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®Uniroyal, Inc.

Roy: Actually, we scare
as easy as anyone. But
with Uniroyal’s traction
and responsiveness,
the way they handle on
the track,the way
those steel belts hold
up under stress,we
figure the odds are in

P
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Al: Soif you have

y some rough driving

“ to do,like getting

on the turnpike at
rush hour, or stopping
short in traffic, buy
Uniroyals.Don't push
your luck:
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UOP TEAMWORK IN TECHNOLOGY

“A RECONSTRUCTED
WILDERNESS.”

Highlights of a dialog between John O. Logan, President of
Universal Oil Products Company and Robert W. Johnson,
President of UOP Realty Development Company.

Mr. Johnson: . .. so act-
ually, John, we’re making
available 234,000 acres of

our copper country land for

is to provide a master plan
that we think explores this
potential to the fullest. Its
development is up to the

whole area could one day be
another Williamsburg or New
Salem, with its exhibition
center, craft shops, quaint

community. It will be
their undertaking.

Mr. Logan: Apart from
year-round recreational

this community project.
That’s an area six times
larger than the District

of Columbia!

stores.

Mr. Johnson: And notice,
too, that huge tracts of virgin
timberland have been

facilities, what will go in-
to these other areas?
Mr. Johnson: There
will be land for residential
construction, resorts, re-
tirement homes, camping
grounds, probably a small air-
port, too.

Mr. Logan: You know, this

Mr. Logan: I can see how
this will stimulate the
economy and growth of
Michigan’s entire Upper
Peninsula, Bob. These plans
are really exciting!

Mr. Johnson: The poten-
tial of this area is tremen-
dous. Actually, all we’ve done

permanently set aside for
conservation and ecology.
They’ll remain absolutely
untouched.

Mr. Logan: A reconstructed
wilderness! One that will enrich
the lives of generations to
come. I'm delighted that

we're a part of it!

Write for additional information. Ten UOP Plaza, Des Plaines, Ill. 60016
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“Bose is best, big or small,
high or low.” /rving Kolodin,
Saturday Review

The BOSE 901 Direct/Reflect-
ing® Speaker System’s unique
design received a series of rave
reviews from major music and
equipment critics in the U.S.
and abroad. Ask your dealer
for a demonstration. Hear why
the 901 is the most highly
reviewed speaker regardless of
size or price.

For copies of the reviews and
a list of local dealers, write
Dept. AS

The Mountain, Framingham, Ma.

BOSE

You can hear the difference now.

MEMBER F D

THE THINGS
THAT GO ON IN
ARIZONA.

The Arizona Bank offers a free kit full
of juicy facts about Arizona schools,
housing, taxes, transportation and the
like. If you're thinking of moving
to Arizona, write for one and find out
the state things are in.

1 Charlotte Clark S-1-3
| New Arizonan Department

The Arizona Bank, 44 W. Monroe St.
| Phoenix, Arizona 85002

I Please send me your
| free “New Arizonan” Kit.

THE COVER

The painting on the cover is based on one of some 1,500 “snapshots” of
hypothetical chess positions analyzed by an IBM 370/155 computer pro-
grammed to play chess by Albert L. Zobrist and Frederic R. Carlson, Jr.,
of the University of Southern California (see “An Advice-taking Chess Com-
puter,” page 92). The computer, playing White, is using a special routine
for discovering “pins” in trying to select its 24th move against its “tutor,”
U.S. senior master Charles I. Kalme, a member of the U.S.C. mathematics
department. Chess players will see immediately that the two queens occupy
improbable positions. The computer, however, is concerned only with the
disposition of pieces on the squares in red. The snapshot was generated on
the basis of the board position after Black’s 23rd move (... R-Q8). The com-
puter hypothesizes a situation several moves ahead in which the white
queen could pin Black’s knight against the black rook, but it also sees that
if the black queen could safely move to the square indicated (N5, in the
usual chess notation), the pin would be foiled, or, as chess enthusiasts like
to say, refuted. The double-plus symbol indicates hypothetical lines of at-
tack. In other snapshots the computer sees that the black queen is not really
needed to refute the pin, since the black knight could simply capture
White’s king bishop pawn (or queen knight pawn), thus occupying a square
from which it could protect the rook. The computer uses such snapshots to
make a preliminary selection of its most favorable moves. Eventually, after
studying the situation for 40 seconds, it concluded that 24 Q-B1 (from
QB4) was the best move. An analysis of the entire game begins on page 101.

THE ILLUSTRATIONS
Cover illustration by Jerome Kuhl
Page Source Page Source

16-17  U.S. Bureau of Corporation (bottom)

Reclamation 67 Dan Todd (top),

20 Chemical Construction Burroughs Corporation
Corporation (bottom)

23 C.P. Idyll 68 Milford Small

24-26  Tom Prentiss 69-70  Dan Todd

27 Peruvian Ministry of 71 Milford Small (top),
Fisheries American Micro-systems,

28 Tom Prentiss Inc. (middle), North

29 American Museum of American Rockwell
Natural History Microelectronics

30-32  Hale Observatories Company (bottom)

33-35  Allen Beechel 72 RCA Corporation (top),

36 Vera C. Rubin Wagner Electric

42 R. R. Alfanoand S. L. Corporation (bottom)
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(bottom) 74 William C. Denison

44-48  Jim Egleson 76-79  Eric Mose

49 Jim Egleson (top), Bell 80 William C. Denison
Laboratories (bottom) 83-84  Curtis Wilson

50-58  Jim Egleson 85 Joseph Feldman

64 Milford Small 86-90  Bunji Tagawa

66 Burroughs Corporation 92 Albert L. Zobrist and
(top left), Dan Todd (top Frederic R. Carlson, Jr.
right), Burroughs 94-105  Jerome Kuhl
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The new Wang

2200.

Some people call it a mini;
others call it a calculator.

Plug in the new Wang 2200 and
you’re in business. If your data
handling has been constantly
delayed or reshuffled by crowded,
expensive time-sharing . . . here’s a
cost/efficient alternative. If you are
thinking of time-sharing to meet
growing needs; here’s a way to beat
high terminal costs and program-
ming time. If you run a smaller
engineering or technical/scientific
group; the Wang 2200 may be all
the computing power you will

ever need.

BASIC Programming With Hard-
Wired R/O Memory: You get 4K
(field expandable to 32K) of un-
impaired memory. And BASIC
programming; the easiest to work
with language yet developed. And
it’s pure BASIC, not some manu-
facturer’s version that really
requires learning a new language.

Programming Doesn’t Byte Off
Much Storage: In the Wang 2200,
program statements are a single
keystroke and single byte.
Example: The statement *“Print
Using” takes only one byte of
memory; not ten! This almost
doubles capacity compared to the
usual system.

Big 16 Lines (of 64 Characters)
CRT Display: It’s hard to crowd
this tube. You’ll get ample space
for monitoring programs and data
... it “rolls” forward or backward
on command . . . remaining storage
is automatically displayed as the
last line on every program. It tells
you where you’ve been, where you

are and how far you can go. You
can go a long way on the 2200.

Read/Write/Modify Programs On
Cassette Tape. This could put big
tape consoles to shame. With our
optional cassette drive, you can
search programs and data files by
name and read, write and up-date
in place. This usually requires two
tape drives to carry off. Additional
Tape Drives may be added to in-
crease the file handling capability.

Two Keyboards, Two Printers and
Other Goodies: Our 2200 lets you
tailor a system to your needs; not
vice versa. Take either an Alpha
keyboard or a traditional calcula-
tor (with alpha) arrangement. Your
choice. We have two fast printers
and both handle carbon forms.
There’s even a plotter typewriter
and a graph plotter that prints
letters too.

For under $7,000, Try To Match
The Wang 2200 For Price/
Performance and Flexibility. Even
if you call the 2200 a small system,
you’ve got to admit it’s a big idea.
For the price, you can’t match the
storage or its power in handling
tough problems. Compared with
anything on the market today, it’s
cheap, fast, powerful and flexible.
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For under
$'7,000, call
it a miracle!

A Low Cost Alternative To
Time-Sharing: Since the 2200 can
tackle big problems, many users
are installing them to replace more
expensive time-sharing terminals.
And, they are eliminating the wait-
ing, scheduling and priority prob-
lems of time-sharing. They’re
getting more done at lower cost.

Faster Problem Solving: ‘“‘Basic”
programming on the 2200 is almost
literal. You get to the heart of
problems and examine alternatives
faster. And, the Wang special
function feature gives you 32 addi-
tional keys that allow you to
“tailor” the system to facts, figures
and constants that are particular to
your business or your company . . .
or your department.

Drives Wide Range of Peripherals:
Our new 2200 gives you more
ways to solve problems. We have
15 (more soon) peripheral devices
like flat bed plotters, additional
mag tape cassette drives, a type-
writer that makes graphs and a

3 million byte high speed disc.

It’s Got The Price, Performance

and Delivery: If you need more
calculating and computing power
now or if you want to examine cost/
efficient alternatives to time-
sharing, the new Wang 2200 sys-
tem could be your answer.

For More Information

Model 2200.
O Please ask my representative to call.

Name
Title
Company.
Street
City

State Zip

Wang Laboratories, Inc. |
836 North Street

Tewksbury, Mass. 01876 SA 6 |

WANG )




FREELEIO

over

1000

unique tools,
handy kits,
precision

instruments,

technical
supplies.

Our 215t year of service to the World's
finest craftsmen and technicians .
&P\ National Camera
NS Lo
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Send a FREE copy of the nc Flasher

name

address
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I city
J state zip
2\ National Camera
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V Englewood, Colorado, 80110

estate sottled
vINtaGe Varictal
rRed and white
WINES

I]M".

[
!
!
!
!
!
!
!
{
!
{
!
!

| ‘l ‘l -"W 'E
European grapes and taste
are free of induced salt
contain no added water

are labeled accurately

have no added acid

Our free brochure describes this

new scientific advance in wine
technology and thinking. Write to:

WALTER S. TAYLOR, OWNER {
BULLY HILL VINEYARDS
AND WINE COMPANY
Dept. SA
R.D. #2, Hammondsport, NY 14840
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LETTERS

May I, through the courtesy of your
columns, thank those who have com-
mented on my article “Bicycle Technol-
ogy” [SciEnTiFic AMERICAN, March]. I
hope they will forgive me if I do not re-
ply to them individually or quote them in
full but rather pick out those points that
have aroused particular interest.

The chart showing the energy con-
sumption of various modes of transport
with respect to body weight has prompt-
ed several comments. Thomas D. Moder
and others have suggested that teaching
a horse to ride a bicycle would produce
the most economic mode of transport.
A similar idea occurred to a Mr. Brand-
reth of Liverpool in 1829 at the time of
the Rainhill trials of locomotives for the
Liverpool & Manchester Railway. His
“Cycloped” was powered by a horse
driving a moving belt geared to the
wheels, but alas the “Rocket” was chosen
in preference.

Other correspondents have suggested
other modes of transport of greater ener-
gy efficiency than the .15 calorie per
gram per kilometer I suggested for a
man on a bicycle. W. L. Kitterman and
F. C. Schwenk have calculated .1 for an
airship at a speed of 150 kilometers per
hour. James B. Calvert has stated .05 for
a railway train and suggested even low-
er figures for large, slow ships and, of
course, sailing vessels.

One point to bear in mind in all such
comparisons is the restriction on body
weight, so that although a railway train
and a ship may be efficient on a basis of
total weight or per ton of cargo, they
may not prove so efficient per kilogram
of passenger weight. I believe there is
need for much further study and com-
parison of the energy efficiency of dif-
ferent transport systems, and it is hoped
that such a study will be started at Ox-
ford in September. Any references or
data on this topic would be welcome.

Jules Finker has queried the efficien-
cy of the rotary pedaling action as com-
pared with the to-and-fro action used by
Bob Bundschuh of Windsor, Conn., in a
pedal car. Many of the early bicycles
used treadles or ratchets, including Mac-
millan’s of 1839 (page 82 of my article),
the Coventry lever tricycle of 1876
" (page 84) and the U.S.-built “Star” of
1885 (page 85). Still, the ubiquitous
sprocket-and-chain drive triumphed and
has remained unchallenged. Compara-
tive tests ought to be able to quantify

© 1973 SCIENTIFIC AMERICAN, INC

any differences. I believe the rotary ped-
aling is probably superior because of the
uniform motion of the feet, thereby ob-
viating the “shadowboxing” type of en-
ergy wastage that occurs in any recipro-
cating mechanism at either end of the
stroke.

Lee Dembart has pointed out that
Glenn Curtiss, the pioneer U.S. airplane
builder, started with bicycles and motor-
cycles. I have since found that a pioneer
in a different field was Dan Albone of
Biggleswade in England, who in 1886
made the successful “Ivel” cross-frame
racing safety bicycle and in the same
year the first tandem bicycle. In 1902
Albone introduced the first successful
motorized tractor, also called the “Ivel.”

I am indebted to Professor E. D.
Hirsch, Jr., of the University of Virginia
for drawing my attention to a letter of
John Keats dated 1819, in which Keats
describes a hobbyhorse under the name
“Velocipede,” the name adopted much
later by the Michaux brothers for their
machines.

S. S. WiLson

Oxford, England

Scientific American, June, 1973; Vol. 228,
No. 6. Published monthly by Scientific American,
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Is anyone out there? The question of whether life
is unique to planet earth has long fascinated the mind of
man. As early as the 4th Century B.C,, the Epicurean
philosopher Metrodoros said, “To consider the earth as
the only populated world in infinite space is as absurd
as to assert that in an entire field of grain sown with
millet, only one grain will grow.” In the sixteenth century
the heretic Giordano Bruno announced that “innumerable
suns exist” and “innumerable earths revolve about these
suns ... Living beings inhabit these worlds.”

Harvard astronomer Harlow Shapley approached the
problem statistically. Of the 10*" stars in the universe, said
Shapley, it is probable that 100 million have planets sim-
ilar enough in composition and environment to earth to
support life.

Although scientists cannot as yet positively assert the
existence of extra-terrestrial life, enough evidence has ac-
cumulated in the last decade to make some of the world’s
leading scientists suspect that the question has a positive
answer. The evidence is circumstantial, but, as Thoreau
said, some circumstantial evidence can be very strong, as
when you find a trout in the milk.

First of all, scientists have shown that the building
blocks of life are rather easy to produce. In 1953, Stanley
Miller of the University of Chicago made amino acids by
passing electrical discharges through a mixture of gases
that simulated our earth’s early atmosphere. Later, Sidney
Fox of Florida’s University of Miami produced protein
fragments which formed themselves into bacteria-sized
spheres.

Not only does life seem easier to synthesize now than
it did twenty-five years ago, but the survivability of life
under presumably lethal conditions has been demonstrated.

water, strong acids, and even in the water shielding
the highly radioactive cores of nuclear reactors.

—>
Soll. SAMPLER —

Recently, biologists have simulated the biologically
rigorous conditions of the Martian environment in “Mars
jars.” Some of the organisms placed in the jars readily
adapted themselves to the extremely cold carbon dioxide
atmosphere.

Technically intriguing items
from TRW, guaranteed to add luster to your

conversation and amaze your friends.

Organisms have been found living happily in boiling

As a subcontractor to Martin-Marietta, TRW Systems
is at work on a NASA project which may shed some light
on the question of extraterrestrial life. We are building
the Viking Lander Biology Instrument, three tiny, fully
automated laboratories, which will be landed on the Mar-
tian surface in 1976. On earth, these laboratories would
occupy several rooms and a full crew of scientists. We are
shrinking them into a single foot of space. We hope you're
interested as we are in what Viking will find.

BIOLOG
v

" INSTRY ;;El}r

Mfm.; (s Ees)

L \ )
\ OIS ¥ eomony
< BooM

)

For further information, write on your company letter-

—

SYSTEMS GROUP

Attention: Marketing Communications, E2/9043
One Space Park * Redondo Beach, California 90278
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With a Land-Rover,
you can rub elbows
with the natives of
New England.

Or New Guinea.

‘W T
B /L

A 4-wheel-drive Land-Rover is
the ideal vehicle for exploring
the backroads of Maine, New
Hampshire and Vermont. (Or any
other out-of-the-way part of the
U.S., for that matter.)

Its all-synchromesh 4-speed
transmission is equipped with a
2-speed transfer box that gives
the equivalent of 8 forward and
2 reverse gear ratios, resulting in
afullrange of traction for all
kinds of surfaces.

So if your taste in travel runs
more towards the exotic, you
can book passage for your family
and Land-Rover, and explore
the wilderness of New Guinea.

Because with a Land-Rover,
your call of the wild will never go
unanswered.

For the name of your nearest
dealer call: 800-447-4700.

In lllinois call: 800-322-4400.

(BRITISH

Land-Rover

British Leyland Motors Inc

Leonia, New Jersey 07605 i—LEVL—ANd}

STANDARD EQUIPMENT: On the new Series
11l Land-Rover we offer an all synchromesh
gearbox (4 forward speeds and reverse, plus a
2-speed transfer box, equals 8 forward, 2 re-
verse), alternator; larger capacity heater; im-
proved power brakes plus new facia and other
styling advances.

As always: Four wheel drive. Full length metal
top. Body of corrosion resistant aluminum alloy
with sliding side windows. Side-hinged rear
door. Seats for seven. Windshield ventilators
with built in fly screens. Dual braking system.
Windshield washers. Back-up lights. Fresh air
heater and defrosters.

20 AND 100
YEARS AGO

| SCIENTIRCAMERICAN |

JUNE, 1923: “As long as prohibition
was not in force there was comparative-
ly little danger of careless people ob-
taining rapidly poisonous alcohol in the
place of the slowly poisonous variety in
drink, commonly known as grain alco-
hol or merely alcohol. But since the pro-
hibition law has been in effect, and since
a great commerce in intoxicating liquors
has arisen through the efforts of the boot-
leggers, each and every individual who
imbibes such liquors is open to very
grave danger of poisoning, blindness
and death. The manufacturer of grain
alcohol has always been under govern-
mental control. Intoxicating drinks were
formerly highly taxed, but industry can-
not afford to pay the tax on grain al-
cohol. In order to avoid being subjected
to the high tax, industries denatured the
alcohol, rendering it unfit for human con-
sumption. This was accomplished by
adding various substances, formerly
consisting of wood alcohol and benzol
for the most part. Since prohibition
came into effect, it was almost inevitable
that attempts would be made by boot-
leggers, unscrupulous manufacturers
and chemists to remove the denaturants
from the alcohol and make intoxicants
from it by coloring it with a little burnt
sugar or caramel. But it is impossible to
remove them in their entirety from the
alcohol. There is not a single denaturant
that does not have a very bad effect on
the human system. The person who
drinks bootleggers” concoctions is open
to all these dangers, and the only sure
way to avoid them is to avoid the con-
coctions.”

“The consumption of electrical en-
ergy per capita is greater than 125 kilo-
watt-hours each year for 10 nations. Two
small nations, Norway and Switzerland,
and one large one, Canada, use current
more liberally than we do in the United
States, and it will be observed that all
three of them are countries in which
hydroelectric power is abundant. Ni-
agara’s power alone, divided on a basis
of approzximate t‘qua‘ufy between Cana-

© 1973 SCIENTIFIC AMERICAN, INC

da’s nine millions and our 110 millions,
would make a huge difference in per
capita consumption of the electric cur-
rent between ourselves and our northern
neighbor. In 11 countries more than 15
per cent of the population lives in elec-
trically lighted homes. Again Canada is
in the lead with 38.3 per cent of its pop-
ulation, and the United States is close
behind with 36.8 per cent; next runners-
up are Japan and Denmark with just un-
der 30 per cent.”

“In a lecture delivered before the Geo-
logical Society of London, Prof. Arthur
S. Eddington says, regarding the ques-
tion of the evolution of the earth-moon
system: “After the evolution of the solar
system, we naturally turn to consider
the evolution of the earth-moon system.
My impression is that nothing in recent
progress suggests any doubt that the
beautiful theory of Sir George Darwin is
correct. The main features are that the
moon at one time formed part of the
earth and broke away. At that time the
rotation period of the earth was between
three dand four hours. That period has
since lengthened to 24 hours, owing to
frictional dissipation of energy by lunar
and solar tides, and the back-reaction of
the lunar tides on the moon has caused
the moon to recede to its present con-
siderable distance. Modern research has
enabled us to calculate the magnitude of
this tidal friction at the present time, and
to estimate the date of the moon’s birth
to some 1,000 million years ago.””

 MERICAN

JUNE, 1873: “Various sanitary reform
projects are being undertaken to utilize
refuse so as to transform it from a source
of expenditure to one of valuable profit.
In large cities the question of obtaining
the fertilizing matter from the material is
subordinate to the problem of disposing
of the noxious substance in such a man-
ner that it shall not breed disease or nur-
ture pestilence in the narrow and con-
fined limits of thickly populated districts.
The death rate from zymotic diseases
alone averages 9,000 a year within the
corporate limits of New York City, and
the cases of sickness aggregate from the
same period at least 100,000. It requires
but a casual stroll through certain por-
tions of the city to determine the rea-
sons for this fearful mortality. OIld
marshes that, in the overwhelming de-
sire to raise grades and make streets,



were filled up with sand and stone, have
asserted their existence and converted
the land into a sponge, absorbing the
filth which flows from the faulty sewers.
Burying a nuisance is not abating it. It is
an urgent necessity to thoroughly over-
haul and, if need be, entirely alter our
sewerage.”

“Professor Charles A. Young of Dart-
mouth College has recently made some
interesting experiments in substituting
a finely ruled metallic plate for the
prisms in a solar spectroscope designed
for the observation of the solar promi-
nences. The grating was ruled by Mr.
Rutherfurd, the lines being 1,/6,480 inch
apart and the ruled surface covering
something more than a square inch. Pro-
fessor Young says that the dispersion is
nearly the same as would be given by
four prisms. The outline of the chromo-
sphere and the forms of the prominences
were as well seen, both in spectra of the
first and third order, as with the ordinary
instrument. President Morton of the Ste-
vens Institute suggests that ruled plates
could be duplicated by electrotyping and
thus could be readily furnished by opti-
cians at a price far below the expense of
a train of prisms.”

“Various methods are resorted to for
the purpose of adulterating milk. The
adulterating substances are principally
water, flour or starch, gum arabic or
dextrin, cerebral matter, chalk or whit-
ing, turmeric or annatto, gum traga-
canth, carbonate of magnesia, arrowroot,
sugar, emulsions of almonds or hemp-
seed, carbonate of soda, eggs and salt.
It is no secret to milkmen that the spe-
cific gravity of milk is not much changed
if 4 per cent of water be added for
every 1 per cent of cream abstracted.
Cerebral matter is usually some villainous
mixture of the brains of sheep, employed
to counteract the blue tinge of impov-
erished 1ilk. Chalk or whiting is some-
times employed to neutralize the acidity
of soured milk. Turmeric or annatto is
used to give a rich cream color. Sugar,
in the form of caramel or brown sugar, is
used to add to the color and develop the
flavor of impoverished milk. It is esti-
mated that the yearly supply of milk for
the city of Boston was 8,763,285 gallons,
the cost of which to consumers may be
reckoned at $2,979,517. If we assume
the average amount of water, fraudulent-
ly added, to be but 12 per cent, and this
is putting it at a low figure, the amount
expended by the citizens during this
year for water, apart from the legitimate
water rates, amounted to $357,542.”
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NOEL DE NEVERS (“Enforcing the
Clean Air Act of 1970”) is professor of
chemical engineering at the University
of Utah, where he joined the faculty 10
years ago after working for five years
with the research arms of the Standard
Oil Company of California. He recently
worked as a staff engineer of the air pol-
lution office of the U.S. Environmental
Protection Agency during a year’s leave
of absence from the university. He writes
that the experience gave him “one more
data point for my favorite generaliza-
tion: The only simple objects are the
ones you don’t know much about.” De
Nevers obtained his bachelor’s degree
at Stanford University in 1954 and his
master’s and doctor’s degrees from the
University of Michigan in 1956 and
1959 respectively.

C. P. IDYLL (“The Anchovy Crisis”)
is fishery research adviser with the de-
partment of fisheries of the Food and
Agriculture Organization of the United
Nations. Born in Canada, he took his
bachelor’s and master’s degrees in zool-
ogy at the University of British Colum-
bia in 1938 and 1940 respectively; his
Ph.D. (in fisheries) was obtained from
the University of Washington in 1951.
Idyll was a biologist with the Interna-
tional Pacific Salmon Fisheries Commis-
sion from 1941 to 1948 and then taught
at the University of Miami until 1972,
when he took up his present work. He is
the author of Abyss: The Deep Sea and
the Creatures That Live in It and The
Sea against Hunger and editor and co-
author of Exploring the Ocean World:
A History of Oceanography.

VERA C. RUBIN (“The Dynamics of
the Andromeda Nebula”) is a member of
the staff of the Department of Terrestrial
Magnetism at the Carnegie Institution of
Washington. Her degrees are in astrono-
my: a bachelor’s degree from Vassar Col-
lege in 1948, a master’s degree from
Cornell University in 1951 and a Ph.D.
from Georgetown University in 1954.
“My principal interest,” she writes, “has
always been optical spectroscopy to de-
termine the structure and motions in
galaxies. My outside interests are those
one acquires in raising four children (a
geologist, an astronomer, a mathema-
tician and a violinist) and running a
busy, exciting, maidless household. Five
or six times a year I disappear from
Washington for a week or two to observe

10

at Lowell Observatory, Kitt Peak Ob-
servatory or the Cerro Tololo InterAmer-
ican Observatory in Chile. I integrated
the Palomar Observatory by being (in
1965) the first woman allowed to ob-
serve there. I have found time twice in
the past few years to teach an astronomy
course at a local high school. All of this
is made possible and fun by the support
and encouragement of Robert J. Rubin,
a physicist at the National Bureau of
Standards.”

R. R. ALFANO and S. L. SHAPIRO
(“Ultrafast Phenomena in Liquids and
Solids”) are respectively at the City Col-
lege of the City University of New York
and the Los Alamos Scientific Labora-
tory of the University of California; Al-
fano is professor of physics and Shapiro
is a member of the Los Alamos labora-
tory’s laser division. They were together
at the General Telephone and Electron-
ics Research Laboratories from 1969 to
1972. Alfano obtained his bachelor’s and
master’s degrees at Fairleigh Dickinson
University and his Ph.D. from New York
University. He enjoys painting land-
scapes and gourmet cooking. Shapiro re-
ceived his bachelor’s degree at the Uni-
versity of California at Berkeley and his
Ph.D. from the University of California
at Santa Barbara.

ALAN SOBEL (“Electronic Num-
bers”) is a member of the research de-
partment of the Zenith Radio Corpora-
tion. After receiving his bachelor’s and
master’s degrees in electrical engineer-
ing at Columbia University in 1947 and
1949 respectively, he worked in New
York as an electronics engineer, usually
taking one or two physics courses a year
toward his doctorate. “I finally decided,”
he writes, “that the part-time route to
the Ph.D. was too arduous, and so with
the assistance of a working wife (who
had received her master’s degree in
chemistry) I went back to school full
time and eventually ground out a Ph.D.
in physics from the Polytechnic Insti-
tute of Brooklyn in 1964.”

WILLIAM C. DENISON (“Life in
Tall Trees”) is associate professor of
botany at Oregon State University. He
writes: “I grew up in Rochester, N.Y,,
where my father taught school. At his
suggestion I took shop courses in lieu
of language in high school. I also worked
as an apprentice millwright for the East-
man Kodak Company. After three years
at Oberlin College I was thrown out for
marrying a girl whom I now view, from
the perspective of 25 years of marriage,
as the best of many fine things I found
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i
with an operator from a residence or ess phone when direct dialing facilities are not
available. They do not apply to person-to-person, coin, hotel-guest, credit-card or collect
calls, or to calls charged to another number, because an operator must assist on such calls.
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| at Oberlin. Eventually I returned and
received both bachelor’s and master’s
degrees in botany. I obtained a Ph.D.
in mycology from Cornell University
and spent 11 years teaching at Swarth-
more College.” Denison wishes to ac-
knowledge the support of the Western
Coniferous Forest Biome of the Inter-
national Biology Program.

RICHARD A. LERNER and FRANK
J. DIXON (“The Human Lymphocyte as
an Experimental Animal”) are at the
I Scripps Clinic and Research Founda-
tion: Lerner is associate member of the
department of experimental pathology
and Dixon is chairman of that depart-
ment and of the biomedical research de-
partments. Lerner obtained his bache-
lor’s degree and his M.D. at Stanford
University; Dixon’s are from the Univer-
sity of Minnesota. Lerner has been at
Scripps since 1965 except for two years
at the Wistar Institute. Dixon was at the
Harvard Medical School, the Washing-
ton University Medical School and the
School of Medicine of the University of
Pittsburgh before going to Scripps in
1961. Lerner writes that he and Dix-
on “are addicted to jogging along the
beach in La Jolla; we have been running
together almost daily for six years, and
many of our scientific discussions take
place as we run.”

ALBERT L. ZOBRIST and FRED-
ERIC R. CARLSON, JR. (“An Advice-
taking Chess Computer”), are at the
University of Southern California; Zo-

’ brist is assistant professor of electrical
engineering and computer science and
a member of the research staff of the
university’s Information Sciences Insti-
tute and Carlson is assistant professor
of electrical engineering and computer
science and assistant professor of educa-
tion. Zobrist obtained his bachelor’s de-
gree (in mathematics) at the Massachu-
setts Institute of Technology in 1964 and
his advanced degrees at the University
of Wisconsin: his master’s degree in
mathematics in 1966 and his Ph.D. in
computer science in 1970. “Computer
chess is supposed to be a side interest,”
he writes. “My main areas of study are
pattern recognition, robot vision and
computer analysis of natural language. I
enjoy living in the West and head for the
mountains or the desert as often as I
can.” Carlson received his bachelor’s de-
gree at the University of Rochester and
his Ph.D. from the University of South-
ern California. “My main interest is in
applications of computers in education,”
he writes. “I enjoy recreational flying
and have my pilot’s license.”
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Enforcing the Clean Air Act of 1970

The act calls for the substantial reduction of pollutants by 1975.

Its provisions are now the subject of many adversary proceedings.

In the long run a new kind of cost-benefit analysis mayv be needed

ome two and a half years have
S passed since Congress enacted and
the President signed the Clean Air
Act of 1970, setting in motion a vigorous
attack on air pollution in the U.S. The
act has figured prominently in the news
in recent months, mostly because it re-
quires that emissions from new auto-
mobiles be reduced by 90 percent during
the period from 1971 to 1976. The law
also deals with emissions by new in-
dustrial installations such as electric
power plants, oil refineries and copper
smelters and with a special category of
“hazardous pollutants.”

The Clean Air Act is beginning to take
effect at precisely the time when its pres-
sures to improve air quality bring it into
conflict with efforts to deal with short-
ages of energy. For example, to meet air-
pollution standards many plants are
changing from high-sulfur coal, of which
the U.S. has a plentiful supply, to low-
sulfur oil, which is in short supply and is
chiefly imported. In this situation the
Clean Air Act was bound to evoke con-
troversy. Indeed, the history of activity
on air pollution since the act was passed
is largely the story of efforts by some
groups to implement it and by other
groups to prevent its implementation
from causing them hardship. I have fol-
lowed the debate closely, both as a mem-
ber of the chemical engineering faculty
of the University of Utah and (during the
academic year 1971-1972) as a staff
engineer of the U.S. Environmental Pro-
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by Noel de Nevers

tection Agency, which is charged with
putting the Clean Air Act into effect. In
what follows I shall describe the major
provisions of the act and summarize how
matters stand in implementing them.

&r-pollution laws of some kind have
+ % existed in many areas for a long
time. Until the late 1940’s, when Los
Angeles began to break new ground in
an effort to deal with the photochemical
smog resulting principally from auto-
mobile emissions, the laws were mostly
smoke ordinances, requiring large users
of fuel to minimize their emissions of
smoke. Since visible smoke normally
signifies wasted fuel, such ordinances
could be enforced without great diffi-
culty once the emitter recognized that a
smoking stack was wasting money.

The Federal Government’s involve-
ment in air pollution began in 1955 with
the enactment of a law that authorized
the U.S. Public Health Service to con-
duct research on air pollution and to give
technical assistance to state and local
governments. Later laws extended the
Federal role, but none was as compre-
hensive or as strict as the 1970 act,
which reflected the growing public con-
cern over the environment and also a
recognition by Congress that most of the
Federal, state and local agencies con-
cerned with air pollution had been un-
able to accomplish much. Congress de-
cided that the only way to press the
attack on air pollution effectively was by
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means of a strong law that established
deadlines for accomplishing results and
authorized large fines for violators.

The basic philosophy of the act is
most easily discussed in terms of the
concept of the threshold value. In the
act Congress assumed that for most of
the major air pollutants (sulfur dioxide,
carbon monoxide, nitrogen oxides, par-
ticulates and oxidants) there is some con-
centration below which the pollutant has
no measurable effect. That concentration
is termed the threshold value. Congress
based the principal set of regulations on
the threshold concept. It also recognized,
however, that there are or may be oth-
er pollutants that are harmful in any
amount and thus have no threshold.
They are the ones covered in the sepa-
rate set of regulations on hazardous pol-
lutants.

For threshold-value pollutants Con-
gress directed the administrator of the
act to determine on the basis of medical
evidence what the threshold value is
for each pollutant and then to use that
value, minus “an adequate margin of
safety,” as a basis for setting primary
and secondary standards, which are
called national ambient-air quality stan-
dards. The primary standards are de-
signed to make sure that the pollutants
cause no damage to human health; the
secondary standards relate to human
welfare and are supposed to ensure that
the pollutants do not damage property,
vegetation or animals. Once the stan-



dards were set the states were directed
to prepare state implementation plans
showing how they would make certain
that the standards were never exceeded
anywhere in any state after June, 1975.

State plans were to be submitted to
the Environmental Protection Agency.
The agency can approve a plan or re-
place all or any part of one with regu-
lations that have the force of law. The
act called for the entire planning proc-
ess to be completed by the beginning of
1973, a goal that has been substantially
achieved.

Hazardous pollutants are defined as
pollutants that have no threshold value
and are deemed likely to cause “an in-
crease in mortality...or...irreversible,
or incapacitating reversible, illness.” The
Environmental Protection Agency was
directed to prepare a list of such pollu-
tants and then to issue regulations limit-
ing their emission by both new and exist-
ing sources. The pollutants listed so far
include beryllium, asbestos and mercury.
The regulations affecting them go into
effect this year. A state can participate in
the enforcement of the regulations af-
fecting these pollutants if it wants to, but
the primary responsibility is lodged with
the Federal Government.

In providing for controls on the emis-
sion of air pollutants from new indus-
trial plants Congress attempted to pre-
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NATIONAL QUALITY STANDARDS
FOR AMBIENT AIR

IMPLEMENTATION PLAN

EMISSIONS FROM STATIONARY SOURCES

HAZARDOUS POLLUTANTS

AUTOMOBILES

MAJOR DEADLINES established by Con
Act of 1970 are summarized. The circle
quired of the U.S. Environmental Protect

responsibility for putting the act into effect. The square symbolizes

vent promoters and local governments
in sparsely populated areas from attract-
ing industry with promises that no un-
due fuss would be made over air pollu-
tion. A case in point is the Four Corners
power plant, which was built in a remote
section of northwestern New Mexico.
The plant originally had only rudimen-
tary devices for controlling air pollution
and so was cheaper to build and run than
plants built to the higher pollution-con-
trol standards routinely observed in most
cities. When plants are built as the Four
Corners plant was, the effect is to trans-
fer air pollution from heavily populated
areas to sparsely populated ones. The
Clean Air Act of 1970 therefore directed
the administrator to set “new source per-
formance standards,” which limit the
emission of pollutants by all new plants.
In this way the opportunity to hold out
the prospect that a plant can be built
with little or no outlay for control of air
pollution is eliminated.

Athough the act leaves the states free

to impose whatever regulations they
deem necessary on industries, commer-
cial establishments and homes, Congress
preempted the regulation of motor ve-
hicles and aircraft for the Federal Gov-
ernment on the ground that it would be
impractical for the manufacturers of
such mobile vehicles to face different

air-pollution regulations in different
states and cities. Only in the case of the
automobile regulations did Congress it-
self set standards instead of delegating
the responsibility to the Environmental
Protection Agency. Concerned that the
industry would put political pressure on
the agency for weak standards, Congress
wrote into the act requirements that au-
tomobiles of the 1975 model year must
be built to emit 90 percent less carbon
monoxide and hydrocarbons than the
1970 models and that the 1976 auto-
mobiles must achieve the same decrease
from the 1971 models in the emission of
nitrogen oxides. (In April the then ad-
ministrator of the agency, William D.
Ruckelshaus, granted the automobile in-
dustry’s request for a one-year extension
of the deadline for meeting the standards
for hydrocarbons and carbon monoxide.)
Since by 1971 the manufacturers were
already forced by existing law to make
automobiles with significantly lower
emission rates than those of the uncon-
trolled cars of the late 1950’s and the
early 1960’s, the requirements of the
act for further reductions of 90 percent
by the middle of the 1970’s present the
industry with a formidable technological
challenge.

Although Congress gave the Environ-
mental Protection Agency the responsi-
bility for implementing the Clean Air
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@ Establishes standards for pollutants.
Achieves quality of air specified in standards. &
B Submit implementation plans.
@ Approves or rejects plans.

@ Replaces rejected portions of plans.

——
@FPublishes initial list of categories for which Federal standards of performance will be established.
@ Publishes proposed regulations for emissions from new stationary sources.
@ Promulgates regulations on new-source emissions.
@ Publishes list of pollutants.
@ Publishes proposed regulations.
@ Promulgates standards.
A B Must control emissions.

@ Reports to Congress on factors relating to controls.
Must achieve 90 percent control of emissions of hydrocarbons and carbon monoxide. A |
Must achieve 90 percent control of nitrogen oxide emissions. A |

|

action that must be taken by the states, and the triangle shows
deadlines for industry. In April the Environmental Protection Agen-
cy granted the request of the automobile industry for a year’s delay
in meeting the standards for hydrocarbons and carbon monoxide.

gress in the Clean Air
symbolizes actions re-
ion Agency, which has
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Act and the power to do many things, it
did not grant unlimited power or pro-
vide the agency with a clear field in
which to operate. As in the case of many
Federal activities, several agencies have
an interest in what is done about air
pollution. They reflect the views of dif-
ferent interests in the population and
tend to defend those views within the
Government. The final action in a field
such as air pollution usually represents
a compromise of the positions assumed
by the various adversary branches of the
Government. Three adversaries that the
Environmental Protection Agency has
faced in trying to implement the Clean
Air Act are the Department of Com-
merce, the Bureau of Mines of the De-
partment of the Interior and the Presi-
dent’s Office of Science and Technology
(which is being disbanded).

The Department of Commerce repre-
sents the views of industry within the
Government. Industry, with few excep-

tions, is opposed to any vigorous pollu-
tion-control program because of the costs
involved. The department has therefore
aided industry in an effort to prevent ef-
fective implementation of the Clean Air
Act. Former Secretary of Commerce
Maurice H. Stans attacked the act in
speeches and articles. The department
also issues under its imprimatur the pub-
lications of the industry-controlled Na-
tional Industrial Pollution Control Coun-
cil, which seeks to explain and defend
industry’s position.

The Bureau of Mines represents with-
in the Government the views of the
mining and fuel industries. It has regu-
larly commissioned and published re-
ports attacking proposed actions by the
Environmental Protection Agency as be-
ing likely to harm the industry. The Of-
fice of Science and Technology issued a
detailed report calling on Congress to re-
peal the provisions of the act that were

most objectionable to the automobile in-
dustry.

The role of judge and jury in the in-
tragovernment adversary system is held
by the Office of Management and Budg-
et. It reviews the proposed actions of the
Environmental Protection Agency and
clears them with other agencies. When
there are conflicts, the budget office re-
solves them.

The Clean Air Act required the states
to submit to the Environmental Protec-
tion Agency by the beginning of 1972
their implementation plans for meeting
the national air-quality standards. The
planning process gave rise to several
controversies, of which the most color-
ful is a contest involving the Environ-
mental Protection Agency, the copper-
smelting industry and the eight Western
states where the nation’s copper smelters
are located.

In its guidelines to the states for pre-
paring their implementation plans the

FOUR CORNERS POWER PLANT in northwestern New Mexico
had few pollution-control devices when it first went into operation.
In this photograph, which was made in August, 1971, the stacks
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are emitting conspicuous plumes of particulates into what had pre-
viously been unpolluted air. Scrubbers for removing particulate
matter were later installed on the two smaller stacks at right.



Environmental Protection Agency pro-
vided examples of reasonable degrees of
control to be expected of various indus-
tries. For copper smelters it suggested
that recovery of 90 percent of the sulfur
dioxide emitted in the smelting proc-
ess was a reasonable objective. Several
states adopted the standard in the first
draft of their plans.

Then the smelter operators began to
protest. In each state they argued that
the cost of the control measures was ex-
orbitant and warned that enforcement
would put the smelters out of business in
that state, forcing them to move to some
other state with more lenient regulations.
The argument was effective. Arizona,
which is the largest producer of copper,
included in its implementation plan only
one page on controlling sulfur dioxide.
The page said that the plan for sulfur
dioxide would be submitted later.

The governor of Montana sent to the
Environmental Protection Agency a plan

EFFECT OF SCRUBBERS installed at the Four Corners plant is
evident in the emission from the stack at the right. The emission
is steam, which quickly dissipates. The other small stack was not

from which he had deleted the section
that the state’s air pollution control
board had proposed on controlling sulfur
dioxide from copper smelters. The board
thereupon sent the original plan to the
Federal agency. The agency accepted
the plan with the governor’s signature as
the state’s official submission. The state
board sought by court action to have its
plan accepted as official. In the end the
Environmental Protection Agency de-
cided to write the regulations for all cop-
per smelters. The industry is now chal-
lenging the regulations in court.

The group within the Environmental
Protection Agency that is responsible
for issuing the new-source performance
standards has also encountered legal
challenges. The agency’s mandate from
Congress was to choose categories of in-
dustry and prescribe allowable emission
rates for them. In the first group the
agency chose fuel-burning electric pow-
er plants, municipal incinerators and
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plants that make sulfuric acid, nitric acid
or cement. When the regulations were
issued, the agency was sued by associa-
tions representing three of the five in-
dustries.

The challenge by the electric power in-

dustry hinges on the words in the
Clean Air Act requiring the agency to
base the standards on the “best system of
emission reduction” that has been “ade-
quately demonstrated.” The issue in lit-
igation is what constitutes adequate
demonstration, in this case of controlling
the emission of sulfur dioxide from pow-
er plants that burn coal or oil. The En-
vironmental Protection Agency points
out that several plants built in England
some 35 years ago have exhaust systems
containing apparatus for controlling sul-
fur dioxide and that various suppliers in
the U.S. will install and guarantee such
equipment today. The power industry
contends that the British plants and

operating when the photograph was made in January, 1972. The
two large stacks at the left, which had not been equipped with
scrubbers, were still emitting large amounts of particulate matter.
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EMISSIONS BY AUTOMOBILES will be greatly reduced under the Clean Air Act. The
chart shows emissions of the three major automotive pollutants by a typical car in 1960
(black), before any controls were required, in 1970 (gray), when cars were subject to cer-
tain controls, and in 1976 (color) under the standards of the Clean Air Act. The values are
for specified driving cycles, which are intended to approximate typical urban usage, but
since the cycles have been changed several times the values are not directly comparable.

plants built in this country with sulfur
dioxide controls have been unreliable,
expensive and troublesome to operate,
so that the technology has not been ade-
quately demonstrated. In the end the is-
sue will be resolved in the courts.

A second lawsuit against new-source
standards has been filed by the cement
industry. In trying to establish what had
been “adequately demonstrated” for
controlling the emission of fine particles
from cement plants the Environmental
Protection Agency tested several plants
and found some that were doing a bet-
ter job of removing fine particles from
their exhaust gas than any electric pow-
er plant was doing. On the basis of the
“best system of control” to have been
adequately demonstrated the agency is-
sued a more stringent standard for ce-
ment plants than for power plants. The
cement industry is challenging the stan-
dard in court. Apart from the legal issue
the case poses a moral question: When
one industry has done a better job than
another in a type of pollution control,
should the less diligent industry be al-
lowed to persist in its ways or should
both industries be required to meet a
common standard?

While under attack from industry on
the ground that some of the standards
are too stringent, the Environmental
Protection Agency has been sued by
groups of conservation organizations
contending that some of the standards
are not as stringent as the law requires.
In one suit the conservationists pointed
out that the stated purpose of the Clean
Air Act is to “protect and enhance the
quality of the Nation’s air” and that the
agency in issuing its standards had speci-

18

fied that the standards “shall not be con-
sidered in any manner to allow signifi-
cant deterioration of existing air quality
in any portion of any state.” The con-
servationists argued that the agency’s
state planning guidelines, which al-
lowed increases in air pollution up to the
secondary standards, did not protect and
enhance air quality and did allow sig-
nificant deterioration. The conservation-
ists succeeded in their suit in a Federal
district court, which enjoined the En-
vironmental Protection Agency from ap-
proving any state plan that failed to pro-
tect areas with air cleaner than the stan-
dards from having their air degraded to
the level of the secondary standards. The
decision was upheld by a circuit court
of appeals and is now under review by
the U.S. Supreme Court.

As the decision now stands, it presents
a serious dilemma for the Environmental
Protection Agency. If the decision is in-
terpreted in the strictest way, it would
mean that areas now lacking in industry
and population can never have them, be-
cause there is no known way of convert-
ing open land to industrial or residential
use without some increase in the rate of
emission of air pollutants. It seems un-
likely that the law will be thus interpret-
ed, but the issue still awaits a judicial
determination of what is meant by “sig-
nificant deterioration.”

In other lawsuits conservation groups
have sought to hold the Environmental
Protection Agency to the letter of the
law and to force it to meet the deadlines
written into the act. Conservation groups
succeeded in having the courts over-
turn most of the delays that the Environ-
mental Protection Agency granted under
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a provision of the act allowing the agen-
cy to extend a state’s deadline for meet-
ing air-quality standards if the state
shows adequate reasons for a delay. The
courts held that the agency had granted
the delays without thorough review of
the reasons.

Alother controversy involving enforce-
ment of the Clean Air Act concerned
the use of mathematical models of air
pollution. Plainly one cannot duplicate in
a laboratory the conditions of air pollu-
tion in a state or a large metropolitan
area; the task would require reproduc-
ing on a reduced scale the emission pat-
tern, the climate and the mixing of pol-
lutants in the entire atmosphere for the
entire year. Yet the Environmental Pro-
tection Agency had to have some basis
for meeting its statutory mandate to de-
cide whether a state’s laws would clean
up the air to the extent required by the
Clean Air Act or whether, as the act
specified, the agency should promulgate
regulations overriding any inadequate
state provisions. The Environmental Pro-
tection Agency informed the states that
they could employ either of two mathe-
matical models to compute the concen-
tration of pollutants to be expected after
a state’s regulations went into effect.

One model is relatively simple. It as-
sumes that the concentration of pollu-
tants at any point is a linear function of
the total rate at which pollutants are
emitted in the region. On this basis one
can readily calculate the required re-
duction in the emission rate. The prob-
lem is that the model is quite unlikely
to give accurate predictions of the ef-
fects of reducing emissions from certain
sources, such as power plants, without
corresponding reductions in all others,
such as household heating systems.

The second model takes into account
the variabilities of the atmosphere and
the locations and emission rates of all
the sources of air pollution in the re-
gion. This model is quite complicated,
requiring large amounts of expensive
computer time. Moreover, it requires
much more information than is usually
at hand, including a detailed census of
emissions. It can, however, be expected
to yield more accurate predictions than
the simple model, although neither mod-
el has been thoroughly tested by com-
paring its predictions with full-scale re-
sults in real locations.

Most of the state plans sent to the
Environmental Protection Agency for
approval employed the simple model
and were easily checked. The agency
was aware of the limitations of the model



SIMPLE MATHEMATICAL MODEL, which is one of two em-
ployed by the Environmental Protection Agency to evaluate state
plans for implementing the Clean Air Act, assumes that all the air
over a city is well mixed, as represented by the rectangular block

COMPLEX MATHEMATICAL MODEL is more satisfactory for
cities with severe pollution problems. It seeks to follow pollutants
from each major source and from groups of minor sources by tak-
ing into account the dispersion of the plumes, which is a funec-
tion of wind direction, wind speed and atmospheric stability. With

of color, so that the concentration of pollutants is linearly depen-
dent on the total rate of emissions from all sources in the city. Al-
though the model has limitations of which the Environmental Pro-
tection Agency was aware, the agency accepted it for most plans.

this model one usually considers the frequency of each kind of
weather, computes the concentration of pollutants at each source
for a given kind of weather and multiplies the concentration by the
frequency, summing overall weather conditions to find the annual
average concentration. Model has been employed for large cities.
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but accepted the plans based on it. For
cities with really difficult air-pollution
problems, however, the simple model
would have required emission reduc-
tions that probably would have been im-
possible to achieve. In such cases the
more complex model was employed and
the control regulations were based on its
predictions. This move caused a con-
troversy within the Environmental Pro-
tection Agency because some of the of-
ficials were opposed to any kind of mod-

eling and were particularly suspicious of
a model as complicated as the one used.
The internal controversy was not re-
solved in any satisfactory way, because
the opponents of modeling had no prac-
tical alternative to propose.

The models also gave rise to external
controversy. When a model predicted
concentrations of pollutants that were in
excess of standards and the Environ-
mental Protection Agency accordingly
issued regulations requiring certain in-

POLLUTION-CONTROL EQUIPMENT is installed at the Phillips Power Station of the
Duquesne Light Company near Pittsburgh. The installation was in progress when the photo-
graph was made. The three cylindrical structures at right are fly-ash scrubbers. The cylin-
drical structure at left is a sulfur dioxide scrubber designed to operate in conjunction with
one of the fly-ash removers. The coal-fired plant has six steam generators and a total elec-
trical output of 400 megawatts. The river flowing past the power plant is the Ohio River.
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dustries to make large expenditures for
pollution control, the result was legal
action. The basic issue in these cases is
whether or not the Environmental Pro-
tection Agency can force a company to
make large expenditures based on cal-
culations of what their effect will be.
Industry’s position is that such require-
ments must be based on something firm-
er than calculated effects. If the courts
uphold this view, Congress will have to
provide the Environmental Protection
Agency with a new basis for ensuring
compliance with the standards man-
dated by the Clean Air Act.

A case illustrating many of the dilem-

mas of the Clean Air Act is provided
by the large power plant now under con-
struction in Huntington Canyon in Utah.
The plant will burn low-sulfur coal; if
it were located in a flat area, it would
meet the standards for sulfur dioxide
emission. The fact that it is in a canyon,
however, complicates matters. For a site
in a canyon the mathematical models I
have described are not applicable, and
special models are required. The En-
vironmental Protection Agency employs
a model which predicts that the plume
from the plant will strike the canyon
wall, resulting in levels of pollution high-
er than the standards for ground level.
The agency therefore issued regulations
requiring the installation of equipment
to control sulfur dioxide emissions.

The owner of the plant argues that a
number of competent meteorologists be-
lieve that the special model for canyon
sites is incorrect and that according to
more reliable models the plume will nev-
er run directly into the wall. The owner
also agrees with the electric power in-
dustry that sulfur dioxide controls have
not been adequately demonstrated. A
final argument is that people seldom, if
ever, visit the steep canyon walls, so that
a large expenditure to meet air-quality
standards there is unwarranted. This
controversy, like many others involving
the Clean Air Act, appears to be headed
for the courts.

A special and apparently unique situa-
tion still exists in the Los Angeles area,
where the atmospheric conditions are
highly conducive to photochemical smog
and the motor-vehicle population is large.
According to the Clean Air Act of 1970
every part of the U.S. must meet the air-
quality standards by 1975 or soon after-
ward, no matter how draconian the nec-
essary control measures may be. In Jan-
uary of this year the Environmental
Protection Agency proposed regulations
to meet the standard for oxidants in Los
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FLY-ASH AND SULFUR DIOXIDE REMOVAL SYSTEM em-
ployed in the Phillips Power Station is depicted schematically. It
is a two-stage system in which particulate matter and some of the
sulfur dioxide are removed in the first stage, that is, in the fly-ash

Angeles. The regulations include severe
restrictions of motor-vehicle travel, to be
achieved by gasoline rationing. The pro-
posed restriction would allow only 18
percent of the present amount of use
of motor vehicles. Ruckelshaus has ac-
knowledged that such a reduction would
probably be politically impossible, but
he was forced by court order to obey the
Clean Air Act and propose regulations
that would, if they were enforced, enable
Los Angeles to meet the standard. The
motor-vehicle problem in the Los An-
geles area will represent a crucial test of
whether or not the air-quality standards
can be attained in areas with severe pol-
lution problems.

he catalogue of the troubles the En-

vironmental Protection Agency has
had enforcing the Clean Air Act might
leave the reader with the impression that
the act is an example of poor legislation.
In my view it is good legislation. It sets
definite goals and establishes deadlines.
The fact that difficulties have arisen
shows only that it is hard to write a far-
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reaching law that does not require study
and amplification.

In dealing with air pollution everyone
is acting on the basis of inadequate in-
formation. The relation of dose and re-
sponse is simply not known for the major
pollutants. For this reason it is difficult
to resolve the basic argument between
the conservationists, who maintain that
if the emitter of a pollutant cannot show
that the pollutant is harmless, he should
be made to halt or control the emission,
and the promoters of industrial growth,
who maintain that if a planned or exist-
ing emission cannot be proved to be
harmful, no valid ground exists for pre-
venting it. In this situation Congress
sought a reasonable middle ground and
decided that the principle of air-quality
standards was the best one before it. It
probably was the best approach avail-
able at the time. As more information
emerges about the true effects of air pol-
lution, however, a more refined and cost-
effective scheme for regulating pollution
is likely to be developed.

Probably in the long run the cost-ben-
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scrubbers, and more sulfur dioxide is removed in a limestone solu-
tion in the second stage. The drawing is based on a diagram of
the two-stage installation made by the Chemical Construction
Corporation, which supplied several of the system’s components.
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efit method of deciding what measures
to adopt for the control of air pollution
will prove best. A cost-benefit analysis
assigns numerical values to such effects
of air pollution as impairment of health,
damage to buildings and crops and deg-
radation of the quality of life. It will not
be easy to develop a cost-benefit ap-
proach because hard factual and moral
questions must be answered. Facts are
needed on the cost of the various kinds
of damage done by the various pollu-
tants. Judgments must be made about
the relative values of these damages.
Moral issues such as whether it is ac-
ceptable to clean the air of many by
dirtying the air of some must be faced.
Decisions of this kind are not part of the
standard-setting philosophy of the Fed-
eral Government and would be difficult
to make with the present level of knowl-
edge about air pollution and the means
of controlling it. Until they can be made,
the Clean Air Act’s doctrine of establish-
ing air-quality standards probably is the
best approach to the problem of air
pollution.
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THE ANCHOVY CRISIS

Over the past decade the world’s largest fishery has been in

the Peru Current. A periodic ecological disturbance, combined

with the heavy fishing, now threatens to destroy the industry

he world of the Peruvian anchovy
I is the sweep of a great cold ocean
current. In a slow northward drift
the current carries the little fishes along
in company with countless tiny plants
and animals that the anchovies avidly
devour and with larger fishes, squids and
a host of other marine animals. The an-
chovies form thronging legions that
wheel and dart in the current. Their
world is often entered by aliens: birds
that plunge from above, snatching up
the anchovies by the hundreds of thou-
sands, and men who cast great net en-
closures around the fishes, carrying them
off to shore by the millions.

In the brief life-span of the anchovy,
rarely longer than three years, its cold-
current environment usually changes
only within narrow limits. During the
lifetime of some generations, however,
their world may be put out of joint. The
slow northward drift of the current, only
two-tenths to three-tenths of a knot
(compared with the six knots of the Gulf
Stream off Florida), becomes still slower
and may even reverse itself. The water
grows warmer and less salty; the makeup
of its populations changes and many of
the usually abundant microscopic plants
and animals dwindle in number. Finding
their world poorer, the little anchovies
scatter; many may die prematurely and
many in the successor generation may
not be born at all. The sea change known
as El Nifio has arrived.

Coastal Peru is normally a cool and
misty land, quite unlike the steamy
Tropics that occupy the same latitudes
on the eastern coast of South America.
The Peru coast is kept that way by the
temperature of the ocean current, which
in the south can be as cool as 10 degrees
Celsius (50 degrees Fahrenheit) and only
reaches about 22 degrees C. (71.6 de-
grees F.) in the north. Although the
northernmost part of Peru is a mere three
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by C. P. Idyll

degrees of latitude below the Equator,
the average air temperature is a moder-
ate 18 to 22 degrees C. (64.4 to 71.6 de-
grees F.). Along the 1,475 miles of Pe-
ruvian coastline, a distance 100 miles
longer than the Pacific coast of the U.S.,
there are no marshes, mud flats and es-
tuaries—only arid desert, most of it a
treeless, monotonous, barren brown. This
bleak strip of sand extends a short dis-
tance inland, rarely more than 40 miles
or so, to the upthrust Andes, one of the
most awesome mountain ranges in the
world. The high rain shadow of the
Andes robs the prevailing southeast
winds of their moisture and keeps the
coastal region arid. A few streams that
rise in the mountains cross the desert;
their narrow valleys support what little
agriculture exists along the coast.

The Peru Current consists of four
components, the interaction of which
creates, molds and changes the world of
the anchovy. Two of the components
travel in a northerly direction: the Coast-
al Current, flowing next to the shore, and
the Oceanic Current, located farther out
to sea. Between the two, on and near the
surface, runs the Peru Countercurrent.
Beneath all three runs the Peru Under-
current. Both the Countercurrent and
the Undercurrent flow southward.

The Coastal Current runs deep and
hugs the land from about Valparaiso in
Chile in the south to north of Chimbote
in Peru, a stretch of some 2,000 miles.
The anchovies live mostly in the north-
ern part of this great band of water,
which constantly changes shape and
size, becoming wider or narrower, deep-
er or shallower, altering and twisting like
an elongated amoeba. The Oceanic Cur-
rent is longer than the Coastal Current.
It is often several hundred miles wide,
and it runs as deep as 700 meters. It
flows north to a point about opposite the
Gulf of Guayaquil before bending west.
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The great northward sweep of water
is often called the Humboldt Current,
after the German naturalist who de-
scribed the phenomenon following a
visit to South America in 1803. Hum-
boldt thought that the cold of the water
was the chill of the Antarctic. His con-
jecture was partly right: the current does
include subantarctic water. Much of the
cold, however, is the cold of subsurface
water. As the water on the ocean surface
is swept away by the prevailing winds,
deeper low-temperature water wells up
slowly to replace it. The trade winds in
this part of the world, channeled and
bent by the Andes, blow from the south
and southeast, mostly parallel to the
shore. This prevailing wind urges the
surface water northward at the same
time that another influence, the Coriolis
force, deflects it to the west. As the re-
sulting steady offshore drift skims off the
surface layer the cold subsurface water
rises with stately slowness to replace it,
traveling vertically at a rate ranging
from 20 to 100 meters per month, de-
pending on the location and the season.

he biological effect of the upwelling

- is enormous. That stretch of water,
only a tiny fraction of the ocean surface,
produces fully 22 percent of all the fish
caught throughout the world. Its rich-
ness springs from a constantly renewed
supply of the chemical nutrients—prin-
cipally phosphates and nitrates—that
stimulate plant growth. Accumulated
gradually in the deep layers of the ocean
as the debris of dead marine plants and
animals sinks to the bottom, the nutri-
ents tiavel with the upwelling water to
the top levels. There the light is suffi-
cient to drive photosynthesis, and the
nutrients help the marine plants to flour-
ish. The concentration of nutrients in the
Peru upwelling is many times greater
than that in the open ocean. In terms of



ANCHOVY TRAWLERS by the score lie at anchor in the fishing fish-meal factory. Tonnage of anchovies alone landed in Peru in a
port of Pisco in Peru. Structures in the foreground are part of a normal year outweighs the combined fish catch of any other nation.

CASCADE OF ANCHOVIES spills from a draining grate into the the billions near shore and close to the surface, particularly in
cargo hold of a trawler as crewmen keep watch. The fish gather by summer months; trawlers can then net anchovies 100 tons at a time.
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TWO NORTH-FLOWING COMPONENTS of the Peru Current are the deep, narrow
Coastal Current that hugs the land from Valparaiso in Chile to north of Chimbote in Peru
and the deeper and wider Oceanic Current that reaches the latitude of the Gulf of Guaya-
quil. The anchovies (dark color) are normally found in the Coastal Current between 25
and five degrees south latitude; they may consist of a northern and a southern population.
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the amount of carbon fixed photosyn-
thetically per cubic meter of water per
day, the range in the upwelling region
is from 45 to 200 milligrams, compared
with less than 15 milligrams in the wa-
ters immediately adjacent. Perhaps only
one other part of the world ocean is rich-
er: the Benguela Current off the south-
western coast of Africa.

The Peru upwelling sustains an enor-
mous flow of living matter. The food
chain begins with the microscopic dia-
toms and other members of the phyto-
plankton that comprise the pasturage of
the sea. The plants absorb the nutrients
and grow in rich profusion, providing
fodder for billions of grazing animals,
principally minute crustaceans such as
copepods but including arrowworms and
a wide variety of other small marine her-
bivores. The food chain can then go on
to several more links, progressing from
the small fishes that eat the herbivores to
the larger fishes and squids that prey on
the small fishes and perhaps continuing
to include one or more further advanced
levels of marine predation. The food
chain in the Peru Current does go on in
this fashion to some degree, but most of
its energy flow stops with the anchovies.
This single fish species has succeeded in
capturing an extraordinarily high pro-
portion of the total energy available in
the ecosystem and in converting it into
enormous quantities of living matter. At
the height of the anchovies” annual cycle
the total bulk of the species is probably
of the order of 15 to 20 million metric
tons.

r Fhe Peruvian anchovy belongs to the

same genus (Engraulis) as the com-
mon anchovy of the eastern Atlantic and
the Mediterranean (E. encrasicolus), but
it comprises a separate species (E. rin-
gens). Its life begins in the form of an
egg, a tiny oval spot of nearly transpar-
ent protoplasm adrift in the sea. Eggs
can be spawned at almost any time of the
year but there are two periods when the
anchovies’ reproductive activity is high-
est. The major spawning occurs in Au-
gust and September, during the southern
winter, and it is repeated on a lesser scale
in January and February. Anchovies are
precocious: most females are capable of
spawning when they are a year old. By
then each female, a little over four inches
long, may produce 10,000 eggs. If she
survives to the age of two and reaches a
length of six inches, her output increases
to some 20,000 eggs.

The delicate larvae that hatch from
the eggs lead a perilous existence. Many
species of fish produce eggs that contain
a considerable store of yolk; the reserve



of nutrient helps to sustain the newly
hatched young until they adjust to find-
ing their own food. The anchovy egg has
a negligible yolk store, and so the larva
must locate food quickly or starve. To
make matters worse, the larva has lim-
ited swimming powers and a high rate of
metabolism. If more than a few wiggles
are required to obtain the food it needs,
it will not survive. Because every
larva consumes plankton in substantial
amounts and because the peak hatches
produce larvae numbering in multiples
of billions, only enormous swarms of
microscopic plants and larval crusta-
ceans can sustain the anchovy stock. Nor
is starvation the only peril: the larval an-
chovies feed swarms of predators. They
are eaten by the same copepods that
will, if the little fish survive, be the an-

OCEANIC CURRENT

chovies’ own main sustenance. Arrow-
worms also devour them, and so do their
own parents.

One month after the time the anchovy
larvae are hatched more than 99 percent
of them have perished. Even with such a
high mortality rate, a process that begins
with billions of spawning fish, each cast-
ing 10,000 to 20,000 eggs, produces
enormous quantities of anchovy larvae.
The little fish grow rapidly; in the course
of the first year they attain a length of
4.2 to 4.3 inches. The year-old fish are
so slender, however, that they weigh a
scant third of an ounce.

The anchovy schools do not move at
random; apparently because of a strong
preference for the cold water of the
Coastal Current they remain within
a comparatively restricted zone. The

COASTAL CURRENT

Coastal Current is at its narrowest dur-
ing the southern summer, running close
to shore and seldom exceeding 200 me-
ters in depth. Within this shrunken
world the anchovies press together in
enormous concentrations near the shore
and close to the surface. It is now that
predators fare best. The larger fishes and
the squids feed well; the several species
of guano birds have to fly only short dis-
tances from their island nesting grounds
and need not dive deep to reach their
prey. The greatest of the predators, the
fisherman, finds summer work the easi-
est. He can often set his purse seine
within sight of port and gather in an-
chovies 100 tons at a time.

El Nifio occurs at irregular intervals.
There is said to be a seven-year cycle,
but in actuality the phenomenon is far

TWO SOUTH-FLOWING COMPONENTS of the Peru Current are
seen schematically in relation to the two north-flowing components
in this diagram. The Countercurrent (dark color), a surface or
near-surface stream of water, intrudes between the north-flowing
cold Coastal and Oceanic currents. Normally the Countercurrent

-

UPWELLING
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does not extend much south of the Equator, but when the wind that
moves the north-flowing currents along falters or changes direc-
tion, its warm water pushes far to the south with disastrous biologi-
cal consequences. Deep below all three currents is the second, far
larger south-flowing component, the Undercurrent (light color).
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less precise in its appearance. The se-
vere environmental dislocations may be
repeated for two or more years in a row
or may not recur for a decade or longer.
Another kind of regularity, however, has
given El Nifio its name. The change usu-
ally begins around Christmastime and so
is given the Spanish name for the Christ
Child. The complicated chain of events
in a year of El Nifio disturbs the
anchovies, sometimes profoundly. The
wind now comes from the west rather
than from the southeast, and it is laden
with moisture from the Pacific. With no
mountains to rob the air of its burden of
water the arid coast is often subjected to
torrential rains and severe windstorms.
In a desert region where even a heavy
mist can cause problems the floods of
El Nifio are often devastating. Oddly
enough, however, in some Nifio years no

rain falls.
A warning that the sea change may be
on its way is given when the temper-
ature of the coastal water begins to rise.
If the increase in temperature persists
and spreads, the delicately adjusted
world of the anchovy tilts. With the
warm water come unfamiliar inhabitants
of the northern Tropics: the yellowfin
tuna, the dolphinfish, the manta ray and
the hammerhead shark. Some of them

YEAR

feed on the anchovies. A greater threat
to the anchovies’ survival, however, is a
slowing of the northbound Coastal Cur-
rent and a decline or even a halt in the
usual upwelling of subsurface waters.
As the supply of nutrients diminishes,
the planktonic plant life that provides
the base of the ocean food chain be-
comes less abundant. As a result herbiv-
orous planktonic animals become scarc-
er, and so it goes link by link up the
chain. Furthermore, the water tempera-
ture is now too high to suit the anchovies
themselves. Even if the shortage of food
has not yet greatly reduced their num-
bers, the fish scatter, no longer forming
the enormous schools that normally af-
ford the guano birds and fishermen such
rewarding targets.

The effect on the guano birds and ma-
rine animals is among the most serious
of the changes wrought by El Nifio. The
birds starve or fly away, deserting their
nestlings. Fishes, squids and even turtles
and small sea mammals die. Their de-
caying bodies release evil-smelling hy-
drogen sulfide that bubbles up through
the water and blackens the paint on the
boats in the harbors. This unpleasant
phenomenon is called El Pintor (The
Painter). Patches of reddish, brownish
or yellow water similar to the “red tides”
that upset the Florida tourist industry

ANNUAL CATCH (MILLIONS OF METRIC TONS)

ANCHOVY CATCH remained below two million metric tons until the 1960’s. Exploitation
of the fishery skyrocketed thereafter; the annual rate approached or exceeded nine million
tons for six of eight consecutive years. The peak year, 1970, saw a catch of 12.3 million tons.
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become relatively common. They are
caused by prodigious blooms of dino-
flagellates: microscopic planktonic plants
that are toxic in high concentrations.
The greater frequency of the blooms
during Nifio years may be because the
nutrient composition of the seawater
suits the organisms better then or be-
cause the less vigorous currents fail to
disperse accumulating clusters of dino-
flagellates as quickly as usual.

The causes of El Nifio are wind
changes and sea changes on a very large
scale. When the steady southeast trade
winds weaken or when the wind blows
from the west, the ocean currents that
run to the northwest are no longer
pushed along with the same vigor. Un-
der normal circumstances the south-
flowing Peru Countercurrent is weak,
but when the prevailing winds fail or
are reversed, the Countercurrent thrusts
a tongue of warm water into the cleft
between the now less vigorous Coast-
al and Oceanic currents. As it meets
less resistance the Countercurrent pene-
trates farther south, pushing the weak
north-flowing currents aside and cover-
ing their cold waters with a 30-meter
layer of warm tropical water. The water
may have come from as far away as the
Panama Bight, north of the Equator, and
part of it may even have originated as
land runoff in Central America. It can be
as much as seven degrees C. warmer
than the north-flowing Coastal Current
and is lower in salinity, deficient in oxy-
gen and poor in nutrients. In some Nifio
years the Countercurrent pushes the
tropical water as far as 600 miles south
of the Equator.

The organisms most obviously affected

by a Nifio year are the guano birds,
various species that are colloquially
lumped together under the same name
that is applied to the droppings that ac-
cumulate in large quantities on the rocky
islands where they nest. There are three
principal species: the guanay, or cormo-
rant (Phalacrocorax bougainvillii); the
piquero, or booby (Sula variegata), and
the alcatras, or pelican (Pelicanus tha-
gus). Over the millenniums the bird
droppings have accumulated in piles as
high as 150 feet on some islands. Be-
cause guano is perhaps the finest natural
fertilizer known, the guano islands have
provided the foundation for a valuable
industry. Of the guano birds’ diet be-
tween 80 and 95 percent is made up of
anchovies, and the coastal waters of
Peru support what is probably the larg-
est population of oceanic birds anywhere
in the world. In recent years estimates
of the birds” total number have gone as



SACKS OF FISH MEAL awaiting shipment abroad line a wharf
at a Peruvian port. The meal is used to enrich feeds for poultry

high as 30 million. The five million indi-
viduals that inhabited one particular
guano island are believed to have con-
sumed 1,000 tons of anchovies a day.
The guano birds’ annual anchovy catch
in recent years is calculated to average
2.5 million metric tons, or between a
fourth and a fifth of the commercial-fish-
ery catch.

Following every Niifio year of any con-
sequence the bird population declines
just as the anchovy population does.
When the warmer water scatters the
dense surface schools of fish, the birds
find it harder to feed themselves, let
alone their nestlings. Adult birds fly to
other areas. Juvenile birds, less efficient
fishers than their parents, perish in large
numbers. The deserted nestlings are
doomed to starvation. After the severe
Nifio year of 1957 the guano-bird popu-
lation, then estimated to be 27 million,
plummeted to six million and dropped
to a low of 5.5 million the following
year. Numbers slowly increased there-
after, so that there were 17 million birds
when the Nifio year of 1965 arrived.
That year the population fell to 4.3
million.

Since then the guano birds have failed
to recover at the normal rate. There is
concern that the commercial anchovy

fishery, which has expanded greatly in
the same period, is depriving the birds
of so much food that their numbers may
fall below the level that is critical to
their survival as social species. The late
Robert Cushman Murphy of the Ameri-
can Museum of Natural History devoted
some years to the study of these popula-
tions, and it was his opinion that the
birds and the fishermen were essentially
incompatible. It seems likely, however,
that in spite of Murphy’s contrary view
the two competitors will be able to co-
exist at some suitable level of commer-
cial fishing. At the same time it may well
be that the size of the commercial catch
in recent years has prevented the bird
population from regaining its former
numbers.

It is not commonly known that in the
past few years the anchovy fishery has
made Peru the world’s leading fish-pro-
ducing nation. Until recently Peru was
harvesting anchovies at a rate of 10 mil-
lion metric tons or more per year. This
is a greater weight than that of all the
species of fish being caught by any one
nation in the Old World, and is twice the
tonnage of the combined all-species
catch of all the nations of North and
Central America. The fish meal made
from the Peruvian catch is sold around
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and other livestock. In 1970 the export of fish meal and fish oil
earned some $340 million, a third of Peru’s total export revenue.

the world to enrich feeds for poultry and
other livestock; the fish oil goes into mar-
garine, paint, lipstick and a score of oth-
er products. In 1970 the export of fishery
products brought Peru some $340 mil-
lion, nearly a third of the nation’s for-
eign-exchange earnings. In addition to
this the tax revenues from the industry
and the domestic employment it pro-
vides have become major elements in
Peru’s economy.

he anchovy industry began in earnest

in 1957. Within 10 years the profits
that could be made from catching and
processing the fish attracted hundreds
of fishing boats and led to the construc-
tion of dozens of fish-meal factories. No
fish stock, however, can stand unchecked
exploitation. Government authorities and
fishery Dbiologists became concerned
about the future of the resource. Peru
was a newcomer to large-scale commer-
cial fishing and had neither fishery scien-
tists nor administrators with experience
in the complexities of fishery research
and management. The Peruvian govern-
ment turned to the United Nations for
help.

In 1960, with a grant from the UN
Development Programme and a match-
ing amount in Peruvian funds, the Insti-
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MILLIONS OF BIRDS

GUANO-BIRD POPULATION, hard hit by El Nifio in 1957, had regained more than half
its former numbers when El Nifio reappeared in 1965. The population did not recover at
the normal rate thereafter, possibly because the large commercial anchovy catches cut down
the birds’ food supply. Only a million or so guano birds may have survived the 1972 Nifio.

tuto del Mar del Peru was set up to con-
duct research on the anchovy stocks and
to advise the government on manage-
ment of the fishery. The Food and Agri-
culture Organization of the UN (FAO)
recruited experienced fishery scientists
from around the world to work at the
institute, conduct research on the an-
chovy stocks and train a Peruvian staff.
Located in Lima, the institute is now a
firmly established fishery-research center
where more than 50 young Peruvian sci-
entists are conducting the studies needed
to establish conservation regulations for
the anchovy fishery. The Peruvian staff is
advised by a few resident FAO scientists
and by a panel of distinguished experts
from around the world, organized by the
FAO, that meets twice a year.

It has taken biologists nearly a cen-
tury to unravel the intricacies of fish
populations and the complexities of their
response to the dual stresses of environ-
mental change and human exploitation.
Until last year fishery biologists could
point to the management of the Peruvian
fishery as an exemplary application of
this hard-won knowledge. A major stock
had been put under rational control be-
fore exploitation had depleted it, and
conservation measures seemed to be en-
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suring an enormously high yield at the
limit of the biological capacity of the
Peru Current ecosystem. Then in 1972
such pride was chastened, if not utterly
humbled.

After the Nifio year of 1965 the fishery
had enjoyed several very successful sea-
sons, culminating in 1970 with an an-
chovy catch of 12.3 million metric tons.
Then, toward the end of April, 1972,
and only a few weeks after the start of
the season, fishing suddenly faltered. By
the end of June catches had dwindled to
almost nothing, and at the close of the
1972 season only 4.5 million tons of an-
chovies had been harvested. The catch
this year threatens to be even poorer. In-
deed, there is some reason to fear that
the world’s greatest stock of fish may
have been irreversibly damaged, in
which case the Peru fishery would be
destined to collapse altogether.

That is the gloomiest outlook. It is
based on two disturbing circumstances.
First, the size of the “standing stock”
(the total anchovy population) now ap-
pears to be far smaller than normal. It
may be as low as one or two million
metric tons, compared with an average
of 15 million tons in recent years and an
estimated 20 million tons in 1971. Sec-
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ond, “recruitment” (the numbers of fish
grown big enough to enter the commer-
cial fishery in any year) has been by far
the smallest ever observed. It is scarce-
ly 13 percent of the recruitment in a
normal year.

What is causing the trouble? Very

possibly El Nifio has been a major
factor, but some puzzling circumstances
have made the scientists closest to the
subject uncertain about the extent of
the relation between the sea change and
the reduction in the anchovy stock. It
is clear, however, that the Nifio year of
1972 was one of the most severe ever
observed. Instead of remaining at the
normal level of 22 degrees C. the sur-
face temperature of the Coastal Current
rose to 30.3 degrees in February. Al-
though the temperature fluctuated there-
after, it remained high for the rest of the
year and was still above normal in Janu-
ary, 1973. It did not fall to near-normal
temperature until March of this year. At
the same time that the temperature rose
the salinity of the water declined from
anormal 35 or 36 parts per 1,000 to 32.7
parts per 1,000.

Tropical and subtropical marine
plants and animals began to appear far
south of their usual limits: dolphinfish,
skipjack tuna and the tropical crab
Euphilax. The guano birds fled from
their nesting islands, abandoning their
young; their population may now num-
ber no more than a million. The warm
Countercurrent forced the cold-seeking
anchovies so close to the shore that the
fishermen often found the water too
shallow for their nets. Moreover, the
crowded fish did not spawn as abun-
dantly as usual and the eggs and larvae,
already reduced in numbers, did not
survive at the usual rate because of
greater predation by their own close-
packed parents.

Biologists are nonetheless unwilling to
blame El Nifo for all these occurrences.
For example, with respect to the ancho-
vies they note that recruitment of young
fish to the adult population was observed
to fall below normal levels before it be-
came obvious that the surface tempera-
ture of the Coastal Current had risen. In
seeming contradiction to this, however,
the tropical crabs too made their appear-
ance before the surface temperature
rose, apparently indicating that a body
of tropical water had by then already in-
vaded the world of the anchovies. In the
light of such oddities the experts frankly
admit that they do not know how much
influence El Nifio exerted on the ancho-
vies in 1972.



Quite apart from the sea change, how-
ever, the Peruvian commercial fishery
must accept a share of the blame. The
1970 catch of 12.3 million tons consid-
erably exceeded the 10-million-ton level
that fishery biologists had estimated to
be the maximum sustainable yield of the
Peruvian stock. Several economic and
political stresses were responsible for the
excessive catch. Foremost among these
harsh realities is that there are many
more fishing boats and fish-meal facto-
ries in Peru than are needed to harvest
and process the catch. The anchovy fleet
is so large that it could harvest the
equivalent of the annual U.S. catch of
yellowfin tuna in a single day or the an-
nual U.S. salmon catch in two and a half
days. The fleet could be reduced by
more than 25 percent and still comfort-
ably harvest a rational quota of 10 mil-
lion tons of anchovies a year. Moreover,
the record 1970 catch figure does not
measure the full toll the fishery took of
the anchovy stock that year. Conserva-
tive estimates of losses from spoilage at
sea and unloading and processing ashore
raise the commercial total to some 13 or
14 million tons.

At this writing the future of the Peru-

GUANO ISLAND off the coast of Peru is a nesting ground for a
vast population of piqueros, or boobies. Cormorants, pelicans and

vian anchovy is uncertain. The gloomy
forecasts based on biological sampling
in 1972 have been confirmed by addi-
tional observations early this year and by
the results of trial fishing allowed at that
time. For three weeks in March the an-
chovy fleet went to sea and about one
million tons of fish were caught. During
that brief period the catch per unit of
fishing effort (a statistic that provides a
measure of the size of the stock) declined
rapidly. This suggests that the fleet had
caught a significant proportion of all the
fish that were available. Most of the
catch consisted of fish recruited since
July, 1972. There will not be any sub-
stantial additions to the stock until this
coming October, when the progeny of
the present population, much reduced
by the fishing in March, have grown big
enough to enter the fishery. Even so, fish-
ing was authorized again in April with
the quota set at 800,000 tons. Only 400,-
000 tons were taken. At present the 1973
catch is forecast at no more than three
million tons.

If things are as bad as the worst prog-
nosticationsindicate, the anchovy fishery
may, like the California sardine industry
and the Hokkaido herring industry, col-
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lapse forever. Many aspects of the his-
tory of the Peru fishery bear a disturb-
ing resemblance to the events that
brought about these earlier disasters.

Nature being what it is, the Peruvian
coast will sooner or later once again
have normal winds and ocean currents.
If the anchovy population has not been
too severely reduced, the fishery will
then begin to recover. On the other
hand, human nature being what it is,
difficulties may arise in enforcing soon
enough and strictly enough the moder-
ate catch quotas required to avoid over-
exploitation of the diminished popula-
tion. Unless such a policy of moderation
is achieved, not only will the fish stock
suffer but also the world of the Peruvian
anchovy will be permanently changed.
The guano-bird population will be fur-
ther reduced and perhaps even elimi-
nated. There will also be enormously
complex effects among the manyother
animals that depend to a greater or lesser
degree on the presence of the little fish.
Finally, if the anchovies’ world is al-
lowed to go awry, the biggest loser will
be man. He will have lost not only a rich
natural resource but also some of the
quality of his own world.

boobies are the principal guano birds. Although now reduced in
numbers, they once ate some 2.5 million tons of anchovies per year.
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The Dynamics of the Andromeda Nebula

The stars, dust and gas of this spiral galaxy are all in motion.

Spectrographic observations show that they do not simply wheel

around the galactic center but move in a quite complex pattern

1l the stars that can be seen with the
A unaided eye from the earth be-
long to our galaxy. They are
members of a flat spiral system that ro-
tates around a massive center some
10,000 parsecs from the sun. (One par-
sec is 3.26 light-years.) It is difficult to
study the internal motions of the galaxy
directly because we are located in its
central plane, which is clogged with in-
terstellar dust and gas that at visible
wavelengths obscure the galactic center
and most of the more distant stars. Thus
although we can study some of the mo-
tions of the galaxy from the observation
of relatively nearby stars and from the
radio waves emitted by distant clouds of
hydrogen, in order to learn more about
the dynamical behavior of galaxies we
must turn to other systems. The nearest
galaxy closely resembling our own is the

GREAT NEBULA IN ANDROMEDA, also
known as M31, is the nearest spiral galaxy
that resembles our own. It was photographed
with the 48-inch Schmidt telescope on Palo-
mar Mountain. Rectangle outlines region
shown in greater detail on opposite page.
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Great Nebula in Andromeda, and its in-
ternal motions have recently been stud-
ied in considerable detail. Some of the
results of these studies are quite unex-
pected.

On a clear night away from city lights
in the Northern Hemisphere the An-
dromeda nebula is just barely visible to
the unaided eye as a faint elongated
patch of light. It was described by the
Persian astronomer Umar al-Sufi Abd-al-
Rahman in the 10th century; it appeared
on Dutch star charts in 1500. It was first
observed with a telescope in 1612 by
Simon Marius of Germany, who de-
scribed it as resembling the light of a
candle flame seen through translucent
horn. In 1781 Charles Messier of France
listed it as No. 31 in his catalogue of
nebulous objects, and to this day the An-
dromeda nebula is also commonly known
as Messier 31, or M31.

William Parsons of England, better
known as the Earl of Rosse, began ob-
serving M31 in 1848 with his 72-inch
speculum-metal reflecting telescope. His
journal of observations was published
some 40 years later, in 1885. That same
year a brilliant new star—a supernova—
appeared near the center of M31. Ulti-
mately this star served as a link in a
chain of reasoning that established that
spiral nebulas were not nearby clusters
of stars or clouds of gas but were stellar
systems outside our own. Another link
was provided by Sir William Huggins,
who obtained the first spectrogram of
M31 in 1890, and by Julius Scheiner,
who first discussed the spectrum of M31
in 1899. Scheiner recognized that the
spectrum arose from the light of many
stars rather than from a glowing cloud of
gas.

Modern observations of M31 date
from 1914, when V. M. Slipher, using
the 24-inch refracting telescope at the
Lowell Observatory in Flagstaff, Ariz.,
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determined that the solar system and the
center of M31 are approaching each oth-
er at a speed of 300 kilometers per sec-
ond. It is now known that most of this
observed velocity reflects the motion of
the sun around the center of our galaxy.
The sun is rotating around the galactic
center at a velocity of about 250 kilo-
meters per second in the direction of
M31. If we could make observations
from the galactic center, they would
show that our galaxy and M31 are ac-
tually approaching each other at a rather
modest speed: some 50 kilometers per
second.

Soon after Slipher had made his obser-
vations F. G. Pease obtained two
spectra of M31 with the 60-inch reflector
on Mount Wilson. For the first spectrum
he lined up the slit of the spectrograph
along the long axis of the tilted galaxy;
for the second one he lined up the slit
along the short axis. Each spectrum was
the product of some 80 hours of expo-
sure time spread out over a period of
three months! The absorption lines of the
stars in M31 were inclined at an angle
in the spectrum taken along the long
axis, but they were not inclined in the
spectrum taken along the short axis [see
illustrations on page 33]. Pease correctly
inferred that the shift of the lines was
due to the fact that the galaxy was ro-
tating.

Over the next three decades further
observations of the rotation of M31 were
conducted by Horace W. Babcock and
Nicholas U. Mayall at the Lick Observ-
atory, but the extreme faintness of the
individual stars made the exposure times
almost prohibitively long and made it
impossible to determine velocities very
far from the center of the galaxy, where
the density of stars is low. In the 1950’s
and 1960’s, however, the situation
changed.



First, photography had advanced to
the point where photographic plates sen-
sitive in the red region of the spectrum
had been developed. Walter Baade,
working with the 100-inch reflector on
Mount Wilson, detected faint nebulous
patches on a red-sensitive plate during
a long exposure he was making of M31
for another purpose. He inferred that
these nebulous patches, now known as
H 11 regions, were clouds of gas ionized
by the ultraviolet radiation of hot stars.
The red color of the patches arises from
the fact that the gas and dust in M31
absorb the blue light of the galaxy more
than red light. Moreover, a significant
portion of the light from the H 11 regions
is emitted at two lines in the red region
of the spectrum: the line designated hy-
drogen alpha and a “forbidden” line of
ionized nitrogen. (Forbidden lines arise
when an electron within an atom drops

SOUTHERN REGION OF M31 is resolved into individual stars in
this photograph taken with the 100-inch reflecting telescope on
Mount Wilson. The interstellar dust and gas and the stars in this
portion of the galaxy are rotating toward the earth as they orbit

from a state of higher energy that is
metastable, or long-lived, to the ground
state. In the diffuse gas of interstellar
space an oxygen atom spends approxi-
mately 10* seconds, or some three hours,
in such a metastable state before radi-
ating a strong forbidden line in the visual
region of the spectrum. Under normal
conditions on the earth the atom would
be deexcited by many collisions during
that length of time and would never lose
its energy by radiating a forbidden line.)
During Baade’s lifetime he identified
688 H 1 regions in M31.

We now know that young, hot Type
O and Type B stars and their surround-
ing ionized H 11 regions are a major con-
stituent of the spiral arms of galaxies. In
the middle and late 1930’s, however, Ed-
win P. Hubble of the Mount Wilson Ob-
servatory had been unable to detect any
nebulous regions in M31 with photo-
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graphic plates sensitive in the blue re-
gion. He had concluded that the absence
of H 1 regions meant the absence of
Type O and Type B stars in the galaxy.
It was the availability of photographic
plates sensitive in the red that made
Baade’s later observations successful.

A second change in the situation was
that in the early 1960’s electronic im-
age-intensifiers, or image tubes, had
come into their own. When photons of
starlight enter an image-intensifier, they
strike a photoemissive surface that ejects
electrons. The electrons are accelerated
and multiply, and finally they produce
an amplified image of the star field or
spectrum. Image-intensifiers in the early
1960’s were comparable to photographic
plates in their resolution and their capac-
ity to distinguish a signal from noise, and
they could produce an image 10 times
faster. Moreover, their relative gain was

around the nucleus; in the northern region of M31 (not shown)
they are rotating away from the earth. Their velocities can be de-
termined by amount by which lines in their spectra are Doppler-
shifted, owing to their motion, relative to their normal positions.
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NUCLEUS OF M31, photographed by Walter Baade with the 200-inch Hale reflecting tele-
scope on Palomar Mountain, contains clouds of dust and gas. In this negative print the
clouds of dust show up as wispy white tendrils. They show that there are lanes of dust in
the center of the Andromeda galaxy as well as in the spiral arms, a discovery that is unex-
pected and surprising. The observed velocities and directions of the dust clouds (see illustra-
tion below) fall into a pattern that suggests that they may be falling into the galactic plane.

/ s
50 ® 100

PATTERN OF OBSERVED VELOCITIES (black) of the excited gas in the nucleus of M31
is shown superimposed on the photograph of the nucleus (color). The contours represent
lines of equal velocity in kilometers per second. Positive values indicate that the gas is
receding in the line of sight; negative values indicate that it is approaching. The gas
is rotating and expanding asymmetrically. In northern quadrant of the galaxy (top)
positions of excess positive velocities are correlated with positions of the dust clouds.
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even greater in the red, where photo-
graphic plates are relatively insensitive
and where the H 11 regions emit their
principal radiation. Hence the study of
H 11 regions in M31 with image-intensi-
fiers was full of promise.

he spectrum of an H 1 region con-

sists primarily of bright emission
lines. Some are recombination lines of
hydrogen and helium, which arise as an
electron combines with an ionized atom
and drops to lower energy levels. Also
present in the spectrum are forbidden
lines of un-ionized oxygen and lines of
singly and doubly ionized oxygen (oxy-
gen stripped of one or two electrons) and
singly ionized nitrogen and sulfur. With
a telescope of moderate size and an im-
age-tube spectrograph (an image-inten-
sifier attached to a spectrograph) it is
possible to record the bright lines in the
spectrum of an H 1 region in M31 in
about an hour.

The velocity of each H 1 region along
the line of sight results in a Doppler shift
of the emission lines from their normal
unshifted position. By measuring the lo-
cation of the hydrogen-alpha line on the
photographic plate to the nearest micron
(thousandth of a millimeter) with respect
to comparison lines put on the photo-
graphic plate at the telescope, one can
obtain a velocity for each H 11 region.
From the observed velocity one can
compute the H 1 region’s circular ve-
locity around the center of M31. In
principle one could observe the spectra
of individual stars and obtain their ve-
locities instead of the velocities of the
H 1 regions. However, because the spec-
trum of a star is continuous, that is,
spread out over all wavelengths, a star
whose magnitude over all these wave-
lengths is equal to the magnitude of an
H 11 region will require an exposure that
is many times longer. H 11 regions emit
almost all their light in just a few spectral
lines. My colleague W. Kent Ford, Jr.,
and I exploited this fact when we chose
to obtain spectra of these regions.

For the past six years Ford and I have
been obtaining spectra from selected
areas within M31: from 70 individual
H 11 regions that define the spiral arms,
from the integrated starlight of the bulge
of the galactic nucleus and from a disk
of diffuse excited gas within the nuclear
region. From these spectra we have
mapped regions of differing velocity
within M31 and have learned about the
variation of the abundance of the chemi-
cal elements as a function of distance
from the center of the galaxy. We have
been working on the spectra of the H 11
regions since 1966, using a spectrograph



that was designed and built in the De-
partment of Terrestrial Magnetism of the
Carnegie Institution of Washington.

The spectrograph has been attached
to the 72-inch Perkins reflector of Ohio
Wesleyan University and Ohio State
University at the Lowell Observatory
and to the 84-inch reflecting telescope at
the Kitt Peak National Observatory near
Tucson, Ariz. All the H 11 regions are too
faint to be visible in telescopes of this
size. In order to obtain a spectrum of
each H 11 region we had to offset the
telescope from brighter visible stars on
the basis of positions that had been de-
termined beforehand from long-exposure
photographs.

We have not identified any emission
regions closer to the galactic nucleus
than 3,000 parsecs. On spectra taken of
regions near the nucleus, however, a
weak forbidden line of singly ionized
nitrogen emitted by the diffuse gas does
appear superimposed on the spectrum
of the integrated starlight. For the gas
we have been able to measure velocities
to within a few parsecs of the galactic
center. We plotted the velocities of the
gas in the nucleus and of the H u re-
gions against their distance from the cen-
ter of M31. The most striking feature of
the resulting rotation curve is a deep
minimum in the gas velocities at about
2,000 parsecs from the center [see illus-
tration on next page]. If we assume that
the motions we observe arise from par-
ticles of dust and gas moving in circular
orbits in the gravitational field of M31,
then it is possible to map the distribution
of mass within the galaxy from the veloc-
ities. In this way we determined the dis-
tribution of mass within M31 with re-
spect to distance from the nucleus. That
curve too displayed a deep minimum at
a radius of 2,000 parsecs from the galac-
tic center. The minimum implies that
there is a region of very low mass at that
distance.

he total mass of M31, out to the last

observed H 1 region some 24,000
parsecs from the galactic center, is
1.8 X 101! times the mass of the sun.
The form of the rotation curve near the
nucleus does not affect the determina-
tion of the total mass or the distribution
of the mass outside the nuclear region of
M31. Even if the observed velocity mini-
mum is due to some local disturbance,
and does not indicate the overall normal
circular gravitational velocity at that
point, there is definitely a peculiarity in
the velocities of the gas at a radius of
2,000 parsecs from the center.

If the only velocities observed are
from stars or gas moving in normal cir-

BLUF RED

B C 280 SEC ST ( (SRER.,
SCHEMATIC SPECTRUM ALONG LONG AXIS of M31 (left) yields spectral lines that
are inclined at an angle because of the rotation of stars and gas within the galaxy. White
rectangle represents the slit of the spectrograph. With respect to the observer, the northern
portion (A4) of M31 is receding and the southern portion (B) is approaching. The resulting
spectrum (right) shows an emission line from the gas in the northern portion Doppler-
shifted toward longer wavelengths, or the red region of the spectrum (4) with respect to
the undisplaced center of the galaxy (X) ; the same line from the southern portion is shifted
toward the shorter-wavelength, or blue, region of the spectrum (B). By measuring the dis-
placement of the emission line with respect to the position of comparison lines placed
on the spectrum at the telescope, one can determine the velocity of the galaxy’s rotation.
In actual practice spectrograph slit covers about a hundredth of the long axis of M31. Only
for more distant (and hence smaller) galaxies can a single spectrum cover the entire galaxy.

BLUE RED

SCHEMATIC SPECTRUM ALONG SHORT AXIS of M31 (left) yields undisplaced spec-
tral lines. The western portion (C) and the eastern portion (D) of the galaxy move across
the field of view and have no motion along the line of sight toward or away from the ob-
server. Thus the emission line (from C to D) in the spectrum (right) shows no Doppler
shift with respect to the undisplaced center of the galaxy (X) and is not inclined at an angle.

cular orbits around the nucleus of the
galaxy, then all the velocities we see
along the short axis should be equal to
the velocity of the center of M31; there
would be no component of the rotational
velocity along the line of sight. This is
not, however, what the observations
show. We have measured the velocities
of the gas in the nucleus along the short
axis. These measurements indicate that
at some points very close to the nucleus,
gas is flowing out of it at velocities that
range as high as 135 kilometers per sec-
ond. Only a very small amount of mass,
however, is leaving the central region:
less than 1 percent of the mass of the sun
per year.

Ford and I were intrigued by the pres-
ence of this diffuse ionized gas near the
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nucleus of the galaxy, and so we extend-
ed our observations to nearby regions.
The emission line of singly ionized ni-
trogen was difficult to detect above the
background radiation from the stars. We
attempted to increase our system’s sen-
sitivity by increasing the dispersion of
the spectra from 135 angstroms per milli-
meter to 28 angstroms per millimeter.
The result of this procedure is that the
light from the background stars is spread
out by a factor of five and is therefore
dimmed, while the sharp forbidden
emission line of singly ionized nitrogen
is left unaltered. The technique was so
successful that we were able to detect
five emission lines from the gas where
formerly we had seen only one. The only
penalty for working at a higher disper-
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sion is one of exposure time: even with
our image-tube spectrograph, exposures
as long as six hours were necessary.

From spectra taken at 16 different
angles across the nucleus of the galaxy
we have deduced how the diffuse nu-
clear gas is distributed. Within some 400
parsecs of the nucleus the gas is concen-
trated into a very flat disk, perhaps 25
parsecs thick. The disk is rotating with
velocities that reach 200 kilometers per
second about 200 parsecs from the nu-
cleus. In addition to the rotation, gas is
streaming outward from the nucleus,
principally in two directions about 180
degrees apart near the short axis. The
velocities of the streaming gas reach 135
kilometers per second near the far side
of the short axis. Moreover, in locations
where the spectrograph slit crosses dust
patches in M31, the observed velocities
suggest that clouds of gas and dust are
falling into the central plane of the gal-
axy. This gas could have been shed by
evolving stars, and it could contribute to
the mass of the disk. Although this mod-
el simplifies some of the complex mo-
tions we observe, it does account for
their major features.

In 1963 Bernard F. Burke, Kenneth C.
Turner and Merle A. Tuve of the De-

partment of Terrestrial Magnetism be-
gan studying the motions of the un-ion-
ized hydrogen gas in M31 at the radio
wavelength of 21 centimeters. More re-
cent radio investigations have been con-
ducted by Morton S. Roberts of the Na-
tional Radio Astronomy Observatory and
S.T.Gottesman, V. C. Reddish and R. D.
Davies of the Nuffield Radio Astronomy
Laboratories at Jodrell Bank in England.
Since the angular resolution of a radio
telescope is lower than the resolution of
an optical telescope, the actual detail that
can be resolved in M31 is much less. In
studies covering all of M31 to date, the
diameter of the radio telescope beam on
the sky has been 10 minutes of arc or
greater. That corresponds to an ellipse
some 2,000 parsecs wide by 9,000 par-
secs long on M31 because of the fore-
shortening produced by the fact that we
see the galaxy tipped only 13 degrees
from edge-on. Our spectrograph slit cov-
ers about five parsecs by 400 parsecs on
the galaxy. In spite of the difference in
resolution, however, the agreement be-
tween the rotation curves resulting from
the radio studies and those resulting
from the visual studies is impressive for
distances greater than 3,000 parsecs
from the center of M31. (Closer than
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ROTATION CURVE of M31 shows the velocities of the gas within the galaxy as a function
of its distance from the galactic center. The open circles represent the velocities determined
from the diffuse gas within the nuclear disk. The black dots represent the velocities of the
H 11 regions receding in the line of sight in the northern portion of M31; the color dots rep-
resent the velocities of the H 11 regions approaching in the line of sight in the southern por-
tion. Vertical lines indicate the amount of observational uncertainty for each determination.
Although there are two possible versions that have been calculated for the rotation curve
near the nucleus (broken line and solid line), both alternatives show a peculiar deep mini-
mum in the velocities of the gas at a radius of about 2,000 parsecs from the galactic center.

34

© 1973 SCIENTIFIC AMERICAN, INC

3,000 parsecs from the nucleus there is
too little un-ionized hydrogen to be de-
tected easily by radio telescopes.)

he radio-wavelength observations

have extended our knowledge to the
outer limits of M31. I have mentioned
that at visible wavelengths we have been
able to determine velocities within the
galaxy only out to the outermost known
H 11 region 24,000 parsecs from the nu-
cleus. Just last year Roberts and Robert
Whitehurst of the University of Alabama
extended the rotation curve out to 34,-
000 parsecs from the center with 21-
centimeter observations. They found
that the rotational velocity of un-ionized
hydrogen remains constant at 200 kilo-
meters per second between 24,000 and
34,000 parsecs from the nucleus. The
mass contained between those limits is
equal to 10! times the mass of the sun,
yielding a total mass for M31 out to a
radius of 34,000 parsecs of 3 X 101!
times the mass of the sun. Since we still
know very little about the boundaries of
galaxies in general, this extension of the
diameter of M31 is a matter of some
importance.

So far I have discussed only the mo-
tions of the gas within M31 and by in-
ference the motions of the hot young
stars that ionize the H 1 regions. The
study of the motions of stars themselves
is more difficult. Part of the reason is, as
I have mentioned, that the individual
stars are faint and that their spectra are
continuous. We do see broad, diffuse
stellar absorption lines in the continuous
spectra from regions near the nucleus.
Indeed, it is possible to measure the ve-
locities of stars from these lines, although
the measurements are less precise than
those that can be made with the sharp
emission lines from the interstellar gas.
Moreover, the analysis is complicated by
the fact that stars near the nucleus of the
galaxy are distributed not in a flat disk
as the gas is but in a nearly spherical
bulge. Hence we must obtain the spec-
tra across a long projected path. At large
distances from the galactic nucleus the
velocities of individual stars are still too
difficult to obtain.

We have measured the velocities of
the stars on both the long and the short
axes near the nucleus of M31 with a sin-
gle absorption line. We anticipated that
the velocities would indicate that the
stars are following simple circular orbits
around the center of the galaxy, and that
they would exhibit none of the complex-
ities of the gas velocities. This, we have
found, is not the case. The general fea-
tures of the stellar motions resemble
those of the gas motions. There is a steep



gradient in the velocities of the stars
across the galactic nucleus reaching a
minimum at 2,000 parsecs, and the stars
seem to be moving outward along the
short axis. In 1939 Horace Babcock had
observed a minimum in the stellar veloc-
ities near 2,000 parsecs, but his observa-
tions had never been confirmed or wide-
ly accepted.

For several reasons these results are
both unexpected and not understood. On
the basis of our present understanding of
stellar evolution it is believed the stars
whose spectra we are observing near the
nucleus of M31 are some four billion
years old. In contrast, the irregularities
in the motions of the gas should smooth
out in less than 10 million years. Thus it
is not clear how the old stars, which dur-
ing their long life should have moved
several times around the galaxy, can
have the same motions as the young gas.
Moreover, although it is relatively easy
to work out mechanisms that impart ir-
regularities to the gas motions, it is dif-
ficult to do the same for stars. Our pres-
ent suggestion is that we are observing
stars traveling in noncircular orbits that
are dynamically stable. One possibility is
that some of the mass of the nucleus of
M31 is distributed asymmetrically. The
inner spiral arms of the galaxy are de-
cidedly asymmetrical, but it is unlikely
that their mass is great enough to distort
the orbits of the stars. Perhaps there are
resonances, or other cooperative effects,
that stabilize the orbits (as gravitational
theories of galactic structure now pre-
dict). Stars are known to shed mass as
they evolve; it is possible that the gas we
observe has come from old stars. De-
tailed understanding must await more
observations.

Beyond the region in M31 where the

velocities of stars and gas fall to a
deep minimum at 2,000 parsecs from the
galactic nucleus, the H 11 regions have
circular velocities that rise to 250 kilo-
meters per second at 10,000 parsecs from
the nucleus and remain at that velocity
out to 24,000 parsecs. We can deduce a
remarkably similar pattern of velocities
for our own galaxy. A flattened disk of
un-ionized hydrogen extends several
hundred parsecs from the center, rotat-
ing with velocities of up to 200 kilome-
ters per second and expanding at veloci-
ties as high as 135 kilometers per sec-
ond. At a distance of 800 parsecs from
the galactic nucleus both the velocity
and the density of the gas are very low.
Near the position of the sun, 10,000 par-
secs from the nucleus, the stars and the
gas are rotating around the nucleus at
a velocity of some 250 kilometers per
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DISTRIBUTION OF MASS within M31 can be determined from the rotation curve of the
velocities (see illustration on opposite page). The region in gray shows the range of values
that the actual curve of the distribution of mass might have, and reflects the observational
uncertainty in the rotation curve. The mass distribution displays the same deep minimum at
a radius of 2,000 parsecs from the center as the rotation curve does, implying that there is a
region of very low mass at that distance. The total mass of M31, out to the last observed H 11
region some 24,000 parsecs from the center, is about 1.8 X 1011 times the mass of the sun.
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DISTRIBUTION OF DENSITY within M31 can also be determined from the rotation curve
of the gas velocities. It too displays the same deep minimum, indicating that there is a re-
gion of low density some 2,000 parsecs from the center. Negative densities, which arise from
the very steep fall of the rotation curve near 2,000 parsecs, are unrealistic and raise the ques-
tion of whetker the observed velocities of the gas near 2,000 parsecs arise from explosive or
other nonequilibrium phenomena. For purposes of calculation the flat galaxy was approxi-
mated by a disk with no thickness; therefore the density (vertical axis) is given in terms
of the number of stars per square parsec (area) instead of per cubic parsec (volume).
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second. That velocity decreases to ap-
proximately 175 kilometers per second at
a distance of 24,000 parsecs. The overall
resemblance between these figures and
those for M31 implies that the distribu-
tion of mass in our galaxy is similar to
that in M31.

Spectrographic studies of M31 that we
have carried out with C. Krishna Kumor
of the Department of Terrestrial Mag-
netism also provide information about
the relative abundances of the chemical
elements in the galaxy. The abundances
can be determined from the strength of

the spectral lines emitted by atoms of
the elements with respect to the strength
of the hydrogen-alpha line. The abun-
dances, like the velocities, vary with dis-
tance from the nucleus. In the diffuse
gas of the nucleus the spectral lines of
oxygen, nitrogen and sulfur are all
stronger than the hydrogen-alpha line.
Some of the H 11 regions 4,000 parsecs
away from the nucleus also show these
anomalously strong lines, although in the
normal H 11 regions at that distance the
lines of all three elements are weaker

than the hydrogen-alpha line.

|
NIl HaN 1l St sl
SPECTRUM VERY NEAR THE NUCLEUS OF M31 taken at the original low dispersion of
135 angstroms per millimeter (top band) is contrasted with three spectra taken at a higher
dispersion of 28 angstroms per millimeter (bottom three bands). Middle two spectra are
laboratory comparison lines of neon; the numbers are wavelengths of certain emission lines
in angstroms. In the low-dispersion spectrum the forbidden emission line of singly ionized
nitrogen is indicated by an arrow; all other emission lines are due to radiation from the
earth’s atmosphere. Gray background continuum is from the light of the stars in the nucleus.
The exposure time was four hours. Increasing the dispersion of a spectrum spreads out the
continuous background radiation and reduces its brightness, while leaving the sharp emis-
sion lines from the diffuse gas unaltered. Thus it increases the signal-to-noise ratio for a
sharp feature, although longer exposures are necessary. In the three bands of the high-dis-
persion spectra the emission line of hydrogen alpha (Ha), the two weak lines of singly
ionized sulfur (S 1) and one additional forbidden line of singly ionized nitrogen (N 11) is
visible as well as the original one (arrow) in the low-dispersion spectrum. The lines are
curved because of the rotation of M31. The exposure time was six hours for each spectrum.
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Between 5,000 and 15,000 parsecs
from the nucleus the nitrogen lines de-
crease in strength with increasing radius
and the oxygen lines increase in strength.
We infer from this observation that the
abundance of nitrogen is decreasing with
respect to the abundance of hydrogen by
a factor of about one-half with increas-
ing distance from the nucleus. The abun-
dance of oxygen is also decreasing, but
by a small factor: perhaps 1/1.2. The
decrease in oxygen has a curious result,
because under the conditions of tem-
perature and density in an H 11 region,
radiation by oxygen atoms acts to cool
the gas in which they are embedded.
Therefore a decrease in oxygen leads to
an increase in temperature and to a
strengthening of the line of doubly ion-
ized oxygen with respect to the line of
hydrogen alpha.

In our galaxy we can observe H 11 re-
gions only near the sun, that is, at a dis-
tance of 10,000 parsecs from the galac-
tic nucleus. In these regions the strong-
est spectral line is always hydrogen
alpha. Leonard Searle of the Hale Ob-
servatories has studied giant H 11 regions
in external galaxies other than the An-
dromeda nebula, and he finds an even
larger variation in the strength of the
lines of oxygen and nitrogen than Ford
and I see in M31. A decrease in the
abundance of oxygen, nitrogen and sul-
fur with increasing distance from the
galactic nucleus is probably a general
feature of normal spiral galaxies. Per-
haps the interstellar gas near the nucleus
has been enriched over several genera-
tions in the formation of stars. During its
lifetime a star transforms by thermonu-
clear reactions some of the hydrogen in
its interior into heavier elements. These
elements are returned to the interstellar
gas if the star explodes at the end of its
life cycle, resulting in an interstellar gas
that is richer in heavy elements than it
was initially.

Our study of M31 has been a satisfy-

ing one. There have been surprises,
such as the existence of the disk of gas in
the galactic nucleus and the complexity
of its motions. There have been puzzles,
such as the motions of the stars close to
the nucleus. There has been controversy,
such as the interpretation of the mini-
mum in the velocities observed near the
radius of 2,000 parsecs. Overall, how-
ever, we have been able to determine
the details of motions in a galaxy much
like our own. These results suggest new
problems to examine in order that we
may better understand the dynamics of
spiral galaxies in general and of our own
galaxy in particular.



Some people worry about dampness in the cellar

Others let nothing worry them, saying, “Life is too short.
There are still wonderful places to go and questions to be
asked. Just look beneath the surface.”

Soon, just to look is not quite enough. It is more fun to
take a camera down beneath the surface.

How much Kodak product is used beneath the surface of
lakes, oceans, estuaries, and right offshore from familiar
summer beaches, we do not know. Quite a bit, we suspect.
The popular underwater press may rival the underground
press in circulation, to say nothing of professional publica-
tions in underwater science and technology. Professionally,
though, the fun part poses a problem. Particularly in the
U.S.A,, where taxpayers who do not enjoy their work are
free to resent those who do. In other lands and times, the line
between serious amateur and self-confident professional has
not been drawn so hard.

How serious do you want to be underwater? How much confi-
dence have you in your familiarity with underwater photographic
principles and practice? Bluegill or coelacanth? A pretty lady lurk-
ing in the coral or an assessment of cropping pressure on a stand
of phaeophytes? Do you know more of archaeology than of the
severe limitation on infrared underwater?

Anyone who writes “Underwater Photography” on a self-ad-
dressed envelope at least 4” x 9” and sends it to Kodak, Dept. 55Y,
Rochester, N.Y. 14650 admits ignorance of the subject and a de-
sire to receive a small introductory pamphlet. When professional
need is claimed, the same address can supply a lengthy bibliog-
raphy on underwater photography and photogrammetry and a
list of manufacturers reported to us as active in underwater pho-
tographic products, including underwater housings for Kodak still
and movie cameras. Kodak XL movie cameras, designed as they
are to use light very efficiently, have done some fine work under-
water. We detect no great demand for special films for under-
water photography. That may come.

The specimen below of medium-grade advertising art
of the mid-'60s was carefully arranged to impress upon the
mind that there are many EASTMAN Organic Chemicals.

Some 40 years earlier there had been a proud day when
we could offer more than 100 compounds for the “chemical
laboratory.” Needs change, fashions in scientific emphasis
change. Today the preparation of 5 grams of real good
quality 2,3,5-“X"” can be proposed as a fine, challenging proj-
ect for the hyperambitious sophomore in Chem 172 whose
instructor happens to play squash every Thursday with the
first chemist of the entire profession in seven years to require
a gram of that compound.

It is in the following categories that we now particularly
solicit opportunities to meet needs through our talents and

facilities for chemical synthesis and allied manufacturing arts:

In biology and medicine: Compounds and formulations of
recognized or prospective broad applicability in protein and
polypeptide synthesis and analysis, in TLC and GLC, in fluo-
rescent labeling, in scintillation counting, and in the various
electrophoretic techniques. Also quantity production of in-
gredients and intermediates for manufacturers of pharma-
ceuticals and clinical reagents.

In electro-optical science and engineering: Liquid crystal
preparations, compounds for the laser art, and spectral sensi-
tizers beyond the scope of photography.

Correspondence and inquiries should be directed to Marshall
Guntrum, Eastman Kodak Company, Rochester, N.Y. 14650.

Adaptable to the environment
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Looking Backward

stronomers at the Steward Observa-
A tory of the University of Arizona
have reported what may be the
most distant, and hence the most an-
cient, object yet identified on photo-
graphic plates. Its light may have taken
11 billion years to reach us. The object
was originally detected as a radio source
by John D. Kraus and his colleagues at
the Ohio State University Radio Observ-
atory, who listed it as OH 471 in the
Ohio sky survey. Subsequently the Ohio
group found that the source coincided in
position with what otherwise seemed to
be an ordinary faint star (18th magni-
tude) in a densely crowded field of stars.
The identification was confirmed by pre-
cision radio measurements made at the
Royal Radar Establishment at Malvern
in England.

Suspecting that OH 471 might be a
quasar, or quasi-stellar object (QSO),
R. F. Carswell and P. A. Strittmatter re-
corded the object’s spectrum with the
90-inch reflector at the Steward Observ-
atory. The spectrum confirmed that OH
471 was indeed a QSO: a starlike object
whose radiation is shifted toward the red
end of the spectrum. Carswell and Stritt-
matter report in Nature that OH 471 ex-
hibits a red shift of 3.4. Thus the promi-
nent Lyman-alpha emission line of hy-
drogen, normally found at a wavelength
of 1,216 angstroms in the ultraviolet part
of the spectrum, was found to be shifted
to 5,341 angstroms, near the middle of
the visible spectrum. The highest red
shift previously observed is 2.88 for the
QSO 4C 5.34. In comparison the highest
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red shift known for an ordinary galaxy
is .46.

According to the standard interpreta-
tion, all objects outside our own galaxy
except for a few of our closest neighbors
exhibit a red shift because they are re-
ceding as part of the general expansion
of the universe; the greater the red shift,
the higher the speed of recession and the
more distant the object. OH 471’s red
shift of 3.4 implies that it is receding at
90 percent of the velocity of light, which
corresponds to a distance of about 11 bil-
lion light-years.

Several hundred QSO’s have been
identified since the first one was discov-
ered almost exactly 10 years ago. Be-
cause all but a few of the known QSO’s
have red shifts below 2.5 it was conjec-
tured that objects with greater red shifts
are genuinely rare. A quasar with a red
shift of 2.5 is already so distant that its
light has been traveling through space
for more than 85 percent of the age of
the universe, which is currently esti-
mated to be about 12 billion years. Thus
the light from OH 471, with a red shift
of 3.4, may have started on its way only
about a billion years after the “big bang”
that hypothetically created the universe
as we know it.

Maarten Schmidt of the California In-
stitute of Technology has estimated that
the number of QSO’s may have reached
a maximum when the universe was about
1.5 billion years old and has been de-
clining ever since. Because the lifetime
of a quasar is probably well under a bil-
lion years, the overwhelming majority
must have evolved by now into less lu-
minous objects, perhaps ordinary gal-
axies. On the other hand, the energy
radiated by most QSO’s is only now
reaching our instruments. Schmidt esti-
mates conservatively that more than a
million QSO’s should be observable with
the largest optical telescopes.

The problem is to locate them. Many
QSO’s are “quiet” at radio wavelengths,
and on photographic plates they are al-
most indistinguishable from ordinary
stars. One distinguishing technique that
has been successful in uncovering QSO’s
with moderate red shifts is to compare
the strength of stellar images on separate
blue-sensitive and ultraviolet-sensitive
plates. QSO’s with red shifts of up to
about 2.2 usually appear brighter on the
ultraviolet exposures, but at higher red
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shifts this distinguishing characteristic
tends to disappear. OH 471, for exam-
ple, is neutral in color. No one has yet
come up with a good optical method for
discoveringhigh-red-shift QSO’s that are
also radio-quiet.

Flying Circus

Ever since the announcement in Mos-

cow last spring that the first round
of the strategic-arms-limitation talks
(SALT I) between the U.S. and the
U.S.S.R. had succeeded in some mea-
sure in curbing the nuclear-arms race in
the area of strategic offensive missiles
and defenses against them, it has been
argued in certain circles that the U.S.
should now be redoubling its efforts to
modernize those strategic-weapons sys-
tems not expressly prohibited by the
SALT I accords. For example, in recent
months the Air Force has pressed plans
in Congress and elsewhere for an entire-
ly new long-range bombing aircraft, to
be designated the B-1 [see “Science and
the Citizen,” May].

It now appears that another aspect of
the “strategic modernization program”
envisioned by the Department of De-
fense is an attempt to revive the long
dormant idea of an active defense
against Russian strategic bombers. In-
cluded in the U.S. military budget for
fiscal year 1974 are funds for two proj-
ects regarded as key components of a
projected continental antibomber sys-
tem. The two proposed projects are
AWACS (for airborne warning and con-
trol system) and OTH-B (for over-the-
horizon backscatter radar).

According to a statement by Secretary
of Defense Elliot L. Richardson, released
recently to a subcommittee of the House
Committee on Appropriations, AWACS
aircraft are “designed to detect, identify
and track approaching aircraft, and if
they are determined to be hostile, to
direct our interceptors against them. A
small force of AWACS aircraft could
replace the bulk of the existing ground-
based aircraft warning and control sys-
tem, which is quite vulnerable to nuclear
attack” As currently conceived, the
AWACS scheme would consist of an air-
surveillance radar and the associated
data-processing and communications
equipment, all installed in a modified
Boeing 707. Unlike the ground-based



systems, this airborne system would be
capable of detecting and tracking air-
craft flying at low altitude over land or
water.

During 1972, the Richardson state-
ment reports, “two prototype radars for
the AWACS system were flight-tested in
Boeing 707 aircraft.... Analysis of the
test results has been completed, and the
radar built by Westinghouse was select-
ed on the basis of superior performance.”
Continued development, testing and
procurement for the AWACS project will
cost, according to Department of De-
fense estimates, a total of $210 million
during fiscal year 1974.

The OTH-B program, said Richard-
son, “would provide two fixed-base radar
systems—one facing east and one facing
west—for the long-range detection of air-
craft approaching the North American
continent.... The FY 1974 Budget in-
cludes $5.5 million to continue the
OTH-B development program.”

Although these funding levels for the
next fiscal year may seem comparatively
low, critics of the new expenditures point
out that the long-term commitment in-
volved is likely to be much greater. For
example, according to a recent non-Gov-
ernment study of the U.S. air-defense
modernization program by two inde-
pendent strategic analysts at Washing-
ton University, the AWACS project
alone will eventually cost “a minimum of
$2 billion.” Even this amount, the au-
thors of the study, Richard D. English
and Dan I. Bolef, contend, “represents
merely the camel’s nose of the moderni-
zation program planned for the Aero-
space Defense Command (ADC).”

A third major component of the pro-
gram, English and Bolef point out, “is
the improved manned interceptor (IMI).
No fewer than four different aircraft are
under consideration for the 1970-1980
interceptor role, while for the 1980’s and
beyond six other projects are under seri-
ous study. The entire program deserves
critical scrutiny.... Unless a public de-
bate is opened on this subject U.S. tax-
payers may find themselves once again
committed, without their knowledge, to
an expensive and perhaps unnecessary
military program.”

In their own review of the strengths
and weaknesses of the proposed ADC
systems, English and Bolef find much to
be critical of. Besides questioning the
main rationale given for the current re-
vival of the continental air-defense idea
(“the supposed ‘continuing threat’ posed
by the existing U.S.S.R. bomber force
and by the claimed deployment by the
Russians of a new, improved strategic
bomber”) the two analysts argue that the

specific system outlined by the Depart-
ment of Defense “seems glaringly defi-
cient. Granted that the radar and control
elements would be far more effective
than ground-based systems and more
likely to survive, what of the weapons
themselves? Both the SAM-D [a pro-
jected new surface-to-air missile] and
the IMI are themselves ground-based
units, vulnerable to attack by offensive
missiles. It is for precisely this reason
that the present ADC system is consid-
ered useless.”

Moreover, write English and Bolef,
the deployment of AWACS would have
“much wider and more serious implica-
tions than its role in the proposed air-
defense system would indicate. ADC is
not the only Air Force command inter-
ested in AWACS capabilities. The Tac-
tical Air Command (TAC) also wants
AWACS—as a flying battlefield com-
mand post. ... Thus AWACS is an essen-
tial element of a future U.S. capacity to
launch and pursue an automated Viet-
nam-type war more quickly and effi-
ciently.”

Perhaps the best reason for opposing
air-defense modernization, English and
Bolef conclude, is that the proposed sys-
tem, “possibly unnecessary, probably in-
effective, could have as its only casualty
the present and future SALT agreements
it is supposed to encourage.... Should
the Russians conclude that a new U.S.
air-defense system coupled with a new
U.S. bomber (the B-1) would really
threaten their security, the least they
could do would be to respond in kind.
The worst they could do, should the
costs of bombers and bomber defenses
seem too great, would be to abrogate the
SALT agreements.”

The Growth of Nations

very nation for which statistics are
available showed economic growth
during the decade of the 1960’s, but the
rates of growth ranged from an average
of 25 percent per year to less than 1 per-
cent. The data are assembled in the
United Nations Yearbook of National
Accounts Statistics, 1971, which reviews
economic development during the dec-
ade that the UN designated in 1961 as
the Decade of Development. Classifying
nations as developing, developed mar-
ket economies (meaning nations that do
not have centrally planned economies)
and centrally planned economies (the
U.S.S.R. and the other countries of east-
ern Europe), the yearbook reports that
the developing countries grew at an av-
erage annual rate of 5.2 percent, the de-
veloped market economies at 5.1 percent
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and the centrally planned economies at
6.7 percent.

Among developing countries the rate
of growth ranged from an average of 25
percent for Libya to about 1 percent for
Haiti, Guyana and Uruguay. Developing
countries on the high side (7 percent or
more) were Zambia, Panama, Mexico,
Iran, Saudi Arabia, Thailand and the Re-
public of Korea. In the second half of
the decade growth quickened in the de-
veloping countries (to 5.8 percent from
5 percent) but slowed in the developed
market economies (to 4.6 percent from
5.3 percent) and in the centrally planned
economies (to 5.9 percent from 7.1 per-
cent).

The yearbook also provides estimates
of per capita income in current U.S. dol-
lars. Among the market economies the
average of $920 in 1970 conceals a wide
disparity between $2,660 in the devel-
oped nations ($4,274 in the U.S., which
was at the head of the list) and $210 in
the developing countries. At the begin-
ning of the decade the disparity was
smaller: $1,360 in the developed coun-
tries and $130 in the developing coun-
tries. Summarizing the report, the UN’s
Centre for Economic and Social Infor-
mation noted that the figures on per
capita income reveal “a continually wid-
ening gap in the. .. economic well-being”
of the two groups.

Man among the Man-Apes

When did man arise? In recent years

serious estimates for the first ap-
pearance of the genus Homo have
ranged from 750, 000 years ago to nearly
two million years ago. Now it seems that
the genus may be a million years older.
If that is the case, a species of Homo
lived contemporaneously with “man-
apes” of the genus Australopithecus
three million years ago.

The evidence for the greater antiquity
of Homo is some 150 fragments of a sin-
gle skull found near Lake Rudolf in Ken-
ya last year by workers under the direc-
tion of Richard E. F. Leakey of the
National Museum of Kenya. The frag-
ments are from a stratum of sandy soil
that lies 35 meters below a layer of vol-
canic rock known, on the basis of potas-
sium-argon dating, to be 2.6 million
years old. Leakey believes the age of the
deeper stratum is 2.9 million years.

When the fragments were assembled,
they made up much of the skull of a
hominid with a cranial capacity of some
810 cubic centimeters. There are two
species of Australopithecus; the smaller
one has a cranial capacity of about 420
cc. and the larger a capacity of about
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530 cc. The cranial capacity of Homo
sapiens averages 1,400 cc.; the capacity
of his fossil relative Homo erectus ranges
from 900 to 1,100 cc. Leakey notes that
the cranial capacity of the Lake Rudolf
skull is too large for Australopithecus,
and that the skull is quite unlike the skull
of Homo erectus. He therefore proposes
classifying the fossil as Homo sp. indet.
(species indeterminate).

The oldest Australopithecus fossils
date back 5.5 million years; the young-
est, less than a million years. Leakey’s
father, the late L. S. B. Leakey, believed
that ahominid contemporary of Australo-
pithecus he had found at Olduvai Gorge
in Tanzania was a member of the genus
Homo, and he classified it Homo habilis.
Morecover, at Swartkrans in South Africa,
J. T. Robinson found among plentiful
Australopithecus fossils fragmentary re-
mains that were later classified as be-
longing to the genus Homo. The big-
brained hominid of Lake Rudolf, how-
ever, is at least a million years older than
any known so far.

Survival Centers

There are 291 species and subspecies
“+ of mammals and 340 bird forms listed
as being rare or endangered in the Red
Data Book published by the Interna-
tional Union for the Conservation of
Nature and Natural Resources (IUCN).
Approximately half of the endangered
mammals and a fifth of the endangered
birds are in zoo collections. As more and
more mammals and birds in the wild are
threatened with extinction, the use of
zoos as survival centers for endangered
species becomes urgent.

Przewalski’s horse and the wisent (the
European bison) are often cited as ex-
amples of the survival of species by
breeding in zoos. Two papers in the
journal Zoologica by John Perry and
Dana L. Horsemen of the National Zoo-
logical Park and Donald D. Bridgwater
of the Minnesota State Zoological Gar-
dens report that six other species and
subspecies of mammals and 10 bird
forms have the potential to survive in
zoos without further acquisition from the
wild. The mammals are the Siberian ti-
ger, the onager (a wild ass), the Formo-
san sika (a deer), the Pére David deer,
the scimitar-horned oryx and the addax
(both antelopes). The birds are Swin-
hoe’s pheasant, the mikado pheasant,
Hume’s pheasant, Elliott’s pheasant, the
nene and the cereopsis (both geese), the
Laysan duck, the Hawaiian duck, the
Cuban tree duck and the turquoise para-
keet.
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Mammals showing promising popula-
tion increases are the mongoose lemur,
the Golden Lion marmoset, the orangu-
tan, the Sumatran tiger, the snow leop-
ard, the Hartmann mountain zebra, the
black rhinoceros, the pygmy hippopota-
mus, the vicufia and the Arabian oryx.
Other mammals that appear to be breed-
ing well in captivity but are not self-
sustaining include the yellow-footed rock
wallaby, the North China leopard, the
Nubian wild ass, the Thailand brown-
antlered deer and the Arabian gazelle.

Although some captive breeding has
been successful, zoos on the whole re-
main consumers of wildlife rather than
producers. Zoos with the largest num-
bers of a rare or endangered species tend
to produce a disproportionately large
share of the births. Perry, Horsemen and
Bridgwater state that many of the spe-
cies would undoubtedly multiply to sat-
isfactory numbers if adequate breeding
groups were brought together under the
proper conditions. Most zoos, however,
still emphasize diversity in collections.
Room for growing numbers of endan-
gered species must be found either by
displacing more common species or by
establishing rural survival centers. Un-
less zoos forgo an animals-for-exhibit-
only philosophy and undertake survival-
breeding programs, Perry, Horsemen
and Bridgwater conclude, they “may be
in danger of failing in their preservation
and propagation objectives.”

John’s Other Life

Most people who know the English

poets know that John Keats died
tragically early (in 1821, at the age of 25,
of tuberculosis) but few are aware that
he crowded two careers into his brief
life: he studied medicine and was trained
in surgery for as many years as he wrote
poetry. Even people who know of Keats’s
early training have assumed that he was
pushed into medicine against his will, re-
sented it and left it as soon as possible.
Not so, according to Robert Gittings, an
English biographer of Keats. The poet
picked a medical career on his own,
worked hard at a sound training program
and did well, and had actually qualified
as a general practitioner when he gave
up medicine to devote the rest of his life
(four years, as it turned out) to the joys
and pain of writing. Gittings tells the
story in an article in Journal of the Amer-
ican Medical Association.

They did medical education different-
ly in those days. Orphaned at 14 by the
death of his mother, Keats was appren-
ticed by the age of 15 to a general prac-
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titioner, Thomas Hammond. Three years
later he began to write poetry, but what
he did was “largely devoid of both talent
and promise.” He completed the full
five-year apprenticeship and by his 20th
birthday had moved to Guy’s Hospital in
London and registered at the medical
school of Guy’s and St. Thomas’s. He at-
tended lectures on the theory and prac-
tice of medicine, on chemistry and on
anatomy and physiology and—remark-
ably quickly—was given the post of
“dresser,” or assistant to a surgeon. At
the same time, however, he was becom-
ing aware of Wordsworth, from whom
he assimilated not only the older poet’s
exact imagery of natural things but also
a concept of the poet as “a healer of the
ills of mankind.”

Now the tension between medicine
and poetry increased. As his roommate
later recalled, he talked only of being a
poet and “began to affect a poetic style
of dress ‘a la Byron.... He also let his
moustachios grow occasionally.”” His
disaffection from medicine may have
been heightened by assignment as an as-
sistant to one William Lucas, Jr., “the
butcher of the hospital,” who (according
to a more distinguished surgeon) made
his colleagues “ ‘shudder from apprehen-
sion of his opening arteries or commit-
ting some other error.”” Yet Keats signed
up for a second year, contemplating tak-
ing the examination for Member of the
Royal College of Surgeons in early 1817.
In May his first published poem ap-
peared. Yet in July he took an examina-
tion for the License of the Society of
Apothecaries and passed it, thereby
qualifying for general practice (outside
London; a London license exacted a
larger fee).

In the fall of 1816, not quite 21, Keats
was hard at work as a dresser and was
attending advanced lectures on surgery.
Then he wrote “On First Looking into
Chapman’s Homer” and showed it to
Leigh Hunt, who published it, intro-
duced him to Hunt’s circle of poets and
artists and wrote of Keats and Shelley as
constituting “a new school of poetry.”
That praise, Keats’s roommate wrote,
“sealed his fate.” The decision was re-
inforced, Gittings thinks, by Keats’s con-
viction that he was “temperamentally
unfit to perform a surgical operation.”
Whatever the decisive reasons, Keats did
not sit for the Royal College examina-
tion in February, 1817. On March 3 he
failed to renew his hospital appointment.
“On that precise date was published a
small grey-covered book, priced mod-
estly at six shillings—Poems by Tohn
Keats.”



The new Plymouth Sport Suburban has . . #,
mne important features most wagons don't hav;. A7

That's part of the beauty of the new Sport Suburban. It has
things most full-size wagons have. Like a three-way tailgate. Carpet-
ing. Special storage bins. But it also has plenty of things most wagons
don’t have. Read the list below. Then, see your Chrysler-Plymouth
dealer. We figure the more you compare wagons, the more you’ll want
a Sport Suburban. And that’s a good thing for both of us.

'\...

1. More hip room than other full-size wagons. Front and rear.
2. Holds more 4’ x 8" sheets of plywood than other full-size wagons
(Even with the tailgate closed).

3. More cargo height than other wagons.

4. Standard built-in air deflector to help keep the rear window clean.
5. Rear-facing rear seat. You don’t have to be a contortionist to get in.
6. Torsion-bar front suspension for a smooth ride and tight control.
7
8
9.

. Standard electronic ignition.
. Step pads on both sides of the rear bumper.
. Standard electronic voltage regulator. Helps increase battery life.

W
& cHRYSLER Plymouth SpOI' t Suburban &

Va¥ worors comronaton Extra care in engineering . .. it makes a difference. yu"ﬁu
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EXTREME INTENSITY of the ultrashort laser pulses used in the locked” solid-state laser was directed through a transparent piece
authors’ experiments to explore the atomic and molecular prop- of glass, distorting the refractive index of the glass in the path of
erties of materials is demonstrated by the colorful effect captured the beam. The altered refractive index in turn reacted back on
in this photograph. A pulse of green light derived from a “mode- the light pulse to produce this circular pattern of spectral colors.

I

o I A

iy

EXPERIMENTAL SETUP of the type employed to make the pho- Outside the glass block the laser beam was made visible with the
tograph at the top of the page was photographed in the laboratory aid of smoke. The reddish objects are filters. For this picture the
of one of the authors (Alfano) at the City College of New York. image at right was formed on paper instead of photographic film.
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Ultratast Phenomena

in Liquids and Solids

Intense laser pulses a trillionth of a second in duration

are harnessed to probe the extremely rapid energy-transfer

times characteristic of events in the submicroscopic world

t the submicroscopic level even the
A quietest, most peaceful scene in
nature is in fact a riot of activity.
Within every substance, no matter how
passive its outward appearance, atoms
and molecules are in continuous motion:
rotating, vibrating, rocking back and
forth, colliding with their neighbors—
all in times measured in picoseconds
(trillionths of a second). Until recently it
has not been possible to observe such
atomic and molecular motions on a time
scale of less than about a nanosecond (a
billionth of a second) because of the
inherent limitations of the available
experimental techniques. As a conse-
quence nearly all our knowledge about
these extremely rapid events has been
derived somewhat indirectly from an
analysis of the characteristic frequencies
of the radiation they cause to be ab-
sorbed or emitted.

The recent development of the
“mode-locked” laser, a solid-state device
capable of generating extremely intense
light pulses with a duration on the order
of a picosecond, has in effect opened up
this hitherto inaccessible world of ultra-
fast phenomena to direct exploration.
The light pulses from such a laser can
be so intense that they tear an atom or a
molecule apart into its basic building
blocks (protons, neutrons and electrons).
The laser pulses can also alter the way
an atom or a molecule behaves by dis-
turbing its structure.

A dramatic example of the power of
this new research tool is provided by the
photograph at the top of the opposite
page. The picture shows a novel effect
observed when a sufficiently intense
pulse of green light from a mode-locked
laser is directed through a piece of trans-
parent glass. The laser pulse significantly

by R. R. Alfano and S. L. Shapiro

changes the refractive index of the glass,
causing the altered refractive index in
turn to react back on the light pulse in
such a way as to generate a brilliant ar-
ray of colors spanning the entire visible
spectrum.

In this article we shall discuss tech-
niques for using such ultrashort laser
pulses to probe rapid energy-transfer
processes in various materials. ITistori-
cally this effort has evolved from two
different directions. In one approach the
experimenter studies the characteristic
frequency spectrum of a material in or-
der to derive information about its struc-
ture and its internal processes; in the
other approach he subjects the material
to some outside shock and then measures
the material’s characteristic “relaxation
time,” that is, the time it takes for the
atoms or molecules of the material to re-
turn to their normal states.

Measuring Frequency Spectra

The frequency spectra of the light
emitted and absorbed by materials have
been the subject of investigation ever
since man first noticed that objects have
color. The first systematic scientific
study of the interaction of light with
matter was carried out by Isaac New-
ton, who in 1666 succeeded in splitting
the white light of the sun into different
colors with a prism. Newton reported
these results in his first scientific paper,
which appeared in 1672. His theory
that “ordinary white light is a mixture of
rays of every variety and colour” was
vigorously attacked by such eminent
contemporaries as Robert Hooke and
Christiaan Huygens, causing Newton to
consider giving up natural philosophy al-
together. Newton also believed that light
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consisted of tiny corpuscles. When in
1803 Thomas Young demonstrated that
light consisted of waves, he too was
vehemently assailed, because it was felt
that he was undermining the corpuscular
theory of Newton.

In 1873 James Clerk Maxwell pub-
lished his general wave theory of elec-
tromagnetism, explaining light propa-
gation in terms of waves that could be
of any frequency. Thus the colors ob-
served by Newton correspond to fre-
quencies that can be detected by mole-
cules sensitive to visible light and inter-
preted in the eye-brain system. In 1905
Albert Einstein, trying to explain the
ejection of electrons from metallic sur-
faces by light, introduced (with the aid
of Max Planck’s quantum principle) the
concept that the energy in a light beam
travels through space concentrated in
the bundles called photons. By the end
of the 19th century many materials had
been shown to emit and absorb well-
defined spectral frequencies. The origin
of these mysterious discrete spectral fre-
quencies was firmly established in the
1920’s with the development of the the-
ory of quantum mechanics, which united
the corpuscular and wave theories of
light.

According to quantum theory, atoms
and molecules have distinct energy
states corresponding to different con-
figurations of the electrons around nu-
clei. Discrete spectral lines appear when
a transition from one energy state to an-
other occurs in the atomic or molecular
system and the excess energy is emitted
or absorbed in the form of a light wave.
Spectral lines yield information about
atomic and molecular structure by tell-
ing us where the allowed energy states
lie and which transitions between these
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energy states are possible. Different fre-
quency regions yield information on the
various types of molecular motion that
occur in matter.

Additional information about the
structure of materials from their spectra
became accessible after an important ef-
fect was discovered experimentally by
C. V. Raman in 1928. This phenomenon,
now commonly called the Raman effect,
occurs whenever monochromatic light
passes through any transparent material.
The emerging light is somewhat less
monochromatic than the incident light;
new frequencies are added to the origi-
nal beam as “side bands” but are so weak
that a sensitive apparatus is required for
their detection. Some of the new fre-
quencies are discrete and well separated
from the original frequency and are at-
tributable to the vibrational motion of
atoms within molecules; these vibration-
al frequencies were the ones first ob-
served by Raman. Vibrational frequen-
cies are low compared with visible-light
frequencies because they arise from the
motion of the massive nuclei, whereas
the visible frequencies arise from the
motion of the much lighter electrons.

In the 1930’s new, lower Raman fre-
quencies were discovered. These fre-
quencies are associated with rotational

motions of molecules and with acoustic
waves in liquids and solids. A subsequent
discovery revealed a frequency band
that clusters around the original light
frequency and is slightly broader than
the spectrum of the monochromatic
light; this spectrum is caused by the dis-
ordered thermal motion of the individual
atoms or molecules. Within the past dec-
ade light-scattering research has had a
rebirth because of the invention of the
laser and of new tools for examining the
frequency spectrum. As a result the fre-
quency-analysis approach has furnished
a wealth of new information on molecu-
lar and atomic behavior. It is possible to
obtain an estimate of the lifetime of a
particular energy transition using the fre-
quency-analysis approach (by comput-
ing the reciprocal of the frequency band-
width of the transition); this indirect
method of investigation is rarely em-
ployed, however, because it often leads
to large errors.

Measuring Rapid Relaxation

Rapid molecular-energy-transfer re-
laxation times were first measured with
mechanical devices, because advanced
electronic techniques did not yet exist.
In 1859 Edmond Becquerel devised a

spinning-disk technique capable of re-
solving times as short as a ten-thou-
sandth of a second [see top illustration
on opposite pagel. The property most
important for measuring a short time
interval with any mechanical device is
either a rapid rotational velocity or a
rapid translational velocity. In Becque-
rel’s scheme two slotted disks are mount-
ed on a shaft with the luminescent sam-
ple placed between the two disks. As the
disks spin, light from a light source
passes through the first disk, exciting the
sample and causing it to luminesce. The
luminescence is observed by the experi-
menter behind the second slot at a time
determined in part by the angle formed
by the slots in the two disks and in part
by the angular velocity. By varying the
velocity of rotation or the angular dis-
placement of the second disk one can
measure the duration of the lumines-
cence.

In 1905 Robert W. Wood devised a
technique similar to Becquerel’s that
demonstrated a lifetime as short as five
hundred-thousandths of a second for
the luminescence of zinc sulfide bom-
barded with radiation emitted by radium
[see middle illustration on opposite
page]. Wood coated the rim of a wooden
disk with zinc sulfide and placed a speck

I

VARIETIES OF MOLECULAR MOTION are represented sche-
matically by the spring-coupled two-atom systems in this drawing.
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Sample molecular motions shown include a translation (a), a
vibration (b), a rotation (c), a libration (d) and a collision (e).



of radium above the disk on the point of
a needle. The disk was mounted on the
shaft of an electric motor. He viewed
the apparatus in a dark room and found
that the luminescence came from a sharp
point when the disk was stationary or
rotating slowly but was drawn out into
a streak when the disk was rotating
rapidly. The length of the streak divid-
ed by the velocity of the rim of the
wheel then yielded the lifetime of the
luminescence. In 1921 Wood, using a
spark to excite the sample on a disk,
was able to measure times as short as
two millionths of a second.

Wood and his colleague Charles E.
Mendenhall later found that liquids
could be investigated by another me-
chanical technique. They used a high-
pressure pump to force a liquid con-
taining a fluorescent dye through a
nozzle at high velocity [see bottom illus-
tration at right]. A tiny hole was made
at the end of the nozzle for sunlight to
enter and excite the dye. The fluores-
cent tracks they observed were less than
a tenth of a millimeter long; from this
observation they concluded that the
fluorescent lifetime for the dye in water
was less than four ten-millionths of a
second.

Another ingenious mechanical device
for measuring rapid relaxation times was
the streak camera invented by S. I. Vavi-
lov and V. L. Levshin in 1926 [see top
illustration on next page]. In this scheme
a spark of short duration excites a sam-
ple; luminescence from the sample then
passes through a slit, is collected by a
lens, bounces off a mirror and is imaged
onto a photographic plate. If the mir-
ror is rotated at high velocity, the lumi-
nescence is recorded as a streak on the
photographic plate, indicating by its
length the luminescent lifetime of the
sample.

About 1925 electronic techniques be-
gan to replace mechanical devices for
measuring rapid relaxation times. The
first of these techniques made use of a
shutter that was based on electro-optic
effects discovered by John Kerr in 1875.
The thought that led to Kerr’s investi-
gation was in his own words “that if a
transparent and optically isotropic in-
sulator were subjected properly to in-
tense electrostatic force, it should act
no longer as an isotropic body upon
light sent through it.” (An isotropic body
is a body whose properties are the same
in all directions.) Kerr found that when
a direct-current electric field is applied
across a piece of glass, the index of re-
fraction of the glass is different in the
direction of the field. In technical terms,
a birefringence is said to be induced.

\\ SPINNING DISKS

SLOT -/ ) -\ A
] || sLoT-_J¢

| {1 \
ff———X
‘ J o
r

—

F

FLAME ”

PHOSPHOROSCOPE, an ingenious mechanical device invented by Edmond Becquerel in
1859, was capable of resolving luminescent lifetimes as short as a ten-thousandth of a sec-
ond. The sample was placed between two spinning disks. Light from a flame source passed
through a slot in the first disk, exciting the sample and causing it to luminesce. The lumi-
nescence observed through the slot in the second spinning disk enabled the experimenter
to determine the luminescent lifetime of the sample. In Becquerel’s original apparatus a
complicated set of gears was attached to the disks and the device was cranked by hand.
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SIMILAR TECHNIQUE, devised by Robert W. Wood in 1905, was employed to demon-
strate that the luminescence stimulated from zinc sulfide by radiation from radium has a
lifetime of only five hundred-thousandths of a second. Wood coated the rim of a wooden
disk with zinc sulfide and caused the coating to luminesce by placing a speck of radium
above the disk on the point of a needle. When the disk was stationary or was rotated slowly
(left), the luminescence came from a small point; when the disk was rotated rapidly
(right), the luminescence was drawn out into a streak. The lifetime of the luminescence
was obtained by dividing the length of the streak by the velocity of the rim of the disk.
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FLUORESCEIN DYE was found by Wood and his colleague Charles E. Mendenhall to
have a fluorescent lifetime of less than four ten-millionths of a second with the aid of the
mechanical technique depicted here. The solution. of fluorescein in water was forced
through a glass nozzle at high velocity by means of a high-pressure pump. Fluorescence
was excited in the dye solution by sunlight entering through a small hole near the end of
the nozzle. The fluorescent lifetime was measured by dividing the length of the fluorescent
streak (typically less than a tenth of a centimeter long) by the velocity of the liquid.
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According to Kerr, the birefringence is
caused by dielectric particles that be-
come polarized and tend to align them-
selves along the direction of the electric
field. The particles subsequently attract
one another, which leads to a compres-
sion and to an increase in the refractive

index along the lines of electric force.
Based on principles discovered by Kerr,
a direct-current optical shutter, or Kerr
gate, was built by Henri Abraham and
J. Lemoine in 1899. Although these two
investigators succeeded in demonstrat-
ing that Kerr’s device was capable of

measuring rapid time intervals, a quar-
ter-century was to pass before it was
used systematically for that purpose.
The direct-current Kerr gate consists
of two metal electrodes immersed in a
cell of liquid situated between crossed
polarizer and analyzer filters [see bot-
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MECHANICAL STREAK CAMERA, invented by S. I. Vavilov and
V. L. Levshin in 1926, was capable of measuring even shorter lumi-
nescent lifetimes. Light from a spark discharge was focused on a
sample, causing it to luminesce. The luminescence from the sample
then passed through a slit, was collected by a lens, bounced off a
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DIRECT-CURRENT KERR GATE, an early electronic device for
measuring rapid molecular-relaxation times, was based on electro-
optic effects discovered by John Kerr in 1875. The device consisted
essentially of two electrodes immersed in a liquid cell situated
between crossed polarizer and analyzer filters oriented at 445
degrees and —45 degrees with respect to the axis of the applied
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rotating mirror and was imaged on a photographic plate. The rapid
rotation of the mirror “smeared” the luminescence across the plate,
forming a streak whose length indicated the luminescent lifetime
of the sample. Electronic techniques subsequently replaced such
mechanical devices for measuring rapid molecular-relaxation times.
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electric field. When no voltage is applied to the Kerr cell, none
of the incident light, which is linearly polarized by the polarizer,
passes through the analyzer. When a high voltage is applied,
however, the light becomes elliptically polarized on passing
through the Kerr cell, with the result that the polarization compo-
nent of the light parallel to the axis of the analyzer is transmitted.
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tom illustration on opposite page]. The
polarizer is oriented at an angle of +45
degrees with respect to an axis perpen-
dicular to the metal plates and the ana-
lyzer at —45 degrees. A light beam pass-
ing through the polarizer is therefore
polarized at an angle of 45 degrees. The
polarization of the light remains un-
changed when the beam passes through
the cell because there is no preferable
new direction in the isotropic liquid. The
gate remains closed (that is, no light is
transmitted through the system), be-
cause the light has no component in the
analyzer direction if the analyzer is ori-
ented at 90 degrees with respect to the
direction of polarization. When a strong
direct-current electric field is applied
across the liquid, however, the gate
transmits light, because the light beam
becomes elliptically polarized on passing
through the liquid cell; as a result the
component of light polarized along the
analyzer axis is transmitted. The ellipti-
cal polarization arises from the fact that
the light wave can be split into two com-
ponents; the one that is polarized along
the electric-field axis slows down or
speeds up with respect to the one that
is polarized at right angles to the elec-
tric-field axis, because of the change in
refractive index due to the field.

If an electric-field pulse of short dura-
tion is applied to the electrodes of the
liquid cell, only the portion of light co-
incident with the electric-field pulse
passes through the analyzer of the gate.
The resolution time, or fastest shutter
time, of this type of gate is determined
by the shortest duration provided by an
electrical voltage pulser: about a nano-
second. Even though the time resolution
of the shutter is about a nanosecond,
however, experimenters through the ear-
ly 1940’s had to resort to an additional
bit of craftiness to measure short life-
times with it. Electronic devices such as
the high-speed oscilloscope and the fast
photomultiplier were unavailable at that
time, and rapid relaxation times had to
be measured with complicated shutter
schemes.

One such scheme, an improved ver-
sion of a design devised originally by
Enrique Gaviola in 1926, was used by
W. Szymanowski in 1935 to measure
lifetimes as short as a nanosecond with
an accuracy of a few percent [see illus-
tration on this page]. The apparatus
works as follows. Two Kerr cells are
electrically connected to some voltage
source, which is varied synchronously
and sinusoidally at a characteristic fre-
quency. Light from a light source passes
through the first Kerr cell and is modu-
lated at this frequency. The light is re-
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COMPLICATED SHUTTER SCHEME based on the principle of the direct-current Kerr
gate was designed by Enrique Gaviola in 1926; an improved version of this scheme was
later used to measure fluorescent lifetimes as short as a nanosecond (a billionth of a sec-
ond) with an accuracy of a few percent. The apparatus consists of two Kerr cells hooked
up in series with the voltage across them varying synchronously and sinusoidally at a
characteristic frequency. Light from a light source is modulated electronically in the first
Kerr cell. After being reflected by a system of mirrors the light passes through the second
Kerr cell only if it arrives in phase with the modulation. If a fluorescent sample is placed
at the position of one of the mirrors, the induced fluorescence from the sample will be de-
layed with respect to the frequency of the second Kerr cell by an amount that depends on
the relaxation lifetime of the fluorescence. Phase differences can be adjusted by moving
the part of the apparatus within the broken line, by varying the ellipticity of the polariza-
tion with a compensator or by changing the frequency. A plot of the intensity of the light
received as a function of frequency enables one to derive fluorescent lifetime of the sample.

flected from a system of mirrors and
arrives either in phase or out of phase at
the second Kerr cell, depending on the
length of the light path between the
cells. The phase difference can be ad-
justed by adding a compensator in the
second Kerr cell.

If one of the mirrors is replaced by a
fluorescent substance, the fluorescent
light will no longer arrive in phase at
the second Kerr cell because of the time
delay attributable to the relaxation life-
time of the fluorescence. The light that
passes through the second Kerr cell is
detected by a photometer and depends
on that lifetime. By varying the fre-
quency at rates comparable to the life-
time one can obtain a curve of the in-
tensity at the photometer as a function
of frequency, and from this curve one
can derive the fluorescent lifetime. This
“phase shift” technique was developed
because the photometers could measure
only the average intensity of the light
and were not yet fast enough to respond
to rapid variations in light intensity.
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The first use of high-speed photomul-
tipliers capable of responding to rapid
lifetimes was made as recently as 1948.
At that time nuclear physicists were very
interested in determining the lifetime of
certain phosphors used in scintillation
counters. The method by which a scintil-
lation counter monitors the decay of
nuclei is based on the fact that particles
released by a nuclear event can cause
ionization in liquids or solids with the
consequent emission of light. The light
waves can then be detected by high-
speed coincidence-counting circuits, and
the decay time of the nuclear event can
be inferred from a measurement of the
decay of the light intensity. Since some
nuclear decays are of exceedingly short
duration, the characteristic lifetime of
the scintillator must be rapid indeed.

In 1948 George B. Collins measured
fluorescent lifetimes by allowing the
emission from a sample of radium to im-
pinge on a phosphorescent substance
and then detecting the light emission
from the phosphor as a function of time
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MOLECULE A

MOLECULE B

MOLECULE A

ENERGY IS EXCHANGED between different types of motion in a collision involving
molecules. Before the collision depicted in this drawing, for example, molecule A4 is trans-
lating, rotating and vibrating, whereas molecule B is just translating (top). After the col-
lision the distribution of translational, rotational and vibrational modes is altered (bottom).

with a high-speed photomultiplier con-
nected to an oscilloscope. He found that
the passage of a single million-electron-
volt electron produced enough light in
the phosphor for observing both the
rapid rise of the fluorescence determined
by the minimum response time of the
photomultiplier circuit and the decay of
the fluorescence, which yielded the fluo-
rescent lifetime. Later, bursts of X rays
were used to excite scintillating samples
for the measurement of lifetimes in con-
junction with photomultipliers and os-
cilloscopes.

Using an ionized particle is probably
not the most accurate way of measuring
fluorescent lifetimes, however, because
the lifetime depends on the means of ex-
citation. Excitation with a gamma ray,
for example, may yield a different decay
time than excitation with a neutron or
a beta ray. This difference in decay time
enables the experimenter to discriminate
between emission of different particles
but would not necessarily determine the
true fluorescent lifetime of the material.

A more conventional scheme for mea-
suring fluorescent lifetimes, not subject
to such a drawback, is to excite a sample
with a pulse of ultraviolet radiation ob-
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tained from a hydrogen flashtube and to
detect the fluorescence with a photo-
multiplier connected to an oscilloscope.
Such a technique has been used by I
Berlman and his co-workers at the Ar-
gonne National Laboratory to measure
fluorescent lifetimes in a variety of ma-
terials, with the times measured being
as short as a nanosecond.

Harnessing the Picosecond Laser

With the advent of ultrashort laser
pulses one can now study, in addition to
rapid fluorescent processes, the dynam-
ics of energy transformation between the
different types of motion that occur in
solids, liquids and gases. For example,
a molecule moving in a liquid with a
particular velocity and vibrating and ro-
tating at a well-defined rate can collide
with another molecule at rest and trans-
fer some or all of its kinetic, vibrational
and rotational energy. In a real material
one has a collection of colliding mole-
cules that interact, exchange energy and
come to equilibrium between the vari-
ous types of motion. If one particular vi-
bration or rotation is selectively excited
in a molecule by a light beam, this mo-
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tion will decay by transforming its ener-
gy into other vibrations, rotations and
molecular motion by means of collisions
in an interval of about a picosecond in
a liquid or a solid.

In crystals, where atoms are inter-
connected in a regular periodic array,
the atoms are in collective vibration. De-
pending on the complexity of the crystal
and the constituent molecules, the lattice
can have many vibrational modes. The
frequencies of these vibrations extend
from the audible to the optical, and their
modes are called acoustical and optical
phonons. The energy of lattice vibra-
tions is quantized in analogy with the
photon, which is the quantum of ener-
gy of a light wave. The complexity of
the forces between the molecules results
in a coupling between these different vi-
brations, or phonons, so that a single vi-
bration excited by a laser pulse can read-
ily decay into other vibrational motion
or heat.

To measure fast decay times and to
determine routes of energy transfer be-
tween molecules, one needs a clock with
a time-scale index of a picosecond. Just
as a kitchen clock cannot accurately
measure events that take place in less
than a second (such as the explosion of a
firecracker or the rapid blink of an eye),
so a fast-decay-time clock cannot per-
form its function unless it has a time-
measuring capability faster than the
event to be measured. Such a clock with
the necessary time-scale index is avail-
able; it uses the light pulse emitted from
a mode-locked laser. The duration of the
light pulse (about a picosecond) denotes
the smallest divisional marking on the
clock’s time scale, corresponding to the
markings for seconds on an ordinary
clock.

In the laser clock the constant speed
of light traveling over a known distance
provides the basis of the time-measuring
mechanism. It takes a light beam one
nanosecond to travel a foot in space. An
interval of time on the clock is deter-
mined by the separation between two
light pulses, which can be varied by ar-
bitrarily spacing the two pulses in a
manner analogous to the setting of the
hour and minute hands on an ordinary
clock. As an example, consider two light
pulses traveling toward a target on the
same line and separated by a distance
of a foot. The second pulse will obvi-
ously arrive a nanosecond after the first.
The clock is calibrated by knowing the
coincident position of the two light
pulses. Then the two pulses can be sepa-
rated by any known distance. Coinci-
dence is accomplished by a process that
is accentuated when the two light pulses
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TWO SYNCHRONOUS ULTRASHORT LIGHT PULSES suitable
for calibrating a fast-decay-time clock to an accuracy on the order
of a picosecond (a trillionth of a second) can be produced by tak-
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of the beam to pass through the mirror. The separation of the two
pulses is then adjusted by means of a scheme that directs the
pulses along different paths to a target. In this scheme a movable
prism delays one pulse with respect to the other by changing
the length of one optical path between the source and the target.

intersect; any “nonlinear” optical effect
(such as “frequency-doubling” in a suit-
able crystal) will do. Various nonlin-
ear processes used in picosecond-pulse
clocks will be discussed below.

Two synchronous ultrashort light
pulses can be produced by taking the
emission from a mode-locked laser, re-
flecting part of the beam with a semi-
transparent mirror and allowing the rest
of the beam to pass through the mirror
and then adjusting the separation of the
two pulses by means of a scheme that
directs the pulses along separate paths to
a target [see illustration abovel. To
probe the time evolution within the
microscopic world (the creation and an-
nihilation of vibrations, rotations and so
on) the first picosecond light pulse ini-

tiates the physical process to be studied
and the second picosecond light pulse
probes the time evolution of the process
at different delay times.

For example, a laser pulse excites the
system of molecules into a vibrational
state, a rotational state or an electronic
state by inducing a change of state on
absorption of the light pulse. If the mol-
ecules are excited with a pulse longer
than the decay time one is interested in,
the molecules would be excited and
would decay within the pulse width of
the laser pulse, so that the measurement
of time evolution would be difficult or
impossible. For such a measurement one
needs an ultrashort pulse that will excite
the particular type of molecular motion
abruptly, leaving the molecules to decay

freely under the influence of the forces
within the microscopic world. The mo-
lecular decay can then be observed ei-
ther by probing the number of remaining
excited molecules with the second pulse
or, if the excited molecule emits light, by
observing the light decay with an ultra-
fast camera that is opened with the sec-
ond pulse.

Let us now discuss how picosecond
laser pulses are generated by a mode-
locked laser, how the duration of these
pulses is determined and how the pulses
are used to measure ultrafast processes
in liquids and solids.

The active medium of the mode-
locked lasers used to generate high-
power ultrashort light pulses must have
a wide fluorescent bandwidth in order to

ULTRASHORT LIGHT PULSES are measured by means of the
two-photon fluorescence technique developed in 1967 at Bell Lab-
oratories. The technique is based on the special optical proper-
ties of an organic solution in which two photons of light must be
absorbed to excite a molecule to a higher energy state from which it
can decay spontaneously back to the ground, or lowest-energy,
state, emitting fluorescent light in the process. Bright spots are
produced in such a medium where pulses collide with each other,

because of the intensity at the collision point. The fluorescence
from the liquid cell can be photographed, as demonstrated in this
picture made by one of the authors (Shapiro). In this case the col-
lisions occur because the beam, which enters from the left, is re-
flected back on itself by a mirror at the right. The length of the
bright spots divided by the velocity of light in the medium yields
a measurement of the duration of a single pulse. Laser pulses as
short as .3 picosecond have been measured with this technique.
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ENERGY LEVELS of a typical organic-dye molecule are shown in this highly schematic
diagram. A light pulse can “pump” such a molecule from its ground “singlet” state to a sub-
level of the first excited singlet state, from which the molecule decays rapidly by nonra-
diative processes (vibrational or rotational relaxation) to the lowest sublevel of the first
singlet state. The molecule can then fluoresce, returning directly to the ground state, or
cross over to a system of “triplet” energy levels, from which it can be deactivated by emit-
ting phosphorescence in the process of returning indirectly to the ground singlet state.
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SOLVENT-SOLUTE INTERACTION involving dye molecules dissolved in a suitable sol-
vent can be monitored by measuring changes in the intensity and wavelength of the
fluorescence from the excited dye molecules. In this case the solvent molecules (black) re-
arrange themselves spatially in response to a new, excited configuration of a dye mole-
cule (color). The fluorescent wavelength becomes time-dependent because the energy lev-
els of the dye molecule shift in time in response to the dynamic molecular interaction.
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produce picosecond pulses. The laser
medium is contained between two mir-
rors, which form an optical cavity as in
an ordinary laser. This cavity restricts
the oscillating wavelengths within the
broad bandwidth to just those wave-
lengths that satisfy nondestructive inter-
ference conditions; in other words, an
integral number of wavelengths must
equal the round-trip optical length of
the cavity. The laser oscillates only at
discrete frequencies, corresponding to
those wavelengths called cavity modes.
These closely spaced modes are ampli-
fied by stimulated emission, and a typi-
cal output spectrum can consist of hun-
dreds or even thousands of them.

To obtain intense short-pulse emis-
sion one must establish a definite phase
relation between the modes with a mod-
ulating element placed in the cavity.
This element locks the modes in phase
and is the key to the mode-locked laser.
A favorite element for mode-locked ruby
lasers and neodymium-doped glass lasers
is a bleachable dye whose absorption at
the laser frequency decreases with light
intensity. In a neodymium-glass laser
many modes probably start oscillating
simultaneously with random phases.
When laser action begins over a wide
bandwidth, there are fluctuations that
have a duration equal to the inverse of
the initial bandwidth; the laser has a
head start on the production of short
pulses because short fluctuations are al-
ready present. The dye attenuates the
most intense of these fluctuations or
pulses less than it does any other pulse,
so that after hundreds of passes back
and forth through the laser cavity, non-
linear-absorption discrimination results
in one prevailing intense pulse.

The dye must be able to return to its
ground state much more rapidly than
the round-trip time of the cavity so that
it can perform its function again and
again. Because of the nonlinear charac-
teristics of the dye, the peak of a pulse
is attenuated less than its wings, result-
ing in pulse-sharpening. This pulse-
sharpening proceeds until the maximum
number of modes that can possibly be
coupled together are in phase; then the
pulse duration is just equal to the in-
verse bandwidth of this maximum num-
ber of modes, and it can become no
shorter.

Pulse-sharpening is equivalent to add-
ing side bands in phase in the frequency
domain; the more side bands that are
added, the shorter the pulse duration is.
Side bands originate because any wave
circulating in the laser cavity is ampli-
tude-modulated at the round-trip time
by an absorption loss at a frequency that
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ULTRASHORT FLUORESCENCE-DECAY TIMES can be mea-
sured with this system, developed by Michael E. Mack of the Unit-
ed Aircraft Corporation. Picosecond light pulses from a mode-
the resulting fluorescence is then
detected by a fast photodiode and displayed on a traveling-wave
oscilloscope. In a typical experiment a neodymium-glass laser is

locked laser excite the sample;

is the inverse of the round-trip time.
Therefore any frequency propagating in
the cavity develops side bands in phase,
which in turn develop side bands in
phase, the process continuing until all
the modes in the cavity have a well-de-
fined phase relation with one another.

The secret of the high power obtained
from the mode-locked laser is that when
a certain number of modes oscillate to-
gether in phase, the peak power is that
number times the average power when
they oscillate randomly. Thus if out of a
large number of modes oscillating with
random phases 1,000 oscillate in phase,
the pulse can be 1,000 times as intense.
In this way an originally messy wave-
form can be turned into a well-behaved,
intense picosecond pulse circulating
in the laser cavity. The transmission
through one of the cavity mirrors pro-
vides the output for experiments on
rapid relaxation times.

One method of measuring the dura-
tion of ultrashort pulses utilizes the phe-
nomenon of two-photon fluorescence. In
this approach, which was first employed
by one of us (Shapiro) at Bell Labora-
tories in 1967 at the suggestion of J. A.
Giordmaine, one first chooses an organic-
dye solution that cannot absorb a single
photon of light (because there are no
energy levels at the single-photon fre-
quency) but can absorb two photons of
light (because there are energy levels at
twice the photon frequency). Since it
takes two photons to excite a molecule

FREQUENCY-DOUBLING CRYSTAL
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INFRARED BEAM

GREEN BEAM

( \\/

in the solution, the amount of absorption
depends on the intensity squared of the
incident radiation. After being excited
to a higher energy level the molecules
can return to the ground state by emit-
ting fluorescent light, the amount of
fluorescence being proportional to the
amount of absorption.

When two light pulses collide in such
a medium, the intensity increases sig-
nificantly at the crossing point, and the
absorption and the fluorescence at that
point are much higher. When the fluo-
rescence produced by the colliding
pulses is photographed, a bright spot
appears at the point of collision, and the
length of the bright spot divided by the
velocity of light in the medium gives a
measure of pulse duration. With this
technique pulses as short as .3 picosec-
ond have been photographed, and the
resolution of the technique should in
principle be as good as .01 picosecond,
or a hundred-trillionth of a second [see
bottom illustration on page 49].

The light pulses emitted from mode-
locked lasers are an ideal tool for study-
ing the factors governing the transitions
between molecular energy levels. The
high energy and power of the laser
pulses are suitable for pumping large
numbers of molecules to excited states,
and the short duration of the pulses is
suitable for studying molecular transi-
tions by probing the time behavior of
light emitted from excited states. Until
recently light emitted from optically ex-
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used to generate short, powerful pulses at the infrared wavelength
of 10,600 angstroms (long dashes) ;
by the nonlinear optical process of second-harmonic generation
(frequency-doubling)
crystal to the green wavelength of 5,300 angstroms (short dash-
es), a more appropriate wavelength for pumping most materials.

these pulses are then converted

inside a potassium-dihydrogen-phosphate

cited molecules for a duration of about
a ten-millionth of a second was called
fluorescence, whereas light emission con-
tinuing thereafter was usually called
phosphorescence. Today the definition
is more technical, fluorescence corre-
sponding to “spin-allowed” electric di-
pole transitions and phosphorescence to
“spin-disallowed” transitions. Fluores-
cence and phosphorescence can occur
only after molecules are excited by an-
other energy source and can be differ-
entiated from the exciting source by
shifts in wavelength, time behavior, po-
larization properties and angular distri-
bution.

he new techniques enable one to
examine the buildup and decay of emit-
ted light. The initial stages of fluores-
cence are sensitive to the energy redistri-
bution within a molecule and to its
environment. Processes where excited
molecules change energy level without
emitting light, called nonradiative tran-
sitions, can also be studied. To under-
stand the mechanisms leading to fluo-
rescence, let us follow the routes of de-
activation of a typical organic molecule
through its energy levels after it has been
excited by a light pulse [see top illustra-
tion on opposite page].

The electronic level corresponding to
the ground, or lowest, “singlet” energy
state of the molecule is characterized by
an electronic configuration where the
paired electrons in the outermost orbits
spin in opposite directions. “Triplet”
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states arise when the electrons spin to-
gether in parallel in the same direction,
the nomenclature originating with the
fact that on close examination triplet
states consist of three closely spaced en-
ergy levels. Extra sublevels in the dia-
gram above singlet and triplet levels de-
note vibrational and rotational degrees
of freedom of the molecule associated
with that electronic state.

The level corresponding to the first
excited electronic singlet state can also
have vibrational and rotational energy
levels associated with it. A light pulse
can excite a molecule in the ground state
to a sublevel of the first excited singlet
state. Direct transition from a singlet
state to the lowest-energy triplet state
by light does not occur in the electric-
dipole approximation, because light
waves cannot supply the rotational mo-
mentum necessary to ﬂip an electron
spin from the antiparallel to the parallel
orientation. From the sublevel of the first
excited singlet state the molecule can
decay to the lowest vibrational state in

I

"LASER PULSE

—

the excited singlet state by transferring
its vibrational and rotational energy to
the surrounding medium by means of
rapid collisions with other molecules.
This decay process within an electronic
manifold is a nonradiative transition and
is characterized by a nonradiative decay
time.

Once the molecule reaches the lowest
singlet level it can return to the ground
state by emitting fluorescent light, trans-
fer its energy into heat, cross over to the
manifold of different spin levels or trans-
fer its energy to another molecule. Weak
fluorescence from a dye indicates either
a strong coupling between the singlet
and triplet levels (leading to a fast inter-
system crossing rate), or nonradiative de-
population of molecules to the ground
state by vibrational decay, or a very slow
decay rate between the singlet states.

A key for understanding molecular in-
teractions is provided by the time be-
havior of fluorescence, because if a dye
molecule is dissolved in a solvent, it can
be excited into a new molecular configu-
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SHORT-LIVED BIREFRINGENCE can be caused in a liquid by the passage of an intense
pulse of polarized laser light (color). As the light pulse enters the liquid cell it causes the
randomly oriented molecules (small black dots with arrows) in the liquid to become re-
oriented in the direction of the pulse’s electric-field vector (large white arrow). As a re-
sult the refractive index of the liquid in the region of the pulse is increased in the direc-
tion of the electric-field vector, producing a local, time-dependent birefringent condition.
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ration, and the solvent molecules will re-
arrange themselves spatially in response
to the new configuration [see bottom il-
lustration on page 50]. This spatial re-
arrangement is very rapid and can be
monitored by changes in fluorescent in-
tensity and wavelength. The fluorescent
wavelength becomes time-dependent
when the energy levels shift in time in
response to dynamic molecular interac-
tions. Such a dynamic interaction occurs
when solvent molecules instantaneously
“see” a solute-dye molecule change its
electronic shape and dipole moment on
excitation. A large difference between
dipole moments in the ground state and
the excited states leads to strong dy-
namic interactions with the solvent di-
pole moment; the molecules rapidly re-
adjust by strong electrical dipole-dipole
interactions. These dipole interactions
cause the fluorescent wavelength to be-
come time-dependent, so that solvent-
solute interactions can be studied by
choosing solvents with different electri-
cal characteristics.

Many techniques have been devel-
oped recently that harness picosecond
laser pulses for the study of the fluores-
cence process in the ultrashort time do-
mains. In the simplest type of fluores-
cence-decay measurement, developed by
Michael E. Mack of the United Aircraft
Corporation, the mode-locked laser
beam excites the fluorescence, which is
then detected by a fast photodiode and
displayed on a traveling-wave oscillo-
scope [see illustration on preceding
page]. The resolution of such a system
is typically a third of a nanosecond,
which is sufficient for measuring the flu-
orescence-decay time for a number of
dyes. For the measurement of relaxation
lifetimes the duration of the laser pulse
must be shorter than the relaxation life-
time and the laser-pump light must be
absorbed in the material. The ruby laser
and the neodymium-glass laser fulfill
these essential criteria by emitting short,
powerful pulses, which can be converted
by nonlinear optical processes to any
wavelength from the ultraviolet to the
infrared.

The fundamental output wavelengths
of these lasers are the red wavelength of
6,943 angstroms for the ruby laser and
the infrared wavelength of 10,600 ang-
stroms for the neodymium-glass laser.
By second-harmonic generation (fre-
quency-doubling) in a potassium-dihy-
drogen-phosphate (KDP) crystal power-
ful pulses can easily be generated at the
ultraviolet wavelength of 3,472 ang-
stroms and at the green wavelength of
5,300 angstroms. Most substances can
be pumped with just the fundamental
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OPTICAL GATE with a shutter speed of eight picoseconds is used
by the authors to measure extremely rapid events such as the rise
and decay of the fluorescence of dye molecules. In this system, de-
veloped by Michel A. Duguay and John W. Hansen of Bell Labora-
tories, a mode-locked laser generates an intense, picosecond pulse
at the infrared wavelength of 10,600 angstroms (long dashes) ; the
infrared beam then passes through a frequency-doubling crystal,
which converts part of the beam into a green beam at a wavelength
of 5,300 angstroms (short dashes). A dielectric mirror transmits
the infrared beam and reflects the green beam. The infrared pulse
travels along an optical path (whose length can be varied by a
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movable prism) before entering a cell containing liquid carbon
disulfide, where it induces a short-lived birefringence in the liquid.
Meanwhile the green beam is absorbed by the sample, exciting
that substance to emit fluorescence. The fluorescence is collected
by a lens and is passed through the gate, overlapping the infrared
beam in the cell. Birefringence in the liquid induced by the pres-
ence of the infrared pulse causes the portion of the fluorescence
beam that is coincident in time with the infrared pulse to change
its polarization from linear (due to the first polarized filter) to
elliptical. In this manner an eight-picosecond section of the fluo-
rescence beam is transmitted through the analyzer for examination.

and second-harmonic pulses emitted by
these two lasers.

The oscilloscope-photodiode system is
not fast enough to give information on
nonradiative relaxation times, fluores-
cent rise times or ultrashort fluorescent
lifetimes. The use of picosecond pulses
as the basis of a clock mechanism elimi-
nates these electronic time-resolution
difficulties. In two early independent ex-
periments J. Shelton and John A. Arm-
strong of the International Business Ma-
chines Corporation and Richard I. Scar-
let, Joseph F. Figueira and Herbert
Mahr of Cornell University pumped dye
molecules in solution to a higher elec-
tronic state with intense picosecond
pulses; both groups then used a weak
second pulse to measure the rate at
which the molecules returned to the
ground state. Nonradiative relaxation
times as short as six picoseconds were
measured in this way.

The next major advance was the de-
velopment of a technique for actuating
an optical gate with picosecond pulses.
In this technique, which is applicable
for any light-emitting process over a
wide range of wavelengths, the mode-
locked laser beam both excites the fluo-
rescence and triggers the gate, which
operates like a superfast camera shutter.
The device is called a gate because

when it is open it allows light to pass,
whereas when it is closed it prevents its
transmission. One idea behind the opti-
cal gate is to try to use the picosecond
pulses themselves in a device, because
then the time resolution will be in pico-
seconds and electronic problems will not
arise.

The operation of an optical picosec-
ond shutter is based on the principle of
the Kerr shutter. The time resolution of
a conventional Kerr shutter is not high
enough for the measurement of really
rapid decay rates, but these difficulties
have been overcome with a picosecond
Kerr optical gate developed by Michel
A. Duguay and John W. Hansen of Bell
Laboratories. In this device the tempo-
rally ultrashort electric-field pulse ap-
plied across the gate is provided not by
an electronics system but by the electric
field of the light pulse itself.

Since light is an electromagnetic
wave made up of electric and magnetic
fields it is an ideal source for an electric
field. The strength of the electric field
associated with the light emitted by an
ordinary incandescent lamp, however,
is too low to operate the shutter. In a
mode-locked laser pulse the electric field
can be as high as a million volts per cen-
timeter, which is ideal for operating the
ultrashort shutter.
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As the laser pulse travels through the
liquid, its electric field polarizes the
molecules contained within the laser
light-pulse duration, thereby inducing a
short-lived birefringence as a function of
time [see illustration on opposite page].
Note that the direct-current Kerr gate
and the picosecond gate differ; the lat-
ter requires no metal-plate electrodes in
the liquid, because the intense electric
field is provided by the light pulse, not
by a voltage source. The time response
of the induced birefringence in a given
region is the result of both the pulse du-
ration of the laser (typically six picosec-
onds) and the orientational response time
of the molecules, which can be as short
as a few picoseconds.

Picosecond optical gates with shutter
times of about eight picoseconds have
been constructed, and they have been
used successfully to measure very rapid
events [see illustration above]. In such
a system a mode-locked laser generates
an infrared pulse of high intensity and
short duration at a wavelength of 10,600
angstroms. This beam passes through a
frequency doubler (a KDP crystal),
where 10 percent of the beam is convert-
ed into a new green beam at a wave-
length of 5,300 angstroms. A dielectric
mirror transmits the infrared beam and
reflects the green one. The infrared pulse
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travels along an optical path whose
length can be varied with a movable
prism. The infrared pulse enters a centi-
meter-long cell containing liquid carbon
disulfide (CS,) and induces a short-lived
birefringence in the liquid.

Meanwhile the green pulse is ab-
sorbed, thereby exciting the sample to
fluoresce. The fluorescence is collected
by a lens and is passed through the gate
at an angle of about five degrees with
respect to the direction of the infrared
beam. The fluorescent beam is posi-
tioned by a lens at the cell so that it
overlaps the infrared beam in the cell
The polarizer is oriented so that the fluo-
rescence becomes linearly polarized at
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an angle of 45 degrees with respect
to the plane of incidence on passing
through the cell. As long as the intense
infrared beam does not pass through
the carbon-disulfide cell, the fluores-
cence remains linearly polarized on pass-
ing through the cell and the analyzer ex-
tinguishes the fluorescence beam.
Birefringence induced by the pres-
ence of the infrared pulse causes the
portion of the fluorescence beam that is
coincident in time with the infrared
pulse to change its polarization from
linear to elliptical. Then light is trans-
mitted through the analyzer. Essentially
an eight-picosecond section is carved out
of the fluorescence profile for examina-
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tion. Different sections of the profile can
be carved out by delaying the shutter
pulse with respect to the puise that ex-
cites the fluorescence in order to examine
the time behavior of the fluorescence.
The exact coincidence time between the
infrared pulse and the green pulse can be
obtained by measuringthe intensity pro-
file of the green pulse with respect to the
time it takes for the pulse to pass through
the gate. By monitoring the fluorescence
signal as a function of delay time be-
tween the fluorescence excitation and
shutter-opening time, the actual buildup
and decay of the fluorescence can be de-
termined.

This novel picosecond shutter was
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RAMAN CLOCK exploits the phenomenon of spontaneous and
stimulated Raman scattering produced by picosecond laser pulses
to measure the ultrashort lifetimes of molecular vibrations in lig-
uids. In this system, developed by the authors while they were at
the General Telephone and Electronics Laboratories, the molecu-
lar vibrations are created in the sample through stimulated Ra-
man scattering by means of a powerful infrared pulse from a mode-
locked laser. This treatment increases the population of molecules
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in the excited vibrational state in direct proportion to the intensity
of the stimulated-Raman-scattering light. A second, weak probe
pulse at half the wavelength (green) is then applied some time
after the first pulse and undergoes spontaneous Raman scattering
off the excited vibrations. The intensity of the probe Raman light
is proportional to the number of vibrations still present in the
sample. By varying the delay time between the pump pulse and the
probe pulse (with a movable prism) and by measuring the inten-
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used by Duguay and Hansen to measure
the rapid fluorescence decay time of the
dye molecules 1,1’ diethyl-2,2’-dicarbo-
cyanine iodide and cryptocyanine to be
22 and 14 picoseconds respectively. We
have used the new shutter to measure
the entire temporal behavior of the fluo-
rescence intensity for erythrosin dye in
water. The fluorescence of erythrosin
rises quickly, .reaches a sharp peak 60
picoseconds after excitation and rapidly
decays to 37 percent of its intensity in
a time of 90 picoseconds. These results
yield a vibrational-rotational relaxation
time in the excited electronic singlet
manifold of 40 picoseconds.

An investigation of how different sol-

SPECTROMETER
‘_‘_‘_-Tl
_ L_,_l '||).'
£ A
/ PHOTOMULTIPLIER

PROBE RAMAN LIGHT

/ \ PHOTODIODE

SPECTROMETER

\

PHOTODIODE

sity of the probe Raman light created from
the scattering off the excited vibrations, one
can determine both the growth and the
decay of the excess vibrations. By measur-
ing the intensity spectrum of the probe Ra-
man light with respect to delay time, the
decay routes and growth and decay times of
subsidiary vibrations can also be measured.

\_PHOTOMULTIPLIER

vents affect these characteristic times re-
veals in some measure how vibrational
and rotational energy is transferred with-
in the same molecule or to surrounding
molecules. The fluorescence-decay time
of 90 picoseconds for erythrosin, for ex-
ample, indicates a strong coupling be-
tween the singlet and the triplet levels,
resulting in a very fast intersystem-cross-
ing rate, since the lifetime can be this
short only if molecules are depopulated
from their excited state by mechanisms
other than fluorescence.

The use of a picosecond Kerr gate has
enabled Figueira and Mahr to measure
exciton lifetimes in cadmium selenide of
a few hundred picoseconds. (An exciton
is a conceptual entity created in a crystal
lattice by the exceedingly temporary
pairing of an excited electron and an
electron “hole.”) Other applications of
the gate have included measurements by
us in collaboration with Michael Seibert
of the General Telephone and Electron-
ics Corporation of the fluorescence in-
tensity profile of chlorophyll molecules,
indicating a new step in the process of
photosynthesis. Furthermore, we have
shown that the picosecond broad-band
emission discovered in our experiments
[see top illustration on page 42] is ideal
for detecting short-lived species through
their characteristic absorptions. P. M.
Rentzepis of Bell Laboratories has also
reported measurements of nonradiative
relaxation times in dye molecules.

The transfer of the rotational motion
of a molecule to its environment has
been demonstrated by Kenneth B. Eisen-
thal, Karl H. Drexhage and T. Chuang
of IBM with another picosecond-probe
technique. They used a linearly polar-
ized ultrashort light pulse to preferen-
tially excite molecules oriented in a spe-
cific direction, thereby creating an aniso-
tropic distribution of excited molecules.
Then they monitored the rotation of
these molecules back to an isotropic dis-
tribution by probing the absorption of
the medium with light of a different po-
larization at later times. Their technique
makes use of the phenomenon known as
dichroism (the same phenomenon that
enables Polaroid sunglasses to absorb
one polarization of light while passing
another, thereby eliminating the glare
of reflections). It provides a unique way
of investigating the interactions of a
molecule with its environment. Solute
molecules can be dissolved in different
solvents and excited with picosecond
pulses. Direct information on solvent-
solute interactions is obtained by mea-
suring the rate of return of the excit-
ed distribution to a randomly oriented
distribution.

© 1973 SCIENTIFIC AMERICAN, INC

Experimental measurements of orien-
tational relaxation times are surprising
because they agree with a simple model
that ignores detailed molecular interac-
tions and instead treats a molecule ro-
tating in a liquid much as one might
treat a large rotating sphere (except that
the gravitational forces in the molecular
case are negligible). The surrounding
medium is treated as a macroscopic en-
tity. A specific molecular interaction that
was expected to be important and to in-
fluence the orientational relaxation time
is the hydrogen-bonding interaction. In
this interaction alcohol molecules are
bonded together with the positively
charged hydrogen atom of one molecule
bonded to the negatively charged oxy-
gen atom of another molecule. This spe-
cific interaction, however, was found to
play a negligible role in determining the
rotational relaxation time of the large
dye molecule rhodamine 6G in many
liquids.

Further Applications

We shall now describe how picosec-
ond pulses have been adapted to the
measurement of vibrational lifetimes in
liquids and to the determination of op-
tical-phonon lifetimes in crystals. The
adaptation of picosecond pulses for such
measurements is perhaps their most im-
portant application so far for gaining an
understanding of the transfer of energy
within and between molecules.

A voluminous scientific literature ac-
cumulates each year on the normal vi-
brational modes of molecules in liquids
and on optical phonons in crystals. The
principal information for determining
the structure of molecules and materials
is derived from the frequency, line
width, depolarization and intensity of
spectral lines in Raman and infrared
spectra. All these data tend to present a
picture of a rather quiescent molecular
world. Actually the molecular world is
full of agitation and commotion as it
continuously undergoes structural trans-
formations. Because of the lack of an ul-
trafast clock with picosecond resolution,
little attention had been paid to these
interesting phenomena. The fact that ev-
erything happens so quickly (typically
in a tenth of a nanosecond or less) had
made it impossible to track the events.
Now that these rapid transformations
can be followed with picosecond pulses
physicists are for the first time obtaining
direct answers to such fundamental
questions as “How long do molecular vi-
brations last?” and “What are the routes
of decay of a molecular vibration or a
phonon to other degrees of freedom in
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_— HP MEASUREMENT/COMPUTATION: changing things for the better ———

/
/

100 reasons to invest $395" in the time and money machine:

To obtain the mean and
standard deviation of a
series of numbers, for
example, you simply key in
the individual numbers,
press the key after
each entry, then the
key to display the mean,
and the [x:)]key to display
the standard deviation.
Because the HP-80 has the
formula for calculating

the standard deviation

= | J \n X —nx
0 ] i -_’1
built into its logic circuitry,
it automatically performs all
the averaging, subtraction,
addition, squaring and
square root extraction
required by the formula.
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The HP-80 Business Calculator.

The 9-ounce HP-80 has 40 specific capabilities
built into its internal circuitry, which combine to
perform more than 100 different financial calculations
involving a relationship between time and money. All
necessary programs, including a 200-year calendar,
are built into the HP-80’s solid-state memory.

It used to require up to 20 minutes to solve such
time and money problems as bond calculations,
figuring compound interest, loan repayments,
depreciation amortization, investment analysis,
sinking fund and statistics. To make matters worse,
they required constant reference to cumbersome
tables. You'll notice this is all in the past tense.

With the advent of the new HP-80, the financial
counterpart of the pocket-sized HP-35, these
problems can be solved literally in seconds, and
without reference to any tables.

You just enter the data, push a few keys, and
read the answer — accurate to within the last penny
on a million-dollar transaction.

Since it can perform most financial calculations
in about 10 seconds, a user can save up to 20 minutes
on a single problem. The price is $395 (*U.S. only,
plus tax).

If you're in business, you can’t afford to be
without it. Ask for full information.

How to live happily in an
increasingly digital world.

Most electronic products have changed drastically
in the last few years. Everywhere you look, digital
logic is displacing the familiar analog circuitry. And
you'll be deceived if you believe that trouble-
shooting these new products is the same as it was
before the advent of the ubiquitous integrated
circuit (IC). There are at least two important
differences.

In the first place, you can easily check if any
of the discrete components in an analog circuit are
functioning properly by testing its input and output
leads, usually two or, at worst, three. In a digital
circuit, on the other hand, each IC has 14 or 16 leads
and you may need to know what’s going on at all
the leads simultaneously.

Furthermore digital circuits are intentionally
designed with low output impedances to make them
insensitive to noise . .. perhaps their greatest single
virtue. Unfortunately for circuit troubleshooters,
this means that each IC input is clamped in either

HEWLETT h

PACKARD

Sales, service and supportin 172 centers in 65 countries.

Palo Alto,California 94304, Offices in principal cities throughout the U S
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a high or a low logic state; hence the only way to
perform a stimulus/response test on an IC has been
to unsolder its input lead before injecting a test
pulse and observing the output.

We're happy to report that things have changed
for the better in the world of digital logic testing, with
HP’s IC Troubleshooters.

First there’s the Logic Clip which instantaneously
indicates the logic state of all 14 or 16 nodes on an
IC without cables or power connections. Or the Logic
Comparator which compares an in-circuit test IC
with a duplicate IC known to be good and identifies
any dissimilarities.

For testing individual IC nodes, there is a
series of Logic Probes covering the various IC
families which immediately indicate logic states
and pulse activity. New partner to the Logic Probes
is the Logic Pulser which automatically injects a
single pulse that drives a logic-low node high
and a logic-high node low for 300 nsec. These are
an effective stimulus/response test team —
without unsoldering leads and despite low IC
output impedances.

We've told the full story in an easy-to-read
booklet that's yours for the asking.

For more information on the products described in
these pages, fill out the coupon or write to: Hewlett-
Packard, 1503 Page Mill Road, Palo Alto, Calif. 94304.
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PICOSECOND STREAK CAMERA, developed recently by work-
ers in several countries, has an electronic circuit fast enough to
resolve atomic and molecular events on a time scale of about a tril-
lionth of a second. Light from such an event enters a slit and is
focused onto a photocathode, where electrons are released. The
electrons are accelerated through an anode and are then deflected

liquids and crystals?” It is now possible
to explore how such vibrations are trans-
formed into one another in the same
molecule or are transmitted to neighbor-
ing molecules. Moreover, by mixing dif-
ferent liquids one can learn how vibra-
tions are transferred between different
types of molecules.

Molecular vibrations and rotations last
only picoseconds in liquids because the
molecules move very rapidly, colliding
frequently with one another. The colli-
sion rate is high because liquids are
dense (1,000 times denser than air), so
that molecules find themselves in close
proximity to one another, where the elec-
trical interaction forces are strong. Pho-
nons in crystals collide frequently with
one another for much the same reason.
At room temperature the thermal energy
is so high that much of it is converted
into lattice-vibrational energy, with the
result that immense numbers of phonons
roam through the crystal. Under these
conditions the dominant decay mecha-
nism determining the lifetime of an.op-
tical phonon is a collision with another
phonon that is already present in the
crystal. This collisional decay is inferred
to be a three-phonon interaction, where
one phonon collides with a second pho-
non to yield a third phonon. At low tem-
peratures, however, the decay mecha-
nism must be quite different, because
now few thermally excited phonons are
present in a crystal and phonon collisions
are relatively rare. Thus the predom-
inant decay mechanism must be a spon-
taneous breakup of the phonon into two
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new phonons. The two new frequencies
generated must satisfy the conservation
laws of energy and momentum. In addi-
tion the frequencies must be limited to
lattice-vibrational modes of the crystal,
which are finite in number and uniquely
determined by the crystal structure.
Therefore only certain possible routes of
decay exist for phonons. If the crystal
contains an impurity, phonons can also
decay by interacting with the impurity.

In liquids vibrational energy in a mol-
ecule can be transferred either to other
vibrational modes of the molecule or to
adjacent molecules. Symmetry of the
molecular vibration is a determining
factor in selecting decay routes. If one
mixes two liquids, the vibrational mo-
tion of one molecular species can be
transferred through collisions to the vi-
brational modes of the other species.

The mechanism of a clock capable of
measuring ultrafast vibrational lifetimes
exploits the phenomenon of spontaneous
and stimulated Raman scattering pro-
duced by picosecond laser pulses. In this
type of experiment the vibrations are
excited through stimulated Raman scat-
tering by means of a powerful picosec-
ond laser pulse at the infrared wave-
length of 10,600 angstroms [see illustra-
tion on pages 54 and 55]. This treatment
increases the population of the vibra-
tional state in direct proportion to the in-
tensity of the stimulated-Raman-scatter-
ing light. A second picosecond probe
pulse of weak intensity and different
wavelength (5,300 angstroms) is then
applied as a function of time after the
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SPARK GAP

by a voltage ramp, which is actuated by focusing a portion of the
original picosecond pulse into a spark gap. The increasing voltage
in the ramp streaks the electrons across a phosphorescent screen
so that the electrons released at different times strike the screen
at different positions. A photograph of the resulting phospho-
rescent streak then gives a measure of the lifetime of the event.

first pulse and is spontaneously scattered
by the created phonons. The intensity of
probe Raman light is proportional to the
number of vibrations still present. By
varying the delay time between the
pump pulse and the probe pulse with a
movable prism and by measuring the in-
tensity of the probe Raman light created
by the scattering of the excited vibra-
tions, one can determine the rise and
fall times of the excess number of vibra-
tions. Moreover, by measuring the in-
tensity of the probe Raman light with
respect to delay time, the decay routes
and the growth and decay times of sub-
sidiary vibrations created by the excited
vibration can be measured.

Two different vibrational-decay times
have been measured in liquids: depopu-
lation times and dephasing times. As an
example of the dramatic influence that
phase can have on the time behavior of
a system we have mentioned picosecond-
pulse emission from lasers resulting from
the fact that the modes of the light-wave
field are in phase. Molecules in liquids
can also vibrate in phase with one an-
other, producing an enormous vibration-
al amplitude as they oscillate in step, a
far greater amplitude than when they
vibrate out of step. Such coherent mo-
lecular vibrations are generated in the
stimulated Raman process where coher-
ent light waves excite the medium. Vi-
brations oscillating in phase can go out
of step with one another through inter-
action forces in the medium, and the vi-
brational amplitude then drops precipi-
tously to a low value. The exponential
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1972 was a great year.

People like Hernando Blanco,
Peter Brinkerhoff, Pushpalata Chakra-
varthula, Tad Dmochowski, Mar-
garet Gyumolcs, Ray Holloway, Henri
Lellouche, Maureen Monahan, Aida
Olivo, Arthur Schmitt, Anna Shek and
Grace White.

The efforts of our 428,000 people,
worldwide, made 1972 the 13th con-
secutive year of new records in
sales, income and earnings per share.

Worldwide sales and revenues
for 1972 reached new highs.

Total worldwide sales and reve-
nues for 1972 reached a new high of
approximately $8.6 billion, an in-
crease of 12 percent over restated
1971 sales of $7.7 billion.

In addition, finance company
revenues and insurance premiums
earned increased last year to $1.7
billion, up 14 percent from $1.5 bil-
lionin 1971.

Consolidated income for the year,
before extraordinary items, rose
to $477 million, a gain of 12 percent,
compared with restated 1971 in-
come before extraordinary items of
$427 million.

Telecommunications and financial
services were areas of strength.

This income was equal to $3.80 per
share on an average of 124 million
common and common share equiva-
lents outstanding, an increase of 11
percent over 1971 per share earnings
of $3.43 on 123 million shares
outstanding.

The financial results for 1971 have
been restated to include the opera-
tions of companies acquired in “pool-
ing of interests” transactions
in 1972.

We attribute much of the improve-
ment in sales and earnings for
1972 to continued strong worldwide

e and 427988 others,

demand for our telecommunications
equipment, principally in Europe,
and also to gains in the financial serv-
ices areas, including The Hartford
Group. Other areas of strength includ-
ed worldwide communications
operations, consumer products and
natural resources.

If youwould like a copy of our1972
Annual Report, write: Director of
Investor Relations, International Tele-
phone and Telegraph Corporation,
320 Park Avenue, New York, N.Y. 10022,

SERVING PEOPLE AND NATIONS EVERYWHERE
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decay of the vibrational amplitude due
to molecules’ going out of step is called
the dephasing time. The depopulation
time is a measure of the decay of mole-
cules to an entirely new state and is un-
like the dephasing time, where the mol-
ecules vibrate out of step but can still
remain in the same vibrational state.
The depopulation time is a measure of
the actual disappearance of created vi-
brations.

The measurement of depopulation
times and dephasing times can be con-
veniently separated by experimental
techniques. To measure the decay of the
coherent oscillation by dephasing, the
probe beam that is scattered by these
vibrations at different delay times must
come in at a particular direction such
that conservation of momentum is pre-
served between the momentum vectors
of the probe beam, the scattered beam
and the coherent molecular vibrations.
There are actually two particular direc-
tions corresponding to Raman fl'equen-
cies that are upshifted and downshifted
by the molecular vibrations. The depop-
ulation of molecular vibrations is mea-
sured by incoherent Raman scattering
of the probe beam by vibrations. The
probe beam is sent in at an arbitrary
angle with respect to the vibrations, and
the scattered light is detected at an ar-
bitrary angle. In this procedure the am-
plitude of the scattered light depends
only on the population, since the vibra-
tions at arbitrary angles contain little
phase information. Strictly speaking, the
two lifetimes are somewhat related. For
example, if molecules oscillate in phase
and one of them depopulates to a new
state, then one less molecule is in phase
and so the phase amplitude drops.

Using probe techniques, in 1970 we
measured the optical-phonon lifetime in
a calcite crystal to be 22 picoseconds at
100 degrees K. and 8.5 picoseconds at
room temperature; we later estimated
vibrational lifetimes in liquid nitrogen
and benzene. In 1971 Alfred Lauber-
eau, D. von der Linde and Wolfgang
Kaiser of the Technical University of
Munich, working with similar probe
techniques, studied the decay of poly-
atomic molecules in the liquid phase
and also investigated the decay of lat-
tice vibrations in diamond. Later they
extended their work to measure both the
dephasing times and the depopulation
times in ethyl alcohol and trichloroeth-
ane liquids. For ethyl alcohol they found
a population lifetime of 20 picoseconds
and a dephasing time 80 times shorter.
The probe technique has also been ex-
tended by us to measure decay routes
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in liquids, where new “daughter” vibra-
tions created from the decay of another
vibration were observed.

Three recent developments in pico-
second diagnostic techniques lead us to
expect further advances in the measure-
ment of rapid relaxation times. These de-
velopments are (1) the invention of a
picosecond streak camera, (2) the dis-
covery of a new technique for generat-
ing still shorter light pulses and (3) the
development of a picosecond dye laser
that is “tunable” over a range of wave-
lengths.

In the streak camera, which has an
electronic circuit fast enough to measure
picosecond events, light from a slit is
focused onto a cathode where electrons
are released and accelerated toward a
phosphorus substance, which emits light
[see illustration on page 58]. A voltage
increasing with time is provided by fo-
cusing a picosecond pulse into a spark
gap; the voltage streaks the electrons
across the phosphor so that electrons re-
leased at earlier times appear at a differ-
ent position on the phosphor than elec-
trons released later. A photograph of the
phosphorescence then gives a measure
of the time behavior of the event. Such
cameras have been built by A. John Al-
cock and Martin C. Richardson at the
National Research Council in Canada,
by D. J. Bradley, B. Liddy and W. E.
Sleat at Queens University of Belfast in
Northern Ireland, by L. Coleman and S.
Thomas of the Lawrence Livermore
Laboratory of the University of Califor-
nia, and by several groups in the
U.S.S.R.

The second recent development is the
discovery of mode-locking procedures
capable of generating still shorter light
pulses by M. J. Colles at Harvard Uni-
versity and by Kaiser and his co-workers
at the Technical University of Munich.
Pulses as short as .3 picosecond can now
be generated reliably, and it seems prob-
able that still shorter pulses can be ob-
tained by this method.

The third recent advance, the devel-
opment of a tunable picosecond dye la-
ser, was made by E. Ippen, S. Shank and
A. Dienes of Bell Laboratories. This la-
ser combines ultrashort time resolution
with convenient wavelength flexibility;
moreover, it emits repetitive pulses and
thus is adaptable to the averaging tech-
niques required for low signal levels.

We therefore look forward to mea-
surements of still shorter relaxation
times, and to further applications of
these powerful new techniques that illu-
minate the mechanisms of energy trans-
fer in the submicroscopic world.
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The 1973 Monte Carlo Lan-
dau is a personal luxury car
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Withpowerfrontdiscbrakes,
power steering, steel-belted
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vanced suspension system.
With a handsome vinyl roof
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Monte Carlo l.andau Acar you can be proud of.

Among the many options
you can order are swivel seats
that swing out 90 degrees for

Chevrolet. Building a better way o see the US.A. Ay

Take a s

© 1973 SCIENTIFIC AMERICAN, INC

d to buckle up. It could save a lifetime,

ease of exit and entry.

Monte Carlo Landau by
Chevrolet combines superb
performance and sophisti-
cated styling.

This is an automobile you'll
be pleased to be seen with and
gratified to drive anywhere in
the U.S.A.

Certainly its selection as
Motor Trend’s "Car of the
Year” is impressive too. We
hope you agree.
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purpose camera, we probably could have
kept on selling it forever. Because it was
the most versatile camera in the world.

But we’re obsessive perfectionists, so
we couldn’t keep ourselves from improv-
ing our original. And we improved it in
so many ways (16 to be precise) that it be-
came a whole new camera: The Polaroid
MP-4 Multipurpose Land Camera.

The MP-4 may look familiar. (And
some of the things it does may be fa-
miliar. Like delivering color pictures in a
minute, and black-and-white in seconds.)
But it has a new range of capabilities.

For example, its modular design, cou-
pled with a wider choice of accessories,
lets you build (and pay for) only the exact
photographic system you need.
If you want additional capa-
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o bilities later on,
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your subjects because the lighting arms
are now completely adjustable. And the
lamp heads, themselves, are removable
(with heat shields) so they can be shifted
anywhere. Even the switches and acces-
sory outlets are more conveniently lo-
cated.

Macrophotographs (formerly up to 10
times actual size) can now be madeup to
14.8 times actual size. And critical focus-
ing for high macro- and photomicro-
shots is facilitated by the addition of an
aerialimage focusing screen.

With the MP-4, subjects can be sub-
jected to photographic scrutiny from al-
mostanyanglewithoutbeingrepositioned.
Furthermore, when the unit is on a table,
it can shoot charts on the wall or large
objects on the floor. These feats are pos-
sible because the MP-4 column can rotate
360° around its vertical axis, while the
camera can rotate 360° around its hori-
zontal axis.

But the MP-4 camera is more than just

e e e ey e - e me e

Copy wall charts
Enlarge negatives
Make 4 x 5 prints
Copy graphs
Record test results
Make 3% x 44 prints
Copy EKG’s
Copy 35mm slides
Make 3% x 4 slides
Record fingerprints
Copy X-rays
Make product pictures
Make metallographs
Record defective parts
Photograph models
Make halftone prints
Record gross specimens
Illustrate research reports
Record legal evidence
Make close-ups of samples
Copy original artwork
Size type for mechanicals
Record electrophoresis results
Document research projects
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Make positive/ negative photographs
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umn. So when the subject can’t come to
the camera, the camera can go to the
subject. At which point the camera with
itstripodmountbecomesastudiocamera.

We could go on about the new MP-4
enlarger head, the self-cocking Copal
shutter that accepts 5 Tominon lenses or
the universal mount that lets you use
other cameras including Polaroid’s SX-
70* (a camera that revolutionizes instant
photography the way the first Land cam-
era revolutionized conventional photog-
raphy).

But you get the point. We took an in-
credibly versatile camera and made it
even more versatile in many ways. And
more sensible in other ways. And more
economical in some ways.

If you want a demonstration or more
information, write to Polaroid Corpora-
tion, Dept. 57-257, Cambridge, Mass.
02139. (In Canada: 350 Carlingview Dr.,
Rexdale, Ont. In Puerto Rico: P.O. Box
2032, Ceramica Annex, Carolina 00630.)

R T N E S S e WA L T

WHAT IT CAN DO ON THE SPOT.

Make photomicrographs
Create graphic designs
Produce catalog artwork
Make macrophotographs
Take “before” and “after” records
Make copyprints of original photos
Illustrate training procedures
Record destructive tests
Copy engineering drawings
Record assembly sequences
Convert continuous tone material
to line art
Copy results of nondestructive tests
Photograph transient phenomena
Photograph fluorescent phenomena
Make record of prototypes
Record insured valuables
Produce advertising pictures
Record bacterial cultures
Copy medical illustrations
“Memorize” laboratory setups
Copy scintillation photos
Photograph chromosomes for
karyotyping
Et cetera.

The new Polaroid
MP-4 Multipurpose Land Camera.

*Presently available in selected markets in the U.S. Polaroid®
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ELECTRONIC NUMBERS

Numeric displays are now seen not only on laboratory and mdustrial

devices but also on pocket calculators and wristwatches. Deciding

what kind of display to use involves both technology and economics

lectronic numbers are becoming a
E familiar sight not only on labora-
tory and industrial instruments
but also on consumer items such as pock-
et calculators, digital clocks and elec-
tronic watches. A variety of electronic
devices for displaying numbers have
emerged in recent years. The rapid de-
velopment of numeric displays has taken
place both because of a growing demand
and because of advances in electronics
technology, particularly miniaturization
and large-scale integrated circuitry,
which have made it possible to produce
electronic devices that are small in size
and low in cost. Some of these devices
require numeric readout displays. The
kind of numeric display used in a device
depends on the technical requirements,
the cost of the display (and the electronic
circuitry associated with it) and the aes-
thetic requirements (how the designer
thinks the display will appeal to the
user).

Although the technology of some of
the new numeric devices is fascinating
in itself, the evolution of electronic num-
bers can perhaps be better understood
by looking at it in terms of an interac-
tion between high technology, which
determines what can be built, and the
marketplace, which determines what can
be successfully sold. To indicate a mea-
surement most electrical and electronic
devices have in the past incorporated
some version of the d’Arsonval galva-
nometer, which consists of a wire coil

by Alan Sobel

suspended in the field of a permanent
magnet. When an electric current passes
through the coil, the coil turns and causes
a pointer attached to it to move across a
scale. Such meters can be made to be ac-
curate to somewhat better than 1 per-
cent of the full scale, but accuracies of
.1 percent of the full scale are difficult
to attain. When higher accuracy is re-
quired, more complicated techniques
come into play; they generally involve
balancing a calibrated electric current
against the unknown current. Such tech-
niques allow much more accurate mea-
surements, but they are complex, slow
and expensive. Furthermore, if the quan-
tity to be measured varies rapidly, they
do not work well.

The development of transistors and
later of integrated circuits has led to elec-
tronic measuring instruments of much
greater precision. For example, multim-
eters capable of measuring voltage, cur-
rent and resistance with an accuracy of
one part in 100,000 are now available at
prices under $2,000. These instruments
do not require the operator to balance
two currents; the input is read auto-
matically and rapidly, and a new read-
ing can be made in a fraction of a sec-
ond. Accuracy of this order was formerly
available only in standards-testing lab-
oratories. The new electronic instru-
ments not only are portable but also are
more reliable than their predecessors.

Instruments that make rapid, high-
precision measurements demand nu-

ARRAY OF LIGHT-EMITTING DIODES for a single digit of a numeric display is shown
greatly enlarged in the photograph on the opposite page. The red number 5 has been gener-
ated by selectively turning on appropriate light-emitting diodes in the array. The unener-
gized diodes are black. The diodes are made of gallium arsenide phosphide, a semiconduc-
tor that emits red light with a wavelength of about 6,550 angstroms. The filter that nor-
mally covers the numeric display has been removed to make the connective wiring visible.

© 1973 SCIENTIFIC AMERICAN, INC

meric readouts, since analogue presenta-
tions cannot display the results in any
simple way. Moreover, many instru-
ments are now designed to feed data di-
rectly to a digital computer as well as
present the measurements to a human
operator. Even low-precision two- or
three-digit meters have some advantages
over analogue displays, and they are
rapidly replacing the meter movements
that have been standard equipment in
display panels. The digital meters can
be read more easily and more accurate-
ly by untrained people who might have
trouble interpreting a pointer on a scale.
(On the other hand, it is harder to spot
trends on a digital meter or to separate
a trend from “noisy” fluctuations of the
measured quantity.)

Another kind of measurement for
which the d’Arsonval meter is not well
suited is counting, particularly the count-
ing of rapid and irregular events such
as the disintegration of radioactive at-
oms. The Manhattan project of World
War II called for many such measure-
ments and spurred the development of
electronic counters based on vacuum-
tube circuitry. The amplified signal from
the vacuum tubes went to small neon
glow lamps that registered the count.
The lamps were arranged in a binary
code, and it proved to be a nuisance to
mentally convert the binary numbers to
decimal ones. Various techniques were
devised to make a decimal readout pos-
sible. At the outset the display most fre-
quently used was the “thermometer,” or
ladder, display. Each digit of the deci-
mal readout required a column of 10
neon lamps. Only one lamp in any col-
umn would light at a time. In order to
read a number it was necessary to look
across the array of columns and note the
digits that were lighted. Although these
decimal displays were an improvement
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NIXIE TUBE, a gas-discharge device, was the first commercially
successful numeric indicator for electronic instruments. It consists
of 10 shaped-metal numbers that are stacked one behind the other.
The metal numbers are insulated from one another, and each of
the numbers can serve as the cathode. The anode is a fine metal
mesh. The entire assembly (right) is placed inside a glass bulb that

contains neon with a small amount of mercury. When a voltage is
applied between the anode and any cathode, the gas surrounding
the cathode breaks down and emits light. The result is a luminous
number (photograph at left). The Nixie tube was developed by
the Burroughs Corporation in the mid-1950’s. It is made in a va-
riety of sizes and continues to be used in substantial quantities.

over the binary form, they were general-
ly disliked because they were hard to
read. What was needed was a means of
displaying a number “in line” rather than
scattered up and down several columns.

Of the devices that were designed in

the mid-1950’s to meet this require-
ment the most successful was a gas-dis-
charge device called the Nixie tube. At
the time the Nixie tube was introduced
it was not at all certain that it would be-
come the dominant digital device for
electronic instruments. There were two
major competitors: incandescent lamps
and electroluminescent numbers. There
were several ways in which incandescent
lamps could be driven from the outputs
of vacuum-tube counters, and the lamps
could be used to illuminate masks or to
edge-light plastic panels to produce a
number display. The circuitry required

to power these displays was more com-

plicated and more costly than what was:

needed for the Nixie tube. Moreover, the
incandescent indicators themselves were
relatively expensive. The electrolumi-
nescent numbers were made from pow-
dered phosphors that emit light when
they are subjected to an electric field.
Unfortunately the early electrolumines-
cent lamps had short and unpredictable
lifetimes and they gradually faded as
serious competitors to the Nixie tube.
The name Nixie came about acciden-
tally. A draftsman making drawings of
the device labeled it N1x 1, for numeric
indicator experimental No. 1. His col-
leagues began referring to it as “Nixie,”
and the name stuck. The tube contains
10 metal cathodes, each shaped to form
a different number. The cathodes are in-
sulated from one another and are stacked
one behind the other. The anode is a

metal mesh. The entire assembly is in a
glass bulb that contains neon gas with
a small amount of mercury. When an
electric potential of about 180 volts is
applied between the anode and anv
cathode, the gas near the cathode breaks
down and emits light. With a proper
choice of gas pressure and cathode di-
mensions almost all the light comes from
the immediate vicinity of the energized
cathode, and the result is a luminous
orange-red number.

The Nixie tube was first marketed
commercially in 1956. It is still sold by
its originator, the Burroughs Corpora-
tion, and by Burroughs’ licensees in
many countries. It is available in a varie-
ty of sizes and is widely used in measur-
ing instruments of all kinds and in office
equipment such as calculators and copy-
ing machines. The tube has been suc-
cessful because it is reliable and has a

NIXIE NUMBERS are shown in sequence from 0 through 9 in this
photograph of a section of a testing panel that is being used to de-
termine the longevity of Nixie tubes. The tubes in the photograph
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have been in constant operation for more than 100,000 hours. Visi-
bility of all the luminous numbers is good in spite of the fact that
the number-shaped cathodes are stacked one behind the other.
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long lifetime. Because it is a familiar de-
vice to design engineers the Nixie tube
continues to be sold in large quantities.

The voltages to operate Nixie tubes
are provided by circuits called drivers.
Originally Nixie tubes were designed to
be driven by vacuum tubes, which them-
selves operate at high voltages. Modern
integrated circuits, however, operate at
very low voltages, and interface circuits
are required to drive Nixie-tube dis-
plays. These driving circuits are readily
available from a number of sources, but
the need for interface circuits, which
provide a high voltage, is one reason why
the Nixie tube is being challenged.

The pocket electronic calculator is per-

haps the most dramatic example of
a new electronic instrument requiring a
digital display. These small machines
can add, subtract, multiply and divide,
and many can perform even more com-
plex calculations. Instruments with such
capabilities would be impossible with-
out large-scale integrated circuitry
(known as LSI). To perform its calcula-
tions an instrument may need more than
1,000 diodes and transistors, and all are
contained on one or two integrated-cir-
cuit “chips.” The results of the calcula-
tions are displayed by numeric devices.
Because pocket calculators are usually
operated from small batteries, the power
demand of the numeric display is more
critical than it is for larger instruments
that operate from a power line. More-
over, because of the size of the pock-
et calculator the numerals are usually
smaller than those needed for other
kinds of instrument. The numeric de-
vices must be mounted close together
and occupy as little space as possible.
Since these calculators are sold to con-
sumers rather than to business and in-
dustry, low cost is essential if they are
to find a market.

The requirements of pocket calcula-
tors have had a strong impact on numer-
ic-indicator design. The size of the mar-
ket has stimulated manufacturers to de-
velop new systems and new devices.
There will probably be more than three
million pocket calculators sold through-
out the world in 1973, and since each
calculator has from six to 16 digits the
total demand for individual digits will be
roughly 25 million. By way of compari-
son some five million Nixie tubes were
sold throughout the world in 1972.

The Nixie tube has a shaped form for
each digit; other devices use bars or dots
to form the numbers. Seven-stroke de-
vices form numbers by lighting the ap-
propriate segments of a rectangle with

PLANAR GAS.DISCHARGE DISPLAY utilizes the same principle that the Nixie tube
does to produce glowing numbers. The essential features of the planar device Panaplex II,
made by the Burroughs Corporation, are shown in the drawing. The cathodes are metallic
bars deposited on a flat base. Corresponding cathode segments for all the digits are
bussed, or interconnected, by a buried conductor. Each digit has a separate anode, which
is formed by depositing a transparent layer of conducting tin oxide on the inner surface of
the front plate. A spacer separates the base and the front plate. Neon with a small amount
of mercury is introduced into this space, and when a suitable voltage is applied between a
cathode bar and its anode, the gas around the bar breaks down and begins to glow. Num-
bers are generated by sequentially energizing appropriate anodes and bussed cathodes, a
technique that is known as strobing. This is done so rapidly that the viewer sees a steady
light. The resulting numbers, as is apparent in the photograph, have a pleasing appearance.

a horizontal bar in the middle. The dot
arrays are usually four by seven or five
by seven [see illustration on next page].

Each type of device needs a different
means of translating the signals received
from the computing or measuring ele-
ment of the instrument. The translation
device is called a decoder. Although it
is a relatively simple device to build
with integrated circuits, it is not inex-
pensive. It is therefore often preferable
to have all the digits to be displayed
share one decoder.

One way to organize the display is to
have a separate driver for each element
of each digit. That is expensive. For an
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eight-digit display using seven-stroke
numbers, for example, 56 drivers would
be needed. If the eight digits are con-
nected in a matrix arrangement in which
the driving circuits are shared among all
the digits, however, it is possible to re-
duce the number of drivers. This ap-
proach is termed multiplexing. For an
eight-digit, seven-stroke display connect-
ed in a matrix, only 15 (8 + 7) drivers
are required.

If in such an arrangement we want to
activate only one segment of one digit,
we send a current down a column and
across a row. The segment at the inter-
section of that row and that column will
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receive the sum of the voltages from the
two drivers. Other segments connected
to the encrgized row and column will
also be subjected to roughly half of the
total voltage. If this half-voltage causes
the display segment to produce some
light, it could be difficult for an observer
to distinguish between segments that
should be on and those that should be
off. This problem is called crosstalk, and
unless it is solved some cross talk will be
heard from the people who want to read
the numbers.

What is required is that each display
element have a sharp on-off threshold so
that partial voltages give rise to no light
output. Many of the display devices sat-
isfy this requirement, but there are some
that do not. Some devices operate on di-
rect current and so need a sharp thresh-
old in only one direction; others operate
on alternating current and should have
sharp thresholds in both directions.

Another problem is that in multiplex

operation each digit is “strobed” (is on)
for only part of the time. Hence it must
radiate all the light that the viewer will
see during only part of the time. For ex-
ample, in an eight-digit display each
digit is on for an eighth of the total time
and must emit eight times its average
output during the on interval. Further-
more, the time it takes to pulse all the
digits in the display must be short
enough so that the observer does not see
au objectionable flicker. These require-
ments set a limit on the number of digits
of a particular kind that can be used in
a multiplex display.

Multiplex operation requires a more
complicated organization of the elec-
tronics than the simpler scheme of a
driver for each segment. For a large
number of digits this extra complexity
is clearly better than the many drivers
needed for nonmultiplex operation, but
for a display of only a few digits the sav-
ing in drivers may not compensate for

the increase in programming electronics.
As complicated integrated circuits be-
come cheaper, however, the cost of the
programming electronics is going down,
making multiplex operation favorable
for smaller displays.

When the market for numeric dis-
plays began showing signs of great ex-
pansion, the Nixie tube was already a
mature device. That is, it had been man-
ufactured for a long time and costs had
been reduced about as far as possible: to
about $1.50 per tube in large quantities.
Some further price reductions might be
achieved, but substantial savings seem
unlikely. Furthermore, it is difficult to
make Nixie tubes in the very small sizes
(less than three-eighths of an inch high)
that are needed for pocket calculators.

A new approach utilizing the gas-dis-
charge principle was devised. The cath-
ode electrodes around which the gas
glow concentrates were formed into sev-
en-stroke rectangles in a single plane.

THREE TYPES OF ARRAY for forming electronic numbers have
been developed. The simplest is the seven-stroke array, basically
a rectangle with a horizontal bar. With this arrangement each num-
ber from 0 through 9 can be generated, as shown in the top photo-
graph. All seven segments of the array can be seen in the number
8. The four-by-seven dot array (middle photograph) also is a rec-
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tangle with a horizontal bar. The five-by-seven array (bottom) often
is filled in so that it has 35 dots. Such an array can generate not only
numbers but also all the letters of the alphabet. The top photo-
graph shows a light-emitting-diode display on the Model 80 pocket
calculator made by Hewlett-Packard. The other two photographs
show light-emitting-diode displays that are made by same company.
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This stratagem resulted in thinner de-
vices than the ones that could be made
with Nixie tubes and opened the way to
a more economical fabrication of the
electrodes. The cathode electrodes are
usually made by depositing a metallic
paste on a suitable base and baking the
paste, a technique called thick-film fabri-
cation. Several manufacturers have pro-
duced variations of such planar gas-dis-
charge devices. Since the numbers are
all in one plane, they do not jump back
and forth as the Nixie numbers do.

The segments in the seven-stroke ma-
trix have the sharp thresholds needed for
multiplexing. Although the total voltage
across the gas discharge is high (about
200 volts), the difference between on
and off voltages can be only 30 volts.
Thus low-cost driving circuits can be
used. The overall power economy is
good even when it is necessary to in-
clude a converter to step up the voltage
from a nine-volt battery. Multiplex dis-
plays of 10 or 12 digits can be made with
planar gas-discharge devices. Costs
range upward from about $1 per digit
but will doubtless come down soon.

Two new technologies have made their
appearance in numeric displays: lig-
uid crystals and light-emitting diodes.
Liquid crystals are fluids that are partial-
ly ordered, so that they have some of
the optical properties of crystals (hence
their name). Although they have been
known for nearly a century, their recent
application to numeric displays dates
back to the discovery in 1968 that they
have readily usable electro-optical prop-
erties [see “Liquid-Crystal Display De-
vices,” by George H. Heilmeier; SciEn-
TIFIC AMERICAN, April, 1970]. Light-
emitting diodes (LED’s) are semicon-
ductors that emit light when a suitable
electric current is applied to them. The
semiconductor materials most commonly
used in them today are gallium phos-
phide and gallium arsenide phosphide.
At present there are two types of crys-
tal used in displays: dynamic-scattering
liquid crystals and field-effect liquid
crystals. Dynamic-scattering liquid crys-
tals are clear in the absence of an elec-
tric field. When an electric field is ap-
plied, they turn cloudy and scatter light.
The effect is rather like a frosted piece
of glass. The devices can be made trans-
missive for rear-lighting applications, re-
flective for ambient-lighting applications
or semireflective for both kinds of opera-
tion. The usual liquid-crystal numeral is
arranged as a seven-stroke digit [see top
illustration on next page]. The strokes of
the digit are created by transparent elec-
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MULTIPLEX CIRCUIT indicates how three seven-segment digits can share segment and
digit drivers (top). The diagram shows semiconductor diodes, but other kinds of element
could be used if they have suitable thresholds. The same array is redrawn (bottom) to em-
phasize the three-column, seven-row matrix configuration. Desired paths for energizing a 1
in the middle digit are shown as light-colored lines. Some “sneak” paths that could turn on
unselected segments are shown in the darker color. If sufficient light is generated by the
sneak currents, it may be difficult to determine which of the segments are supposed to be on.
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DYNAMIC-SCATTERING LIQUID-CRYSTAL DISPLAY typically consists of a nematic
liquid crystal between two plates of glass on which electrodes have been deposited. The
seven-segment electrode on the inner surface of the front plate is transparent. The con-
tinuous electrode on the rear plate can be either transparent or silvered. In the absence of
an applied electric field the nematic liquid crystal is clear. When an electric field is applied
to any segment, the liquid crystal in that region becomes turbid and scatters light. Numbers
are formed by energizing appropriate segments. Dynamic-scattering displays can be either
reflective or transmissive. In the latter case auxiliary rear lighting is usually required.

FIELD-EFFECT LIQUID-CRYSTAL DISPLAYS require polarizing filters on both sides
of the basic cell, which contains a twisted nematic type of liquid crystal sandwiched be-
tween two plates with transparent electrodes. When polarized light passes through the liq-
uid crystal, the plane of polarization of the light is rotated 90 degrees (top). When an elec-
tric field is applied to the liquid crystal, it untwists and no longer rotates the light (bottom).
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trodes on the inner surfaces of two sheets
of glass between which is a thin film of
liquid crystal. If the device is to be re-
flective, the electrode on the rear surface
is made of metal to serve as a mirror.

It requires very little current (on the
order of microamperes per square centi-
meter) to produce the liquid-crystal scat-
tering effect. Direct-current operation
shortens the life of the device; hence
alternating current is used. The voltage
can be 25 volts or less, so that liquid-
crystal displays are well suited to low-
power applications such as the face of an
electronic wristwatch. Transmissive dis-
plays call for auxiliary lighting. The con-
trast between the numbers and the back-
ground in the early displays was not
very good, but improvements have been
made rapidly. For reflector-backed dis-
plays there are some angles at which the
numbers disappear under some lighting
conditions. Another disadvantage of dy-
namic-scattering liquid crystals is that
they do not have sharp enough thresh-
olds for multiplexing, although driving
techniques to overcome this drawback
have been developed.

Field-effect liquid crystals, a newer
development, operate by rotating the
plane of polarization of incident polar-
ized light [see bottom illustration at
left]. Their thresholds are good enough
for them to be used with multiplexing in
displays of a few digits. They can oper-
ate in either the transmissive or the re-
flective mode. They can be operated on
direct current, and their power require-
ment is even lower than that of dynamic-
scattering liquid crystals. Typically they
operate at about eight volts, but thresh-
old voltages of less than one volt have
been achieved.

Many companies are conducting in-
tense research and development in liq-
uid crystals. The temperature range over
which these substances function is being
extended; it is now from below zero de-
grees Celsius to more than 80 degrees C.
(176 degrees Fahrenheit). The lifetimes
of the devices are being lengthened and
electro-optical performance is being im-
proved; in short, manufacturers are
learning how to make liquid-crystal dis-
plays of high reliability at low cost. They
promise to become the least expensive
as well as the least power-demanding of
all numeric displays. Prices of 50 cents
per digit should be attained in the near
future. The fact remains that they are
still new materials and their large-scale
commercial use is only beginning,

The light-emitting diode is an out-
growth of work on semiconductor ma-
terials. When an electric current is ap-



TELETIME

DIGITAL ELECTRONIC WATCHES are providing a new con- poration. Watch on the right, made by Gruen Industries, Inc., has
sumer outlet for numeric displays. The watch on the left has a field-effect liquid-crystal display made by the International Liquid
dynamic-scattering liquid-crystal display made by the Optel Cor- Xtal Company. Both systems operate by reflecting ambient light.
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DIGITAL ELECTRONIC CLOCK has a liquid-crystal numeric dicators. The liquid-crystal display is made by American Micro-
display with a 12-hour format and with separate A.M. and p.m. in- systems, Inc., which also is a maker of electronic clock circuits.

ELECTRONIC CALCULATORS with large liquid-crystal numeric Microelectronics Company for several major retail concerns. The
displays are being manufactured by the North American Rockwell company began mass-producing liquid-crystal displays last year.
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INCANDESCENT-FILAMENT display devices have very bright,
sharp numbers. These devices, produced by the RCA Corporation,
consist of a seven-stroke array of a tungsten wire enclosed in a

plied to certain semiconductor crystals,
light is produced by a recombination of
electrons and holes near a p-n junction.

Light-emitting-diode displays are fab-
ricated as seven-segment numbers or as
four-by-seven or five-by-seven dot ar-
rays. The materials and the fabrication
processes required are expensive. There-
fore LED’s are most often used in small
sizes, which mates them well to small
portable devices such as pocket calcula-
tors. Most LED’s emit red light, although
yellow and green are becoming available
and blue is being worked on. LED’s have
a sharp threshold and a bright output
and are well suited for multiplexing.
They operate on voltages around 1.7
volts, which makes them compatible
with integrated circuits. Their efficiency,
however, is low: they convert only about
1 percent of the electrical input into
emitted light. Since LED’s require sub-
stantial current and have an output that
increases rapidly with increasing voltage
above the threshold, most LED drive cir-
cuits are designed to supply a well-
defined limited current. The devices are
mechanically rugged and should have a
long life.

Because of strenuous price competi-

tion the cost of LED displays is drop-
ping rapidly. The lowest published price
at present is about $1.60 per digit for
large orders. Prices of $3.50 to $5 per
digit are more typical, but price compe-
tition with other display types is intensi-
fying.

Vacuum-fluorescent indicators are
small special-purpose cathode ray tubes.
A thin heated wire emits electrons that
are drawn to any of the seven segments
of a digit by applying a positive voltage
to the desired segments. The segments
are coated with a low-voltage phosphor
that emits a blue-green light. Other col-
ors can be produced by putting appro-
priate filters in front of the tube. The
devices require power in the milliwatt
range and about 80 milliwatts to heat
the filament. The anode typically calls
for about 25 volts. Because of this low
voltage the phosphor must be viewed
from the same side that the electrons
hit it. The filament is thus between the
lighted segments and the viewer. It is so
small and operates at such a relatively
low temperature, however, that it is un-
noticeable [see illustration below]. In-
dicators of this type are made in a varie-
ty of sizes and formats and have been

glass tube. Brightness can be adjusted by altering the voltage.
The filament gives off a wide-spectrum yellowish-white light that
can be filtered to produce a numeric display of almost any color.

used successfully in small portable cal-
culators. They are low in cost, they mul-
tiplex well and their low voltage re-
quirements make them compatible with
integrated circuits often without the ad-
dition of separate drive circuits.

Electroluminescent materials were
one of the early competitors to the Nixie
tube. Powdered electroluminescent nu-
merics are still made, and there have
been substantial improvements in their
performance. They do not, however,
multiplex well without additional cir-
cuit elements.

A newer form of electroluminescent
display has been developed, consisting
of a thin film of phosphor deposited onto
a glass base. The phosphor and the
front electrodes are transparent. A black
layer of dielectric material is deposited
on the back of the phosphor (the side
away from the viewer) and absorbs most
of the incident light. The contrast of
lighted numbers against the black back-
ground is excellent even in brightly
lighted environments. Power require-
ments are in the 50-milliwatt range, but
both forms of electroluminescent de-
vices need alternating currents in ex-
cess of 100 volts for good performance.

VACUUM-FLUORESCENT numeric indicators are basically small
cathode ray tubes. A thin wire cathode at the front of the device
emits electrons that are drawn to phosphor-coated segments. The
light emitted by the phosphor peaks in the blue-green region but
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spans a wider spectrum, thus making possible multicolor displays
with the appropriate filtering. A new flat, rectangular fluorescent
display made by the Wagner Electric Corporation is shown in this
photograph. Fluorescent devices are also packaged in glass tubes.



Because packaged driver circuitry is not
generally available users must produce
their own circuits. This has tended to
discourage use of these displays, even
though their cost is as low as 50 cents
per digit. A new, direct-current form of
powdered electroluminescent material is
being developed.

Incandescent tungsten filaments in
vacuum tubes have also been used in dis-
play devices, usually arranged in the
seven-segment format. These devices
produce sharp, high-brightness displays.
They emit a yellowish-white light that
can be filtered to any desired color. The
brightness is adjustable with simple volt-
age controls from zero output to a level
that is easily visible even in very strong
ambient-light conditions. The voltages
required are low, making these devices
directly compatible with integrated-cir-
cuit drivers, but multiplexing requires
additional components. Power require-
ments are comparable to those of LED’s.
Because the filaments are operated at
a relatively low temperature their life
should be long. Costs are about $2 per
digit and are expected to drop. Incan-
descent-tungsten devices have been used
in testing and aircraft instruments and in
applications such as cash registers with
numeric displays.

M here are other types of numeric in-

dicator in service or being developed.
I have discussed here only the most im-
portant of those currently available. One
new device harnesses electrophoresis to
move small colored particles that are
suspended in a liquid of contrasting
color. Another incorporates tiny incan-
descent tungsten filaments, fabricated
by integrated-circuit techniques, ar-
ranged in dot arrays. The technology of
producing numeric displays is still evolv-
ing. We can anticipate that there will
be new applications of electronic nu-
meric devices, particularly in automotive
dashboard instruments, home appliances
and other consumer items.

There is no one display device that
is clearly superior for all purposes. In
fact, for many applications it is difficult
to choose one device among several com-
petitors. In addition to the obvious re-
quirements of size and legibility the de-
sign engineer must take into account the
environment (heat, cold, vibration and
so on) in which the instrument will oper-
ate. Keeping down the cost of the dis-
play usually calls for juggling the cost of
the various components, including the
numeric indicator itself, the required
drivers and interface circuits, the mount-
ing of the display and the power supply.
In order to make the best selection it is
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ELECTROLUMINESCENT DISPLAY utilizing a light-emitting phosphor is made by
Sigmatron, Inc. The phosphor, a transparent polycrystalline material, is deposited as a
film on a glass plate previously coated with transparent electrodes. A black insulating
layer is applied to provide a dark background. When the phosphor is excited by an alternat-
ing electric field, it emits yellow light. Contrast is excellent even in bright environments.

often necessary to design the display
system several times, taking different ap-
proaches.

There are many instances where this
kind of detailed engineering study is not
justified or the time for it is not available.
Clearly it would not be sensible to mount
as large a design effort for the production
of a few items as for the production of
hundreds of thousands. (This is one of
the reasons that equipment for the space
program is so expensive. Only a few units
are made, but an enormous amount of
engineering must be lavished on those
few.) For the usual low-volume-produc-
tion design the engineer will be guided
largely by his judgment. That judgment,
in turn, will be affected by the ease with
which he can obtain information, sam-
ples and the production quantities he
needs. If one type of display is familiar
and readily available, and if its driving
circuitry can easily be produced from
standard components, the designer is
likely to select it over another device
whose appearance, say, is more satis-
factory but whose circuitry would be
more difficult to incorporate into the
final instrument.

Thus the choice of a display to be used
in a particular product is often influ-
enced by more than the strictly technical
considerations of price and performance.
The display manufacturer’s field engi-
neering may be as important as his qual-
ity control. This tends to favor devices
manufactured by large companies with
a good reputation and with the resources
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to provide advertising, marketing, ap-
plications literature and troubleshooting
service to customers. Furthermore, it
tends to favor established devices over
newer ones. This is one of the important
reasons that Nixie tubes are still being
made in large quantities, even though
the newer devices are growing in pop-
ularity. By the same token, the fact that
so many new devices are being incorpo-
rated into production equipment is evi-
dence both of the need for new solutions
and the willingness of many engineers
and executives to work with new tech-
nologies, particularly in circumstances
where they can afford to do detailed en-
gineering design.

[nventors have long been aware that the

world does not beat a path to the
source of the better mousetrap. That
mousetrap must be sold to prospective
users, and if it is to be incorporated into
a mouse-control system, its advantages
over tomcats must be convincingly dem-
onstrated. Many engineering decisions
concerning which device to use where
are based not on exhaustive technical
analysis but on the designer’s judgment
and intuition about which device will
best meet his needs. His information will
come from many sources: other users,
trade literature and so on. Engineers
usually find that they must make deci-
sions with less information than they
would really like to have. This is one of
the challenges of design engineering;
good engineers meet it successfully.
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FOREST OF DOUGLAS FIRS in western Oregon dwarfs a field lower left of photograph, between first and second tree trunk). Use
investigator suspended from a spar 100 feet above the ground (at of modified rock-climbing techniques allows such closeup studies.
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LIFE IN TALL TREES

The high forest canopy consists of more than branches and leaves.

Entire communities of other plants and animals dwell within this

unique ecosystem, helping to provide the trees with nitrogen

treetop in a forest, like a mountain
A peak or a deep canyon, is a re-
mote world that is plainly visible
but not easy to explore at first hand. Yet
there is a strong urge to visit such private
domains. They challenge both our curi-
osity and our skill. With respect to tall
trees there might even be an echo of a
past when our ancestors were at home in
treetops.

It is perhaps a little surprising, there-
fore, that although investigators have
been drawn to the direct exploration of
mountain heights and sea floors, relative-
ly little study has been given to the tree-
top world. It offers intriguing questions
to a biologist. The forest canopy is a dis-
tinctive habitat, providing its own spe-
cial conditions of moisture, light, tem-
perature and other qualities. What kinds
of plant and animal life does it support?
Does it harbor an integrated community?
What roles does it play in maintaining
the forest ecosystem as a whole?

My colleague Lawrence H. Pike and I
at Oregon State University undertook an
exploration of treetop life as part of a
US. study of ecosystems in western co-
niferous forests under the aegis of the
International Biological Program. We
enlisted a group of physically fit univer-
sity and high school students in our
climbing party and set out for the top of
a 450-year-old stand of Douglas fir in the
H. ]J. Andrews Experimental Forest in
western Oregon, where the trees soar to
a height of 200 feet or more and the
lowest branch is usually at least 60 feet
above the ground. Since the project pre-
sented a problem roughly corresponding
to scaling the rock face of a mountain-
side, we borrowed ideas from rock-
climbing to develop techniques for
climbing the tall trees.

As in mountaineering, our climbers
work in teams, with a teammate on the

by William C. Denison

ground belaying the climber on the tree
with a safety rope. The team members
use small radio transceivers for commu-
nication between those on the ground
and climbers far above in the canopy. In
the first ascent of a tree the climber car-
ries a hammer and lag screws (which
hold better in the bark and trunk of a
tree than the pitons, or spikes, used in
rock-climbing) to assist the climb. The
climber drives a lag screw into the tree
trunk, fastening a hanger as far above
his head as he can reach, attaches a pair
of stirrup-loop ladders to the hanger,
climbs the ladder stirrups to install the
next hanger and proceeds in this way
to the top of the tree [see top illustration
on next page]. The initial climb takes
several hours and is hard work, even for
a person in excellent physical condition.

At the top of the ascent the climber
attaches to the trunk a rope that will be
used for subsequent ascents and a large
pulley for the belaying rope that the
climbers use for additional support. To
ascend the climbing rope the climber
holds in each hand a Swiss-made Jumar
Ascender, which is a form of clamp that
grips the rope tightly when weight is put
on it and loosens when weight is re-
moved. Slings of nylon webbing that
serve as stirrups for the climber’s feet are
suspended from the jumars and the
climber goes up the rope by taking the
weight off one foot and stirrup, sliding
the jumar up the rope with one hand, re-
storing the weight on the stirrup to tight-
en the jumar and then repeating the
process with the other hand and foot.
With practice one can climb the rope in
this way with little more effort than it
takes to climb an ordinary ladder. One
can also rest one’s feet from standing in
the stirrups or free both hands for work
at any point by sitting back on a seatlike
sling that is attached to one jumar.
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In addition to these devices for climb-
ing and descending along the tree trunk,
we have developed a 12-foot boom,
which we call the “spar,” for working in
areas away from the trunk (including the
ends of branches). The spar is attached
to the trunk with a special hinge and is
suspended at its outboard end by a pair
of ropes [see bottom illustration on next
page]. The occupant sits on a sling seat
suspended from the spar and can move
along the spar by alternately standing in
stirrups while sliding the seat along and
then moving the stirrups while sitting in
the seat. By pulling one or the other of
the two ropes supporting the outboard
end of the spar the occupant can move
horizontally around through an arc of
180 degrees. Thus we can work effec-
tively anywhere in the canopy within
12 feet of the trunk.

After establishing access to the treetop,

- we carried out a systematic survey
not only of .the wood and foliage of the
tree but also of the population of epi-
phytes: the many plants that grow on
other plants but are not parasitic. We
recorded the results of the survey on
punch cards, a procedure that enabled
us to store the data in a computer and
to undertake computer analyses. The
data were first used in preparing a “map”
of the tree, showing the location and
amount of living and dead matter on the
tree trunk and on each branch system.
The survey enabled us to estimate the
biomass, or weight of living matter, of
each branch system and of the tree as
a whole. These estimates were compiled
by considering separately the amount of
foliage (obtained by observing what per-
cent of the horizontal area within a
branch system was covered by foliage),
the amount of wood (in the branch and
twigs) and the amount of epiphytic plant
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life inhabiting each branch. We checked
our estimates of the biomass by making
detailed measurements of typical sys-
tems. We found, for example, that in a
Douglas fir 185 feet tall the foliage had
an estimated total weight of 187 pounds
and the epiphytic lichens and mosses
growing on the tree weighed 38 pounds.

It was already well known, of course,
that trees are inhabited by a great va-
riety of plant and animal life. The plants
that grow on tree trunks, branches and
foliage include bacteria, algae, fungi,
mosses, lichens and ferns. (In warm cli-
mates even advanced species of plants
such as orchids are epiphytes.) The ani-
mals that live out their lives in trees show
a similar range in size and diversity: pro-
tozoans, nematodes, higher invertebrates
such as arthropods and mollusks, aud
various vertebrates (including primates
in warm climates). As botanists, we fo-
cused our attention on the plant life in
our exploration of treetops.

The forest canopy proved to be a sub-
system of considerable complexity.
The variety of its plant life reflects a
variety in the habitats within the cano-
py. These habitats differ widely in the
amount of available moisture and light,
in temperature and in the age and sur-
face texture of the supporting structure
(twig or branch). As a twig grows and
ages into a branch, its surface harbors a
succession of different organisms, begin-
ning with pioneering lichens and pro-
gressing through a series of complex
communities. Diane Nielsen and Diane
M. Tracy, two students who started with
us as undergraduates and, pioneering
our climbing techniques, were the first
to ascend to the canopy, found that the
diversity of habitats and the: number of
species of epiphytic plants increased the
higher they went up the tree. Each habi-
tat has a characteristic flora, with cer-
tain species predominating. For exam-
ple, most of the large fir trees in the
forest where we have been working are
not strictly vertical but lean a little to one
side. As a result their trunks have an up-
per side and a lower side, and the upper
side is moister than the lower because
rainwater streams down that side. The
upper and lower sides therefore differ in
the prevailing lichen species growing on
them. On the branches aloft in the can-
opy certain large foliose (flat and leaf-
like) lichens predominate on the upper
side of the branch, and the lower side
tends to favor the lower plants known as
liverworts.
Habitat by habitat, we are cataloguing
the characteristic epiphytic communities



and obtaining a census of the many plant
varieties. Pike has already noted 121 dif-
ferent species of lichens. The number
will undoubtedly increase as we explore
more trees.

\Ve find, then, that the forest canopy

is an active, well-populated system
(comparable in many respects to the for-
est floor), and we must suppose that the
epiphytes living in the canopy contribute
substantially to the nourishment and vi-
ability of the forest as a whole. They un-
doubtedly take up water, minerals and
other substances from the atmosphere.
Through photosynthesis and other proc-
esses they produce nutrients that are re-
leased to the forest’s animal dwellers and
the trees. We have been particularly in-
terested in investigating the epiphytic
plants’ role in capturing nitrogen for the
forest’s needs.

In an old-growth Douglas-fir forest
the supply of available nitrogen is not
abundant. Relatively little of this essen-
tial element is brought in directly from
the atmosphere by rainfall, and the for-
est floor is largely barren of nitrogen-fix-
ing plant life. It seemed likely, therefore,
that lichens growing in the canopy, some
of which were known to fix nitrogen,
might be important contributors to the
forest’s nitrogen economy.

Our notice was attracted particularly
to one lichen, Lobaria oregana, that is by
far the most abundant species in the
treetops. The forest floor is littered with
fallen pieces of its green, lettucelike thal-
lus (plant body). It has been established
that Lobaria fixes nitrogen from the at-
mosphere, presumably through the agen-
cy of a blue-green alga that is embodied
in granular packets within the thallus.
In order to evaluate the importance of
this lichen in the forest’s overall econ-
omy, we worked out estimates of its
probable annual contribution to the ni-
trogen supply.

Sterling A. Russell of Oregon State
University, who has investigated Lo-
baria’s nitrogen-fixing productivity, esti-
mated that the lichen fixes nitrogen at a
maximum rate of about 50 nanomoles
(billionths of a unit of molecular weight)
per hour per gram of the lichen’s fresh
weight, which is equivalent to 200 nano-
moles per gram (dry weight). We esti-
mate that in our Douglas-fir forest the
amount of Lobaria growing on the trees
is between 350 and 450 pounds per acre.
If we took the 450-pound figure and as-
sumed that Lobaria fixes nitrogen at the
maximum rate throughout the year, we
would arrive at a figure of slightly more
than 10 pounds per acre as this lichen’s
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SCHEMATIC MAP of a Douglas fir more than 180 feet high is based on climbers’ studies.
The fir had a forked top; the shorter fork, on the east side of the tree, is offset for clarity.
The map shows only branches that project east or west and that are more than 1.6 inches in
diameter. Solid lines indicate living branches, broken lines dead ones. The enclosed area
accompanying a branch is proportional to the weight of its foliage. Where branch is less
than minimum diameter only the foliage area is shown (color). Treetops were not mapped.
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SOLUBLE NITROGEN IN RAINFALL

ATMOSPHERIC NITROGEN FIXED BY
BACTERIA AND LICHENS

NITROGEN TAKEN UP BY
FOLIAGE AND EPIPHYTES
AFTER RELEASE BY FIXERS

NITROGEN ABSORBED BY
EATERS OF EPIPHYTES

|

NITROGEN RELEASED BY
LITTER FALL AND DECAY
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annual production of fixed nitrogen. It
is unreasonable to suppose, however,
that the lichen sustains the maximum
rate the year round.

We decided to calculate a lower limit:
the minimum amount of nitrogen Lo-
baria must fix to support its own growth.
Its thallus, we estimate, adds about a
fourth (in dry weight) in new growth
each year. Taking the lower estimate of
the amount of Lobaria in the forest (that
is, 350 pounds per acre), the annual new
growth would amount to 90 pounds per
acre. Since the nitrogen content of the
thallus is 2.1 percent of its total dry
weight, the 90 pounds of yearly new
growth per acre would contain roughly
1.8 pounds of nitrogen per acre.

Thus we conclude that Lobaria ore-
gana contributes from 1.8 to 10 pounds
of nitrogen per acre per year to the for-
est—certainly less than 10 pounds but
probably substantially more than 1.8
pounds. The nitrogen trapped by the
lichen is released in several ways for the
eventual nourishment of the trees.

The chief route of the contribution is
through Lobaria’s fall and decay. The
annual fall- of dislodged Lobaria from
the canopy to the forest floor amounts to
roughly 80 pounds per acre; most of this
fall is peeled off by rain, snow and ice
during the winter. Decomposing on the
ground, the fallen thalli release about 1.8
pounds of nitrogen per acre per year to
the roots of the trees and other plants.

Alimals feeding on the lichens in the

tree provide a second means of con-
veyance of the nitrogen. We have ob-
served great numbers of invertebrates,
including nematodes, mites and insects,
eating away at Lobaria thalli. Certain
vertebrates, such as the rodent called
the red tree vole, supplement their diet
with this lichen, among other plants.
The animals consuming the lichen are

NITROGEN PATHWAYS in the forest can-
opy are indicated schematically. First (top)
some nitrogen (less than one pound per acre
annually) is washed into the canopy by rain.
Far more nitrogen enters the system through
the action of nitrogen-fixing bacteria on the
fir needles and of blue-green algae in some
lichens. The nitrogen-fixers pass the vital
element along three pathways. Rainwater
leaches some nitrogen from the living and
dead tissue of the fixers; both the tree and
its epiphytes absorb the rainwater. Fixed
nitrogen follows a second path when herbiv-
orous animals feed on epiphytes and then
excrete. Finally, litter from the death and
decay of both the epiphytes and the herbi-
vores adds further nitrogen to the ecosystem,
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PRINCIPAL NITROGEN-FIXER among the epiphytic lichens in
the forest-canopy community, Lobaria oregana, is shown in cross
section. Like all lichens, Lobaria is a symbiotic association of a fun-
gus (gray areas) and two algae (colored areas). One of the Chlo-
rophyta, or green algae, is the principal symbiont; it lives in the

fed on in turn by predators, and the ni-
trogen is transferred to the forest soil
through the predators’ excreta.

Lobaria undoubtedly provides some
transportable nitrogen even from its po-
sition high in the treetops. At its maxi-
mum rate of nitrogen-fixation it prob-
ably traps more than it uses for new
growth, and this soluble excess of nitro-
gen may be leached from the thallus by
rain and washed down the tree. The
rain also picks up nitrogen from dead
thalli decaying in the canopy. Rainwater
flowing down over the branches and
leaves loses nitrogen to mosses and other
epiphytes that do not fix nitrogen, and
perhaps some nitrogen is fed to the tree
itself through its foliage. In any event,
the epiphytes that take up nitrogen from
the rainwater eventually release it to the
ecosystem through their decay. We esti-
mate that in our old-growth Douglas for-
est the contribution of nitrogen to the
soil by epiphytes that do not fix the ele-
ment amounts to roughly 5.4 pounds per
acre per year.

We do not yet have an estimate of the
aggregate amount of uitrogen supplied
to the forest by all the nitrogen-fixing
epiphytes (of which Lobaria is certainly

the most prolific). Probably the total is
less than the 44 pounds per acre that is
sometimes applied in the form of fer-
tilizer to promote growth in Douglas-fir
forests. Our survey indicates, however,
that in an old-growth stand of Douglas
fir the nitrogen-fixing plant life in the
canopy can serve as the main pathway
for the introduction of new nitrogen, an
element required by all forest life-forms,
small or large, plant or animal.

Epiphytic lichens such as Lobaria
seem to be particularly susceptible to
poisoning by pollutants in the atmo-
sphere. In western Oregon these lichens
are disappearing from forests as urbani-
zation and industrialization of the land
advance toward the woodlands. Here is
further evidence that the atmospheric
pollution that too often accompanies in-
creasing density of population is inimical
to nearby forested lands.

O ur climbing around in the treetops so

far can only be considered an early
stage in the exploration of the microen-
vironment of trees. We hope to learn a
great deal more about the communities
of epiphytes living in the trees of our
Douglas-fir forest and about how they
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Lobaria thallus (light color). Populations of a blue-green alga,
Nostoc, are also present (solid color) in bulges called cephalodi-
ums. Nostoc, one of the Cyanophyta, fixes atmospheric nitrogen at
a significant rate. As a result Lobaria contributes from 1.8 to 10
pounds of nitrogen per acre to the fir-forest ecosystem annually.

are related to various tree environments.

The question of the differences in
microclimates is particularly interesting,
The climate at the top of the canopy is
obviously very different from the climate
low in the tree, so that an epiphyte high
in the canopy is subjected to greater in-
tensities of light and sharper fluctuations
of temperature and humidity than one
on a low branch. In the top of the tree
lichens dry out within a few minutes
after a rain, whereas those on the lowest
branches may stay damp for months in
the season of intermittent rains. As we
have seen, there are marked climatic dif-
ferences even between the upper and the
lower sides of a branch, with resulting
differences in the epiphytic communities
of the two sides. Climatic differences
within the tree also affect the growth of
the branches themselves; for example,
branches in the deep shade have a tend-
ency to prune themselves. By installing
meteorological instruments at various
points in the tree we expect to obtain
more specific information relating the
growth of epiphytic communities and in-
dividual branches to factors in their im-
mediate environment.

The trees to which we have given the
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FOUR LICHENS commonly found on tree trunks and branches in
fir forests are the nitrogen-fixing Lobaria (top left), a highly rami-
fied species, Sphaerophorus globosus (top right), a species with

most study are the Douglas fir and the
western hemlock. Viewed from a dis-
tance, both have about the same general
shape: a slender cone consisting of rela-
tively short branches extended laterally
from a massive central trunk. Closer up,
however, they are seen to have substan-
tially different builds. An old-growth
Douglas fir has relatively few branches
and they are widely spaced, sometimes
with gaps of up to 70 feet between
branches on the shaded side of the trunk.
Each branch is a complex system; often
it is fan-shaped with a wide spread, and
in many cases the system is a group of
two or more young branches that have
grown out from places where the original
main branch broke off. In contrast, an
old-growth western hemlock has more
branches per length of trunk even in
heavy shade; the branches are more
evenly spaced up the tree, and they have
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most of their foliage concentrated at the
end of the branch.

]'n his book The Adaptive Geometry of
- Trees Henry S. Horn has observed
that the form of a tree can often be re-
lated to the tree’s ability to take hold and
thrive under specific conditions. One
shape, for example, is characteristic of
trees that spring up as the early settlers
in place of a forest that has been felled
by fire or clearing; other shapes allow
the trees to invade an established forest
at later successional stages. Examining
our Douglas firs and hemlocks in this
light, we find that the widely spaced,
fan-shaped branches of the Douglas fir
(forming what Horn describes as a “mul-
tilayer”) fit his description of trees of the
early successional type, and the western
hemlock, with its evenly distributed foli-
age (forming a “monolayer”), corre-
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cuplike fruiting bodies, Hypogymnia enteromorpha (bottom left),
and a buttonlike species, Ochrolechia oregona (bottom right).
Lichens are easily poisoned by urban and industrial air pollutants.

sponds to the late successional type. The
old branches of a large tree show a pat-
tern of developmental response to envi-
ronmental factors that seems to be char-
acteristic of its species and therefore
probably is genetically influenced. The
further exploration of the structure of big
trees should provide useful information
about the adaptive capacities of individ-
ual species.

I hope this brief description of our
explorations in the treetops will en-
courage other investigators to extend the
exploration to other forests and other
types of trees. The investigation of living
things in the forest canopy probably will
also prove to be as attractive and re-
warding to zoologists as it has been to us
botanists. The study of small arboreal
animals at home in the treetops should
provide information that cannot be ob-
tained by observing them in captivity.



A Fast Way
To Get
A Better Jobh!

through
NEW & ADVANCED CONCEPTS
OF JOB HUNTING

6th LARGE PRINTING — SOLD OUT
1973 EDITION — Now Available

WHAT REVIEWERS SAY ABOUT
AMERICA’S BEST SELLING
JOB HUNTING BOOK

This book has been recommended by over
100 leading media. It has received universal
praise in all reviews—and has also stirred
widespread controversy as many believe it
will gradually revolutionize job hunting
methods in the U.S.

e ““The best handbook available, for finding
a better job.” Chicago Today
“A breakthrough manual!” Personnel Journal
“Advanced! Highly recommended!”
Vocational Guid. Quarterly
“An indispensable aid.” Business Week
“Hundreds of new ideas for people.”
The Houston Chronicle
“Honest-to-God this tells you how to get a
better job and contains some of the best
advice I've ever read!”
Training In Bus. & Ind.
“The Ist master reference on job hunting!”
Rockford, Ill. Register-Star
e “Many excellent tips, reference materials,
and inside information.”
St. Paul Pioneer Press
e ‘““Contains every conceivable idea! 280 valu-
able pages. Excellent!”
Soc. of Prof. Mgmt. Consultants
e “Excellent new book. A good investment.”
Nation’s Business
e ‘““Just the cold hard facts! It's amazingly
readable and highly recommended!”
Memphis Press-Scimitar
o “Worthwhile reading for anyone.”
The Retired Officer
e “The professional secrets of job hunting—
all of them are here.” Purchasing Week
e “Contains the latést and most advanced job
hunting concvpts.” San Bernardino Ca. Sun
e “A complete guide for those in the $10,000

JOB HUNTING CONCEPTS
REVEALED

® How to job hunt for a 20% to 50% salary
increase

e How and why you should break most gen-
erally accepted job hunting rules
How to develop & use personal contacts
How to find out about unadvertised jobs
How to use recruiters & agencies for
Greatest personal gain
How to job hunt while unemployed
How to get interviews with Presidents
How to answer ads; the timing & strategy
for 1,000% more interviews
® How to handle a record of too many

ges
How to compete effectively without
a college degree
How to handle employment

a
How to beat all psychological tests
How to discuss having been fired
y unique resume
lectiveness—unlike any

sne

en
Stress interviews, & a

list of all S.1. questions

How to handle bad references

How to reach Board Chairmen by phone

How to handle a low current salary

How & when to exaggerate in a resume

How to job hunt successfully from

a remote location

How & when to exaggerate in an interview

How to identify firms behind blind ads

How to find out the comments made by

your references

How to maintain absolute secrecy

How to negotiate an employment contract

How to overcome senior age barriers

How to get interviews ahead of more

quaiified candidates

® How to d lop ap

i that is totally diff.

your competitors

e How to handle 1-Industry experience

How to negotiate a maximum salary

How, when & where to successfully run

position wanted ads

How to control virtually any interview

How to handle a 1-company background

How & when to walk out of an interview

How & when to use 3rd party techniques

How to handle youth and lack of

experience barriers.

t from

.e

Any of the hundreds of advanced ideas can
be mastered by using the recommended tech-
of t t format of the

he y

niques, v
or

book. Every page is ind

quick

and there are dozens of extraordinarily successful

letter & resume samples.

WHAT INDIVIDUALS SAY

Of greatest significance perhaps are the
opinions of those who have purchased and
used this book (the following authentic and
unsolicited comments represent only a fraction
of the similar correspondence on file in our

offices).
e “Your book is priceless! I got a number of
offers.” G. L., New Jersey

e “Very worthwhile and full of constructive
material.” S. B., Massachusetts
e “Outstanding! By far the best work ever
in this field.” G. G, New York
o “Well written and concise. Extremely
effective for one who is job hunting for the
first time in a while. I got 42 interviews.”
K. B., lllinois
o “Your ideas are worth their weight in
gold to anyone after a higher salary.”
D. A. Missouri
e “Thank God for your book. I was un-
employed for 7 months, but with your
pian have landed my best job. My
sincerest thanks.” J. W,, Iowa
e “This book was fantastic. Have read it 3
times and am very optimistic.” G. B., Fla.
“A great personal aid. Paid for itself 300
times over.” L. A, Indiana
o “Most useful book I have ever read.”
R. K., California
e “An absolute classic on the modern art
of job hunting.” R. G., Wisconsin
e “In 4 weeks, I changed jobs and increased
my earnings 33%. I wish I had it 10
years ago.” E. K., Arizona
e “Puts you in such a successful frame of
mind, that it alone is worth the price.”
C. C,, Pennsylvania
“Really terrific—have been in Personnel
20 years, but never saw anything like
this.” R. H,, Texas
“A great book! Tells you precisely what
to do, and how-to-do-it.” S. H,, Calif.
e “Perhaps the most readable and

F----------

May We Also
Send You
ABSOLUTELY

FREE
This $4.95 Book?

This gives you the names, addresses, phone
numbers and specialties of more than 2,400
recruiting firms in each of the 50 states and 33
foreign countries. The majority of all junior and
senior job openings, tens of thousands of jobs
monthly, are available only through these re-
cruiters.

With this indispensable guide right at your
finger tips, you can move quickiy and discreetly,
bringing your icati to the p e atten-
tion of the people who count.

For a limited time only, you may receive this
$4.95, 8%2 x 11 book, absolutely free with your
purchase of the 1973 edition of The Professional
Job Hunting System. This offer is valid only for
the time period specified in the coupon below.

SPECIAL OFFER

You can purchase the $14.95, 8% x 11 hard-
bound edition of The Professional Job Hunting
System, handsomely bound in leather cloth,
directly from the Publisher for only $9.95 pius
90¢ for postage and handling. With your pur-
chase you will also be shipped under separate
cover a free copy of the 1973 edition of the
Worlidwide Directory of Job Hunting Contacts.
(This special offer is valid only with this coupon
and oniy untl ./30/73)_

All orders shipped from our warehouse
within 48 hours. Satisfaction guaranteed
—30 day money back return pri ge

Performance Dynamics Inc., Publishing Div.
17 Grove Ave., Verona, New Jersey 07044

O Enclosed is my check or Money Order
for The Protessional Job Hunting System

O Chg Master Chg. O Chg Amer. Exp.
O Chg Bank Amer. O Chg Diner's Club

Acct. # Exp. Date

Name

Street

City State Zip

Canadian orders add $1.00. For faster deliv-
ery add for each book spec. del. .90; airmail
$2.90; foreign air $6.50.

to $60,000 bracket.” Penthouse actionable book I have ever read.”

2
F. W., New Mexico L----—-----QJ

The Professional Job Hunting System has been nationally advertised in the N.Y. Times. The Army Times, The Chicago Tribune, Signature,
Time, Holiday Inn, The Wall Street Journal, The Los Angeles Times, Penthouse, The College Placement Journal, Nation's Business. Chemist,
New York, True and other leading media. An attractive and extremely useful gift, it provides fascinating information jor anvone in business
who may ever seek to advance. ©1973 Performance Dynamics, Inc., 17 Grove Ave., Verona, N.J. 07044

81

© 1973 SCIENTIFIC AMERICAN, INC



The Human Lymphocyte

as an Experimental Animal

Maintained through many generations in laboratory cultures, the cells

that make antibody lend themselves to studies of cell differentiation

and diseases involeing the immune system, which may include cancer

by Richard A. Lerner and Frank J. Dixon

ome of the major questions in cel-
S lular biology today are these: How
does a cell respond to its environ-
ment? ITow does that response alter the
expression of the cell’s genes? Ilow do
cells communicate with one another?
How do cells differentiate? How do the
specialized functions of a cell (such as
secretion) relate to its general functions
(such as gene replication)? There is a
single class of cells that lends itself to
the study of all these major questions. It
is the lymphocyte, the cell that stands at
the center of the immune response, the
process by which an organism responds
to its environment. The immune re-
sponse is not only a defense against dis-
ease but also a cause of some diseases.
Moreover, it seems increasingly clear
that it is implicated in the chain of
events that leads to cancer. Lymphocytes
can now be cultured, or grown in labora-
tory glassware. Because of their special
properties and the ease with which they
can be manipulated, cultured lympho-
cytes are being exploited in a variety of
investigations that are under way in a
number of laboratories.

One way of characterizing these in-
vestigations is to say that they deal with
the specialized functions of cells rather
than the general functions (or, as Boris
Ephrussi puts it, the. luxury functions as
opposed to the housekeeping ones). The
housekeeping functions are those needed
for the cell to stay alive and reproduce
itself: energy transfer, the flow of genetic
information from DNA through RNA to
protein, the formation of cellular or-
ganelles. These functions are common to
most cells. The various specialized func-
tions, on the other hand, are peculiar to
certain classes of cells and are reflected
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in the different shapes and duties of, say,
brain cells and muscle cells, and the dif-
ferent secretions of, say, pancreatic cells
and lymphocytes. When cells are main-
tained outside the organism in a culture,
they can dispense with their specialized
functions and still live, grow and divide.
Indeed, it has been argued that a cell
that can dispense with its luxury func-
tions has a selective advantage over one
that cannot, since it can put more of its
energy into the housekeeping chores that
are necessary for its survival. The dif-
ferential expression of luxury functions
in culture is illustrated by the human
melanoma, a tumor that synthesizes the
pigment melanin. When melanoma cells
maintained in a culture are proliferating
rapidly, no pigment is synthesized and
the cells appear colorless. When growth
ceases, however, the dark pigment gran-
ules are synthesized and the cells turn
black.

Since about 30 years ago, when biolo-

gists began in earnest to remove cells
from higher organisms and maintain
them in a culture, a great deal has been
discovered about what the housekeeping
functions of cells are and how they are
carried out. For example, we now un-

derstand rather well the structure of the
genetic material, DNA, how it is tran-
scribed into RNA and how RNA is trans-
lated into protein. It is time now tc apply
the rigorous procedures established over
the past 30 years to the study of the
luxury functions of cells. That will not
be an easy task nor will it soon be ac-
complished, but it is the route toward a
better understanding of the questions we
listed at the beginning of this article.
Those questions have in common a
relation to one of the central issues in
biology: the problem of how events at
the surface of a cell alter the expression
of the cell's genes. The essential initial
step in the immune response is the con-
tact of an antigen—a foreign substance—
with receptors on the surfaces of lym-
phocytes derived from the bone marrow,
the so-called B-lymphocytes. (This con-
tact may be altered by interaction of
the antigen with the white cells called
macrophages or with lymphocytes de-
rived from the thymus gland, the so-
called T-lymphocytes.) The contact al-
ters the expression of the B-lymphocyte’s
genes, setting in motion a series of events
during which the cells divide and dif-
ferentiate [see illustration on page 86].
The cell type evolves from one that is

GREEN FLUORESCENT DYE reveals immunoglobulin molecules on the surface of lym-
phocytes (opposite page). An antibody against the immunoglobulin molecule is prepared
by injecting some immunoglobulin from one species into an experimental animal of a dif-
ferent species. The antibody is coupled to fluorescein, a fluorescent dye, and is allowed to
react with the cells. The fluorescein-labeled antibody binds specifically to immunoglobulin
molecules on the cell surfaces (which in this case act as antigens). The resulting antigen-
antibody complexes are revealed by the yellow-green glow emitted by the fluorescein under
ultraviolet radiation. This micrograph and the ones on the next page were made by Curtis
Wilson with a Zeiss dark-field microscope, mercury-arc lighting and special interference
and barrier filters, one effect of which is to make unstained cells or parts of cells appear red.
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IMMUNOGLOBULIN MOLECULES associated with the cell sur-
face and visualized by fluorescent staining move over the surface
of the cell. At first, thinly distributed over the surface, they appear
as thin rims at the circumference (top). Then they become more
concentrated, giving a granular appearance (middle). Finally they
seem to collect in a restricted area, forming increasingly concen-

84

trated “caps” (bottom). The movement may represent a sweeping
action in which complexes are removed from the surface. The way
they move may lend support to the “fluid mosaic” model of the
structure of the surface membrane, which sees the membrane as a
fluid in which molecules are mobile. If energy supply is blocked
(by low temperature, for example), only rim fluorescence is seen.
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specialized to respond to an event in its
environment to one that is uniquely
adapted to the synthesis and secretion of
antibody molecules. These two cells, the
undifferentiated small, or “virgin,” lym-
phocyte and the plasma cell, represent
respectively the beginning and the end
of the process of lymphocyte differentia-
tion. Just how many times the cells di-
vide in the course of this differentiation
is not known, but many of the changes
have been documented. There is a pro-
gressive decrease in the number of im-
munoglobulin molecules, or cell-surface
receptors, on each cell. The irregular
nucleus of the small lymphocyte be-
comes regular and round, and the nucle-
us becomes much smaller in relation to
the surrounding cytoplasm. In the cyto-
plasm there is an increase in the number
of such organelles as lysosomes, the
Golgi apparatus and mitochondria. The
organelles called polyribosomes increase
in number and become associated with
membranes to form an extensive net-
work of endoplasmic reticulum, which is
presumably involved in the greatly aug-
mented synthesis and secretion of im-
munoglobulin molecules.

It would be convenient to be able to
induce a culture of lymphocytes to enter
the process of differentiation and then
observe them as they move through the
successive stages. Unfortunately this is
not yet possible, but such an experimen-
tal system can in effect be simulated. Ap-
proximately 100 different lymphocyte
clones, or cell lines descended from a
single cell, are available. They cover the
spectrum of differentiation, since the
lymphocytes in any clone appear to be
arrested at one point in the process of
differentiation. By selecting the proper
clone the investigator can therefore work
with lymphocytes that represent a par-
ticular stage in the process of differen-
tiation.

Emphocytes in culture have a number
of properties that suit them uniquely
to the study of the special functions of
cells and thus to the process of differen-
tiation. One such property is their ex-
quisite specificity. A single cell is capable
of responding to only one antigen or at
most to a limited number of antigens
with a similar molecular structure. That
means the cell-surface receptors for the
antigens must be highly specific. What is
the nature of the receptors and how
many different ones must there be in
order to accommodate the different anti-
gens an organism must deal with?
Niels K. Jerne of the Basel Institute
for Immunology suggested (in a modifi-
cation of Paul Ehrlich’s original theory

of antibody response) that the remark-
able specificity of the immune response
could best be accounted for if the recep-
tor for antigen were the antibody mole-
cule itself, in which case the antibody
would be both the receptor and the ef-
fector. The immunoglobulin, or anti-
body, molecule is well adapted to serv-
ing such a double function [see “The
Structure and Function of Antibodies,”
by Gerald M. Edelman; ScienTIFic
AMERICAN, August, 1970]. In its sim-
plest form it is a protein composed of
two heavy and two light polypeptide
chains that are joined by several disul-
fide bridges. Each chain is divided into
two kinds of regions: “constant” regions,
in which the sequence of amino acids
(the constituent units of the polypep-
tides) is essentially the same in all anti-
bodies of a given class, and “variable”
regions, in which the sequence is differ-
ent in every antibody [see illustration on
page 87)]. The variable regions provide
the specificity required for the receptor
function: the binding of antigen. The
constant regions are involved in such ef-
fector functions as the binding of com-
plement or fixation to skin (an element in
certain inflammation processes).

Studies in several laboratories have
indicated that Jerne’s hypothesis is cor-
rect, at least in its broad outline. At the
Scripps Clinic and Research Foundation
we have been able to measure the sur-
face receptors in quantitative terms by
developing a sensitive radioimmune as-
say that determines the number of mole-
cules of immunoglobulin exposed on the

surface of cultured lymphocytes [see il-
lustration on page 88]. The number
varies between 20,000 and 200,000 in
different lines. As lymphocytes proceed
along the line of differentiation the num-
ber of antibody molecules on the surface
decreases; several studies have suggest-
ed that most plasma cells have few re-
ceptor molecules, if any at all. This is an
interesting case of biological modula-
tion. The plasma cell is in effect the end
of the line: it is specialized for a high
rate of synthesis and secretion of immu-
noglobulin molecules and has no need
for receptor molecules.

Immunoglobulin molecules associated
with the cell surface—the presumed re-
ceptor molecules—can be visualized by
the technique of fluorescence microsco-
py- Antibody is prepared in one species
against the immunoglobulin molecules of
the species supplying the lymphocytes
to be studied. The antibody is coupled
to a fluorescent dye such as fluorescein.
When the complex of the antibody and
the dye reacts with cells, it binds to the
immunoglobulin molecules associated
with the cell surface and, when the cells
are exposed to ultraviolet radiation, the
characteristic green glow of the irradiat-
ed fluorescein reveals the location on the
cell surface of the immunoglobulin mole-
cules [see illustrations on page 83 and on
opposite page]. The surface-associated
molecules can be isolated and character-
ized by a combination of chemical and
physical procedures. The exact structure
of these molecules is still under study,
but the available evidence suggests that

DIFFERENTIATION in the course of the immune response changes a lymphocyte (left)
into a plasma cell (right). Noticeable changes include an increase in cell size, a relative
decrease in the size of the nucleus and the formation of organelles involved in synthesis
and secretion of antibody, including ribosomes (small black dots) arrayed along the mem-
branous endoplasmic reticulum. The electron micrographs were made by Joseph Feldman.
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the surface molecules may differ in some
respect from the immunoglobulin that is
secreted to become circulating antibody.

One of the characteristics of normal

eukaryotic cells (the cells of orga-
nisms other than bacteria) is that they
synthesize, grow and divide on definite
cyclic schedules unless they retire from
the cell cycle into a resting phase. Cell
biologists conventionally divide the cycle
into four phases called Gy, S, G, and
M; the first three are defined on the basis
of the different molecules synthesized in

PLASMA CELL

IMMUNE RESPONSE may begin when a small lymphocyte with
antibodies (black Y’s) on its surface encounters antigen molecules
(color) against which its antibody is specific (1). The antigen is
bound to the antibody (2) ; this event, together with a second signal
involving another kind of lymphocyte, induces the small lympho-
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each of them and the fourth phase is
mitosis, or cell division [see illustration
on page 89]. The number of temporal
segments into which the cycle is thus
divided is arbitrary; the degree of detail
is limited by incomplete knowledge of
the regulation of synthesis in these cells.
It is actually likely that cells regulate
their activities minute by minute or even
second by second, and as we learn more
it should be possible to fill in the minutes
and seconds on the cell-cycle clock.
Studies in our laboratory and in that
of David Pressman at the Roswell Park
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Memorial Institute and of Donald N.
Buell and John L. Fahey at the Univer-
sity of California at Los Angeles School
of Medicine have shown that secretory
immunoglobulin is synthesized in lym-
phocytes during a limited part of the G;
phase, as is the case for other luxury
polypeptides in other cells. In contrast,
the surface immunoglobulin receptor
molecules appear to turn over through-
out the cell cycle with a half-life of about
45 minutes. The reason for this rapid
turnover of cell-surface immunoglobulin
is not yet clear, but it may well be relat-
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cyte to divide and differentiate (3) ; surface receptor antibodies are
lost and replaced by new ones. The lymphocytes differentiate to
become plasma cells and memory cells (4). Plasma cells synthe-
size and secrete circulating antibody (gray Y’s); memory cells,
held in reserve, respond sensitively to reappearance of the antigen.



ed to modulation of the immune re-
sponse, that is, to the requirement that
immunoglobulin that has been “hit” by
antigen not remain on the surface and
that there be enough new receptor im-
munoglobulin on the surface to respond
sensitively to any new hits by new anti-
gen molecules.

Just as there is a temporal order for
the synthesis of proteins during the
mammalian cell cycle, so there are ap-
parently limited periods during which
the synthesis of enzymes can be induced.
In liver cells, for example, David W.
Martin, Jr., Gordon M. Tomkins and
Daryl Granner of the University of Cali-
fornia at San Francisco have shown that
the enzyme tyrosine aminotransferase
can be induced by corticosteroid hor-
mone only during the last two-thirds of
G, and at any time in S. It seems likely
that we shall find a limited period of the
lymphocyte cycle during which an anti-
gen can induce cellular proliferation.
The role of the antigen would therefore
be not directly to trigger the synthesis of
immunoglobulin but rather to induce
specific resting lymphocytes to enter the
cell cvcle and so pass through a phase in
which such synthesis is obligatory.

David Prescott of the University of
Colorado has noted that when nerve cells
and striated-muscle cells in living ani-
mals retire from the cell cycle, they do so
during the G; phase; he has suggested
that for most cells the control of further
proliferation and differentiation is medi-
ated by some event during this phase.
An example of such an event occurring
in cultured cells was reported by Karlin
Nilausen and Howard Green of the Mas-
sachusetts Institute of Technology. They
found that when certain mouse cells
ceased to grow because of contact in-
hibition (that is, because they had
formed a complete single layer in the
culture dish), they did so during the G,
phase. Moreover, some observations
made by H. Becker of the Ontario Can-
cer Institute and his colleagues indicate
that there are physiological differences
between cells in the resting phase and
cells in the G, phase. All of this tends to
suggest that in the case of lymphocytes
contact with antigen molecules may be
the inducing event that initiates entry
into the G, phase and subsequent cellu-
lar proliferation.

The rapid increase in antibody forma-
tion after an antigenic challenge is hard
to explain simply on the basis of an in-
crease in the number of cells that form
antibody. Some investigators have pro-
posed that additional cells are “recruit-
ed,” and that in these cells the genera-

CARBOHYDRATE

ANTIBODY MOLECULE is a protein composed of four polypeptide chains, two long
“heavy” chains and two shorter “light” ones. Each chain has a variable region (color),
whose amino acid sequence provides the specificity for binding antigen, and one or more
constant regions. The four variable regions are homologous (their amino acid sequences
match up), as are the eight constant regions. The chains are connected by disulfide bridges.

tion time is shortened, so that the cells
divide with particular rapidity. Our data
show, however, that as cells proceed
through the G; phase the synthesis of
immunoglobulin can increase as much as
fivefold without cell division or even the
synthesis of DNA. Recruitment, then,
can be explained as the passage of an
increasing number of cells to a point in
the cell cycle where the rate of antibody
synthesis is greatly increased. This con-
tention is supported by the finding that
during the induction of an immune re-
sponse neither DNA synthesis nor mito-
sis is a necessary predecessor of antibody
synthesis.

Eke other cells in culture, lymphocytes
can be used for studies of mutation
and other kinds of variation. In this ap-
plication lymphocytes have a number of
advantages. They apparently have an in-
finite life-span in culture, during which
their phenotypic expression persists, that
is, their shape, physiological functions
and other characteristics remain con-
stant. They retain the normal diploid
(double) set of chromosomes, whereas in
most other cultured cells the chromo-
some complement changes. And they
are easily cloned: a single cell with spe-
cific properties can be isolated from a
culture and its progeny can be grown
into a large population.

A number of inherited disorders af-
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flicting humans are caused by inborn er-
rors of metabolism such that the pa-
tient’s cells fail to synthesize a necessary
enzyme or some other kind of product.
By obtaining and culturing lymphocytes
from such patients one can track down
the defect, quantify it and perhaps in
time find ways to remedy it. Arthur D.
Bloom and his colleagues at the Uni-
versity of Michigan Medical School have
examined a number of such defects in
this way. One was the Lesch-Nyhan
syndrome, a serious defect in a metabol-
ic pathway that converts preformed nu-
cleosides (DNA precursors) into DNA.
Bloom’s group found that lymphocytes
from these patients produce only 1.4 per-
cent of the normal amount of HGPRT, a
key enzyme in the pathway. Production
defects of this kind may someday be
corrected by manipulating or replacing
the defective cells.

One way of manipulating would be
through cell fusion: if two lines of cells
are cultured together, some cells may
fuse and form hybrid daughter cells that
contain chromosomes, and thus genetic
information, from both parent cells. It
may be possible to remove cells from a
patient, fuse them to cells that contain
the gene for the missing enzyme and
return the “corrected” cells to the pa-
tient. Henry Harris of the University of
Oxford has shown that (at least in one
system) fused cells may incorporate some
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foreign genetic material without bring-
ing about the synthesis of foreign surface
antigens, so that apparently one need
not be concerned that the fused cells
would be rejected.

Cells that start out with the same
genotype, or hereditary constitution,
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may come in time to have subtly differ-
ent phenotypes. The immunoglobulins
are ideally suited to the study of lym-
phocyte phenotypes because they are
so readily detected, characterized and
quantified by sensitive immunoassays.
It has long been known that when cells

.

from mouse plasma-cell tumors are cul-
tured, some of the cells spontaneously
lose the ability to synthesize the heavy-
chain parts of the immunoglobulin mole-
cule. (There is a much smaller tendency
to lose the ability to synthesize light
chains, presumably because any heavy
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RADIOACTIVE
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|~

LESS THAN 50
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RADIOACTIVE
ANTIGEN
PRECIPITATED

MORE THAN 50
PERCENT OF
RADIOACTIVE
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PRECIPITATED

RADIOIMMUNE ASSAY determines the number of antigen or
antibody molecules in a solution or on the surface of cells. It uti-
lizes a standard solution (top) of antibody molecules (black Y’s)
and radioactively labeled antigen molecules (colored dots). The
proportions are such that the antibody can bind 50 percent of the
antigen. When ammonium sulfate is added and the preparation is
centrifuged, the antibody and the bound antigen are precipitated,
and measuring the amount of radiation in the precipitate and the
remaining solution (right) shows how much of the antigen was
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bound. If now a solution to be tested is added to the standard solu-
tion (bottom) and the procedure is repeated, the assay shows
whether there is antigen or antibody in the test solution, and how
much. If there is unlabeled antigen (open colored circles) in the
test solution (Result A), it will compete for binding sites on the
antibody, so that less than 50 percent of the labeled antigen is pre-
cipitated (right). If there is antibody (open Y’s) in the test solu-
tion (Result B), it will provide extra binding sites for antigen, so
that more than 50 percent of the labeled antigen is precipitated.
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chains without light chains are quite in-
soluble and are precipitated within the
cell and destroy it; the loss of light-chain
synthesis may be a lethal mutation and
one that is therefore not seen.)

At the Albert Einstein College of
Medicine, Matthew D. Scharff and his
colleagues have devised an ingenious
method of measuring the rate of loss
of heavy-chain synthesis in individual
mouse plasma cells [see top illustration
on next page]. They have established
that cells lose the ability to synthesize
heavy chains at the rate of one loss per
900 cell generations. The event that
causes this loss is not yet known, and it
will be hard to track down because the
appearance of immunoglobulin outside
the cell entails the completion of a
complex process involving transcription,
translation, assembly, transport and se-
cretion of the molecule; an alteration in
any molecule or structure that plays a
role in this process could cause the fail-
ure of secretion that Scharff detects.

The cause may or may not be a simple
mutation, in which the substitution of a
single amino acid subunit can alter the
structure and/or the configuration of a
single polypeptide and thus lead to a
change in phenotype. Scharff has there-
fore called the rate of loss he measures
a variation frequency rather than a mu-
tation frequency. As a matter of fact
many of the phenotypic properties of
cells in higher organisms may involve
the synthesis and secretion of polypep-
tides as the result of just such com-
plicated processes. Although variation
frequencies may not yield the precise
information about the organization of
genes that mutation frequencies provide,
they may be more to the point in studies
of the alteration of certain phenotypes in
eukaryotic cells.

In the study of disease, lymphocytes

have an important added advantage
in that they are part of the system that
generates the immune response and may
therefore reflect abnormalities peculiar
to that system. These include failures of
the immune response, certain viral in-
fections, autoimmune disease (in which
the organism makes antibodies against
components of itself) and perhaps can-
cer.

In the case of systemic lupus erythem-
atosus (SLE), a serious autoimmune dis-
ease, the study of lymphocytes may have
yielded important information not only
about the disease itself but also about its
relation to other conditions. In human
SLE (and in a similar disease in the New
Zealand strains of mice) the immune
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CELL CYCLE is conventionally divided into four phases on the basis of molecules synthe-
sized in each. The times given here are for the HeLa cell, a human tumor cell. The cycle
begins with G, and ends with M (mitosis), when the cell divides to form two daughter cells.

system synthesizes autoantibedies—often
against the victim’s own red blood cells
and regularly against a variety of specific
antigens found in the nuclei of the vic-
tim’s cells. In many cases the most seri-
ous effects of these diseases have been
shown to be caused by highly inflamma-
tory antigen-antibody complexes in
which at least some of the nuclear anti-
gens are present.

Why, we wondered, do such patients
and mice make antibodies almost ex-
clusively to red blood cells and those
particular nuclear antigens? What set of
events would present those particular
antigens to an affected mouse? One clue
lay in the fact that many strains of mice
harbor C-type RNA tumor viruses. Such
viruses have RNA (rather than DNA) as
their genetic material, they replicate by
transcribing their genetic information
into DNA (which can presumably inte-
grate into the host’s own genetic materi-
al) and they cause tumors in animals
they infect [see “RNA-directed DNA
Synthesis,” by Howard M. Temin; Sci-
ENTIFIC AMERICAN, January, 1972].
Could the mice be infected by a virus
that was replicating and could the in-
termediates in that replication consti-
tute the antigens in question? When we
investigated, we found that the mice
were in fact making antibodies that re-
acted with virtually every polypeptide
or nucleic acid intermediate involved in
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the replication of the viruses [see bottom
illustration on next page]. Was it possi-
ble that the immune system of the mice
had been mobilized against an RNA
tumor virus and that in fighting the
war against the virus the mice had de-
veloped inflammatory antigen-antibody
complexes and autoimmune disease?

An answer to that question might shed
light not only on the origin of at least
one autoimmune disease but also on the
possible interrelation of viruses, the im-
mune response and cancer. The connec-
tion between viruses and some animal
tumors and leukemias has been known
for many years. More recently it has
come to seem likely that the immune
system is somehow implicated in cancer.
Since the affected mice had autoimmune
disease and made antibodies to viral in-
termediates, it was obviously important
to try to isolate the virus in question.
And, for theoretical as well as technical
reasons, it seemed to us that the cultured
lymphocyte was a better place to find it
(perhaps in large amounts) than the very
occasional tumors these mice develop.

et us outline the reasoning. Since a vi-

- rus is an obligatory parasite that can
only survive and multiply in living cells,
a tumor is of no advantage to the virus;
after all, it may kill the host and the
virus as well. Certainly a tumor is of no
advantage to the host. Moreover, a tu-
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VARIANT CELLS that fail to synthesize the heavy chain of an im-
munoglobulin molecule are detected and cultured by a technique
developed by Matthew D. Scbarff of the Albert Einstein College of
Medicine. The plasma cells to be tested are pipetted into a culture
medium in which a “feeder” layer of fibroblast cells has been es-
tablished (1). Plasma cells, most of which contain heavy chains, are
introduced, along with antibedy to heavy chains. The antibody
(acting as antigen) becomes bound to the heavy chains, forming

PRECIPITATE

antigen-antibody lattices around the cells that contain heavy chains
(2). After a few days each plasma cell has proliferated to form a
colony of cells (3). The colonies descended from those of the orig-
inal cells that produced heavy chains are surrounded by an antigen-
antibody precipitate; the colony from the cell that did not make
the chains has no precipitate. The variant colony is easy to dis-
tinguish and its cells can be cultured for further studies. (The
third drawing is done at a much smaller scale than the first two.)

mor may not be a valid guide in the
search for an oncogenic, or tumor-caus-
ing, agent. The reason is that the very
formation of the tumor suggests that the
host’s defenses have been inadequate.
The oncogenic agent (perhaps a virus)
and the antigens it induces in tumor
cells have failed to alert the host’s de-
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fenses; they may well also evade the in-
vestigator.

How might the failure have come
about? One possibility is that in a cancer
that results from virus infection some
process (an immune response?) causes a
selection of cells with viral genomes, or
gene complements, that are incomplete-

ly expressed—genomes in which only a
few genes, whose products render the
host cells cancerous, are expressed and
other genes are not. From the point of
view of selective advantage for the tu-
mor this would be an ideal situation,
since the unexpressed genes might have
coded for more and/or stronger anti-
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RELATION BETWEEN AN AUT¢ (35)MUNE DISEASE and a tu-
mor-inducing virus was suggested Ly tlie fact that human patients
suffering from systemic lupus erythematosus (SLE) or mice with a
similar disease make antibodies to a variety of antigens, almost all
of which are related to similar molecules formed during the repli-
cation of an RNA tumor virus. The diagram shows the successive
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steps in the replication of such a virus, which is unusual in that its
genetic information is carried in RNA that is transcribed into DNA
in the cell by an RNA-directed DNA polymerase. This significantly
broadens the range of foreign nucleic acids that is presented to the
host. The molecules against which specific antibodies were found
to be made by affected mice are indicated by the colored boxes.

© 1973 SCIENTIFIC AMERICAN, INC



genic polypeptides that would stimulate |

the host’s defenses.

If this proposed chain of events should
be correct, then tumors would not be the
most profitable place to look for tumor
viruses. It seems reasonable to assume
that the growth of a tumor may be the
rare and extreme result of the incomplete
expression of the viral genome, and that
the same virus or similar ones may be
present in other disease states or even
in apparently well individuals. In cancer,
that is, the war has been lost and the
virus has gone underground. In other
situations the immunologic war may still
be being fought against a detectable vi-
rus, and a disease (such as SLE) may
develop as a result of the battle. We
would suggest that the time and place
to search for an oncogenic agent is when
and where there is immunologic evi-
dence that the host is defending against
such an agent.

These concepts are predictive ones
and they can be tested. Our prediction
1s that if a virus is isolated from the New
Zealand mice, it should, on being in-
jected into other mice, cause both auto-
immunity and cancer. Together with
Fred Jensen, we established a number
of lines of cultured lymphocytes from
New Zealand mice with the autoimmune
disease. When we examined those lines,
we found that each of them produced a
unique RNA tumor virus of the C type.
In addition, all cells in each of the lines
had a distinctive extra chromosome, and
some cells had a deletion—a missing
segment—in one of the two X chromo-
somes. The extra chromosome was also
found in eight of 38 cells taken from
New Zealand mouse fetuses, indicating
that the mice are “mosaics” for this
chromosomal marker.

Byron Croker and Bert Del Villano
isolated the virus produced by one of
these lymphocyte lines and injected it
into newborn mice of two New Zealand
substrains. Their preliminary results
suggest that the concepts we outlined
above are correct, but many more mice
and different combinations of strains re-
main to be tested before we can be sure
that, through an immunologic reaction,
autoimmunity is the price of protection
against a tumor. The patient may lose
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either way, but the concept of such a
trade-off is nevertheless significant. The
immunologic tracks of autoimmunity
may turn out to have the same predictive
value for a putative (and hitherto elu-
sive) human tumor virus as classical anti-
gen-antibody tests have had for the iden-
tification and isolation of the agents of
other diseases.
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91

© 1973 SCIENTIFIC AMERICAN, INC



MAN V. MACHINE GAME OF CHESS is played between Charles
I. Kalme, rated as a senior master, and the advice-taking chess ma-
chine, an IBM 370/155 programmed by the authors at the Univer-
sity of Southern California. Kalme, a member of the mathematics
department at U.S.C,, is the most highly ranked player engaged in
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the development of a computer-chess program except for Mikhail
Botvinnik of the U.S.S.R. The U.S.C. program enables a chess ex-
pert with no previous computer experience to guide the machine
to a more masterful game. Kalme’s official rating is 2,445; machine
currently plays at a sound novice level between 1,200 and 1,500.

© 1973 SCIENTIFIC AMERICAN, INC



AN ADVICE-TAKING CHESS COMPUTER

It has now been 24 years since Claude Shannon outlined

how a computer could play chess. Here 1s a description

of the first machine able to take lessons from a master

by Albert [.. Zobrist and Frederie R. Carlson, Jr.

winning the world chess title

from Boris Spassky in Iceland,
several computers were quietly contend-
ing in Boston for the U.S. computer-
chess championship. The winning ma-
chine, a Control Data Corporation 6400,
was not actually present in Boston; its
moves were relayed from Northwestern
University in Evanston, Ill., where its
program, known as Chess 3.5, had been
written by David J. Slate, Lawrence R.
Atkin and Keith Gorlen. Chess 3.5 is the
fifth embodiment of a program that was
initiated in 1968 and that in one version
or another has played several thousand
games on computers all over the world.
In commenting on last year’s final match
in Boston, in which Chess 3.5 defeated
a program written by James Gillogly of
Carnegie-Mellon University, the former
U.S. champion Samuel Reshevsky wrote:
“The computer-chess match in Boston
proved one thing: computers have a
long way to go before they become in-
ternational grand masters. But their
game was an interesting experiment
nonetheless.”

Among the victims of Chess 3.5 were
programs written at Bell Laboratories
and Columbia University as well as our
own program, which we had begun de-
veloping at the University of Southern
California less than a year earlier. Be-
fore the Boston tournament the U.S.C.
program had played only about a dozen
games and still had much to learn. We
consider our program to be fundamen-
tally different from all previous programs
in that it is designed so that it can take
advice. To help us in this endeavor we
have persuaded a U.S.C. mathemati-
cian, Charles I. Kalme, to be our pro-
gram’s chess tutor. Kalme is a senior
master with a rating of 2,455 on the In-
ternational Chess Federation scale, on

I ast August, while Bobby Fischer was

which 2,200 denotes a master and Fisch-
er’s rating is 2,785. Apart from Mikhail
Botvinnik of the U.S.S.R., Kalme is the
highest-ranking player currently en-
gaged in the development of a computer-
chess program. As a result of Kalme’s
tutoring we believe the U.S.C. program
is much stronger than it was last August,
and we are looking forward to this
year’s computer-chess championship. A
game between Kalme and the U.S.C.
program is presented at the end of this
article, together with an analysis by Wil-
liam Lombardy, the international grand
master who was Fischer’s second in Ice-
land, and a separate analysis by Kalme
himself.

Why should anyone bother to pro-
gram a computer to play chess? Apart
from the sheer intellectual challenge of
the task there are several significant jus-
tifications. Specific techniques developed
in programming a computer to play
chess have already been used in writing
programs for solving other types of
problem, particularly those involving a
search among many alternate pathways,
as in a telephone-switching system or an
electric-power grid. As new methods are
uncovered they too will become general-
ly useful. There is also the fascinating
possibility that methods for the recogni-
tion of structural patterns on a chess-
board will eventually help computer
robots to see. At a deeper level there is
the hope that in writing chess programs
we shall eventually gain important clues
to how the human brain works: how it
analyzes patterns and quickly abstracts
what is important from what is less im-
portant.

The first comprehensive description
of how an electronic computer could be
programmed to play chess was given by
Claude E. Shannon, then at Bell Labora-
tories, in a talk before the National Insti-
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tute of Radio Engineers in 1949. Writ-
ing in Scientific American in Febru-
ary, 1950, Shannon explained why he
thought the chess-playing problem mer-
ited attention: “The problem is sharply
defined, both in the allowed operations
(the moves of chess) and in the ultimate
goal (checkmate). It is neither so simple
as to be trivial nor too difficult for satis-
factory solution.”

In his 1949 talk Shannon proposed that
the numbers stored in a computer’s
memory could be used to represent var-
ious chess positions, and that the arith-
metical and logical operations of the
computer could be combined into pro-
cedures for playing chess. Starting from
a given board position the computer tries
out hypothetical moves. It then examines
the opponent’s possible replies to each
move. For each reply the machine again
considers another set of hypothetical
moves, and so it goes. With the com-
puters then available, Shannon thought
it would be possible to look ahead four
half-moves, or two full moves for each
side. Since the number of legal moves
available to a player at each turn aver-
ages about 30, a full look-ahead to a
depth of four would require examination
of about 30*, or 810,000, moves. Shan-
non therefore proposed that the comput-
er should not consider all possible moves
from each position but should prune out
the most obvious of the bad moves.
When this scheme was actually im-
plemented in the late 1950’s with an
IBM 704 computer, a look-ahead search
of two full moves took eight minutes.
Even then the number of branches
searched at each fork in the tree was
pruned to no more than seven, so that
only 74, or 2,401, discrete moves were
inspected [see Dottom illustration on
next page]. Evidently a large stock of
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CHESSBOARD AND BASIC MOVES are probably familiar to
most readers. The conventional symbols for the six kinds of white
and black pieces are shown at the left. The board at the right illus-
trates typical legal moves. The notation for specifying each move
appears at the far right. The files, or vertical rows, are designated
by the initials of the pieces that originally occupy the first, or back,
rank; thus the file at the extreme left is the queen-rook (QR) file.
The ranks, or horizontal rows, are numbered so that each player’s
first rank is No. 1. Only the knight can jump over intervening

QR QN @B

Q K KB KN KR

pieces; the others require a clear path. A one-time exception in
each game is castling, a king-and-rook leapfrog maneuver (colored
squares). If performed on the king side, it is symbolized by 0-O;
if performed on the queen side, by 0-0O-O. A capture is indicated
by x; thus in the final board position shown at the right whichever
queen had the move could capture the other: QxQ. The white bish-
op could capture the black knight on the square K2 (BxN), but the
black knight could not capture the white bishop because the knight
can only jump over the two intervening squares in a dogleg.
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SHANNON LOOK-AHEAD PROCEDURE is named for Claude E.
Shannon of the Massachusetts Institute of Technology, who pro-
posed it in his original description of a computer-chess program in
1949. From a list of all reasonable moves the machine selects, say,
seven as the most logical on the basis of criteria written into the
program (1). The machine then selects the seven most logical re-
plies the opponent can make to each of these seven moves (2). At
this level it must examine 49 moves. For each of these the machine
selects seven countermoves (3), or a total of 343 moves (7 X 49).
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Continuing in the same fashion, the machine selects the seven most
logical responses the opponent can make to each of the machine’s
343 moves (4). Finally the machine assigns a figure of merit, or
score (S,), to each of the 2,401 moves the opponent might make. If
the analysis is discontinued here, the computer will have looked
ahead four half-moves, or two full moves. In current programs of
the Shannon type the routine may examine half a million hypo-
thetical moves, penetrating to an average depth of five half-moves.
Authors’ program is a major departure from Shannon approach.
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chess knowledge is necessary in order to
achieve good pruning. Chess masters
can easily look ahead more than six half-
moves because they have learned how
to select only the most promising moves
and countermoves for mental examina-
tion. In current programs of the Shannon
type the look-ahead search usually aver-
ages five half-moves, but in special cases
it can go as deep as eight half-moves,
examining as many as half a million
moves in all. The quality of play
achieved with programs of the Shannon
type can be traced largely to the pro-
grammer’s skill in translating his specific
knowledge of chess into the mathemati-
cal notation that computers understand.
This has proved to be an immensely dif-
ficult task.

The difficulties encountered in nearly
two decades of trying to improve pro-
grams of the Shannon type can be con-
trasted with the comparative ease of
“programming” human beings to play
chess. A single rule such as “Keep your
knights off the edge of the board” can
quickly and concisely convey chess
knowledge from a teacher to a student.
(The student will also appreciate that
such rules are not immutable but must
be violated at times.) Putting this kind
of knowledge into a program of the
Shannon type is so difficult that most
programs have fewer than 20 such pieces
of information with which to play, which
is a minuscule amount by human stan-
dards.

These considerations prompted us to
consider a program by means of which
a computer would be able to general-
ize from particular mistakes. The exact
board position that led to a bad move
will rarely be repeated, so that the com-
puter must learn general principles that
will enable it to correct itself in positions
that are similar to, but not the same as,
the position in which the mistake was
made [see illustration on this pagel.
Since it appears very difficult to have the
computer learn chess principles by itself,
one possibility is to have it learn from an
expert teacher, much as a child learns in
elementary school. Such a chess machine
would not have to induce or deduce new
principles but would simply accept ad-
vice on how to play chess. This approach
to machine learning, under certain re-
strictions that we shall describe, we have
called advice-taking,

Because the approach involves the
communication of knowledge, a lan-
guage must be created to transfer knowl-
edge from man to computer. There are
four basic requirements. First, the lan-
guage must be powerful enough for the
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TEACHING COMPUTER TO GENERALIZE is one of the major goals in writing a com-
puter-chess program. As these four diagrams illustrate, the basic structure of chess is some-
what independent of the actual positions of the pieces. In the two top diagrams a white rook
pins the black queen against the black king, which means that the queen must either stay
put or else capture the attacker. If the queen elects the latter course, she will herself be
captured by the second rook. The two bottom diagrams show variations on the same theme
except that here a white bishop does the pinning while being defended by a lowly pawn.

description of significant chess strat-
egies. Second, it must be simple enough
(or natural enough) so that it can be un-
derstood by chess players even if they
are not expert programmers. Third, the
advice-taking part of the program must
be able to interpret advice in the lan-
guage. Finally, of course, the program
must be capable of being implemented
on a digital computer. Our purpose was
not simply to study chess but to study
advice-taking mechanisms in general
For our investigation we have had access
to an IBM 370/155 computer at U.S.C.

The basic components of a language

are its primitives and its syntax, that
is, its words and its grammar. We have
taken as primitives the 64 squares of the
chessboard and the 12 types of chess
piece. Also taken as primitives are an
assortment of numbers that represent the
details of the chess position, such as the
number of elapsed moves, the number
of white or black pawns remaining at
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any given time and whether or not either
side has castled. The syntax of the lan-
guage enables one to describe structural
combinations of primitives. We use the
term “pattern” to refer to statements in
the chess language that describe general
combinations of pieces that occur fre-
quently in human play. For example, an
elementary pattern might describe the
general case of a machine piece attack-
ing an opponent piece [see top illustra-
tion on next page]. We use the term “in-
stance” to describe a particular configu-
ration of pieces that fits one of the
patterns.

The key mechanism of the U.S.C.
program is a routine that can search a
given board position for all instances of
the patterns and record them internally.
We call such an internal recording a
snapshot. Only a few lines are needed
to write down a pattern in the chess lan-
guage [see left half of bottom illustration
on next page]. The first two lines are “se-
lectors” that can choose individual pieces
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GENERALIZED ATTACK PATTERN is an essential part of the authors’ program. The
diagram emphasizes that the pieces do not have to occupy any particular square of the
board. The program specifies, of course, how the pieces are permitted to move in making

an attack. Thus a pawn can attack only pieces located one rank ahead on an adjacent file.

on the chessboard; thus OP stands for
“opponent pawn” and MP stands for
“machine pawn.” Several such lines act-
ing together can select combinations of
pieces in specified configurations. At the
end of the selector lines in parentheses
are the words “ATTACK” or “FREE.” “AT-
TackK” tells the computer to search for a
piece on that line that is attacking some
piece selected on the other line. “FReE”
tells the computer to consider not only
the actual location of pieces but also

hypothetical locations that the pieces can
reach in a few moves. The selectors are
designed to iterate all possibilities, so
that the attack pattern will usually find
hundreds of instances of real or potential
attacks [see top illustration on opposite
pagel.

Under the selector lines there are a
number of short commands that cause
the programs to take a snapshot of the
selected combinations of pieces and to
code the snapshot internally together

1 OB,0ON,0Q,0K,0R,0P(FREE)
2 (1,A) MB,MN,MQ,MK,MR,MP(ATTACK,
FREE)
PREPARE
CODE(1,2)
(1,F)  WEIGHT(1,-100%)
(2F) WEIGHT(3,25%)
(1,A)  WEIGHT(2,50%)
(1,A)  WEIGHT(11,-50%)
CREATE
END

COND(7,3,10)
1 MN,MB
(1,A)  RANK(1,1)
PREPARE
CODE(1,1)
(1,F)  WEIGHT(1,-500%)
CREATE

END

COMPUTER INSTRUCTIONS are written in the chess language devised by the authors. In
the basic attack pattern (left) the first line selects an opponent piece (OB stands for op-
ponent bishop and so on). The second line selects a machine piece that can attack the op-
ponent’s piece. “FREE” tells the computer to consider not only the actual location of pieces
but also hypothetical locations that can be reached in a few moves. “WEIGHT” tells the com-
puter how to assign weights, or values, to different kinds of attacks. “CREATE” causes a snap-
shot of the situation to be taken and stored in the computer for later use in determining the
move. The routine at the right is an early piece of advice that helps the computer to move
its knights and bishops off the back rank in the opening between the third and tenth moves.
It works by giving negative weights to the knights and bishops on their original squares.
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with a weight, or value. The parameters
of the “weicHT” command simply tell
the program what type of chess informa-
tion to use in calculating the value of a
snapshot. For example, the weight of an
attack increases if (1) the attacked piece
is valuable, (2) the attacking piece is
cheap, (3) the attacked piece is close to
its king and (4) the attacked piece is
close to the center of the board. The
total weight is intended to measure the
worth of a particular snapshot; the
weights of all relevant snapshots are in-
cluded later in the computer’s calcula-
tions when it attempts to evaluate the
merits of various moves. The attack
snapshots are of two types: those show-
ing machine attacks and those showing
opponent attacks, each being weighted
appropriately.

The attack patterns and their result-
ing snapshots are involved in every
move. Typically the computer creates,
weights and stores some 1,500 attack
and counterattack snapshots in roughly
six seconds. Other patterns are less gen-
eral, and some are quite specific. For
example, one pattern is devoted to get-
ting the knights and bishops off the back
rank in the opening [see right half of
bottom illustration on this page]. It
works by giving negative weights to
those pieces as long as they sit on the
first rank. The first and third lines of the
pattern, called predicates, act as bar-
riers that cannot be passed unless certain
conditions are met. The first predicate
checks to see whether or not the game is
in the opening phase between move No.
3 and No. 10. The second predicate
determines whether or not a selected
knight or bishop is on the back rank.
Such predicates are a powerful means of
precisely describing a chess situation.

The back-rank pattern played a signif-
icant part in the historical development
of our program. When the initial version
was finished in April, 1972, we decided
to exhibit it at a computer laboratory
open house. The first two games were a
fiasco, because in each game the ma-
chine failed to develop one knight and
one bishop, preferring instead to be hy-
peractive with its other pieces. To cor-
rect this flaw the back-rank pattern was
typed into the computer, and the pro-
gram has not had the problem since.
The corrective procedure took less than
five minutes; its ease and effectiveness
convinced us that we had indeed
achieved an advice-taking machine.
Even minor changes in the chess “knowl-
edge” of a program of the Shannon type
call for many hours of conventional pro-

gramming and debugging.



Our chess language is somewhat rich-
er than these examples indicate. At pres-
ent the language has three types of se-
lector, 15 types of predicate and 15 other
statements that can be used in patterns.
The additional selectors and predicates
can be used to describe a wide variety
of chess situations, such as pins, forks,
“holes” in pawn formations and simple
mates.

The latest generation of computers

has made the mechanics of computer
chess quite simple. By dialing the prop-
er telephone number one can connect a
teletypewriter to the U.S.C. computer.
One then types in the proper password,
requests execution of the chess program
and the machine is ready to play. After
a move is typed in (say P-K4) the com-
puter checks its legality, calculates a
move in reply and types the move out.
The human contestant can also request
a printout of the chessboard and can
give the computer some advice if he so
wishes.

The machine replies to opening moves
almost instantly because we have stored
internally about 200 sequences of moves
covering about a dozen popular open-
ings. Thus it immediately selects a time-
tested defense against, say, a Ruy Lopez
opening or an Evans Gambit. Players
who challenge the computer for the first
time are likely to find its one-second re-
plies to their first half-dozen moves rath-
er intimidating. We claim no credit for
this feature. Since machine time is cost-
ly, it has become standard practice in
the computer-chess league to provide
the computer’s memory with a plentiful
stock of opening moves.

Indeed, the reader may wonder why
this technique should not be carried
further. Given sufficient memory capac-
ity and a fast search routine, why not
store the first 15 or 20 board positions
from several thousand of the best games
played in the past century? The comput-
er would either play the ultimate win-
ner’s move at each step or use a random
strategy in selecting its move if more
than one move evidently led to a win-
ning game.

A little combinatorial mathematics
will tell why this is not a promising ap-
proach. Men have certainly played few-
er than 105 chess games. By way of
contrast there are about 10*3 possible
board positions and about 10125 ways of
moving pieces to reach those positions.
This means that only an infinitesimal
fraction of all possible chess positions
have yet been seen. Thus a rote-memory
machine could be defeated by making

| L

VARIETY OF ATTACK SNAPSHOTS are generated by the computer from any given
board position. Playing White in the situation shown in a, it could attack the opponent’s
knight by moving its rook to B4 (b), or it could put the opponent’s king in check by mov-
ing the rook to B8 (c). The attack pattern would give the first move a weight of about 30
and the second a weight of about 100. Another snapshot would show that the opponent’s
knight could put the machine’s king in check by moving to N7 (d). This would be given a
weight of about minus 100. Machine will usually find hundreds of instances of real or po-
tential attacks and will make use of their aggregate weights in selecting its ultimate move.
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MORE COMPLEX PATTERN, depicted graphically, enables the computer to discover op-
portunities to pin an opponent piece against a major piece, such as a rook, a queen or a
king. Pattern is flexible not only as to the positions of white and black pieces involved
but also with respect to the numbers of pieces attacking and defending the pinned piece.
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an unusual move. In fact, this can usual-
ly be done as early as the third move of
any opening.

After the first half-dozen moves or so
the computer switches over to its “think-
ing” mode. It then takes about 25 sec-
onds to decide on its move. The calcula-
tion is performed in three basic steps
[see upper illustration on this page]. In
the first step the program calculates an
internal representation of the chess posi-
tion after its opponent’s last move. These
calculations begin with an eight-by-eight
matrix of integers in which the value of
the integer denotes the type of chess
piece. From that another matrix is cal-
culated in which the value of the integer
gives the value of the piece. The usual
value of a pawn is 1, of a knight or a
bishop 3, of a rook 5 and of the queen 9.
The kings are arbitrarily assigned a value

C'QLT?;;’:TLE | APPLY ADVICE
_ | (PATTERNS)

REPRESENTATION STORE
OF SNAPSHOTS

CHESS POSITION

|
|
|
L

of 20 even though they are priceless and
are never traded. Other matrixes calcu-
lated by the machine represent such eso-
teric matters as holes in the opponent’s
pawn structure, open files on the board
or distance from a king. In all, 20 such
matrixes are calculated and stored in the
computer’s memory in two seconds.
The second step is the one distinctive
to our program: the application of ad-
vice, in the form of patterns, to the in-
ternal representation. The machine is
now provided with 50 patterns, includ-
ing the attack pattern and the back-rank
pattern we have described. During the
applications of these patterns between
1,000 and 3,000 snapshots will be coded
and saved. The snapshots include not
only selected pieces as they actually sit
on the board but also snapshots of hy-
pothetical positions after one or more

PERFORM
LOOK-AHEAD
USING !
SNAPSHOTS | —>
REPORT
EVALUATEBOAHD MOVE

POSITIONS

‘

THREE BASIC STEPS are employed by the advice-taking chess machine in calculating a
move. Normally the first step takes about two seconds, the second about six seconds and the
last about 15 seconds. The computer performs some one million operations per second, or
roughly 25 million operations per move. When the board position is complicated, however,
the computer may take up to 90 seconds for a move. It took about 40 seconds after the 23rd
move in the game that provides the material for the following series of illustrations.

v
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B B
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OP == QP == = @ CP ==
-- QP == == -— -= (G 0P
- - - Up - - - |
-- == M@ == MP ON =-- --
-= == MP -= MR -=- =-- MP
MP MP == == -= MP MP --
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BOARD POSITION AFTER BLACK’S 23RD MOVE is depicted in conventional form at
the left and in the computer’s printout version at the right. The black pieces are being
played by the computer’s tutor (Kalme). In the printout the letter O identifies an opponent
piece (one of Kalme’s black pieces) and M signifies a machine, or white, piece. Kalme has
just intensified his attack on the computer’s king by advancing his rook to Q8. (The preced-
ing moves can be found in the analysis of the game that begins on page 101.) To discover
the best reply the computer begins by generating some 1,500 snapshots, 15 of which are
shown on opposite page. Snapshots are used in selecting and evaluating look-ahead moves.
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moves and countermoves. Each of these
snapshots has its own weight and value
[see illustration on opposite page]. With
the aid of the snapshots the computer
makes a preliminary selection of the 10
“best” moves and lists them in descend-
ing order of merit. The elapsed time up
to this point is eight seconds. The third
step is most like the standard Shannon
program: it applies a look-ahead pro-
cedure to calculate the machine’s move.
The important difference in our program
is that the snapshots are used at every
fork of the look-ahead to select moves
for further examination just as they were
used to select the 10 moves at the first
stage of the look-ahead. The program
uses a consensus of all the snapshots in
determining the relative values of moves.
The basic assumption is that a single
piece of advice is somewhat unreliable.
For example, “Keep your knights off the
edge of the board” is usually good ad-
vice, but in some cases a snapshot of a
knight on the edge of the board will
carry a higher weight than a snapshot
showmg a knight in the middle of the
board. Everything depends on the loca-
tion of the opponent’s pieces; a knight on
the edge can sometimes lead to a check-
mate. Our look-ahead routines typically
examine about 10,000 moves in 15 sec-
onds. Because the look-ahead is corre-
lated with the stored snapshots, which
represent significant chess knowledge,
our program has to examine far fewer
moves than programs of the Shannon
type do. Our typical look-ahead pro-
ceeds to a depth of from five to 10 half-
moves. Sometimes, however, the com-
puter will penetrate as deep as 14 half-
moves [see bottom illustration on page
100]. Because our approach attempts to
make a reliable decision from somewhat
unreliable information most computer
workers would describe it as heuristic.

Theoretically speaking we feel that
our work has achieved a considerable de-
gree of success. We have been able to ex-
press a wide variety of patterns for open-
ings, the middle game and the end game
in the chess language. Giving advice to
the program is so easy that we feel as if
we can “talk” with the computer. Our
chess-master collaborator, Kalme, had
no difficulty learning the chess language
in spite of a total lack of knowledge of
computer programming. For the first
time the computer is no longer complete-
ly dependent on expert programmers for
the acquisition of chess knowledge. We
see in our approach the fascinating pos-
sibility that the game’s greatest players,
such as Fischer, could record their chess
technique for posterity.

Although our program embodies a
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13. IF ONxMN, MRxON, ORxMR,
MQxOR: 80 POINTS

14. THE COMPUTER DISCOVERS
A POSSIBLE PIN .

SAMPLE OF 15 SNAPSHOTS OUT OF 1,500 suggests the variety
of chess positions examined by the computer after Kalme’s 23rd
move. “MATT,” “0ATT” and “MPIN” stand respectively for “machine
attack,” “opponent attack” and “machine pin.” The numbers in the
second line are weights: positive if they favor the computer, nega-
tive if they favor the opponent. The first two numbers reflect im-
mediate gain (or loss) ; the third number reflects longer-range val-

5. . BUT SEES THE QUEEN
CAN REFUTE IT

ues. All but the last two snapshots show positions the machine’s
queen (MQ) can reach in one move and the opponent pieces it can
then attack or be attacked by. Note the sharp changes in weight that
occur between pairs of similar snapshots (5 v. 6, 7 v. 8 and 9 v. 10)
when the machine discovers it is vulnerable to an opponent piece.
The last snapshot, a pin that is refuted by the black queen, appears
in the design on the cover of this issue of SCIENTIFIC AMERICAN,
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| MOVE “PRUNING" VALUE
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PRELIMINARY SELECTION OF 10 BEST MOVES for the computer’s move No. 24 is
made on the basis of some 1,500 snapshots. The moves are assigned a “pruning” value that
sums up the weights associated with all the snapshots in which the machine’s pieces occupy
a square reached by the hypothetical move. At this stage of the calculation the machine has
discovered that a queen move is the most desirable but the move ultimately selected on the
basis of the look-ahead procedure, Q-B1, still looks inferior to at least four other moves.

number of innovations, implementation
has proceeded rapidly enough so that it
now plays at a sound novice level. Chess
3.5, the Northwestern program that
holds the present national computer title,
has a rating of around 1,500. We believe
our program, although it is not officially
rated, plays in the upper part of the
1,200-to-1,500 range. When the program
wins, it appears quite clever and is
usually very aggressive.
Computer-v.-computer games give us
a crude understanding of the strength
of different programming approaches.
Games between the computer and a hu-
man expert provide a still more pene-
trating test of our program’s strengths

a 24 QxP  RxN d 24
25. RxR  QxP MATE 25.
26.
b 24 QR4 RxN
25. K-R2  QxP MATE e 24
25.
C 24. Q-N3 RxN 26.
25. K-R2  RxR 27.
26. K-R1 R-K8CH 28.
27. Q-B1  RxQCH
28. K-R2  QxP MATE

and weaknesses. Kalme shares our opti-
mism that the advice-taking approach
promises to produce computer-chess
games at a level of sophistication at-
tained by serious players. In five years’
time our program may be sufficiently
advanced to challenge international mas-
ter David Levy of Britain, who wagered
1,000 pounds that no computer will be
able to beat him in a 10-game series be-
fore August, 1978. (Botvinnik is reported
to have told Levy: “I feel very sorry for
your money.”)

If an advice-taking machine demon-
strates an aptitude for the complex intel-
lectual task of chess, it may have similar
value when applied to other problems of

QB1 NxRP [ 24. Q-Ns

K-R2  N-N4 25. K-R2  RxR

K-N1  NxBP 26. K-N1  R-K8 CH |
27. Q-B1  RxQ CH :

QB1  NxRP 28. KR QxPCH

K-R1  N-KBS 29. K-KI QB8

K-R2  NxBP 30. KxQ  NxP

oxN  QxQ

NxQ  R-Q7 |

J

FOR NEXT 25 SECONDS MACHINE LOOKS AHEAD, testing one hypothetical move
against another. The 48 half-moves shown here are selected from more than 15,000 ex-
amined. On each half-move the machine refers back to each of the 1,500 snapshots for
guidance. It soon discovers the fatal flaw in QxP, Q-R4 and Q-N3. (The computer has since
been taught how to find the one-move mate available to Kalme after any move but Q-B1.)
The computer finally sees that Q-Bl avoids mate (d, e) and in a few cases looks ahead 14
half-moves (f). The authors emphasize that many of the lines studied by the computer may
look unreasonable even to a novice, but that the cumulative effect is what counts. The com-
puter finally selects Q-Bl as its move. In his analysis Kalme calls it “the only defense.”
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more practical interest. Our work sug-
gests the possibility that computers of
the near future will use advice-taking, as
we have defined it, for the performance
of tasks now believed to demand more
“intelligence” than is needed for simple
clerical chores and repetitive numerical
calculations, which is the kind of work
commonly done by computers today.

WT e readily concede that the burden is
on us to demonstrate that a ma-
chine can beat a man at his own game.
In the past those who believed a com-
puter could never play master chess ar-
gued somewhat as follows: “For a ma-
chine to beat man at chess the machine
must have a greater knowledge of the
game. But if the machine gets its chess
knowledge from man, whether by
straightforward programming or by
some advice-taking procedure, the ma-
chine will always have less knowledge
than man.” That argument usually leads
to the conclusion that computers must
be provided with some form of active
learning process to attain championship
proficiency in chess. In other words,
one must somehow duplicate inside a
machine the mental processes that en-
able a Bobby Fischer to become a better
chess player than the people who taught
him.

Even without active learning, how-
ever, the computer has some powerful
advantages. Because of its memory ca-
pacity a computer could be set up to ac-
cept huge volumes of advice from teams
of experts. In time the computer could
know more than any one individual. Be-
cause of its tremendous speed the com-
puter can see nontrivial consequences of
even trivial advice. Furthermore, the
computer is not subject to lapses of
memory or concentration; it will not be
bothered by poor lighting or brood over
a blunder. Once advice is given, the
computer will not forget it and will nev-
er fail to apply it.

A deeper and perhaps more serious
question involves the use of language
for the expression of chess knowledge.
One might argue that many of the
world’s greatest players have already
tried to describe their techniques in
books and articles, but that no reading
of their words is sufficient to convert an
average player into a player of the first
rank. The failure, of course, could be
with the person reading such works.

On the other hand, it is possible thata
significant portion of human chess tech-
nique cannot be expressed in words.
For example, a grand master might be
quite unable to explain the reasoning
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TIME ALLOCATED TO HYPOTHETICAL MOVES in a search
for move No. 24 indicates that the computer spent more time eval-
uating Q-Bl than any alternative. Although K-R2 was hopeless, it
could have been interesting under slightly different circumstances.,

behind a particularly brilliant move. It is
not just a question of whether one can
have thoughts without words but of
whether one can have thoughts of much
greater content than the words one can
find to express them. It is possible that
chess thought depends heavily on spatial
perception and that the perceptual proc-
esses involved are so subtle and rapid
that only the final outcome reaches con-
scious expression. If so, there may be no
adequate language for conveying chess
knowledge to a computer.

This problem involves several areas of
psychology and warrants much further
study, but our tentative conclusions are
as follows. First, artificial languages may
actually be superior to English or any
other natural language for the expression
of chess ideas. For example, computer
languages such as aLcoL have proved
superior to the mixture of English and
mathematical notation traditionally used
to express algorithms. (Some computer
scientists have even claimed that com-
puter languages have enabled them to
think thoughts that could not be ex-
pressed in English.) With our chess lan-
guage it may be possible to communicate
directly to a computer chess strategies
that heretofore have been passed from
master to master by means of example or
inference.

P-N4 '

P-KR4

TIME (SECONDS)

Our second conclusion rests on the
use of a pattern-based language for
chess. Psychologists have evidence that
the chessboard is perceived in “chunks,”
or combinations of pieces, but they can
only speculate about the nature of these
chunks. We feel that the patterns in our
program operate as “chunk-detectors”
and that our entire approach should be
of interest to psychologists as a model of
human chess perception. In effect we
seek not only to rival man’s ability at
chess but also to simulate his methods of
playing chess. Thus the early approach
to computer chess, which reflected a fas-
cination with mathematical algorithms
for efficient play, is being replaced by an
approach in which the computer be-
comes a tool for building models of the
mind.

AnavLysis oF A GaAME BETWEEN U.S.C.
CoMmPpUTER (WHITE) AND CHARLES 1.
KarLmeE, U.S. SENTOR MASTER (BLACK)

by William Lombardy
International Grand Master

I would describe the opening of this
man-v.-machine game as a Giuoco Pia-
nissimo. The chess opening Giudco Pi-
ano is so named for its characteristically

© 1973 SCIENTIFIC AMERICAN, INC
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The computer had the good sense not to waste any time examining
P-KB3, the least promising of the 10 moves selected on the basis of
the snapshots. Programs of the Shannon type may examine as many
as 500,000 look-ahead moves, a task that may take several minutes.

steady, purposeful plan for constructing
an impressive pawn center. White’s 4
P-QB3 signals the Piano. If by nature
the Piano is slow, then the Pianissimo is
slower. The Pianissimo makes no radical
attempt to control the center with
pawns. If, on rare occasions, that is the
intention, then the buildup is more me-
thodical and time-consuming (mostly the
latter). The Pianissimo tends to reject
P-QB3, supporting a pawn advance to
Q4, in favor of subtle piece play. White
jockeys positionally, gradually gaining
for his minor pieces (bishops and
knights) key central squares, spring-
boards for future attack. Since such
strategy is far more conceptual than
mathematical, I would suggest that in its
present stage of development the com-
puter is at a distinct disadvantage when
it is opposing the human mind.

The British international master Da-
vid Levy goes one step further. He has
placed a considerable wager that a com-
puter, given until 1978 to prepare for the
match, will not survive a 10-game series
against him. To this I would say, “Good
luck, David!” [The diagrams on the fol-
lowing pages, keyed to the moves of the
game by letters, refer both to this anal-
ysis and to the subsequent analysis by
Kalme. Color identifies the piece last
moved and the square it last occupied.]
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1 P-K4 P-K4 3 B-B4 B-B4
2 N-KB3 N-QB3 4 0-O
[see diagram a]

My analysis of this game is without
reference to the identity of the oppo-
nents. At this point I surmised White to
be the computer; by move 5 I was posi-
tive of its identity. Although White’s 4
0O-O is reasonable enough, the move is
generally considered too passive to of-
fer any real hope for an opening advan-
tage. In all fairness, though, Black has at
his disposal adequate defenses on what-
ever course White chooses to press the
temporary initiative afforded by the first
move.

Chess, however, is a game in which
players must assess their chances, select-
ing lines most likely to apply maximum
pressure on an opponent. The comput-
er’s move cannot be criticized as being
totally incorrect. But let us say that chess
grand masters accustomed to finishing
well in but not winning tournaments are
consistently plagued by excessive tech-
nical accuracy, this of course from the
viewpoint of a human being opposing
another human being. The inevitable
sterility of coldly accurate play produces
a string of draws with no victory in sight.

4... P-Q3 5P-KR3
[see diagram b]

This is blatantly overcautious. An am-
ateur learns early in his career to beware
the threatened pin (a maneuver designed
to paralyze an enemy piece, any move of
which might result in either checkmate
or the fatal loss of material). The begin-
ner fears any pin whatever, because he
is unable to distinguish pins that repre-
sent genuine danger from those that are
just a minor irritation, therefore the com-
puter’s P-KR3. The master recognizes
those pins whose minor irritation may be

on a course that enabled him to exert
powerful, even if temporary, pressure on
his opponent. Only an experienced ex-
pert could have walked the tightrope to
the draw.

5... N-B3 6 N-B3 0-0

Without hastily castling, Black can
play for the attack with 6 ... P-KR3, 7
P-Q3 P-KN4, threatening ... P-N5 and
the disruption of White’s king side. Also
good is 6 ... B-K3, neutralizing White’s
king bishop.

7 P-Q3 P-KR3

Black cannot allow the pin in this sit-
uation, because to break it he would
need to dangerously weaken his own
king position: 7 ... P-QR3 (so that his
king bishop has a retreat against the
threat of 8 N-QR4), 8 B-KN5 (menacing
9 N-Q5) P-KR3, 9 B-R4 P-KN4.

8 N-Q5?
[see diagram c]

Here it is obviously the computer at
work. The strategic idea demands elim-
ination of Black’s king bishop with 8
N-QR4. Artificially aggressive, the com-
puter’s move is a futile waste of time.
The computer has clearly been instruct-
ed in the adage: “A knight on the side
cannot abide.” It must also be taught ex-
ceptions to the rule.

8... NxN 10 B-N3  N-N3
9 BxN N-K2

Black has attained a slight initiative
owing to his comparatively well-posted
knight, which will come thundering into
KB5. The edge, however, is far from
enough to win.
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with the pin threatened here.

Naturally the following line would not
have occurred to the ordinary player, in
this case the computer in an unimagina-
tive mode: 5 P-B3 B-N5, 6 P-Q4 PxP, 7
Q-N3! Q-Q2!. Rather than save his
queen knight pawn, Black defends the
more pertinent threat against his king
bishop pawn. 8 BxPch! QxB, 9 QxP K-
Q2, 10 QxR BxN, 11 PxB PxP, 12 NxP
QxBP, 13 B-K3 Q-N5ch, and Black
squeezes out with a perpetual check.
(The enemy king cannot escape check by
an adversary’s piece or pieces, and the
game is therefore drawn.) Weighing his
chances in a risky line, White embarked
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White’s pawns, ready to occupy the
center, will be mere tenant farmers,
since Black’s pawn strongpoint at K4,
holding back the tide, cannot be dis-
solved. The computer knows enough to
occupy the center, but it clearly does not
yet know that occupation is not equiva-
lent to control.

11... B-K3!
[see diagram d]

White cannot exchange bishops on
K6, allowing Black operation along the
king bishop file. The advantage of
doubled pawns is often illusory. In this



case the advantage would accrue to
Black, as the newly doubled pawn would
control vital squares (Q4 and KB4).
Aware of these concepts, Black forces
the exchange of White’s only active
piece, his king bishop. Question: Why
does the computer not take the opportu-
nity to double its opponent’s pawns?
12 P-Q4 BxB 13 QxB

If the computer is unwilling to capture
doubling its own pawns unless specifical-
ly instructed, then it must learn that
doubled pawns are at times an asset.
Here, however, the move given is best.
13 ... B-N3 14 PxP?!
[see diagram e]

White should, temporarily at least,
strive to maintain the pawn chain in the
center with 14 B-K3; for example, 14
B-K3 Q-B3, 15 QR-Q1 KR-K1, 16 Q-B4
PxP, 17 BxQP! Q-K2, 18 KR-K1, and
White is not worse off.

14 ... PxP 15 R-K1?
[see diagram f]

Development with 15 B-Q2 followed
by QR-Q1 leads to a level game in which
neither side wrests control of the queen
file from a mutually vigilant opponent.
Also playable is the more ambitious 15
N-Q2, intending N-B4 and P-QR4-RS5,
rooting out the annoying bishop. Notice
that even if Black should occupy the
queen file with his rooks, the occupation
would be of limited value, since he could
not immediately penetrate to the seventh
rank. Amazingly enough, White is in no
danger after 15 N-Q2 Q-Q6, 16 Q-B4
Q-N6, 17 N-B3! (ruling out 17 ... N-B5
or R5) QR-Q1, 18 Q-K2!, with the well-
concealed threat of 19 K-R1.

15 ... Q-B3 16 B-K3 BxB

Not only is Black stymied but also
White stands well after 16 ... N-B5, 17
BxN QxB, 18 P-QR4 P-QR4, 19 QR-Q1
KR-Q1, 20 R-Q5!.

17 RxB- P-N3 18 R-Q1?!
[see diagram g]

Correct is 18 P-N3 (limiting Black’s
knight) QR-Q1, 19 K-N2 (avoiding 19
R-Q1 RxR, 20 QxR Q-K3!, winning a
pawn) R-Q2 (Q3 may be better), 20 R-
Q1! KR-Q1, 21 RxR (or R(3)-K1) RxR,
22 Q-R4 P-B3, 23 Q-R6 Q-Ql, 24 P-
QR4. White now has ample play in spite
of Black’s occupation of the queen file.

18... OQR-Ql 19 R(3)-Q3?

[see diagram h]

The machine is still unaware of the
necessity of restricting enemy minor
pieces, preventing their invasion. Cor-
rect was 19 RxR RxR, 20 P-N3, and
again White has little to fear.

19 ...
20 RxR

RxR
N-B5
[see diagram i]

21 R-K3

The rook must vacate the queen file to
guard brother knight. The Black knight,
which now cannot be conveniently
ousted, threatened NxPch. White would
then have been unable to capture the in-
truder without losing his own knight. Of
this tactical nuance the machine seems
aware.
21 ... R-Q1 22 Q-B4r!
[see diagram ]

Bent on aggression, the machine can-
not fathom the vital maneuver 22 K-R2
(defending the king rook pawn) and 23
P-N3 (prodding the enemy steed from
its post).

Simply put, the move is a sophisti-
cated blunder.

22... Q-N3! 23 N-K1

The computer may have seen that 23
P-KN3 is no better, since then ... NxPch,
24 K-N2 (if 24 K-R2 NxP) N-B5ch, 25
K-N1 (25 K-R2 Q-R4ch) R-Q8ch, 26
R-K1 RxRch, 27 NxR N-R6ch, 28 K-N2
N-N4. Black therefore wins just as easily
as in the game.

23 ...
24 Q-B1

R-Q8 25 Q-B4 P-QB3
R-Q7 26 P-QN4
[see diagram k]

If the machine could be said to hope,
then the last move could be considered
the typical reaction of the ordinary chess
buff who, realizing his king side is lost,
preserves his queen side and hopes for a
miracle!
26 ...

P-N4 27 Q-N3

If 27 Q-B5, R-Q8 again!

27 ... Q-N4 28 P-B4?

[see diagram 1]

Although the computer hangs on dog-
gedly, offering prolonged resistance, it
still does not offer the best defense. Cor-
rect is 28 K-B1 Q-R5, 29 R-B3, with
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P-B4 in the offing. Black would then
have to take his courage in his hands and
play P-KN4-N5, or find another means
of applying the screws, such as 29 ...

Q-Ql.
28 ... Q-R5 29 R-KB3

Or 29 P-N3 NxPch, 30 K-N2 RxPch
and so forth.

29 ... RK7 32N-B2 Q-N4
30 Q-Q1 RxKP 33 Q-KBl R-B5!
31 PxP PxP 34 RKN3 Q-R4!

[see diagram o]

At this stage a strong player would re-
sign. Weaker players (the computer as
well?) go on hoping for stalemate, even
against a senior master.

35 N-K1 N-K7ch 37 KxN R-BS
36 K-R2 NxR 38 P-B3 Q-N4ch
[see diagram p]

Did the computer resign here, or did
the programmer perform this task?

It is a remarkable game for the com-
puter, particularly against a topflight
master. My guess is that David Levy will
have his hands full in 1978.

AnaLys1s oF GAME BETWEEN U.S.C.
CoMPUTER AND KALME

by Charles I. Kalme

1P-K4 P-K4 40-0 P-Q3
2 N-KB3 N-QB3 5 P-KR3
3 B-B4 B-B4

[see diagram D]

This is a move not generally played by
a machine without special instructions.
We do have a pattern that guards
against getting into a pin that cannot be
readily broken.

5... N-B3 7 P-Q3
6N-B3 0O 8N-O5
[see diagram c]

P-KR3

As was pointed out above, machines
like “aggressive” moves, and here it has
nothing to strike at, so that 8 N-Q5
seemed to it as good as any.

8... NxN

.. 10 B-N3
9BxN  NXK2

11 P-B3

N-N3

The program now is sophisticated
enough to execute very simple positional
ideas such as creating pawn chains, striv-
ing for control of the center and so forth.

© 1973 SCIENTIFIC AMERICAN, INC

11... BK3 14 PxP PxP
12PQ4  BxB 15RKI
13QxB B-N3

[see diagram f]

The machine apparently does not like
15 R-Q1 because it has instructions to
clear the back rank of minor pieces and
it would like to develop the bishop to K3
rather than Q2. In the process it gets
maneuvered out of the queen file, but
that point is too delicate for it to see.

15...
16 B-K3

QB3 17RxB  P-N3
BxB 18 R-Ql

[see diagram g]

The machine is aware of the value of
controlling open files, and now that its
development is complete it goes after the
queen file.

18 ... QR-Q1 20 RxR N-B5
19 R(3)-Q3 RxR 21 R-K3
[see diagram i]

The machine sadly has to abandon the
queen file owing to the threat of ...
NxPch if the White knight is left unpro-
tected. This tactical point the machine
sees.

2l ... R-Q1 22 Q-B4
[seediagram f]

This is a reasonable move if one takes
into account that the machine cannot an-
ticipate that it will get tied down be-
cause of threats against its king. The
maneuvers needed to achieve this state
of affairs are too delicate for the machine
to uncover, and it proceeds with an
aggressive move, attacking the bishop
pawn, where an untangling of its king
side might be in order.
22... Q-N3 23 N-K1
The machine does see that 23 N-R4 Q-
N4 will not do.

23 ... R-Q8 24 Q-Bl
[see diagram m]

The machine is aware of the tactical
threats and finds the only defense.

24 ... R-Q7 25Q-B4

Not being able to defend its knight
pawn, the machine counterattacks
Black’s queen bishop pawn.

25 ... P-QB3 26 P-QN4
[see diagram k]



This move together with the preced-
ing one is a rather nice maneuver for the
machine to execute in order to save the
queen-side pawns, even though this may
not seem like a great achievement with
its king in danger. However, the ma-
chine probably does not feel too inse-
cure there, although it should!

P-N4
Q-N4
[see diagram []

2...
27 Q-N3

28 P-B4

This is a typical machine defense,
which in principle would be good. It is
aggressive and brings the queen back in
touch with the other pieces but fails to
meet Black’s threat. The move 28 K-B1,
which appears tobe the only way to cope
with the immediate threats, is probably
far down on the list of moves to be con-
sidered, and such a move would be made
only if it were necessary to meet a clear-
ly perceived threat. The ensuing se-
quence apparently is too delicate for the
machine to see as an immediate threat at
this point.

28 ... Q-R5 29 R-KB3
This is the only move.
29 ... R-K7

Now White’s game crumbles.

32 N-B2
33 Q-KB1

RxKP
PxP

30 Q-Q1
31 PxP

Q-N4

The machine does see that 33 R-N3
loses the exchange to 33 ... N-K7ch.

33... R-B5 34 R-KN3
[see diagram n]

By now, with every move losing ma-
terial, it is not quite clear if the machine
sees the ensuing loss of the exchange. It
is aware that a knight move anywhere
but to K1 allows ... R-BS winning the
queen, and since 34 N-K1 leaves the
QNP loose, temporarily the move chosen
is the only one to keep the present
balance.

34... QR4
[see diagram o]

The double threat on the N and N-K7ch

gains more material.
35 N-K1

The machine still sees that ... R-B8

toois in the air.

35... N-K7ch 37 KxN R-B8
36 K-R2 NxR 38 P-B3 Q-N4ch
[see diagram p]

The game was abandoned here as be-
ing hopeless for White.

CoNcLUDING REMARKS

Of the many games played by the ma-
chine against the author this is by far the
best and shows many interesting fea-
tures, both positive and negative.

First for the positive features:

Taking into account that its opponent
is a senior master with a rating in the
same range as many grand masters, and
that the opponent played as well as he
could (in playing the game over I can-
not see where I would have varied
my play even in a serious tournament
against a respected opponent), the ma-
chine put up a very good defense. It met
every tactical threat perfectly, never los-
ing material until it was maneuvered
into a position where that was inevitable,
and it actually succumbed only to quite
sophisticated positional maneuvers. In-
deed, an expert might have defended
no better, except that at some stage
he might have realized that getting
so cramped was hopeless anyway and
would have sought counterplay at the
expense of, say, a pawn, whereas the
machine knew no better than to hang on
to everything no matter what the cost in
position.

Lest the reader think we are claiming
expert-level play for our program, let us
now look at the negative features:

1. The machine was never really in
the game and had no viable plan beyond
the defense it was forced into. It is easy
to make the best moves, in the sense of
losing most slowly, if these entail meet-
ing immediate tactical threats.

2. Delicate threats, where the real
tactical threats come at the end of a se-
quence only a few moves deep, were be-
yond the machine’s immediate percep-
tion and so it did not prepare its defense
ahead of time, reacting only when it was
too late. (It takes a good player, how-
ever, to create and execute such threats.)

3. The method of attack by Black was
particularly suitable for making the
machine look good. Although, as I have
mentioned, I would have made the same
moves against a serious opponent,
against a weak player I might have
mixed it up more. Indeed, I can crush
the machine tactically by choosing wild-
er lines of play. I still have to play the
attacks fairly well; just any unsound at-
tack will not do!
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MATHEMATICAL GAMES

Plotting the crossing number of graphs,

and answers to last month’s miscellany

by Martin Gardner

odern graph theory is raising
M many curious questions that ap-
pear to be simple but turn out to

be extraordinarily complex. An enter-
taining class of such problems, some the
basis of classic puzzles, are those that
have to do with “crossing numbers.” As

Paul Erdés and Richard K. Guy wrote

in “Crossing Number Problems” (The
American Mathematical Monthly, Vol-
ume 80, 1973, pages 52-58): “Almost all
questions that one can ask about cross-
ing numbers remain unsolved.”

Before explaining what a crossing
number is, a few fundamental terms
must be defined. A graph is a figure con-
sisting of points and lines connecting
some of the points. The points are called
nodes (or vertices) and the lines are
called edges (or arcs). Only the graph’s
topological structure is significant. Think

of the nodes as little spheres joined by
elastic strings. Two graphs may look
quite different, but if they represent two
ways of placing the same ball-and-string
model on a surface, they are considered
identical.

Where two edges intersect at a point
other than their nodes, the point in com-
mon is called a crossing. A graph can al-
ways be drawn so that no edge crosses
itself or crosses an edge joined to one of
its nodes, and so that no more than two
edges go through any one crossing. Such
a drawing is called a good drawing.
When a good drawing is designed so
that the number of crossings is as small
as possible, the minimum number is
called the crossing number of that graph.

To make this clearer, consider what is
called the complete graph for n points.
This is a graph on which every pair of
nodes are joined by one edge. It is obvi-
ous that the crossing number for com-
plete graphs of one, two and three points
is 0, and it takes only a moment of pen-

Proof that the complete five-point graph has a crossing number of 1
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Six-point graph (left) and seven-point graph (right)



cil doodling to find that it is also O for
four points. A graph with a crossing
number of 0 is called a planar graph.
The simplest nonplanar graph is the
complete graph for five points. It has a
crossing number of 1. This means that,
try as you will, you cannot join all pairs
of the five nodes without producing at
least one crossing. This can be proved
informally as follows. All forms of the
complete graph for four points consist of
three mutually contiguous regions [see
upper illustration on opposite page]. A
fifth point (shown in color) must go ei-
ther inside one of the three regions or
outside the entire figure. When the fifth
point is inside, you cannot connect it to
the node outside its region without cross-
ing an edge. When the fifth point is out-
side, you cannot get from it to the interi-
or node without crossing an edge. The
crossing is indicated by the arrow. (For
a different proof see page 94 of Graphs
and Their Uses, by Oystein Ore, an ex-
cellent introduction to graph theory.)

The fact that the complete graph for
five points is not planar establishes that
a map of five regions cannot be drawn so
that every pair of regions share a bound-
ary. If such a map could be drawn, we
could put a point inside each region,
connect each pair of points by an edge
that crosses the border shared by the two
regions containing those points and do
this without creating crossings. In other
words, we would be able to draw a com-
plete graph of five points with a crossing
number of 0. As we have seen, that is
impossible. Unfortunately this does not
prove the famous four-color map theo-
rem. Several times a year someone sends
me what he believes is a proof of the
four-color theorem when actually it is no
more than a proof, by way of the five-
point graph, that no five regions can be
mutually bordering.

It is true that for any map, say of
many hundreds of regions, any specified
set of five regions can always be colored
with four colors without having two ad-
jacent regions of the same color. It is
conceivable, however, that five colors
might still be required for the entire
map. If you try to color it with four,
there may always be a place where you
run into trouble. Eliminate the trouble
at that place by recoloring regions and
the trouble always pops up at some other
place. That five regions cannot mutually
touch was established long ago, but the
four-color map theorem, an altogether
different matter, is still unsolved.

One might suppose it would be simple
to write a formula for the crossing num-
ber of a complete graph of n points, but

The utilities problem

i
|l
The complete 7,7 bipartite rectilinear graph (81 crossings)
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(5]

The four-schoolhouses problem

this too is unsolved. In 1960 (writing on
“A Combinatorial Problem” in Nabla, a
bulletin of the Malayan Mathematical
Society, Volume 7, pages 68-72) Guy
conjectured that the formula is

u%n] [B(n — D] [%n — 2)] [%(n — 3)],

where the brackets indicate that the
number inside is rounded down to the
nearest integer. As far as I know this has
been verified only for n through 10.

Complete graphs for six and seven
points with crossing numbers of 3 and
9 respectively are shown in the lower il-
lustration on page 106. The graph for six
points (like that for five) is unique, but
there are five variations of the seven-
point graph. They are dissimilar in the
sense that, if you regard the graph as be-
ing embedded in the plane, you cannot
change one to the other (in terms of our
ball-and-string model) without lifting a
ball off the plane to carry it over an edge
or a node.

Complete graphs of eight, nine and 10
points are known to have crossing num-
bers of 18, 36 and 60 respectively, as
given by Guy’s elegant formula. The
eight-point graph has three variants and

1
—3—> 2 3 3
v v v
|
2 —2—=> | < 1— | «<3—
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the nine-point graph has about 200. Sev-
eral mathematicians have shown that
Guy’s formula is an upper bound for all
larger n, but a proof of the formula is still
elusive.

An interesting side question occurred
to Guy. Can a complete graph with the
minimum number of crossing points al-
ways be drawn by restricting the edges
to straight line segments? He found that
the answer is yes for seven or fewer
points and also for nine points, but for
eight points the rectilinear crossing num-
ber (as it is called when all edges are
straight) is 19, not 18. Little is known
about rectilinear crossing numbers for
complete graphs of more than nine
points, although it has been proved that
for 10 or more points the rectilinear
crossing number is greater than the
crossing number. It has been conjectured
that the 10-point graph has a rectilinear
crossing number of 63.

Here is a pleasant little problem for
which a very simple polynomial formula
is readily available: What is the maxi-
mum number of edges that can be
drawn, as part of a complete graph for n
points, without a crossing? (Example:
For the six-point graph the maximum is
12.) The answer will be given next
month.

A formula for the crossing number of
complete bipartite graphs of m and n
points also has not yet been discovered.
Such a graph has each point in set m
joined to each point in set n, but no
edges connect an m point to an m point
or an n point to an n point. Complete bi-
partite graphs with points of 1,1, 1,2,
2,2 and 2,3 have crossing numbers of 0.
The 3,3 graph, known as the Thomsen
graph, has a crossing number of 1.

Students of recreational mathematics
will at once recognize the 3,3 case as the
old “utilities puzzle,” so called because
Henry Ernest Dudeney presented it with
the following story line. There are three
houses and three utility sources: water,
gas and electricity. The puzzle is to draw

|
—3—> 2 3 3
v v v
—2—> 2 <1— | «3—
v
—2—> | —2—> i <3—
A 0 !
3 <« 2— 2

Answer to arrow tours
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lines connecting each house to each utili-
ty without any crossings. It cannot be
done because the crossing number of
this graph is 1 [see top illustration on
preceding page].

The best conjecture (made by K. Za-
rankiewicz in 1954) for the crossing-
number formula of a complete bipartite
graph is

[%m] [B(m — 1)] [%n] [B(n — 1)].

The formula applies to all values of m
and n through 6, but beyond this all that
can be said about this formula is that it
gives a lower bound. This was proved by
Daniel ]. Kleitman in his paper “The
Crossing Number of K;,” (Journal of
Combinatorial Theory, Volume 9, 1970,
pages 315-323). The crossing number
for the 7,7 graph is not known. Using
Zarankiewicz’ formula, together with
other arguments, Kleitman proved that
the crossing number for the 7,7 graph
must be 77, 79 or 81. He ends his paper
with the one-word sentence “Which?”

A rectilinear graph from the article by
Guy and Erdos mentioned earlier for the
7,7 case with 81 crossings is shown in
the bottom illustration on the preceding
page. So far this construction method (in
which each set of points is arranged in a
straight line, and the two lines are per-
pendicular) has produced rectilinear
graphs that give the lowest crossing
numbers known. No one has yet proved
that it always does so, although Kleit-
man told me he believes it does.

As in the case of complete graphs, it
is not hard to find a simple polynomial
expression for the maximum number of
edges that can be drawn, as part of a
complete bipartite graph of m,n points,
without a crossing. (Example: For the
3,3 graph the maximum is 8.) Can the
reader give the formula before seeing
next month’s answer?

Some recent work has been done on
the crossing numbers of other types of
graphs, notably graphs on the plane for

—3—> 2 3 <2—
v \/
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i
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the skeletons of n-dimensional cubes,
and complete graphs and complete bi-
partite graphs on such surfaces as the
torus, the Klein bottle and the projective
plane. (Graphs drawn on a sphere are
the same as those drawn on a plane, be-
cause the sphere can be punctured at
any spot not on the graph and flattened
to a plane without altering the graph’s
topological structure.)

Richard K. Guy, Tom Jenkyns and
Jonathan Schaer, in their paper “The To-
roidal Crossing Number of the Complete
Graph” (Journal of Combinatorial The-
ory, Volume 4, 1968, pages 376-390),
prove that the toroidal crossing numbers
for seven, eight, nine and 10 points are
0, 4, 9 and 23 respectively. (The zero
crossing number for seven points on the
torus corresponds to the fact that a maxi-
mum of seven regions, mutually bor-
dering, can be drawn on the torus.) For
11 points, 42 is strongly believed to be
the toroidal crossing number. The best
results known for 12, 13, 14, 15 and 16
points are 70, 105, 154, 226 and 326 re-
spectively. The paper gives upper and
lower bounds for n greater than 9.

Guy and Jenkyns, writing on toroidal
crossing numbers for complete bipartite
graphs (Journal of Combinatorial The-
ory, Volume 6, 1969, pages 235-250),
give upper and lower bounds for suffi-
ciently large m and n. The toroidal cross-
ing number for a 3,3 graph is 0, which
means that the utilities graph is solvable
on the torus. Indeed, the authors prove
that it can be solved even if there are
four houses and four utilities. The toroi-
dal crossing number is also 0 for graphs
of 3,4, 3,5 and 3,6. Complete bipartite
graphs of 4,5, 5,5, 5,6 and 6,6 have to-
roidal crossing numbers of 2, 5, 8 and
12 respectively. An interesting classroom
project is to find ways of drawing these
graphs, and those in the preceding para-
graph, on the surface of a large model of
a doughnut.

Old puzzle books contain many prob-
lems based on crossing numbers. Here is
an easy problem from one of Dudeney’s
books. Four boys lived in four houses
and went to four schools. Show how the
boy in house A can walk to school A, boy
B to school B, boy C to school C and boy
D to school D without any of their paths
crossing one another or going outside the
large square boundary [see top illus-
tration on opposite page]. Of course
there must be no tricks such as running a
path through a house or a school. An
answer will appear here next month.

Est month I presented a collection of
miscellaneous problems and puzzles.
Here are the answers:
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Answer to the handshaking problem

1. The three ways of forming maxi-
mum-length arrow tours on the 4-by-4
field are shown in the bottom illustration
on the opposite page.

2. Among the five married couples no
one shook more than eight hands. There-
fore if nine people each shake a different
number of hands, the numbers must be
zero, one, two, three, four, five, six, sev-
en and eight. The person who shook
eight hands has to be married to who-
ever shook no hands (otherwise he could
have shaken only seven hands). Similar-
ly, the person who shook seven hands
must be married to the person who shook
only one hand (the hand of the person
who shook hands only with the person
who shook eight hands). The person who
shook six must be married to the person
who shook two, and the person who
shook five must be married to the person
who shook three. The only person left,
who shook hands with four, is my wife
[see illustration above].

3. An 1l-sided convex polygon can
be formed with unit-sided squares and
equilateral triangles, as shown in the top
illustration on the next page. The angles
possible for a convex polygon formed
with the pieces are 60, 90, 120 and 150
degrees. To make a polygon with the
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maximum number of sides, all angles
must be 150 degrees and the number of
sides will be 12.

4. Only the ninth statement is true.

5. One solution for building a pen-
tomino fence of arbitrary shape to en-
close a “farm” of 128 square units is
shown in the second illustration from the
top on the next page. It is not unique.

6. A square table can always be
placed somewhere on a wavy floor with
all four legs touching the floor. To prove
this, put the table anywhere. Assume
that only three legs, A, B, C, are on the
floor and D is off [see third illustration
from top on next page]. It is always pos-
sible for three legs to touch the floor be-
cause three points, anywhere in space,
mark the corners of a triangle. Rotate the
table 90 degrees around its center, keep-
ing legs A and B always on the floor.
This brings the table to a position where
C is now the only leg that does not touch
the floor.

During the rotation D has moved to
the floor and C has left it. But D must
have touched the floor before C left, oth-
erwise there would be a position at
which only A and B would touch the
floor, and we know that it is always pos-
sible for three legs to touch. At some
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| point in the rotation, therefore, all four
legs must have been in contact with the
floor. A similar argument can be applied
to wobbly rectangular tables by giving
them 180-degreerotations.

7. To put a chicken-wire pattern of
creases into a small sheet of paper, first
roll the sheet into a tube about half an
inch in diameter. With the thumb and
forefinger of your left hand pinch one
end of the tube flat. Keeping pressure on
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the pinch with your left hand, your
right thumb and forefinger, now pinch
the tube flat at a spot as close as possible
to the first pinch, making the pinch at
right angles to the first one. Press firmly
with both hands, at the same time push-
ing the two pinches tightly against each
other to make the creases as sharp as pos-
sible. Now the right hand retains its
pinch while the left hand makes a third
pinch adjacent to and perpendicular to
the second one. Continue in this way, al-
ternating hands as you move along the
tube, until the entire tube has been
pinched. (Children often do this with
soda straws to make “chains”.) Unroll
the paper. You will find it hexagonally
tessellated in a manner that is most puz-
zling to the uninitiated.

8. To reach the chess position given
last month, set the pieces as shown in the
bottom illustration at the left and move
as follows:

White Black
1 B-Q4 (check)
2 P-B4 P takes P
en passant
(double check)

3 K takes P (check)

Removing the white king will now
leave the desired position.

9. The key to simplifying the three
polypower equations is the basic law

uhr= (I” X o,
Applying this to the first equation,

I}II= 2TZ

I}II = pz2

The two bottom «’s are equal, there-
fore their parenthetical exponents are
equal. Cancel the bottom «’s, then repeat
the procedure:

2T _ g2

The bottom «’s again drop out, leaving
x? =2, which gives x the value of
1.55961+.

The same procedure simplifies the
second equation (down-4 equals up-4)
to x* = 3, and x = 1.82545+. Each suc-
ceeding equation increases the value of
x? by 1. The third equation reduces to
x? =4 orx = 2.

The general procedure is to replace
the down ladder by a number one less
than the number of its x’s and remove
two «’s from the up ladder. (Example:
Down-5 = up-5 reduces to 4 = up-3.)



SCIENCE.SCOPE

Canada's Anik 2 communications satellite, launched in April, will provide additional
capacity to meet the demand for Telesat Canada's commercial services. Like Anik 1,
world's first domestic synchronous satellite, it has a capacity for more than 5,000
telephone circuits or 12 high quality color television channels. Hughes is build-
ing a similar series of satellites for two American companies that plan U.S. domes-
tic systems to start in 1974 and 1975.

Several new composite materials developed for NASA space projects hold great prom-
ise for civilian use in such fields as biomedicine, agriculture, and furniture
manufacturing, according to Hughes scientists who have just completed a technology
utilization study for NASA. Medical applications include bio-compatible prosthet-
ic devices of carbon fibers in an epoxy-resin matrix and braces of graphite-fiber-
reinforced plastic (equal in strength to steel at one-eighth the weight).

Filament-wound graphite-glass fiber composites reduce the cost of grain silos and
water tanks. Air-inflated barns and other structures made from fiber-reinforced
plastics have a life expectancy of at least 20 years., Foams with fire-suppressant
and self-extinguishing properties have been developed for furniture =-- both hard
foams for casting replicas of carved wood and soft foams for upholstering.

An Australian domestic communications satellite system is the subject of an exten-
sive study by the Australian Post Office (APO). The system would distribute tele-
phone, telegraph, television, and educational services throughout Australia's vast
territory. Hughes was the successful competitor in a worldwide competition to pro-
vide consultant services to the APO for this study, which will initially determine
the operation, benefits, and economic feasibility of the system.

Jacques Cousteau's oceanographic research vessel, Calypso, safely navigated the
hazardous Drake Passage at the southern tip of South America with the help of an
earth-orbiting sensor and a satellite built by Hughes. The multispectral scanner
aboard NASA's Earth Resources Technology Satellite 1 photographed weather and ice-
berg formations along the route., The pictures were processed by Goddard Space
Flight Center and relayed to the U.S. Navy's Fleet Weather Facility, which relayed
the information to the Calypso via Applications Technology Satellite 3.

Hughes needs R & D Engineers to participate in the growth of our microwave and mil-
limeter wave product lines. We have openings in transistorized microwave ampli-
fiers, Gunn and Impatt diode sources, millimeter wave subsystems, traveling wave
tubes for space applications, and high-voltage, high-efficiency microwave power
supplies. Please write: B. E. Shryack, Hughes Electron Dynamics Division, 3100 W.
Lomita Blvd., Torrance, CA 90509. An equal opportunity M/F employer.

1500 watts of electricity from solar energy are being produced by the FRUSA (Flex-
ible Rolled-Up Solar Array) system aboard a U.S. Air Force Agena satellite. Its
two 16-foot panels, each with 17,250 solar cells, were rolled into a cylinder at
launch, then unfurled in space. Now Hughes is developing an advanced multi-mission
version with an analog/digital voltage regulator. Welded aluminum construction
will enable it to tolerate much higher temperatures during near-sun missions.

Creating @ new world with electronics
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HUGHES AIRCRAFT COMPANY
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Conducted by C. L. Stong

he purity of the water in rivers,
I lakes and ponds can be tested by
determining the coliform-bacteria
count or the presence of dissolved gases
and of various compounds. Tests of this
kind were described in this department
in March, 1970, and February, 1971.
During the past year a remarkably ac-
curate instrument for measuring turbid-
ity (the concentration of solid matter
that is carried by the water in the form
of solid particles) has been developed by
a group of undergraduates at the Uni-
versity of Rochester. The group, which
included Cathie Lubell, Thomas Barry
and Gregory Hearn, worked in the In-
stitute of Optics and Materials Science
Program under the supervision of Ed-
ward M. Brody, assistant professor of op-
tics. They describe the work as follows:

“It is possible to determine the turbid-
ity of solutions by many techniques.
With a microscope one can count the
number of particles in a unit volume of
the specimen. With a calibrated grid in
the viewing field of the microscope one
can measure the relative sizes of the par-
ticles in a polydisperse suspension (a
suspension containing particles of wide-
ly varying size). Turbidity can be evalu-
ated relatively by filtering the specimen
and weighing the dried filtrate. All these
procedures are time-consuming. Bore-
dom and fatigue on the part of the ob-
server can lead to error.

“Extinction turbidimeters are doubt-
less the simplest instruments that have
been devised for measuring the concen-
tration of solids in suspension. They are
based on the principle that turbidity is
inversely proportional to the minimum
length that a column of fluid must have
in order to extinguish at one end of the
column a source of light at the other end.
A major source of error in all such
turbidimeters arises from the fact that
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A laser beam and a photocell are used

to measure the dirt content of water

changes in the range of particle sizes
in the suspension affect the pattern in
which the transmitted light is reflected
from particle to particle. The effect is
known as multiple light-scattering. It
causes apparent turbidity to decrease as
the length of the light path through the
specimen is increased. The influence of
the multiple-scattering effect becomes
increasingly significant when the atten-
uation of light through the specimen ex-
ceeds 15 percent. Extinction turbidim-
eters must therefore be calibrated with
suspensions of known particle size. In-
deed, reliable measurements of turbidity
cannot be made with extinction turbi-
dimeters unless the distribution of parti-
cle sizes is known.

“The substitution in turbidimeters of
lamps for natural illumination and of
photocells for the eye has led to im-
proved measurements, but many sources
of potential error remain. Variations in
voltage applied to the lamps, fatigue of
the photocathode of photocells and the
effects of space charge in photomulti-
pliers can combine to introduce an er-
ror of at least 10 percent. Moreover, it
has been shown that the inherent tem-
perature sensitivity of photoelectric de-
tectors causes the output to vary as much
as 50 percent through the temperature
range from zero to 30 degrees Celsius.

“To cope with such errors we built
an instrument of the ratio type in which
an error in one part of the system is in
effect compensated for, keeping the ratio
constant. We call the device a dual-
beam turbidimeter. Apparatus employ-
ing dual-beam transmission is available
commercially, but it is costly and needs
modification for use as a turbidimeter.

“In our device light from a single
source is split into two beams. One beam
traverses the specimen and the other, a
reference beam, is transmitted through
air. The two beams combine in a photo-
detector, where they are added alge-
braically. Experience has demonstrated
that the instrument measures turbidity
effectively whether the liquid contains
suspended particles of widely varying
size or suspended particles of uniform
size. The results have been highly re-
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producible when checked against com-
parable measurements made by other
procedures.

“A helium-neon laser serves as the
light source [see top illustration on op-
posite page]. We elected to use the laser
because it costs little more than a high-
intensity lamp and provides parallel rays
in the form of a monochromatic beam
one millimeter in diameter. The output
power of about two milliwatts exceeds
the requirements of the photomultiplier
detector by at least 100 times. We re-
duce the intensity by inserting neutral-
density filters in the beams. An incan-
descent lamp could be substituted for
the laser by inserting a color filter in the
optical path (to select a range of wave-
lengths) together with simple collimating
lenses to make the rays parallel.

“The output of the laser falls on a
beam splitter, which is a rectangle of
clear plate glass set at an angle of 45
degrees with respect to the beam. The
transmitted portion of the beam passes
through a neutral-density filter and en-
ters the specimen cell. This vessel (a hol-
low prism made of sheet glass) has the
form of a right triangle. The refracted
rays emerge from the cell, pass through
an aperture and fall on the photocathode
of the photomultiplier tube. The inten-
sity of these rays, which constitute the
specimen beam, varies with the turbidity
of the specimen.

“Rays that are reflected by the beam
splitter fall on a front-surface mirror,
from which they are reflected through a
neutral-density filter and the apertures
in a motor-driven chopper. The chopper
interrupts the beam 160 times per sec-
ond. Rays of the flickering beam recom-
bine with those of the specimen beam at
the photocathode.

“The output of the photomultiplier
tube is a unidirectional electric current
that varies in amplitude 160 times per
second. A circuit separates the output
into two parts: a direct-current signal
and an alternating-current signal [see
bottom illustration on opposite page].
The direct-current signal represents the
sum of the current generated by light
transmitted through® the specimen plus



beam
splitter
r -
! laser ) iﬁ_ i
| E
aper\ture/

mirror

cell

.I«—hé--:ff/“ specimen

| ;. "l

VN L

,_ -\ B

| power supply

A

ST\ s i _:llii ‘—_ .
= 1 H ‘

&
4 aperture

diffusion _RCA-1P28
plate photo-
~ multiplier

T

!

—

|

detector and ]
signal ,1
IL analyzer j

Top view of elements of the turbidimeter designed by a group at the University of Rochester

the direct-current component of the
chopped reference beam. It is measured
by meter No. 1. The amplitude of the al-
ternating-current signal is proportional
to the intensity of the reference beam. It
is measured by meter No. 2.

“The electronic circuit consists of a
network that includes three operational
amplifiers, which boost the output of the
photomultiplier to a usable level. The
alternating-current and direct-current
components are amplified independently
for display on separate meters. The filter
that separates the alternating current

from the direct current consists of an in-
ductance of 1.4 henrys and a capacitor of
.7 microfarad connected in series with
the input of the reference-signal ampli-
fier, A;. The filter transmits maximum
current at a frequency of 160 hertz. Both
the capacitor and the inductor are avail-
able commercially.

“The frequency at which the chop-
per operates is not critical. Choppers
can be improvised to operate at other
frequencies. For example, a synchronous
motor that operates at 3,600 revolutions
per minute could be fitted with a disk

that contains two apertures to chop the
beam at a frequency of 120 hertz. The
input circuit of the reference-beam am-
plifier could be tuned to this frequency
by retaining the 1.4-henry inductance
and increasing the capacitor to approxi-
mately 1.25 microfarads. The values of
capacitors and inductances that resonate
at other chopping frequencies can be
calculated by the formula 1/6.28 X
(L X C)%, in which L is the inductance
in henrys and C is the capacitance in
farads.

“The experimenter is primarily inter-
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Turbidity of a water sample from Lake Ontario

ested in the intensity of the transmitted
beam as it is displayed on meter No. 1.
This meter, however, responds to both
the direct current of the specimen beam
and the direct current in the reference
beam unless the instrument is appro-
priately adjusted. To make the adjust-
ment connect switch No. 2 to the posi-
tion shown in the circuit diagram, block
off the specimen beam and vary the re-
sistance of potentiometer Ry until the
pointer of meter No. 1 falls to zero. Un-
block the specimen beam. The adjust-
ment need be made only once a day.
“The electronic components of the
circuit are quite stable. The switch is
not strictly necessary. It merely serves
as a check for determining that the elec-
tronic components are \Vorking properly.
When the switch is in position 1 and the
circuit is properly adjusted, the alter-
nating-current portion of the reference
signal is subtracted at the input junction
of the A, amplifier, because operational
amplifiers reverse the polarity of signals.
When the switch is turned to the other
position, at which the output of the ref-
erence-signal amplifier is connected to
ground, meter No. 1 displays the sum

of the reference and specimen voltages
instead of the difference.

“After the instrument has been ad-
justed meter No. 1 indicates voltage
proportional to the intensity of the beam
transmitted through the specimen cell.
Meter No. 2 similarly indicates voltage
proportional to the intensity of the light
source. An easy way to use the instru-
ment is to fill the cleaned specimen cell
with clear water and record the ratio of
the two meter readings: M,/M, (water).
The specimen is then transferred to the
cell and a second set of readings is made:
M,/M, (specimen). The transmission of
the specimen, as calibrated against clear
water, is then expressed by the ratio,
(M,/M,) (specimen)/(M,/M,) (water).
The apparatus automatically compen-
sates for changes in the intensity of the
light source, changes in the sensitivity or
gain of the photomultiplier and most oth-
er variables that degrade the results of
extinction turbidimeters.

“Ideally a specimen of water that is
well mixed should be uniformly turbid,
and a transmission measurement for one
path length is sufficient to determine the
turbidity. Experience suggests, however,

that a series of turbidity measurements
should be made through columns of
fluid of varying length to improve the
accuracy and as a check that only single
scattering processes are involved. A plot
of the logarithm of the transmission
versus the length of fluid traversed
should be a straight line. Systematic de-
viation from a straight line indicates mul-
tiple scattering and a difficulty in cal-
culating the turbidity.

“Our specimen cell was designed ex-
pressly with this requirement in mind.
As mentioned, it consists of a right tri-
angular prism. The vessel is mounted
to a traversing table with the faces of
the prism perpendicular to the plane in
which the transmitted and reference
beams are located. The prism is moved
in a direction parallel to the hypotenuse
of the triangle. The light continues to en-
ter the specimen cell at a right angle to
the vertical face as the specimen cell is
displaced in the plane of the hypotenuse,
but the length of the path traversed by
the light beam varies directly with the
position of the cell. The cell is moved
along the traversing table by a screw
mechanism calibrated in increments of
one millimeter.

“The four pieces of the cell were cut
from ordinary window glass. Three rec-
tangular sides were glued to a base
piece to form a right-triangular prism.
Befere making the strips with a glass
cutter of the wheel type we inspected
the sheet and chose areas that were free
of bubbles and striations. Surfaces of
optical quality are not required because
the measurements involve intensity, not
image formation. Any convenient angle
can be made between the hypotenuse
and the side through which the beam
enters. Our vessel was assembled with
Sauereisen Adhesive Cement, an acid-
proof cement that is distributed by the
Fisher Scientific Company in Rochester,
N.Y. Doubtless any epoxy cement would
work as well if the cell is cleaned only
with detergent.

“We clean the cell after most measure-
ments with a solution of chromic acid
made by dissolving from 30 to 50 grams
of sodium dichromate or potassium di-
chromate in a liter of concentrated sul-
furic acid. A comparable cleaning prep-
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aration known as Chromerge is avail-
able commercially. It must be similarly
diluted with concentrated sulfuric acid.

“To clean the cell wet the inside sur-
faces of the glass with the acid mix-
ture, let the cell stand for five minutes
and then rinse it thoroughly with filtered
water. We prepare the rinsing water
with a Millipore filtering apparatus. In
our opinion cells need not be cleaned
with chromic acid unless extreme ac-
curacy is desired. For the routine as-
sessment of turbidity in natural streams
the vessel can be cleaned with any good
household detergent.

“We found that the results of our
transmission measurements were repro-
ducible to within 1 percent. We also
found that we had to dilute specimens
from rivers and lakes about six to one,
even when they were taken from calm
water, to avoid significant multiple scat-
tering of the light and a corresponding
loss of accuracy. Usually severe multiple
scattering occurs when turbidity attenu-
ates the light more than 15 percent.

“Our results were checked by theo-
retical calculations of the turbidity of
known samples and also by experiment.
A typical experimental check was made
with a specimen prepared by suspending
polystyrene spheres two microns in di-
ameter in filtered distilled water. We
counted the number of spheres in a
known volume of solution by means of
a microscope and estimated the con-
centration to be between 100,000 and
200,000 particles per cubic centimeter.
Subsequent measurements with our tur-
bidity meter indicated an actual concen-
tration of approximately 130,000 spheres
per cubic centimeter. The test is based
on the fact that concentrations of spheres
of uniform diameter attenuate light by a
predictable amount.

“Spheres of this kind are available
commercially from a number of suppli-
ers, including the Dow Chemical Com-
pany (Midland, Mich. 48640) and Par-
ticle Information Service (600 South
Springer Road, Los Altos, Calif. 94022).
The spheres come in the form of a con-
centrated solution. Dilute the solution
by adding it to distilled water. This pro-
cedure prevents the spheres from clump-
ing. We used one drop of the sphere so-
lution in 250 milliliters of water for a
‘stock’ solution that was diluted further
to conduct scattering experiments. We
positioned the specimen cell near the
bottom limit of its traverse for the max-
imum optical path length and diluted
the sphere solution until the attenuation
was less than 15 percent.

“To verify the concentration with a
microscope we counted the particles

against a translucent background in the
form of a grid. If the focal length of the
objective lens is known, the depth of the
field can be computed. If the concentra-
tion is low, the microscope views parti-
cles in a single plane. We counted the
number of particles per unit length of
the field in one direction and cubed the
result to find the concentration per unit |
volume.

“A polydisperse specimen was ob-
tained at a depth of eight meters in Lake
Ontario near the inlet of the Genesee
River. Turbidity was measured after the
specimen had been diluted six to one
with distilled water. The results were
expressed as a graph by plotting the
logarithm of the ratio of the transmitted
light (I) divided by the unattenuated in-
tensity of the source (I;) against the
length of the path through the specimen
that was traversed by the light beam
[see top illustration on opposite page].
Turbidity is equal to the slope of the
graph. In this example it amounts to .374
unit of turbidity per centimeter of path
length.

“The apparatus can be used to mea-
sure the distribution of sizes and concen-
trations of particles, provided that the
particles are assumed to be spherical in
form so that they settle at a predictable
rate. The rate at which the intensity
would change with time could then be
related to particle diameter.

“The physical details of the construc-
tion are left to the resources of the ex-
perimenter. The optical parts of our in-
strument were mounted to a metal base
by rugged fixtures that were made with
machine tools. Most of the parts could
be made of wood or plasticc. We en-
closed the entire apparatus in a light-
proof housing so that measurements
could be made in a normally lighted
room.

“Our apparatus is not readily portable.
Moreover, the laser and the light chop-
per require a source of 115-volt, 60-
hertz power. For this reason the appara-
tus cannot be used in the field. It should
be possible to modify the apparatus for
use with battery power by exchanging a
certain amount of accuracy and precision
for portability. For example, a photodi-
ode or phototransistor could be substi-
tuted for the photomultiplier. High-in-
tensity lamps that operate on 12 volts,
together with color filters and collimat-
ing lenses, could replace the laser. It
should also be possible to substitute for
the motor-driven chopper an oscillating
chopper improvised from a 60-hertz
resonant switch of the kind formerly
used in the inverter circuits of automo-
bile radios.”
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The most exciting value ever
to help you build
your own science library?

(retail price, light; member price, bold)

69930. POPULATIONS, SPECIES
AND EVOLUTION. Ernst Mayr. A
sweeping exposition of the theory
of evolution—complete with latest
refinements. $10.00/%$7.75

50110. GENETICS OF THE EVOLU-
TIONARY PROCESS. Theodosius
Dobzhansky. $12.50/$8.50

40260. CONQUISTADORS WITHOUT
SWORDS. By Leo Deuel.
$12.50/$8.95

52180. HAMLET’S MILL: An Essay
on Myth and the Frame of Time.
Giorgio de Santillana and Hertha
von Dechend. Aninquiry into origins
of scientific thought in the preliter-
ate world. $10.00/$7.75

44190. ELEMENTARY PARTICLES
AND THEIR CURRENTS. Jeremy
Bernstein. $12.00/$8.50

39891. THE COMPUTER FROM PAS-
CAL TO VON NEUMANN. Herman
H. Goldstine. One of the world's
leading mathematicians describes
graphically the development of the
computer. $12.50/%$9.75

48400. THE FASCINATION OF REP-
TILES. Maurice Richardson. A color-
ful and handsomely illustrated ap-
preciation of these scientifically neg-
lected and often maligned animals.

$10.00/$7.75

56320. INTRODUCTION TO CALCU-
LUS AND ANALYSIS. Richard Cou-
rant and Fritz John. $14.50/%$8.50

82880. TEXTBOOK OF POLYMER
SCIENCE. Second Edition. Fred W.
Billmeyer. The physics, chemistry
and technology of polymers, the
most important synthetic materials
ever developed by industry.
$16.95/%$10.65

46580. THE EVOLUTION OF MAN
AND SOCIETY. C. D. Darlington.
$12.95/%$9.75

68730. PHYSICS OF THE EARTH.
Frank D. Stacey. A brilliant new
volume in the science of geophysics
incorporating all of the revolution-
ary changes in this most funda-
mental of sciences. $12.95/%$7.95

70070. PRINCIPLES OF HOLOGRA-
PHY. Howard M. Smith. The first
unified and complete treatment of
this newest of sciences.
$10.95/%$7.50

42070. THE DEVELOPMENT OF
MODERN CHEMISTRY. Aaron J.
Ihde. $14.95/$10.95
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Take any 5 books

(values to
$76.65)

with your first selection (at low discount price)
as a member of

The Library of Science

and you need buy only 3 more books
at member discount prices in the next 12 months!

HOW THE CLUB OPERATES

* The Library of Science News, describing the coming Main
Selection and Alternate Selections, will be sent to you 15 times a
year at three to four week intervals.

¢ If you wish to purchase the Main Selection, do nothing and it
will be shipped to you automatically.

¢ If you prefer one of the Alternates, or no book at all, simply
indicate your decision on the reply form always enclosed with the
News and mail it so we receive it by the date specified.

* The News is mailed in time to allow you at least 10 days to
decide if you want the coming Main Selection. If, because of late
mail delivery of the News, you should ever receive a Main Selection
without having had the 10-day consideration period, that Selection
may be returned at Club expense.

* After completing your trial membership, you will be entitled to
take advantage of our fabulous bonus plan which offers savings up
to 70% and more.

e
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NUMERICAL OxN A
ME THODS PIECE Ol
CHALK

The Library of Science
Riverside, New Jersey 08075

Please accept my application for membership in the Library of
Science and send me the five volumes whose numbers | have indi-
cated in the boxes below, plus the first selection, whose number |
have indicated. Bill me only for the first selection, at member’s
price, | agree to purchase at least three additional Selections or
Alternates during the first year | am a member, at special members’
prices. Savings range up to 30% and occasionally even more. My
membership is cancelable any time after | buy these three books.
A shipping and handling charge is added to all shipments.

Indicate by number the 5 books you want free.
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Send no money.
Members are billed when books arrive.
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Miss (Please print plainly)
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(Offer good in Continental United States and Canada only. Prices are
slightly higher in Canada.)
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36280. A BIOGRAPHICAL DICTION-
ARY OF SCIENTISTS. Edited by
Trevor I. Williams. $9.95/%$7.50

45490.ENVIRONMENTALGEOLOGY.
Peter T. Flawn. Lucid exposition of
the relationship between man and
the natural earth processes.
$14.50/$9.95

56350. INTRODUCTION TO GEOME-
TRY. Revised Edition. H.S.M. Coxe-
ter. Urbane, unconventional, witty—
a modern classic. $12.75/%$7.95

65290. ON A PIECE OF CHALK.
Thomas Henry Huxley. Edited by
Loren Eiseley. Using fossil evidence
in a piece of chalk as a spring-
board, the famous biologist con-
ducts the reader back in geological
time. $6.95/$5.95

32320. THE AFRICAN GENIUS. Basil
Davidson. A vivid social history of
African peoples that may well be-
come a classic. $7.95/$5.95

64580. THE NEW PROMETHEANS.
Robert S. de Ropp. The continuing
battle between the creative and
destructive forces of science.
$7.95/$6.75

53690. THE HOUSE OF LIFE: Rachel
Carson at work. Paul Brooks. Bril-
liant examination of the life and
work of the environmentalist who
helped remake history. $8.95/$7.50

46490. EVOLUTION OF MATHEMAT-
ICAL CONCEPTS. By Raymond L.
Wilder. $8.50/$6.50

63800. THE NATURAL HISTORY OF
MAMMALS. Francois Bourliére.
$7.95/$6.50

39760. COMPLETE RUSSIAN
COURSE FOR SCIENTISTS. Beres-
ford’s language course is thorough
and intensive—and for beginners,
scientist and non-scientist alike.
$5.95/$5.25

48810. THE FLIGHT OF THE EAGLE.
Per Olof Sundman. Dramatic story
of an ill-fated voyage. $6.95/$5.95

41840. DAWN OF ZOOLOGY. Willy
Ley. A running account of the de-
velopment of our knowledge of the
animal kingdom. $9.95/$6.50

66070. OPUS 100. /saac Asimov.
A fascinating guided tour by Asimov
himself through his literary output
of, lo, these many years.
$5.95/$5.25

56540. INTRODUCTION TO MATRIX
ANALYSIS. Richard Bellman.
$15.75/$10.50




by Philip Morrison

HE DOMINATION OF NATURE, by

William Leiss. George Braziller

($6.95). The “cunning of unrea-
son”—a Hegelian phrase turned upside
down by a young critical philosopher—
consists most fatefully in this: Modern
science, cool, rigorous, wide-ranging,
can explain the phenomena of the world
in a way superior to any method avail-
able before the advent of its prophets,
Francis Bacon and Descartes, and yet
the hope that social development itself
might come under rational control has
consistently been frustrated. Instead the
rationalism of science and technology re-
mains “caught in the web of irrational
social contradictions,” from the B-52 to
the Harlem gutter to the jammed free-
way to the political prison camp.

This compact and tightly argued book
(which counts among its virtues a brief
exposition, if only by way of critique, of
the chief positions of the German school
of social philosophy connoted by such
names as Edmund Husserl, Max Hork-
heimer and Max Scheler) lies at the
boundary between the history of ideas
and the critique of social thought. The
author, who teaches political science in
Saskatchewan, was armed for his task by
his degree of philosophy under Herbert
Marcuse at San Diego; he brings to this
brilliant essay both the energy of deep
engagement and a scrupulous honesty of
argument. At a time when the concep-
tual source of the problems of our day is
sought variously in Christian dogma, in
the Galilean world view or in the size of
the population, his book deals a more
trenchant cut at the tangle than any cur-
rently at hand. The reader is warned:
This book contains no statistics and no
description; it centers on ideas, their
origins and their inner meaning. For
those who would follow the arguments
the pages are intense. Here in review we
can only suggest the development.

The Elizabethan sailors of Bacon’s
New Atlantis were lucky enough to wit-

BOOKS

The irrational uses of rational science,

tropical monocot crops and bottled gases

ness the rare ceremonial visit to town of
a director of the isolated research insti-
tute called Solomon’s House, or the Col-
lege of the Six Days” Works. Passing in
“theocratic majesty,” he is “a Man of
middle Stature, and Age, comely of Per-
son, and had an Aspect as if he pit-
tied Men.... He was carried in a rich
Chariott. .. Litter-wise. .. Horses. . .rich-
ly trapped in blew Velvett Embroy-
dered.... Pannells of Sapphires...
Emerauds of the Peru Colour.... He
held up his bare Hand, as he went, as
blessing the People, but in Silence.” By
implication the social arrangements of
Bacon’s Utopia became clear. The sci-
entist is beyond the people, detached,
aloof, bringing blessings by gesture (and
in the rise of the gross national product,
we may assume). He is an allegory of our
troubled times, when “technological
providence” brings blessings (and doom)
that the passive citizens neither under-
stand nor control. For Bacon the nature
of the state was unaffected by science;
research was no more democratic or pro-
gressive than the cathedral at Canter-
bury or the Vatican. The ethics of those
researchers flowed not from science but
from religion; the secrets of Solomon’s
House would not be given to the state
save for right purposes, as judged by
the austerely independent adepts, who
“take all an Oath of Secrecy.”

Science and technology ever since
Bacon have come to seem the only path
to the mastery of nature. It was not so
earlier; man’s cleverness was only the
ape within his nature. Adam dominated
the beasts of Eden morally by virtue of
his closeness to God; the 17th-century
watershed was crossed once science was
understood as the objective study of ob-
jects that themselves were value-free.
For Scheler “to conceive the world as
value-free is a task which men set them-
selves on account of a value: the vital
value of mastery and power over things.”
Thus science becomes Herrschaftswis-
sen; positive science is the Nietzschean
“knowledge...as a tool of power.” For
Leiss this view is mistaken, or at least
incomplete. Science indeed progressive-
ly masters its subject, but technology
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does not therefore automatically master
nature. Society must intervene.

Here enters the work of Husserl, who
influenced Scheler in mid-career. Hus-
serl saw—with Galileo—that there are
two distinct types of nature: the nature
we intuit and experience in everyday
life and the mathematized atomic world
that science perceives behind experi-
ence. Everyday nature has “been the ob-
ject of méstery in every stage of human
development.” The Paleo-Indians killed
off the big game; simple cultivators still
burn the forests to clear land. The ra-
tional world of atoms does not rule but
“submits to the conditions that define
mastery of nature in the prevailing his-
torical and social world.”

If Horkheimer in his turn is correct,
the world that man sees has become
steadily “demythologized.” Reason, the
modern enlightenment, is as old as
Athens. Slowly argument drives out all
values except self-preservation, since the
natural laws “possess no purpose man
can fathom.” Now the social context is
left to determine the link between domi-
nation of nature and control over man.
Social conflict binds the two elements; as
long as our species had little material
choice, human conflict remained self-
limited. Today “the cunning of un-
reason” takes its revenge. “After cen-
turies of benign neglect the population
of the Sudan, for example, is suddenly
offered advice and martial gifts by a
medley of agents from Egypt, the Soviet
Union, the United States, Libya, the
German Democratic Republic, and Is-
rael, while its neighbors in Ethiopia
battle each other with American and
Chinese armaments.” Technology has
unified the world!

We have seen such a degradation of
ideals before. The natural rights of man
suggest a great human goal, but by cen-
turies of conflict they acquire another,
more ideological identification. One side
finds in them justification for corporate
domination of the market, seen in terms
of the half-vanished entrepreneur; the
other sees only a cover-up for the ingres-
sions of economic exploitation. On the
one hand we find the tiger cages of “free”
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South Vietnam; on the other, the psy-
chiatric treatment given some Russian
critics. In its turn “mastery of nature
seems less a grand enterprise of the spe-
cies than a means of upholding the
interests of particular ruling groups.”
Which groups? Just about all of them.

It is clear to Leiss that it is not capital-
ism or Genesis that is the source of our
trouble, nor is it Galilean science alone.
Neither Shamanism up to date nor the
peasants’ ways will solve our modern
problems. Socialist states, like capitalist
ones, east and west, find easy conver-
gence on the same view: “Mao Tse-tung
Thought guides us in conquering Na-
ture,” says the Peking Review. We need
new structures that reflect human re-
alities; man is after all part of nature,
albeit a special part. It is the relation be-
tween nature and humanity that we need
to master. For success the majority of the
species must become engaged in institu-
tions that “encourage critical faculties
among all men and women,” this com-
mitted critic writes. “The dazed on-
lookers and the magnificent potentates
alike” must transform themselves. Re-
ligion might provide traditional values,
but the universality of the problems and
the secularity of behavior today appear
to make likely its continued ineffectual-
ness. “To control their scientific and
technological ingenuity men must first
cease to be astonished by it and to re-
quest blessings which it is incapable of
bestowing on them.” Science is not our
ruin, as it is not our panacea. Freedom
remains, as another German philosopher
wrote a century ago, the recognition of
necessity.

TROPICAL Crops: MoNocOTYLEDONS 1

AND 2, by J. W. Purseglove. Halsted
Press Division, John Wiley & Sons, Inc.
($24). “The whole thing is a fascination,”
these columns remarked about what was
only the first half of the full work. Now
we really have the whole thing, and the
fascination remains. These two volumes
complete the story of tropical crops by
treating the monocots just as the first two
volumes, published nearly five years ago,
discussed the dicots. Again a lucid and
up-to-date set of articles is placed before
the reader, spanning about 50 crops,
from Job’s tears and the Panama-hat
plant to the sweet-smelling, orange-red
fleshy fruit of the pandanus, long culti-
vated on the low coral islands of the
Pacific to eat with the bland flesh and
milk of the coconut.

Centering on a botanical account,
each crop is fully described (and 32 of
them are figured in detail in beautiful
full-page line drawings done in Trinidad
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after living material by Marjorie Wong)
with its husbandry, uses, economic im-
portance and world trade, pests and the
like. The author’s interest in the origins
and distribution of each crop is clear.
“An author should be entitled to his
foibles,” and this delightful, scholarly
failing gives the book even greater ap-
peal to the general and reference reader.

Dr. Purseglove stoutly remains a Co-
lumbian; before the voyage there was
“no movement of crops by man between
the Old and the New World,” although
there is strong evidence that the floating
coconut established itself “on open coasts
without the aid of man.” If coconuts
were found on the Pacific coast of Pana-
ma before Columbus, and the case is not
sure, they were ocean-borne. They
drifted against the course of Thor Heyer-
dahl’s famous raft, and northward of it.
Perhaps long ago, before the rise of man,
their ancient ancestors, very unlike the
present delectable species, had left the
South American lands where “the most
numerous relatives of the coconut”
flourish today, traveling afloat or via a
then warm Antarctic continent.

A few more morsels of what one can
learn are worth serving. The dicots jute
and hemp provide the biggest part of
natural fibers not used in clothing, but
the “bulk of the hard fibers of com-
merce” come from the century-plant
family: sisal and its relatives. Jute for
sacking, hemp for twine, sisal for the
coarse twines essential for the combine
and baler, and the strongest, manila
hemp (the fiber of the leaf stalk of a
species of banana) for marine ropes—
these comprise an industry that con-
tinues the tradition of the oldest human
artifacts. Synthetic fibers, particularly
polypropylene, threaten them all.

The tropical American pineapple,
“scaly like a pine cone...but soft like a
melon, surpassing every garden fruit and
flavour,” came by Columbus’ own ships.
Peter Martyr wrote the description cited,
but he never himself tasted a pineapple.
Only one survived the passage, and the
King ate it! Now the fruit is plantation-
grown from Australia to Kenya, mostly
from a variety called Cayenne, taken
from there to France around 1820. Once
a single genotype, it is now a set of clones
that differ by somatic mutations. The
plant sets fruit without fertilization and
commercial propagation is therefore al-
ways vegetative, although improvement
breeding through cross-pollination is
carried on. The normal pollinating agent
is the hummingbird. In Hawaii there is
no natural agent, and the introduction of
hummingbirds is forbidden by law.

The fourth most important cereal crop
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in the world—after wheat, rice and maize
—is sorghum. It is the staple in the drier
parts of Africa, India and China. The
wild plant is Ethiopian; domestication
may have begun there some 5,000 years
ago at the hands of farmers who could
move to drier lands with this wheat-field
weed. Its flour is too low in gluten to
make good bread; the white varieties
(with names such as milo, hegari and
Guinea corn) are used for porridges and
boiled dumplings; the darker, bitter ones
make beer and those with large, juicy
stems yield sugar syrup.

Airborne trade in cut orchid blossoms
is a growing industry out of Hawaii and
Singapore; the colorful orchids, of sever-
al species, often hybrid, are those that do
well in the humid Tropics. They are
seeded on sterilized artificial media and
grown up poles in beds or in pots. The
ice-cream eaters of the U.S. (with some
help, mainly from France) support the
Indian Ocean islanders who now main-
tain the orchid Vanilla fragrans among
low shade trees.

For the sake of completeness, the
volumes include sketchy treatments of
bamboo and wheat, but crops such as
sugar, millet, oil palm, banana, rice and
maize are given the most serious atten-
tion. “There is a widespread belief that
bamboos felled shortly after the full
moon will suffer less damage from the
bamboo-borer beetles” and that ripe
bamboos are attacked less than unripe
stalks. “Alas! it really is not so..../The
lunar myth is utter tripe/And borers
like their bamboo ripe.” So rhymed two
Trinidad experimenters 15 years ago.

The valuable index and list of species
are found only in the second of these at-
tractive volumes printed in England; the
work really consists of two parts bound
as four books. The price per page has
gone up from less than 2.4 cents to al-
most four cents, an increase of about 11
percent per year, compounded continu-
ously.

l\/’lATHES()N Gas Dara Book, by Wil-
% liam Braker and Allen L. Mossman.
Matheson Gas Products, East Ruther-
ford, N.J. (817.50). EFFects oF Expo-
SURE TO Toxic Gases—FIRsT AID AND
Mepicat  TrREaTMENT, by William
Braker and Allen L. Mossman. Matheson
Gas Products ($5). GENERAL CATALOG
28. Matheson Gas Products (free). What
these three proprietary references do is
admit the general reader to an industry
of surprising interest. Everyone knows
the nature of the petroleum industry:
from crude oil it refines a few major
products such as gasoline on an enor-
mous scale. But it also produces fine



chemicals, the myriad delicately refined
organics that trace their origin back to
the coal seam or the wellhead. Crude air
is similarly a major raw material for the
heavy chemical industry. Its major re-
fined products, made by the hundreds of
millions of tons each year worldwide, in-
clude liquid oxygen for steelmaking and
nitrogen for fertilizer. We who use
natural gas or see the welder at work
with his steel cylinders of oxygen and
fuel and maybe notice the helium bottle
when the kids buy balloons in the park
do not, however, normally realize how
thoroughly elaborated the fine-chemical
industry of gases is. These are costly
reagents, kept not in glass bottles with
stoppers but in strong forged-steel cylin-
ders under pressure in order to increase
their density to practical values, thereby
storing mechanical as well as chemical
energy.

This specialized New Jersey firm with
plants at a number of places in the U.S.
and Canada and one in Europe is one of
the leading enterprises in gaseous fine
chemicals. Air is a crude source for them,
but the entire domain of organic and
inorganic chemistry yields up gaseous
compounds of scientific and technical
utility. Matheson bottles air itself and
offers it for sale in five grades. Plain dry
air (it will not dew above —75 degrees
F.) is the cheapest, only $7 per standard
cylinder. Use it as a pressure source or
where moisture makes trouble. Some-
thing better? They offer synthesized air,
made from oxygen and nitrogen, with-
out the argon and the other variable
natural components. You can buy it in
four grades, one freer than the other
of hydrocarbons or carbon dioxide; these
gases are meant for analysis of crganics
by combustion or for testing engine
emission. Purity is not cheap: the best
“ultra zero air” costs about $60 per stan-
dard cylinder, but it is guaranteed to
hold less than .1 part per million of
hydrocarbons. A cylinder of “Tennessee
natural gas as it is received from the
pipeline” (no guarantees, but it usually
runs 93 percent methane and about 5
percent ethane and propane) is priced at
about double the cost of dry air. But
xenon, rarest of the rare elements of the
air (about one part in 11 million by vol-
ume), is available at modest purity (99.9
percent) at nearly $1,000 a pound.

Gases with odor? Methyl mercaptan
(“colorless, highly flammable, toxic gas
of an extremely disagreeable odor”) is
used by your gas company to mark odor-
less methane, a built-in leak detector for
the home; it comes liquefied under its
own vapor pressure. The fishy horror
trimethylamine (it smells more like am-

monia in high concentrations) comes the
same way, for use in syntheses. Powerful
oxidants? Try ozone, the standard oxy-
gen-atom triangle. It is as perishable as
fresh milk; it is shipped dissolved in
freon, in a small stainless-steel cylinder
packed in dry ice. Its half-life is about
three days at room temperature. Of
course, if you use a good deal (for germi-
cides, bleaching, sterilization and so on),
you will want to make it on the spot, by
silent corona discharge in air, and the
generator you need is described in the
catalogue.

Fluorine is the best oxidant of all.
“The most reactive element,” it comes in
steel cylinders like the rest, at $100 a
pound, but order it only when you know
how to handle it. The brass or iron pip-
ing and fittings you use must be de-
greased, nitrogen-purged and passivated
in a dilute stream of the fluorine, allowed
to enter slowly enough to form a metal-
fluoride film on the surface. “Continue. ..
until a piece of filter paper or swatch of
cotton held close to the exit by means of
long metal forceps begins to burn.”

The electronics industry uses pure
gases to add the soupcon of ionic im-
purities that gives the semiconductor
lattice its subtle transport properties.
“Doping” with streams of arsine (AsHj)
or phosphine (PHj) or the unstable di-
borane (“no more than .22 1b. .. per cyl-
inder is shipped”) is commonplace; ultra-
pure materials are deposited from the
gas phase out of the delightfully named
germane or from silane, both methane
analogues.

The Data Book is a big volume with a
few pages of practical information and
the key chemical background for each of
more than 130 gases. It is too repetitive
for reading through, since it gives com-
plete handling and equipment tips for
each entry, but it steadily repays brows-
ing and is a permanent reference source.
The Catalog adds an essential economic
comment by way of a price table for
every gas and for all sorts of equipment.
The first-aid and medical book, a thin
hard-bound guide, collects and extends
the safety remarks included in the big
data book in compact, explicit and ac-
cessible form.

BLEPHARISMA: TuE BioLocy oF a

LiGHT-SENSITIVE PROTOZOAN, by
Arthur C. Giese, with the collaboration
of Shoichird Suzuki, Robert A. Jenkins,
Henry I. Hirshfield, Irwin R. Isquith and
Ann M. DiLorenzo. Stanford University
Press ($17.50). Swimming into the mi-
croscopic field of view, the big, slow pink
spindle (a giant specimen, visible to the
unaided eye, spans a full three-quarters
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of a millimeter) seems to flutter at you a
complex set of the eyelashlike fused cilia
that surround the mouth opening. (The
Greeks called the eyelash blepharidos.)
The senior author of this monograph of
work-in-progress collected his first speci-
men 44 years ago on the Stanford cam-
pus. By now we know a great deal about
the self-stained and showy organism,
which is distributed worldwide in salt
and fresh ponds but is by no means
common. There is much more still to
learn. The volume, whose contributors
spread from New York to Japan, sum-
marizes the known biology of the genus
with an eye to allowing students to do
more than admire the beast. The free-
form Amoeba, the slipper Paramecium
and two or three more kinds of protist
have been studied to a rewarding level
of detail. This book is intended to place
the eyelash-bearer in that group, al-
though it may still fall a little short of
the mark.

In most localities one must search
many a pool to find the animals. (One
hit in 10 is good.) In India after the
monsoon they are much more common,
and in Japan Professor Suzuki once saw
the runoff from a rice paddy stained red
with Blepharisma. (Any good scientific
supplier of living materials will sell you
a herd for a couple of dollars.) The ani-
mals are bacterial feeders and cannot yet
be raised in a defined medium. They
survive cold well, although they with-
stand freezing only in the form of cysts,
and they multiply fastest at just under
30 degrees Celsius, dividing in some 10
to 20 hours. Their size and their com-
plex organelles, particularly around the
mouth opening, have made them the
subjects of an elegant microsurgery with
simple instruments (fittingly enough, a
“long, rigid eyelash...from a hog...
serves very well”) to elucidate the proc-
esses of regeneration and differentiation.

The results are neither simple nor
complete, but they make it plain that
three distinct pools of DNA are to be
found in the organism, one in a large
macronucleus that typically threads its
way down the center of the cell; one in
the variable micronuclei, a few to a few
dozen tiny dense granules that at times
reveal elegant chromosomal patterns;
the third in the small granules in which
the moving cilia are rooted. All of these
are self-duplicating, and all play a part
in Blepharisma’s drama of division, con-
jugation, regeneration and entry into the
state of the resting, dehydrated cyst.

The book begins with a rewarding
color plate in which one can see the
pinkness of the beast. Here is a leopard
that can change its spots. The color is
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The Business Week Letter asks you . . .

which of these
“impossible
money-making
maneuvers’’
is really impossible?

For example—how to:

foryears...

as well as interest...

And which of them are simply so indecently clever that it’s hard to believe
anyone could really get away with them?

o sell a pay-off investment, but not pay the capital gains tax on your profits

e take al/l the tax sheltered deductions on your vacation home, despite
new IRS rules aimed at eliminating this loophole. ..
@ pay back a business loan so you can deduct the principal from your taxes,

® increase the amount of revenue you get from your current equity, and
increase your net worth—without assuming higher risks . . .

Do you have the impossible one spotted?

You probably guessed it. They're all
perfectly possible—and we’ll send them
to you free (plus 14 more great money-
making and money-saving ideas) along
with a trial subscription to the Business
Week Letter.

These “18 Great Ideas’ are examples
of what you can learn from every issue
of the bi-weekly Business Week Letter.
Intelligent money-making ideas, created
by top financial innovators and shared
with you, in detail, every other week.

This is what distinguishes the Business
Week Letter from every other personal
financial reporting service. We have the
prestige to tap the finest brains in the
country, the people at the heart of the
money game. And we have the expert
back-up staff to check out every point of
these new projects. To expose the deals
that are just a sucker’s game. To pass
along only those that make sense to every
lawyer, accountant, tax-man, and re-
searcher we consult.

We screen the ideas that sound good—
the real-estate deals, business ideas, tax
shelters, income-tax wrinkles, estate-
planning devices, insurance gimmicks—
in order to find the few that /ook good.
We publish the opinions of the best stock
and bond analysts we know. A steady
stream of opportunities—and warnings—
like these:

* The four stock market indicators be-
lieved to best predict when the market
is going to turn. Reproduced for you in

All this, and more. Yours from
The Business Week Letter

every other issue of the Business Week
Letter.

* How to figure the real—and surprisingly
high—price of holding raw land for in-
vestment; and why most raw-land deals
will cost you more than you think.

* A smart way to spot interest-rate turns
before they happen—by watching the
actions of the one market player who
knows best when rates will take off.

* Where a high-earning executive or pro-
fessional man can get a cheap college
loan. Or cars at rock-bottom prices.

#* What the market’'s professional traders
know—and you don’t—about daily trad-
ing patterns. For example, what exact
hours of the day, and days of the week,
historically offer the best price on any
stock transaction?

* The right way to analyze a tax-shelter
deal. If you can't really tell which pro-
moters know how to find paying oil
wells, build profitable apartment
houses, or buy beef at the best price,
you’ll lose money even after taxes.

* How one man gets insurance coverage
for $800 a year that his same-age, same-
health neighbor gets for $4,000 a year.

* What the outlook is—for business con-
ditions, money rates, profits, govern-
ment controls, the dollar at home and
abroad. Specific economic forecasts—
leading off each issue of the Business
Week Letter (1221 Avenue of the Amer-
icas, New York, N.Y. 10020).

All you do is send in the coupon below. The rest is up to us.

‘18 Great ldeas from the
1'll start a trial sub-
scription and get two full issues without
charge. Alier that, you'll bill me for $39—the
price ol a year s subscription (tax-deductible,

r
|  Please send me

|

|

|

| i 'm an investor or in business). If | decide
|

|

|

|

|

=

Business Week Letter '

nol 1o subscrbe, |1l write or call you during
my trial penod If at any time | decide | can’t
make full use of all the ideas in the Business
Week Letter, | can cancel and get back a re-
fund for the unexpired portion of my subscrip-
tion.

Name

Address

Mail to the Business Week Letter, 1221 Avenue of the Americas, N.Y., N.Y. 10020.
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| actually carried as a kind of network of
| tiny pigment granules outside the cell

wall; shock the microleopard, say with a
dose of novocaine, and the entire mem-
brane bearing the pigment grains is shed
and the animal swims off, bleached but
apparently normal, minus its capsule of

| spots. It will form the capsule again a

few times, under some protest; albino
mutants live happily enough. The pig-
ment is both an indicator and a photo-
sensitive substance. It appears to be a
compound related to a plant pigment
found in the St.-John’s-worts, which in-
duces a damaging photosensitivity in
range animals that eat the weeds. Any
pink blepharisma seems to have a kin-
dred disease: when oxygen is present,
bright light or near-ultraviolet will kill
it by inducing a lethal increase in oxy-
gen consumption.

The redder the cell, the more sensitive
the organism to light. Albinos are only
slightly susceptible; a red cell can be
bleached to blue by a few hours’ ex-
posure to weak light; the blue cells are
not killed even by bright light. It is not
easy to see why all this mechanism has
evolved. The proposal made by Profes-
sor Giese is that the cell needs its red
spots to screen out small amounts of the
far-ultraviolet and is content to pay for
that protection with higher sensitivity to
strong visible light.

“We could increase our knowledge. ..
if individuals who found pink protozoans
anywhere in the world would ship a
culture” to Dr. Hirshfield at New York
University. This is an unfinished story
well told, with a splendid atlas of the
microanatomy of the form at magnifica-
tions of many tens of thousands, and an
invitation to discovery. Is Blepharisma
an ancient obligate symbiosis of several
living forms? What is its formal genetics?
Can its regeneration build our ideas of
development? Are there in natural pools
any of the pink cannibal giants that soon
dominate laboratory cultures once any
size differences arise? The questions, and
how to ask them, are clear in this book;
the answers are still partial.

" HE Dark FiELps oF VENUS: FrRoM A
Doctor’s LoGBook, by Basile Ya-
novsky, M.D. Harcourt Brace Jovano-

vich, Inc. ($7.95). A physician since
1937, the author is a novelist and a poet.
He belonged to the pre-World War II
literary group of young Russian emigrés
in Paris but has been writer and doctor
in New York since 1942. In 1970, un-
willing to continue as an anesthesiologist
in a New York hospital he feels “had
turned into an abortion mill,” he accept-
| ed an offer to work for New York City as




a physician in venereal-disease clinics.
“The most dramatic test for syphilis, ex-
posing the agent of the disease against a
dark background under the microscope,”
gave him the title for this book.

It is a compact, witty, half-loving,
half-cynical, opinionated, sardonic and
philosophical work. It consists of 327
anecdotes, all but a few in the form of a
logbook entry on the encounter and ex-
changes between one doctor and his in-
tricately diverse patients in their inti-
mate, hasty and ambiguous relationship
across the syringe of healing penicillin.
It is medically frank, sharply New-York-
in-the-1970’s, a view of commune and
call girl, of the abject and the arrogant,
the addict and the executive.

“Most of our ‘intellectual’ patients are
actors, directors,...connected with the
theater, films, photography. They are all
unemployed ‘for the moment,” young,
and mostly classified S 90, that is, re-
ported as contacts by acutely infected
persons. Incidentally, the majority are
homosexuals.

“This seems to be a closed social stra-
tum, polluted with V.D. (like the wait-
resses of Old Vienna).”

“He teaches math.... Wife’s name
Priscilla. “Is it strictly confidential?. .. It
may be quite embarrassing otherwise.”
‘Yes, especially with the computers. They
collect all the data....” ‘If I left right
now, would you destroy my chart?” ‘Yes,’
Isaid, ‘Tl do it.” (I'll do it for Priscilla.)”

“The Dark Field exposed one pale
corkscrewlike Treponema epileptically
twisting under the cruel beam of light.
Everybody came to look.... It is always
a big catch, and people admire it the
way fishermen do when a huge bass or
salmon is brought in on the line.”

“He was sixty-five years old. We sel-
dom see patients of this age in our clinic.
In Paris, middle-aged and elderly pa-
tients used to be predominant.”

There is a wonderful diagram: a 13-
step flow chart “through which the poor
V.D. customer is forced to move...
which might have been worked out by
the Scholastics. ... I once had the temer-
ity to propose... to initiate step 11 di-
rectly after step 7. The reaction was as if
I had suggested a Russian revolution.”

Dr. Yanovsky is learned, aristocratic,
devout, a man who sees strength in tra-
dition, a worldly admirer of the life of
the mind. Surely his tales are not so nat-
uralistic and artless as they seem, but
they add up to a polished kind of ethnog-
raphy of distress in our time, a true cul-
ture taken from the bloodstream of the
city, incubated in a rich medium of
thought, an engrossing narrative lying
between art and sociology.
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The Animal in its World

Explorations of an Ethologist,
1932-1972, Volume One
Field Studies

by Niko Tinbergen

The founder, with Konrad Lorenz,

of the young science of ethology

here publishes for the first time in

book form his pioneering field

' studies of animals — including gulls,

| wasps, and foxes—in their environ-
ments.

“Niko Tinbergen is one of the grand

masters of ethology.”

ﬂ —Sir Peter Medawar
/

“A primary source of data and ideas.”
— Edward O. Wilson

$17.50
Harvard University Press

Cambridge, Mass 02138
A#’ B

“One of the best short histories
of technology and of what people
have thought about its positive
potentials and dangers.”—

P. E. Haggerty, chairman,

Texas Instruments

“So fascinating | could not lay
it down.”— Nobel laureate Dennis
Gabor, University of London

Technology

CHARLES SUSSKIND

A readable and informative guide
for the educated layman.
$6.95

At your bookstore or from

WJohns Hopkins

The Johns Hopkins University Press
Baltimore, Maryland 21218

Uﬂdérs"tanding
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We can give you
agood address
anywhere inthe

world.

Your business may take you to all
kinds of places. In some of them
you’ll know your way around.

In others you won't. In any case
we’d like to put our address at
your disposal. To have your mail
sent to or leave a message at.

If possible, to arrange a business
introduction or some sight-seeing.
We maintain offices all over the
world, even in places we don't

fly to. Like Belem or Katmandu,
for instance. And in all of them,
we’re ready to help you. Certainly,
we’ll have a friendly smile when
you get there.

Even if you didn't fly with us.

~ Lufthansa
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Mr. G. Rerus h
c/o Lufthansa office
y
Annapurna Arcade,
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THE QUESTAR CINEMA MODEL

One of the most exciting things we have seen recently is
a test film shot by David Quaid with our new Questar
Cinema Model attached to the Arriflex 35. It begins with
the motion of the moon drifting slowly across the field of
view, follows a train along the bank of the Hudson river,
three-quarters of a mile away, pans the New York sky-
line and climbs the Pan Am and Chrysler buildings three
miles away, inspects the Statue of Liberty from five miles,
observes a grazing cow with its accompanying cattle
egret at two hundred yards, rises to a mocking bird sing-
ing on a branch at three hundred feet, follows a vapor
trail until it catches up with its jet at ten miles, and
watches a plane take off at Newark Airport and approach
the camera, finally passing overhead. The sequence ends
with the sun setting behind some fishermen in a boat
three and a half miles at sea.

And all this with no lens change—just the Questar
which, as David Quaid says, can focus from the eye of a
fly to the craters of the moon . . . instantly!

Quaid’s film was taken on 35 mm. Ektachrome 5254
ASA 64 rated ASA 125, with a #85 filter, and at 24 f.p.s.
with the exception of the sun and moon shots which were
intended as ‘atmosphere’ and purposely overexposed.

The Questar Cinema Model and its special accessories
can be used not only with the Arri 35 but with other 35
mm. and 16 mm. reflex cameras as well. It gives the
cinematographer something he has never had before—
the ability to adjust his focus from an extreme telephoto
situation to a macro-closeup within the same film take.

Be sure to send for Questar’'s NEW booklet: the 1972 edition—Ilarger format, 18 pages of
color, 150 new photographs taken by Questar owners with the 32 and Seven, and a com-
plete description of Questar, the world’s finest, most versatile telescope, with its many special
applications in research and industry wherever fine optics are mandatory and particularly in
the field of quality control. The new booklet is still at the old price of $1 to cover mailing
and handling costs on this continent. By air to South America, $2.50; Europe and North
Africa, $3; all other areas, $3.50.

QUESTAR

Box 420, New Hope, Pennsylvania 18938
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The ideal
Amendment VI of the Constitution of the United States of America.

artist: george tooker the metropolitan museum of art george a. hearn fund

The real

In many parts of the country, “a speedy
trial” has come to mean many months of
agonizing delay. The wheels of justice
have practically ground to a halt.

The accused languish.

Court dockets are overloaded.
Judges move from case to case with
barely enough time to absorb
pertinent information. The state
allows defendants to plead guilty to
lesser charges, for the sake of
expediency.

Our court procedures were created
when the nation was rural and small;
can they be effective now that the
country is urban and large? Can our
laws and their mechanics be revised
without harming those whom they
were written to protect? The way
must be found—and soon.

AtlanticRichfieldCompany &
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easier and denser
for interconnecting MOS.

Take the 42-position connector in the adapter—converts in seconds to accept leaded
foreground, for example. It’s less than .250-inch as well as leadless packages. Also available for
high, with lid installed. And only .050-inch 24 and 28 package configurations.
lead centers! Simple, easy to use. With zero We have others, too. Bottom metallized
entry force. arrays, liquid crystal connectors, etc. But that’s

Then, there’s our 40-position connector another story. To get the AMP microelectronics
(far right, foreground). It’s only .235-inch high, story, write AMP Industrial Division,

.100-inch lead centers and—with its snap-on Harrisburg, Pa. 17105.

AMP microelectronics: doing small things in a big way.

AMP

INCORPORATED

AMP s a trad k of AMP | P
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