognized at the time as not being
novels in exactly the usual sense, but
what to call them is still something of
a problem. The people represented in
them (the element of half-unconcealed
autobiography was generous to a fault)
could scarcely have been blamed for
thinking them little better than yellow
journalism; J. Middleton Murry, brutally
caricatured in Point Counter Point un-
der the name of Burlap, thought of chal-
lenging Huxley to a duel. In wider cir-
cles the novels were read as witty social
satire, as light, brittle and amusing fa-
bles about absurdly mannered carica-
tures of the human species. Yet they also
had a strong streak of the macabre.
When Theodore Gumbril, Jr., and Myra
Viveash concluded Antic Hay with a
long, bored, meaningless taxi ride back
and forth across nighttime London, one
could not really feel oneself in the pres-
ence of light social satire.

As imaginative achievements these
novels seem never to have been taken
with excessive seriousness. Between
spasms of public lecturing, to which they
were very prone indeed, the characters
generally performed like jerky automata,
and the style, at its best, was astringent.
But an especially interesting feature in
a young novelist was the theme of sen-
sual exhaustion, combined with loathing
of the conscious mind. The problem
posed by this conjunction was simply:
Where do we go from here? For all the
talk about love and sex in the Huxley
novel, the topic’s only resource against
withering into verbiage was the plunge
into sadism, diabolism and (since these
alternatives cannot be taken too serious-
ly) buffoonery. Consciousness—scientific
consciousness particularly—was treated
from the beginning as a band of steel



compressing and distorting men out of |

all their instinctual life, out of their
wholeness as human beings. Of all the
filthy tricks life plays on people in Antic
Hay, the worst are played on Shearwater
the physiologist, who has used his books
to fence himself oft from what they
should be teaching him. He is left riding
a stationary bicycle to infinity in a sweat-
box, a Dantesque emblem of the self-
punisher. More interesting and inward
is the figure of Philip Quarles, a novelist
in Point Counter Point, whose function
in the book is imitated from Gide, but
whose muscle-bound intellection evi-
dently mirrors dilemmas intimate to
Huxley himself. Not only does Quarles’s
mind seal him off from personal intimacy
of any sort; it seems to get seriously in
the way of his writing novels. Thinking
about how to describe “The Kitchen in
the Old House,” he is drawn to locating
it in time as well as space, to give “a hint
of its significance in the general human
cosmos.” The sentence that emerges is:
“Summer after summer, from the time
when Shakespeare was a boy till now,
ten generations of cooks have employed
infra-red radiations to break up the pro-
tein molecules of spitted ducklings
(“Thou wast not born for death, immortal
bird, etc.’).” This attempt at a synoptic
view of things only served to produce ef-
fects of grotesque and inconclusive dis-
cord. That is not far from summing up
the main quality of the fiction Aldous
Huxley wrote during the 1920’s. Clever,
cool and meticulously informed about an
enormous number of specific details, he
could bring together themes and per-
spectives of amazing diversity, but out
of the collocation emerged little except
disorder, despair, isolation and a sense
of the bizarre. Friends remember as
characteristic of him a drawling, intense
phrase: “How extraordinary!” It is not
bad as a response to the highest achieve-
ments of his prose fiction.

Aldous Huxley was just 34 when
Point Counter Point appeared. Although
it was not his last novel, it was his last
major effort in the form, and his last real
attempt at a synthesis in the shape of
fiction. He continued to write, and write
brilliantly in a number of genres, but
there is an inescapable sense of the
scrappy and disparate about the last 35
years of his life. He produced some ad-
mirable travel books; he turned out ele-
gant informal essays on topics in art, lit-
erature, manners, morals and whatnot;
he wrote tracts on pacifism, an exposi-
tion of occult philosophy, a treatise on
how to improve the sight, an account
of psychedelic experiences, a biography
of Richelieu’s gray counterpart Father

How it works

ow 1scolor television transmitted?

(See page 166 of THE WAY
THINGS WORK.) How is electronic
data processing done? (See page 302) .
How does a helicopter fly? (See page
560.) How does “dry cleaning” clean?
(See page 407.) Why does a record
player play? (See page 314.) How does
the simple switch operate? (See page
96.) Why do vending machines reject
counterfeit coins? (See page 324.) What
happens at the telephone exchange?
(See page 112.) How does a Polaroid
camera produce pictures? (See page
172.) What makes gunpowder explode?
(See page 448.) What does a nuclear
reactor do? (See page 54.) What hap- |
pens in “supersonic speed”? (See page
556.)

This remarkable book will answer
hundreds of your questions, and the
ones children ask, about the design and
function of mechanical objects and tech-
niques that are part of your daily life.
Two-color drawings carefully explain
both simple and complex technological
concepts . . . from a ball-point pen to
lasers, from an automatic transmission
to radioactivity, from the jet engine to
ultrasonics.

THE WAY THINGS WORK is a
lucid encyclopedia of technology, an
endlessly fascinating anthology of de-
scriptions and diagrams thatunravel the
mystery of common mechanisms and
today’s technological marvels. It’s a
book to delight everyone intrigued with
the way things work.

We invite you to mail the coupon
below. A copy of THE WAY THINGS
WORK will be sent to you at once. If at
the end of ten days you do not feel that
this book is one you will treasure, you
may return it and owe nothing. Other-
wise, we will bill you $8.95, plus postage
and handling. At all bookstores, or write
to Simon & Schuster, Inc., Dept. W63
630 Fifth Ave., New

,/9’ York, N. Y. 10020.

L N SySp————

; SIMON & SCHUSTER, Inc., Dept. W-63

3 630 Fifth Ave., New York, N. Y. 10020

M

¥ Plcase send me .. .... copy (s) of THE WAY THINGS WORK. If after exam-

H ining it for 10 days, I am not completely delighted, I may return the book

§ and owe nothing. Otherwise, you will bill me for $8.95 plus mailing costs.

' Name......ooiiieianeinirieneiiiieiienanns Meeeteeeiaistitietieetiotas
AdAress. ..o ittt iet i i it te e
L3 1 State...............n

[ SAVE! Enclose $8.95 now and we pay postage. Same 10-day privilege with full refund
(N. id 1

please add

sales tax.)

© 1968 SCIENTIFIC AMERICAN, INC

From color camera to computer

1,071 two-color drawings

Easy-to-understand explanations




ONE

HUNDRED
YEARS OF
ANTHROPOLOGY

Edited and with an Introduction

by J. 0. Brew

In 1866, the philanthropist
George Peabody made a hand-
some gift of funds to Harvard
University for the founding of
the Peabody Museum of Ar-
chaeology and Ethnology. In
celebration of the 1966 cen-
tennial of this event, a series
of lectures was delivered by
five outstanding scholars.
These lectures, presented in
this volume, are not simply
tributes to the remarkable
work of the museum, but a
rich contribution to the his-
tory of anthropology over the
past century — a period that
encompasses the emergence
and development of anthropol-
ogy as a full-fledged scientific
discipline.

J. O. Brew begins with a bio-
graphical sketch of George
Peabody, and describes the
founding, evolution, and im-
portant contributions of the
museum. Gordon R. Willey tells
the story of American archae-
ology and how in little more
than 100 years its approaches
have swung full circle. Glyn
Daniel looks at advances in old
world prehistory, particularly
in techniques, and touches on
exciting new problems and pos-
sibilities. S. L. Washburn, dis-
cussing biological anthropol-
ogy, shows how the problems
that Darwin raised are now be-
ing put into modern form and
considers the implications of
this transformation. Fred Eg-
gan examines ethnology and so-
cial anthropology as they have
developed in interaction with
their related disciplines. And
Floyd Lounsbury describes the
progress in anthropological
linguistics. Together they pre-
sent a concise and fascinating
picture of the history and sig-
nificance of anthropology.

HARVARD UNIVERSITY PRESS
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Joseph, a study of diabolic possession
among some French nuns during the
1630’s, an anti-Utopia (Brave New

| World) and a moralistic motion-picture
| script (Ape and Essence). Apparently

the very real charm of his conversation
lay in his capacity to dart in an instant
from the metrics of Catullus to the mat-
ing habits of the jellyfish to the sewage

systems of the world’s larger cities to the

epistolary style of St. Catherine of Siena.
But the qualities that make for delight-
ful conversation make just as readily for
cluttered and incoherent books, a collec-
tion of fossilized literary curiosities. It
was a special quality of T. H. Huxley to
be avid after the meaning of a particu-
lar, insistent on knowing its relation to
a schema; in his grandson Aldous the
opposite quality was carried to almost
parodic lengths.

The two fables of social degeneration,
Brave New World (1932) and Ape and
Essence (1948), illustrate nicely this
quality of fragmented vision. In the first
book, as is well known, Huxley takes as
his satiric target the adjusted society
that has successfully reduced its mem-
bers, in the name of social efficiency, to
interchangeable mechanical parts. To
show off the degraded artificiality of this
social machine he introduces into it our
old friend the noble savage, who is so
shocked by the whole thing that he
turns, with a minimum of difficulty, into
a tormented, masochistic Christian.
Whether one believes in this metamor-
phosis or not, its point is evidently to
link qualities that are “heroic,” “natural”
and “human” (in a sense not far removed
from “neurotic”) against the efficient,
ignoble mechanisms of the conditioned
reflex and the engineered social value.
Ape and Essence simply reverses the
scheme and stands the satire on its head
by introducing a civilized New Zealand
scientist into a society of degenerate
savages supposed to have grown up
amid the ruins of Los Angeles after
World War II1. The technology of these
tribesmen is pitifully primitive, their re-
ligion is a brutal combination of orgies,
crude taboos and sadistic ritual; they
are, in effect, simply the noble savage of
Brave New World, multiplied manyfold
and seen in a hostile rather than a favor-
able light. It is obviously no part of a
social satirist’s obligation to preserve
strict logical consistency from book to
book. But the shrill, exaggerated quality
of these two satires, their frank manipu-
lation of the heroic foil in the first book
to serve as villain in the second, is, to say

the least, disquieting. It seems likely"

that Huxley could play for melodramatic
effect with these crude and superficial
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images of technology and Christianity,
material and spiritual values, because,
underneath, his mind was moving in
another direction entirely.

That shift of spiritual balance can be
observed, almost in the act of occurring,
in the middle of Eyeless in Gaza (1936).
This effort is one of the most fractured
and inchoate of Huxley’s fictional works
but also one of his most interesting. Par-
ticularly in the first part, it is full of cruel
caricatures of various easily identifiable
Huxleys and friends-of-Huxleys; its pro-
tagonist is a barely disguised Aldous
Huxley who has no misgivings at all
about transcribing long swatches of his
private diary; at the end all pretense of
fiction is abandoned and the book be-
comes simply a sermon on the redemp-
tion of human nature. The main satire
grows from a juxtaposition of various in-
stinctual, promiscuous females with a
number of bloodless intellectual males—
“Higher-Lifers,” as the namrator calls
them, idea-mongers, cute raconteurs,
word-tiddlers, arch and knowing quota-
tion-cappers, professionul converters of
feelings into phrases. The intellectuals
are simply grotesque, as Huxley’s Lon-
don intellectuals had traditionally been,
but somewhere around the middle of the
book a guru named Miller starts emerg-
ing from the shadows to preach a healing
and revivifying doctrine compounded
of pacifism, inner light and self-purifi-
cation if not self-abnegation. Samson
(= Anthony Beavis = Aldous Huxley),
grinding in the mill of Western culture
with slaves, has found a new inner light.
It is not clear whether Huxley antici-
pated pulling the temple down on the
Philistines or recognized that a kind of
suicide was involved in doing so. But
that being a Huxley, that is, a priest of
the free intelligence, was not enough for
him is very clear indeed.

Huxley thirsted for the anonymous
dark of the subconscious, and that non-
theistic Buddhist absorption into the
cosmos which seems to represent one of
the handier ways to get rid of the burden
of self. James Miller of Eyeless in Gaza
had the protective coloration of a Quaker
missionary-doctor, but the tide of feeling
to which his disciple abandoned himself
at the end of the book was flowing ime-
sistibly to the East. An acute reviewer in
the Times Literary Supplement com-
pared Huxley’s situation at the end of
Eyeless in Gaza with that of J. K. Huys-
mans after A Rebours, poised before the
dilemma of the crucifix and the revolver,
but for Huxley the options could have
been symbolized less dramatically by the
lotus and the laboratory. In opting for
the lotus he did not carry forward, he di-



rectly rejected his grandfather’s hard-
bitten rationalism.

Every dynasty is bound to come on
some of its members sometimes as not
simply a privilege but a burden. Long
before Aldous there had been noncom-
peting Huxleys, victimized by their heri-
tage or actively resentful of it. Even old
T. H. Huxley, for all his ferocious intel-
lectual efficiency, had been haunted, like
so many other Victorian giants, by the
demon of melancholia, a demon that had
to be walked to death in compulsive,
week-long demonstrations of pedestrian
endurance. London and committees and
offices and paper work and lectures rep-
resented for him an “incubus of thought”
that could be exorcised only by mindless
activity. Masterful brains are apt to
make trouble for the people they inhabit,
and for others who have to live in close
proximity to them. It is not easy to im-
agine circumstances where they would
make more trouble than in a closely knit
and proudly self-conscious family, se-
curely entrenched within an intellectual
elite. We have had lately, in the biogra-
phy of Lytton Strachey, a partial revela-
tion of the dark and tragically twisting
rivers flowing beneath the too civilized
landscape of the Bloomsbury group. This
is not to say, “Aha, the pious old frauds,
now it comes out that they were really
all monsters.” It is to suggest that civi-
lized, imaginative man often lives sev-
eral different lives at once, and that a
formal account of what happened to him
in the public forum may be less than
half of his real biography. Someday
perhaps we shall have such a biography
of the Huxleys, and if some of them
emerge from it seeming a little less like
Kewpie dolls and a little more like vam-
pire bats, that fact may well heighten
rather than diminish our sense of their
accomplishment.

Short Reviews

YAMS, by D. G. Coursey. Humanities

Press, Inc. ($9.50). Drive in the
thickly inhabited rain forest belt of
West Africa and you will pass plot after
plot of dense vines, sometimes climbing
stakes, sometimes trained to trees or to
cornstalks. These vines are the staple
crop of the region, the white yam. For
1,000 miles, north of the swampy coast
and south of the dry savanna, east from
the Ivory Coast to the Cameroons, the
yam is the staff of life. The great 20-
pound rootlike starchy tubers (these true
yams, species of the genus Dioscorea,
are not the sweet potatoes we often call
yams in the U.S.) are everywhere, in
markets and stored on the farm. West to

the Atlantic rice is the staple; east too,
where the Bantu peoples have spread,
yams are less important. In the valleys
of the rivers Bandama, Volta and Niger,
however, man’s proper food is yam.

Yam is not a really cheap food. In cal-
ories per man-day, and in shillings per
pound in the market, it is several times
dearer than its more protein-rich com-
petitor, rice, or its still starchier, cheaper
rival, cassava. It is the deep digging for
the heavy tubers at harvesttime that adds
to the man-day cost. The cost in wom-
an-days is high too; boiled yam is de-
licious, but more prized is the smooth
pounded yam fufu beloved of West Af-
ricans, costing the housewife hard work
as she stands heavily over the mortar
pounding yam afresh for each meal.
Yam-pounding is a domestic act as rich
in evoking the home as rolling piecrust
or kneading bread is for us, and it is
more often gracefully figured in art.
Coursey’s monograph, with maps and
drawings, analyses and calendars, tells
all about the yam—all the yams. It gives
an account of their history and econom-
ics, their agronomy and botany, their
pathology and pests, their nutrition,
storage and processing, and of the im-
portance of the yam for the “civilizations
of the yam.” It is true (although one
should not too simply impute cause and
effect) that in the yam belt all four of
the great forest states of West Africa
arose in the last millennium: Ife, Benin,
Ashanti and Dahomey. The book makes
a strong case for the proposition that the
yam represents the ancient independent
invention in West Africa of a new form
of agriculture—like rice, maize, barley
and wheat elsewhere—enabling man to
spread into a new habitat, in this case
the rain forest, some 2,000 years ago.
There are some yams of a different but
related kind in southeast Asia, which
with the Caribbean is the only other
region where this large group of crop
plants is important.

The increase of the nutritional disease
kwashiorkor in West Africa—apart from
the famine of war—is partly due to the
relative decline of the yam. The poorer
city people, displaced from the land,
seek the cheapest calories they can find.
Cassava, which is distinctly inferior in
amino acid content, is selling better and
deceiving its users into thinking their
children are fed.

The new-yam festival of our fall
months has for a long time been the chief
feast of the year in the West African
yam belt. No one can eat the new yams
until the elaborate ritual ceremony is
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This beautifully illustrated science
library—written by noted authori-
tiesand backed by the full resources
of the Smithsonian Institution—
now has four new volumes for
adult and young adult readers in-
terested in viewing today’s sciences
in the light of their historic devel-
opment.

WORLDS AROUND THE SUN
Lee Edson. What is the solar sys-
tem? What do we know of it and
how are we finding out? How does
it effect the reader himself? This is
a popular, illustrated guide to the
answers. $4.95
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David Jacobs. The growth of trans-
portation in North America from
the fascinating view of civil engi-
neering. Especially relevant is its
unsnarling of the current urban
congestion knot. $4.95

AMERICA’S FIRST
CIVILIZATION

Michael Coe. A first-hand study—
of which the author-archaeologist’s
own color photographs are amajor
part—of the astonishing Olmec
civilization of Mesoamerica. $4.95

THE EVIDENCE OF
EVOLUTION

Nicholas Hotton, III. What evolu-
tion is (not a theory as the author
points out), how it works, its mean-
ing in terms of life on earth. An
exciting, often amusing account by
a gifted paleontologist. $4.95

Van Nostrand books
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D. S. Halacy, Jr. Illus.

THE ORIGIN OF LIFE
Dr. Alvin and Virginia Silverstein.
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Jean Ford Brennan. The stories be-
hind six of the most exciting en-
gineering breakthroughs of our
times. Illus. $5.95
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death, rather than eat yam, when they
were unaware whether New Yam had
yet been eaten in their own villages.”
The theft of yams is a crime worse than
theft of other property of greater mone-
tary value. “In Ibo traditional law, adul-
tery is merely a civil offense under nor-
mal circumstances, but if committed in a
yam field it immediately becomes a crim-
inal affair, as the yams will be offended.”

The final chapter of this path-break-
ing study describes the interesting in-
dustry of extracting from yams the crude
steroids from which the hormones of the
Pill and of the adrenocortical complex
are synthesized. The center of the in-
dustry is Mexico, and lately China. It is
not the cultivated yams but related bit-
ter and inedible wild species that are
used. Local extraction yields by simple
means a percent or two of a multiple-
ring starting material, diosgenin, from

which, by a clever mix or syntheses both

by microorganisms and by larger chemi-
cal engineers, the related active com-
pounds can be made.

HE STORY OF JoDRELL Bank, by Sir
Bernard Lovell. Harper & Row, Pub-
lishers ($5.95). Twenty-five miles south
of the city the University of Manchester
owned a plot of land as horticultural gar-
dens for the department of botany. Two
cheerful gardeners worked there full
time. After the war first a couple of sur-
plus military trailers, then an improvised
fixed wire-screen bowl and in 1957 what
was and still is the world’s largest fully
steerable radio telescope rose there—the
strangest of flowers. The great bowl in
its battleship trunnions has become a
symbol of our times as ubiquitous as the
Eiffel Tower once was. This book, as
candid and peppery as its distinguished
author, is the namrative of the man whose
faith and determination built the dish.
The bursar of the university and the de-
signer of the structure add graceful fore-
words: deep cooperation no less than
quarrel was part of the story. There is
not much radio astronomy or structural
design in this book; there is a good deal
about budgets and grants, bids and
delivery dates, subdivision developers,
strikes and slowdowns, an ingenious lady
hoaxer, corporation infighting, engineer-
ing sloth and arrogance, and the ways of
a distant and traditional bureaucracy.
With Sputnik and the American rejoin-
ders to it, Jodrell Bank, for a time
unmatched at tracking space probes,
became an international asset, eagerly
sought out by both sides; adjoining tele-
printers clicked away to Los Angeles and
to Moscow.
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Mark I—it has a sleeker, smaller neigh-
bor now—seems out of a crude and
heroic age. No electronic computers
worked on the structural design, no com-
petitions, no careful site-study preceded
the location. Sir Bernard and John Clegg
spent 1,000 pounds building almost by
hand the 218-foot fixed wire bowl; then
they dreamed of a real dish. P. M. S.
Blackett applauded, and he served as
chief of staff for the long tactical ap-
proach to the committee that granted
funds. In 1950 Lovell had guessed his
250-foot parabola would cost £ 100,000;
everyone knew that figure might double.
The designer, H. C. Husband, made his
design study. The formal application in
1951 sought £250,000. The first full
grant in the spring of 1952, shared by
the Nuffield Foundation, was awarded
for £333,000. The telescope cost in the
end £650,000, and it was well worth it.
The deficit and its awful burden, how-
ever, sound the drone beneath the per-
sonal themes of this book. The debt was
paid off—out of public appeals, out of
U.S. payments for tracking time and
through the generosity of the Nuffield
Foundation and Lord Nuflield personal-
ly—only in 1960. The British universities
through this narrow gate first entered the
domain of big science.

The telescope has been a huge suc-
cess; the first substantial repairs and
improvements (particularly resurfacing)
are currently being made on the 11-year-
old instrument, “a most beautiful sight
silhouetted against the evening sky.”

NCYCLOPAZDIA Britannica: Ogr, A
DICTIONARY OF ARTS AND SCIENCES,
ConpPiLED UPON A NEW PrLaN. Encyclo-
pedia Britannica, Inc. ($79.50). In cele-
bration of the 200th anniversary of the
first Edinburgh publication of this per-
ennial reference, its present-day Chicago
publishers have prepared a three-volume
facsimile of the father of them all. The
physical reproduction is beguiling: pa-
per spotted with age, bound in gentle-
manly leather (quite synthetic, with
equally synthetic wormholes) and of
course with the precise typography and
rich engravings of the original, all the
long f’s and copper-plate gatefolds in-
cluded. Not a word has been added or
modified.

A casual study of the treasure gives
one a good look at the intellectual world
of the kind of men who must have talked
of Lord North and the Colonial dissent.
Their view of space was not cramped:

the fixed stars spread out around our.

modern solar system, the nearest of them
at the proper distance. “It is highly
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probable, that each star is a sun to a sys-
tem of worlds moving round it...a plu-
rality of worlds is rational, and greatly
manifests the power...of the great Cre- l
ator.” Our earth is pretty well filled in
too, although the words Bering and
Vancouver are not yet on the maps, the
Niger is blank and one lake occupies the
Rift Valley. New Holland and New Zea-
land are present, if a bit indefinite.
World enough they knew but not time.
Their world was created in 4007 B.C.;
the Ark (depicted as a huge floating
warehouse, and calculated to hold with
ease its few hundred species) was set
adrift in 2351 B.c. Geology is not en-
tered; it is exhausted by Mines and Min-
eral Ores.

Most of the entries are dictionary-
like, but the weight of the books is in
the detailed do-it-yourself articles: Anat-
omy, Medicine (“If the hands do not
begin to swell remarkably, the [small-
pox] patient will suddenly leave the
world”), Obstetrics (called “Midwifery”
and illustrated fearsomely with much
show of forceps), Surgery (“We begin
with the operation of phlebotomy, be-
cause it is of all the most general”).
These four step-by-step practical articles
alone occupy an eighth of the entire
work. There is plenty as well on Gun-
nery, Agriculture (with a column on the
culture of turnips, and complete with
the “new husbandry” of horse-drawn
wheeled drills and harrows), Navigation
and Book-keeping. Metaphysics and
Grammar are also strongly presented.
The sketchy treatment of textiles, main-
ly under Cloth, shows the realization
that this was by then a specialized in-
dustry; the Ship (called the “noblest
machine that ever was invented”) is
handled with love, but only as an on-
looker would wish. Shipbuilding has
gone beyond the enterprising individual.
All in all, there is a pretty good match
between the contents and the confident,
energetic, tough-minded and ambitious
merchant class at which the set was
aimed.

NTERNATIONAL Z0O YEARBOOK: VOL-
uME 8, edited by Caroline Jarvis. The
Zoological Society of London ($18.75).
This annual is a well-known publication
in the zoo world, but it deserves a much
wider readership among biologists and
indeed among all who are fascinated by
animals. Each year’s issue contains a
special symposium (this year on breed-
ing canids and felids, from the Indian
wolf to the snow leopard, next year on
reptiles in captivity), a section of short
papers on new developments by zoo



people the world around, a reference |

section that lists in detail almost 900
collections of wild animals (zoos, bird
parks, aquariums and so on) from Ro-
sario to Shanghai and the species kept
there, and a special technical account of
animal-marking and zoo-record prob-
lems. The husbandry of diverse forms is
always fascinating, and here it is told
like it is. In San Diego they were blessed
by the birth of a pygmy chimpanzee.

The parents had long been friendly with |

Principal Keeper Cryster, but the infant
did not prosper. Its little mother, weigh-
ing 50 pounds, would hardly suckle the
baby and expressed no milk. The infant
was put on Simulac after the mother
had been sedated with drugged orange
juice. “Sixty-one and a half hours after
birth [the keeper] lay down on the hay
bedding. Since he had been constantly
attending the mother. .. for the past two
days he was very tired. The soft bed was
too difficult to resist and he fell asleep.
The mother chimpanzee...lay next to
Cryster on the floor.” All are doing well,
but the baby had to be bottle-reared.

Barcelona acquired a two-year-old
male West African gorilla a couple of
years ago, quite ordinary except that he
was white, “skin and hair both being
completely devoid of pigmentation...a
light blue iris...very transparent.” He
had a set of baby teeth in good condi-
tion. No other albino gorilla is known; a
few cases of pigment missing in some
particular area of neck, hands or feet are
recorded. The mythology of the Fang
people in the Cameroons includes an al-
bino chimpanzee, and human albinism
is found there very rarely, about one case
in 10,000 of the population. Nfumu,
which means “white” in the Pamué
tongue, is a lively and high-spirited ani-
mal, adapting to new food and to people
with exceptional speed. Perhaps his poor
cyesight and strange appearance had
brought neglect by his fellows in the
wild; he was particularly sensitive to
affection and attention. A year ago a
rare pair of gorilla fraternal twins was
born in Frankfurt; their behavior proto-
col seems, up to 10 weeks, very much
like Ilg and Gesell.

Perhaps the best papers are on the
killer whales. These huge cetaceans
(they come up to 10 tons or more full
grown, but nobody has kept one that
big, since no proper tanks are yet avail-
able) are the biggest animals in captiv-
ity, even though the largest of the six
now kept are mere 18-foot young fe-
males weighing less than two tons. Their
mouth can easily hold a man; how their
huge teeth gleam! They are in fact
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friendly, intelligent, playful and some-
thing of a born performer. The taking,
training and care of the killers is de-
scribed. “The baby whales were easy to
feed and were each given one gallon of
whipping cream three times daily, mixed
with a multiple-vitamin supplement, hu-
man baby food, warm water and small
amounts of fish.” Clearly maritime kings
ought to give their rivals a killer whale,
not a white elephant.

rl‘ms NEUROSCIENCES: A StUupy Pro-

GraM. Planned and edited by Gard-
ner C. Quarton, Theodore Melnechuk
and Francis O. Schmitt. The Rockefeller
University Press ($17.50). Ponderous yet
attractive, this book presents 67 survey
papers, plus a few helpful introductory
and generalizing essays, that formed the
content of an intensive study program.
The program was carried out in the sum-
mer of 1966 for about 100 research men
in many fields in and around biology, in
addition to the authors. The aim was to
present the background of all we know
about the way the brain works; in this
volume (other programs may yet come)
the emphasis is biochemical and mo-
lecular. A third of the space is given to
general molecular biology, from the
double helix and the genetic code to the
role of ions in nerve impulses. There are
some splendid electron micrographs.
Then the scale changes, and we find a
dozen papers on neurons and their cir-
cuitry, chemistry and signals. There is
no doubt of it: the naive days of a gen-
eration ago, when a neon-tube flip-flop
was a good neuron model, have gone,
and we have the more timely analogy of
the integrated circuit chip with plenty
of leads in and out. Finally, the topic
becomes the whole brain, the split brain
or the drugged brain, and we study it
waking and sleeping, dreaming, gener-
ating potentials or learning. The center
of attention is man, but octopus and
even protozoon are not omitted.

The brain as a black box remains
somewhat offstage, and models made by
the simulators and the logicians are alto-
gether absent. Within these limitations
the work is very full indeed, and the
distinction of so many participants al-
most—alas, not quite—guarantees the
pertinence and richness of their papers.
It is a study program of daunting weight
and diversity.

There are bacteria that form rafts
which then constantly rotate. An infant
without any brain above the medulla
can survive for a month or two, and has
a well-working set of sucking and grasp-
ing reflexes and the rest, but he has no
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way to respond to or make known his in-
ternal needs, so that he does not suck
enough. Maybe memory is helical mole-
cules. Maybe. One is warned that the
Golgi stain that marks the dendritic cir-
cuitry in the dramatic cortical maps
made by Santiago Ramén y Cajal before
World War I affects only 1 percent of
the neurons seen in the focal plane, “for
unknown reasons.” There is a lot more
to know, even if you master this large
bargain book. Somehow the subject does
not yet display the aura of success.

"['uE LicHEN Symsiosis, by Vernon

+ Ahmadjian.  Blaisdell =~ Publishing
Company ($5.75). The Swiss botanist
Simon Schwendener showed in 1867
that lichens, in spite of the tens of thou-
sands of species named in the books,
were not independent plants at all but
associations of an alga (usually a green
one) and a fungus (usually one of the
ascomycetes). The fungus forms a mat-
ted layer of filaments on bark or rock,
and near the top of the tangled mat
there is a layer of spherical or filamen-
tary algae, covered over with a tight
protective layer formed by thickened
filaments of the fungus. Victorian senti-
mentality (Is there a psychoanalyst in
the house?) led one botanist to lament
“this unnatural union between a captive
Algal damsel and a tyrant Fungal mas-
ter.” There are other such lifelong asso-
ciations of fungus and alga in the sea;
there the algae may live inside the hol-
lowed filaments of a branching fungus.
In lichens the partners do not only bene-
fit mutually; both are changed, the algae
generally remaining smaller and less
characteristic in form, the fungi regular-
ly developing complex fruiting bodies
rarely formed without the partner.

The author is an experimenter who
has managed to learn how to cultivate
separately both the algal and the fungal
partners, how to unite them, and for the
first time in 1966 how to cause the new-
ly united partners to grow more or less
in the natural way. It takes patience. Li-
chens are among the slowest-growing
organisms in nature; a rock lichen in the
forest is often older than the biggest tree
around. They grow rather less than a
millimeter per year. The trick of syn-
thesis is dynamic; it depends on a “con-
tinuous balanced rate of growth” of the
two partners. If one brings a lichen from
the wild state into the laboratory, it
usually finds conditions too lush and
grows rapidly, soon to dissociate into
separate growths of the two partners.

The partnership is not highly specific; °

in the wild a lichen fungus may cast
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spores that find a place to grow up with
a new captive “damsel,” not at all like
dad’s. Ahmadjian’s compact account
tells the story, and just how to do the
culturing.

Lichens are humble enough; their ec-
onomic importance is small. The caribou
feed on them, and in hungry times so
can people. They are not toxic, although
they are often bitter and irritating. Their
role in forming soils from rock is well
publicized but is probably insignificant.
They can pick up metal ions by chela-
tion, and tend to concentrate fallout
strontium and cesium, which via the
caribou have shown up in the bodies of
Alaskan Eskimos. As an intermediate
step between simple organisms and
more complex ones, however, lichens
will surely become increasingly impor-
tant to biology, partiéularly in a time
when the organelles of cells begin to
appear as DNA-carrying symbionts of a
most ancient alliance.

This is a clear, engaging, brief and
knowing technical book. There are too
few like it.

DicrioNnary or EncrLisn WEIGHTS
AND MEASURES FROM ANGLO-SAXON
TimMES To THE NINETEENTH CENTURY,
by Ronald Edward Zupko. The Univer-
sity of Wisconsin Press ($10). There are
3,000 entries in this work, a couple of
hundred of which contain clearly dated
citations in Latin or Middle English or
in the fine statutory phrases of Victorian
times, fully defining and illustrating the
terms used in the other entries. Histori-
ans of economics or of science will find
the book indispensable to their under-
standing; the general reader cannot fail
to find it by turns touching, amusing
and illuminating. It displays the stuff of
meaning and thus is not a bad guide to
epistemology. There is the tale of the
three barleycorns that made the inch—
what kind, where grown (“after the fat-
ness and leanesse of the land, where it
was sowen upon”). Consider that com-
monplace quantity, the hundred. It was
“generally numbered 100, but larger
amounts were not uncommon: 106,
lambs and sheep in Roxburghshire...;
120, the long-hundred, for canvas, eggs,
faggots, herrings, linen cloth, nails, oars,
pins, reeds, spars, stockfish, stones, and
tile; 124, cod, ling, haberdine, and salt-
fish; 132, herrings in Fifeshire; 160,
‘hardfish’; and 225, onions and garlic.”
All of this is documented, and is in itself
a compact list of 16th-century trade.
The writing is clear and direct, and
the whole design is simple, attractive
and usable. The scholar’s apparatus is



still handily present, in annotated bibli-
ography, statutes, years of reign, but
Zupko and his editors have made some-
thing lively out of an esoteric Ph.D.
thesis. Let us raise them a toast in a
mutchkin of brown Milwaukee ale (two
mutchkins equals one choppin; two
choppins equals one stoup, or 1.707
liters).

"I'HE MiND oF A MNEMONIST, by A. R.

Luria. Translated by Lynn Solotaroff.
Basic Books, Inc., Publishers ($4.95).
Jorge Luis Borges wrote a haunting tale
of the life and death of a poor Uruguay-
an named Funes “the memorious,” who
could recall everything, including the
course of the foam once raised by an oar
dipping into the Rio Negro. He gave
numbers names, recalling each by a
phrase. He saw no good or value in the
idea of a logical notation. It was the
world’s richness that made him mel-
ancholy: “To think is to forget differ-
ences, to generalize.” In this strange
and equally haunting narrative a distin-
guished Russian psychologist recounts
the life of a real man he worked with for
almost 30 years: one S., “a Jewish boy
who, having failed as a musician and as
a journalist, had become a mnemonist . ..
yet remained a somewhat anchorless
person, living with the expectation that
at any moment something particularly
fine was to come his way.” Here is a
sample of S. at work. In late 1937 they
read to S., who knew no Italian, the first
four lines of The Divine Comedy, Nel/
mezzo/del/cammin . .., with pauses be-
tween words. Fifteen years later, with-
out forewarning, he recited the verse
with exact stress and pronunciation, in-
cluding an error made by the first read-
er. He freely gave his method: a set of
strange images he attached to the sounds
at the first reading. For the Italian word
nel he had thought of seeing the balle-
rina Nel'skaya as he stood in a corridor
paying his dues at a club to which they
both belonged. And so on. S. had a long-
term memory without a flaw, once it had
been imprinted, but he had a very lim-
ited capacity for the general, for the
abstract or even for connected mean-
ing itself. Funes was like that; Borges’
source, real or unconscious, and certain-
ly not the present narrative, must have
been a similar case. Like Funes, S. gave
names, often poetic, always sensuous
and concrete, to symbols and ideas. The
book evokes S. and his times; it is less a
case study than another short story, but
a story that is vividly and touchingly
real, from which Luria emerges as artist,
scientist and friend.
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