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THE STORY OF THE POLAROID SX-70 FILM OPACIFIER

For the $X-70,a film that developed
in broad daylight was an impossible must.
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Thisis how we made t.

The SX-70 Land camera was
designed to eject the film into
full sunlight within one-tenth of
a second after exposure. How-
ever, we had decided that the
user would have nothing to do
but take the picture. There
would be no timing and no peel-
ing oft of black paper. So it was
necessary to find a new method
of protecting the light-sensitive
negative. We concluded that the
way to do this was to integrate a
chemical opacifying system into
the film.

But here we were faced with
a problem of formidable propor-
tions:

The chemical shield within
the film would have to be out of
the way while in the camera so
exposure could take place, yet
be immediately effective during
emergence of the film. It would
have to be so opaque that a thin
layer would protect the sensitive
negative from direct sunlight.
And it would again have to be
out of the way once its protec-
tive function was completed,
leaving apure white background
against which the developed
image could be viewed.

The way in which we accom-
plished this task is a prime ex-
ample of the use of pure and
applied science to meet a com-
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plex technical need:

When the SX-70 shutter is
snapped, light from the lens
passes through a protective plas-
tic layer on the face of the film
plus three positive layers (all
four layers are transparent) and
exposes the negative beneath.
(See Figure A.)

As the exposed film is ejected
from the camera by motor-
driven rollers, a thin layer of
processing fluid, approximately

3-thousandths of an inch thick,
is squeezed out of a pod at the
leading edge of the film and
spread evenly between the posi-
tive and negative layers.

This fluid has a remarkable
composition. It is highly alka-
line, since it has a high content
of potassium hydroxide. It con-
tains other chemicals to initiate
and control the development of
the negative. It also contains
titanium dioxide and two novel,

FIGURE A

FiLM MOTION

CLEAR PLASTIC LAYER
ACID POLYMER LAYER |
TIMING LAYER

IMAGE RECEIVING LAYER |
OPACIFIER & DEVELOPER LAYER

POSITIVE LAVERS

% LAYER NEGATIVE
BLACK PLASTIC SUPPORTING LAYER

EMERGING
FiLm

Diagram showing how instant darkness is spread between the positive and negative
structures. Layer thickness is not to scale. The entire film is only .013” thick as it
emerges from the camera. The opacifier and developer layer is approximately .003”
thick. The top and bottom plastic layers comprise most of the thickness—.008".
Thus, aside from the opacifier and developer layer, all other picture development
processes take place within a series of layers amounting to only .002” in thickness.

Continued on next page
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INDOLE — NAPHTHALEIN

highly colored dyes. These last

three substances acting together
protect the developing negative
from light after the exposed film
emerges from the camera.

The two opacifying dyes were
created over a period of intense
organic chemical research to
meet the specific requirements
of the SX-70 system.

They are phthalein-type
indicator dyes, and, like the
indicator dyes employed by the
analytical chemist, they have
the ability to change color with
changing pH.

The dyes are highly colored
in strong alkali, but their color
becomes less and less intense as
the concentration of alkali de-
creases. They incorporate an
important new achievement in
that they become entirely color-
less while the pH is still quite
high (as high as the pH of wash-
ing soda). This permits rapid
whitening of the image’s back-
ground.

We provided for rapid decol-
orization of the opacifying dyes
by introducing special hydrogen
bonding groups into the dye mol-
ecules. These groups are placed
in molecular proximity to the
ionizable hydrogen atoms which
are removed by potassium hy-
droxide to generate the colored

FIGURE B

Q — NAPHTHOL - NAPHTHALEIN

form of the dyes. The hydrogen
bonding groups raise the concen-
tration of alkali needed to un-
lock the dyes’ color. Conversely,
the opacifier dyes are more read-
ily decolorized by a decrease in
alkalinity.

These dyes also have a molec-
ular architecture that enables
them to exist unchanged over
long periods in their intensely
alkaline environment.

In order to absorb blue-green
light, we synthesized an indole-
naphthalein which turns orange
in alkali. (Indole is an unusual
group in indicator dyes, and
very little had been done with
indole-naphthaleins until our
basic research.) For red light,
we synthesized a blue naphthol-
naphthalein with an unusual
structure. Together, these dyes
absorb light throughout the en-
tire region of silver halide sensi-
tivity. (See Figure B for configu-
ration of the basic groups.)

The synergistic effect of mix-
ing finely divided titanium
dioxide with opacifying dyes per-
mitted us to use a lesser quantity
of dyes than if we had used the
dyes alone.

By itself, the TiO, in the thin
layer between the positive and
negative has a transmission den-
sity that will permit about one-
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fortieth of the impinging light to
strike the negative. The trans-
mission density of the small
quantity of opacifying dyes used
is also relatively low, allowing
one-hundredth to one-thou-
sandthofthelighttopassthrough.
But when the dyes and titanium
dioxide are mixed, only about
one-millionth of the light can
penetrate the layer of dyes and
TiO,.

The effect of the TiO, is to
increase the path length of the
light rays within the opacifying
layer. The photons bounce back
and forth between the particles
of highly reflective white pig-
ment until nearly all of them are
absorbed by the dyes. To the
emerging negative, it’s as though
the sun turns black.

Once the chemical shield isin
place, formation of the image
begins as follows:

As the negative develops, the
picture dyes migrate upward
from the negative, penetrate
through the opacifying layer
and form a colored image in the
image-receiving layer above it.
(See Figure A.)

At the same time the alkali
from the opacifying layer slowly
penetrates layer “C”. This is a
timing layer designed to delay
the encounter of the alkali with



the acid polymer layer above it
until development has reached a
predetermined point.

When the alkali passes
through the timing layer, it re-
acts with the acid to form a little
water and a salt of the acidic
polymer. Asthis occurs, the alka-
linity of the processing fluid is
rapidly reduced, and the indica-
tor dyes lose color until they are

entirely colorless.

This reveals the full whiteness
of the titanium dioxide, which
forms a highly reflective back-
ground for the picture, giving
the photograph extraordinary
depth and brilliant highlights.

Thus, the seemingly incompat-
ible goals of providing darkness
and light with a thin chemical
layer are achieved.

Since our film develops out-
side of the camera without
human intervention, the SX-70
photographer is free to concen-
trate on his creative task. He can
focus on his subject and take up
to 10 pictures at 1.5-second
intervals.

And he doesn’t have to give a
thought to print development.

Because we did.

The SX:70 System from Polaroid

POLAROID
SX-70 LAND CAMERA

|
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The Saab Philosophy, No.2 in a Series:

"“WE BELIEVE HOW FAST A CAR GOES SLOW IS
AS IMPORTANT AS HOW FAST A CAR GOES FAST."

When you're heading down the
highway at 55 mph, you probably don’t
think about how fast you can stop.
Until somebody stops in front of you.

We thought about it, however, when
we first designed the Saab. And that’s
why we equipped it with big, power-
assisted disc brakes on all four wheels
(not just two like a lot of cars). They
can take a Saab from 60 mph to 0 mph
inonly 175 feet.

Of course, braking is only important
if you're going, so we gave the Saab
a strong, two-liter, fuel-injected, over-

head cam engine to get it going —from
0 mph to 60 mph in 9.5 seconds.

And with manual transmission, it
gets an estimated 32 mpg on the high-
way and 22 mpg in the city based on
EPA tests. The actual mileage you get
will vary depending on the type of
driving you do, your driving habits,
your car’s condition and optional
equipment.

And to make the driver and passen-
gers feel even more secure, the Saab
has front wheel drive, rack-and-pinion
steering and roll-cage construction,
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six solid steel posts, door impact
panels, and a body designed to absorb
impact in case you can't avoid an
accident.

To really appreciate the Saab
Philosophy, however, you must drive
the result, the new Saab 99 GL. It will
make you a believer.. .fast.

IT'S WHAT A CAR SHOULD BE.
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THE COVER

The painting on the cover shows part of the foliage of a single alfalfa plant
seen from above. Alfalfa is the principal forage crop in the U.S. (see “For-
age Crops,” page 60). Forage crops are the grasses and legumes fed to rumi-
nant animals, mainly cattle and sheep. Their particular agricultural value
is that only ruminant animals can digest them because of their high content
of cellulose. Since they will grow in a wide range of soil conditions, they
make productive much land that is not suitable for other crops. Alfalfa is a
legume; like other members of the family Leguminoseae it provides its own
nitrogen through its symbiotic relationship with Rhizobium bacteria, which
convert nitrogen into a form the plant can utilize. Visible in the painting are
several of the flowers produced by alfalfa as it nears maturity. Usually a
crop of alfalfa is harvested when no more than 10 percent of it is in flower.

THE ILLUSTRATIONS

Cover painting by Peter McGinn
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You can put it together.
Together.

Meet the Dynaco Stereo 150 in kit form: 24 tran-
sistors, 2 zener diodes, 16 diodes, 2 thermal sensors
and all the other components for building your own
high-performance two-channel power amplifier. As-
semble them over a weekend with a soldering iron,
screwdriver, pliers, and the most readable step-by-
step instructions in the industry. If you have
a restless kid around the house, this kind of
hands-on experience can add a happy new
dimension to your relationship — and
maybe open new horizons for him.

Completed, your Dynaco Stereo 150 is
one of the most respected amplifiers on the
market, with plenty of power for any
loudspeaker. An output of 75 watts per

I’'m interested. Send me instruction manuals for the
following component(s) at $2.50 each:

__ Stereo 150 Amplifier

I ______PAT 5 Preamplifier

_ FM Tuner

I My check or money order is enclosed
for §

Send me a free brochure on the Dynaco product line
and a list of dealers in my area.

I e

ulyca

A DIVISION OF TYCO LABORATORIES mmmmm HEE SN

channel* and less than one-quarter-of-one percent
total harmonic distortion. (If you've never heard of
Dynaco, ask an audiophile friend.) Add the Dynaco
FM tuner (assembly time 6 hours), the Dynaco
Preamplifier (12 hours), connect them to a pair of
Dynaco Speakers (already assembled), hit the switch
and enjoy a thrill neither of you will ever forget.
You built it yourself, together, and we’ll send you
a personal nameplate to commemorate the ven-
ture. You've also saved $350 or more for the fun
of doing it.

An excursion through our assembly in-
structions is the best way to try the project
on for size.

*at 8 ohms, 20 Hz-20kHz.

Dynaco/Dynakit
Box 88 (Dept. SA) Blackwood, N.J. 08012

Name _ -

Street

City State

B S

© 1976 SCIENTIFIC AMERICAN, INC



Votrax speaks:

about a
solid-state
announcer, with
your voice...

or any voice

Another new concept from VOTRAX!
This time: stored speech. It utilizes
programable memory chips and a
proprietary computer process to
invoke a voice so human that actual
speaker identification is possible.
Result: a small, low-cost and highly
flexible voice system ...the VOTRAX
LV-50 Voice Annunciator.

What uses? Answering your
phone. .. reporting a malfunction
in a machine.. greeting a patient.
giving instructions. .. calling out
stations on an automated trans-
portation system. Give you an idea”?

Design your own system, using
your voice or any voice, in any
language. We use your tape
recoeding to program it. You get
a solid-state voice system that says-
what-you-want-it-to-say for any
type of communication —telephone,
paging system, speakers —use your
imagination. And you can change
the message at will—it can be
revised at any time by exchanging or
reprogramming the memory chip.

Doctor, lawyer, merchant, chief..
sound interesting?

For more information on our..
your...LV-50, write us today.

PS: The VOTRAX product line is
expanding to accommodate your
varying needs in communication.
Literature on our other products
can be sent to you upon request.

Vocal Interface Division
Federal Screw Works

500 Stephenson Highway

Troy, Michigan 48084

LETTERS

In your department “50 and 100 Years
Ago” for last August there is an item that
begins: “The Sicilian corner on sulfur,
managed by an English syndicate, has
been entirely broken through the success
of chemical engineering in America.”
The American engineering achievement
referred to is the Frasch process, in
which sulfur is brought up from deep
deposits by pumping hot water into it;
the process is named after Herman
Frasch, who developed it. The effect of
the Frasch process on the Sicilian mines
in the first 22 years of its application is
indicated by the following figures. Up to
1903, when the Frasch process became a
successful industrial operation, 95 per-
cent of the world’s sulfur was mined and
prepared in Sicily; in 1903 there were
757 active mines with nearly 40,000 em-
ployees. By 1925 the number of mines
worked had dropped to about 400
and the number of employees to about
20,000.

Even more dramatic than the final
breaking of the Sicilian sulfur monopo-
ly is the story of the first attempt to cre-
ate a monopoly of Sicilian sulfur. This
story is of particular interest today be-
cause of our experience with the Orga-
nization of Petroleum Exporting Coun-
tries (OPEC). By 1838 sulfuric acid had
attained a key position in the British
chemical industry. The raw material
used in the production of the chemical
was elemental sulfur, and it was ob-
tained almost exclusively from the Si-
cilian mines. In 1838 the King of the
Two Sicilies granted a monopoly for the
export of Sicilian sulfur to MM. Taix
& Cie. of Marseilles in an attempt, it
was said, to stabilize prices. The result,
however, was to raise the price of sulfur
from 5.10 pounds sterling per ton to 15
pounds. This threefold increase was of
course quite damaging to those indus-
tries that made a substantial use of sul-
furic acid.

The British government regarded the
granting of the Taix monopoly as a
breach of the Convention of Commerce
and Navigation, which had been signed
in London in 1816. Apparently the situa-
tion was serious enough to lead to a Par-
liamentary inquiry into the conduct of
the Foreign Secretary. For their part the
British chemists worked out a process for
producing sulfuric acid in which iron
pyrite supplied the necessary sulfur,
thereby eliminating the need for elemen-
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tal sulfur. Iron pyrite is an iron sulfide
ore and was abundantly available to
British industry. With this competition
Sicily lost nearly all the British trade.
When it became clear that the monopo-
ly was counterproductive, it was with-
drawn and the price of five pounds per
ton was reestablished.

A contemporary view of the sulfur
monopoly, 1838 style, may be of interest
here. In his Familiar Letters on Chemis-
try (1843) the great German chemist
Justus von Liebig wrote: “We may fairly
judge the commercial prosperity of a
country from the amount of sulfuric acid
it consumes. ... As the price of sulfur has
such an important influence on the cost
of production of so many manufactured
goods, we can understand why the Brit-
ish should have resolved to go to war
with Naples in order to abolish the sulfur
monopoly.... Nothing could be more op-
posed to the true interests of Sicily than
such a monopoly; indeed, had it been
maintained a few years it is highly prob-
able that sulfur, the source of her wealth,
would have been rendered perfectly
valueless to her. ... In commerce and in-
dustry every imprudence carries with it
its own punishment, every oppression
immediately and sensibly recoils upon
the heads of those from whom it ema-
nates.”

ArTHUR F. ScoTT

Professor of Chemistry, Emeritus
Reed College
Portland, Ore.

Sirs:

In his article “Quarks with Color and
Flavor” [ScienTiFic AMmEeRIicaN, Octo-
ber, 1975] Sheldon Lee Glashow re-
marks that physicists are upset by the
apparent arbitrariness of the quarky
rules for the formation of hadrons and
for hadron interactions. I for one am not
upset. Surely these rules are no more ar-
bitrary than 14+ 1=2, =d = C or any
of the other commonly accepted “laws”
that govern our macroworld. And surely
Dr. Glashow realizes that these rules re-
quire no explanation.

What might have been better said is
that the quark hypothesis describes the
behavior of the subatomic particles in a
successful and concise manner. No “ex-
planation” of these particles’ behavior is,
of course, ever possible through either
pure or experimental science. “Why?” is
a question left to philosophy and is not a
proper part of any physical theory. Dr.
Glashow has written, however, a very
clear nonmathematical summary of the
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United States Steel asks a prominent American to speak out.

What makes America work?

by Henry G. Parks, Jr.
Chairman, HG. Parks, Inc.

If there is one lesson
I've learned over the years,
it is this: The American
Dream is not dead.

Once, in the depth of my
despair as a black man
trying to make it in a white
world, I thought it was. But
I believe in it now. I lived it.

Exactly 25 years ago 1
managed to raise some
capital partly by borrowing
on my life insurance, and I
rented an abandoned dairy
in Baltimore. Afternoons,
two workers and I ground
meat and prepared sausage.
Next morning, we sold them
to stores from a used truck.

How we survived those
first years I'll never know.
But we did and today our
company’s sales approach
$13 million annually.

Sure, I carry scars. I

B started out as poor as any-

body could be and had
endless frustrations and
humiliations. But bitterness
and hate are self-defeating. I
believe in looking forward to
see where America is going.

I know many in post-
Watergate America are
disillusioned and nobody
has to tell me how minorities
feel about their chances.

But the Dream lives and
I'll tell you why. Doors are
opening now for children of

blue collar families,white and

black. Important doors.

The old system of select-
ing business and industry
leaders is changing. Belong-
ing to the right clubs,
marrying into the right
families, will no longer
guarantee advancement.
Brains, talent, initiative —
these will count most. Kids
from across the tracks are on

the way,loaded with all three.

Business leaders had
better realize their own
survival depends on getting
the best people, or they’ll
lose the crucial race for
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executive talent.

Yes, the Dream lives—
but it is being threatened,
astonishingly, by Govern-
ment itself!

We cannot return to
laissez faire days, but must



ourfreedom to succeed.”

our economy be tied at both ~ We have agencies upon If we keep moving in
ends like my sausages? agencies supervising all that direction, the Dream
We seem hell-bent on phases of business. It’slike  dies and something else will

trying to cripple the putting a battleship super- take its place in our society.
economy by over-regulation. structure atop a rowboat. We can't let that happen.
Price control was just one You wonder how business ~ Too many hopes of too many
example of a classic disaster. manages to stay afloat. people ride on keeping that

Dream alive.

Opportunity at U.S. Steel

Through our various
recruiting, training and
educational programs,
hundreds of people are
improving their qualifications
and are going on to jobs of
greater responsibility and
greater personal reward at
U.S. Steel. The idea of
helping people to improve
their lot is a policy with
U.S. Steel and it will continue
to be our policy.

United States Steel,

600 Grant Street, Pittsburgh,
Pa. 15230.

We'’re
involved.

uuuuuuuuu

“The old system of selecting business and industry leaders
is changing. Brains,talent,initiative—these will count most.”
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SCIENCE.“SCOPE

Main sensor aboard America's new weather-watching satellite, the GOES-A
(Geostationary Operational Environmental Satellite-A), is the VISSR (vis-
ible/infrared spin-scan radiometer). It uses eight channels in the vis-
ible light band and two in the infrared band, making images by reflected
sunlight during the day and by radiated energy from land, sea, and clouds
at night.

VISSR's clear, sharp photos, transmitted to earth stations every 30
minutes, enable meteorologists to observe the growth and movement of wea-
ther patterns that may lead to hurricanes. Santa Barbara Research Center,
a Hughes subsidiary, built VISSR for NASA's Goddard Space Flight Center.

GOES-A and two sister spacecraft, slated for launch in 1977, will be
the first used in an international atmospheric research program whose
goal is accurate prediction of weather up to two weeks in advance. Space-
craft to be orbited by the European Space Research Organization, Japan,
and Russia will complete a global network.

A technique for producing laser mirrors with 99.97% reflectivity has been
developed by Hughes research scientists under contract to the U.S. Air
Force Weapons Laboratory. Their multilayer dielectric enhanced reflector
technology gives the mirrors maximum resistance to damage by irradiation
from high-power 10.6-micrometer CO, laser systems. It minimizes cooling
requirements, reduces weight, and improves high-power laser thresholds.

While scuba divers from Jacques Cousteau's Calypso measured ocean floor
reflectivity and water transparency in a recent experiment in the Central
Bahamas, the multispectral scanner aboard NASA's Landsat 2 satellite mea-
sured water depths at the test site. The two sets of data -- later com—-
pared and analyzed -- could be of significant aid to maritime traffic and
marine science. Communications for the experiment were relayed via NASA's
Goddard Space Flight Center ATS-3 satellite, which has been in service
since 1967. Both the ATS-3 and the Landsat multispectral scanner were
built for NASA by Hughes.

Hughes needs Field Engineers to support advanced electronic systems.

These growth opportunities include both domestic and overseas field engin-
eering positions. Applicants must have a BSEE and U.S. citizenship.
Graduates without experience will be considered. Please send your resume
to: H.G. Staggs, Hughes Aircraft Company, Support Systems Division, P.O.
Box 90515, Los Angeles, CA 90009. An equal opportunity M/F employer.

100 isolated villages in Alaska will receive satellite communications
through small earth stations which incorporate traveling wave tube ampli-
fiers built by Hughes. The lightweight, compact amplifiers provide more
than 35 watts of RF power at 6 GHz. They are being built under contract
to Alaska's Office of Telecommunications.

Creating a new world with electronics
| aintats Dt bl
i
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HUGHES AIRCRAFT COMPANY
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current state of elementary-particle theo- |
ry and the state of the four-quark theory
in particular.

R. L. McCALrA

Instructor of Physics

Northwest Mississippi Junior
College

Senatobia, Miss.

Sirs:

I feel I must take exception to Cor-
nelius Van S. Roosevelt’s identification
of Habakkuk as the smallest man in the
Bible because Habakkuk “stood on his
watch” [“Mathematical Games,” ScIEN-
TIFIC AMERICAN, December, 1975].

Fabricated of the materials commonly
available for such purposes in his day,
baked clay and building stone (Israel was
never a rich place like Egypt and Baby-
lon), a watch was a formidable structure.
That Habakkuk could carry such an in-
strument around with him clearly im-
plies that he was an exceptionally big
man. Even for him, however, putting his
watch down to stand on it occasionally
must have afforded welcome relief.

Jonn A. CHURCH

New York
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LET HIM GROW WITH A QUESTAR

A child’s wonder at the world about him can hold a promise, for many
a scientist can remember that his present preoccupation with the uni-
verse began with an intense curiosity early in life.

Such a child will learn to master many tools, and the telescope, that
prime tool of science, should be the first. A flawless tool is an exten-
sion of the mind and hand, and a fine telescope should combine such
mechanical and optical perfection that it can serve for a lifetime and
never become a frustration whatever the critical job at hand. Questar,
the very finest, is such a tool and its lovely versatility adds an extra
dimension to many fields: astronomy, of course, but also to disciplines
that are terrestrial in nature. Whether it will be used for research, or
simply for the pure enjoyment of natural phenomenon, even indoors,
perhaps, where its high powers can focus on the web-spinning of a
house spider at a distance of ten feet, it is a gift for ever. And its easy
portability can take it wherever one travels.

What other tool could you buy a child that not only would enchant
and amuse him in his early awakening, but would continue to serve

him all his life?

© Questar Corporation 1976

The Standard Questar with its beautiful star
chart is shown above; at right is the Duplex
in the leather carrying case which complements
both models.

QUESTAR, THE WORLD’S FINEST, MOST VERSATILE
TELESCOPE IS PRICED FROM $865. SEND FOR OUR
BOOKLET IN FULL COLOR WITH 150 PHOTOGRAPHS
BY QUESTAR OWNERS. $1 COVERS MAILING ON THIS
CONTINENT; BY AIR, TO SOUTH AMERICA, $3.00;
EUROPE AND NORTH AFRICA, $3.50: ELSEWHERE, $4.

QUESTAR




Rediscover America

Price. Mileage. Maintenance. Engine guarantee. Pontiac’s

MILEAGE—SMALL SPORTY CARS PRICE—SMALL SPORTY CARS
EPA ESTIMATES MAKE & MODEL BASE PRICE*
MAKE & MODEL ENGINE TRANSMISSION HIGHWAY CITY
Datsun 280Z Sport Coupe 6594 pius dealer prep.
Datsun 280Z 168-cu.-in. Manual 27 16 Toyota Celica ST Sport Coupe 4145
Sport Coupe B-cyl. P Toyota Celica GT Sport Coupe 4499
Toglo‘tgp%ﬂlafgeg l?(?yls.;?b};r Manual 3 20 VW Scirocco DOLII:IS 4995 plus dealer prep.
VW Scirocco 97-cu.-in. Manual 39 25 Fiat X1/9 Sport [:IJI.IDE 4808 plus dealer prep.
Sport Coupe 4-cyl. 2-bbl. Audi Fox 2-Door Sedan 4875 plus dealer prep.
Fiat X1/9 78.7-cu.-in. Manual 31 2 BMW 2002 2-Door Sedan 6670 plus dealer prep.
Coupe 4-cyl. 2-bbl.
- Mazda Cosmo Coupe 5800 plus dealer prep.
Audi Fox 97-cu.-in. Manual 37 24
2-Door Sedan 4-cyl. F.I. Porsche 914 Coupe 7145 plus dealer prep.
BMW 2002 121-cu.-in. Manual 25 18 Triumph TR-7 Coupe 5100 plus dealer prep.
2-Door Sedan 4-cyl. 2-bbl. N - X I -
All dollar figures are manufacturers’ suggested retail prices, in-
Mazda Cosmo 80-cu.-in. Manual 29 18 cluding dealer new-vehicle preparation charges, except where
Coupe Rotary 4-bbl. noted. State and local taxes, available equipment and destination
- eharges are additional.
Porsche 914 120-cu.-in. Manual 30 20 “*Includes available 2-bbl. engine.
Coupe 4-cyl. F.I.
Triumph TR-7 122-cu.-in. Manual 30 2 MILEAGE-SMALLECONOMY CARS
Coupe 4-cyl. 2-bbl.
EPA ESTIMATES
Source: 1976 EPA Fuel Economy Guide. MAKE & MODEL ENGINE  TRANSMISSION HIGHWAY CITY
Toyota Corona 133.6-cu.-in. Manual 34 20
PRICE—SMALL ECONOMY CARS 2-Door Sedan 4-cyl. 2-bbl.
MAKE & MODEL BASE PRICE* Datsun 710 119-cu.-in. Manual 33 23
2-Door Sedan 4-cyl. 2-bbl.
Fiat 131 107-cu.-in. Manual 29 18
Toyota Corona 2-Door Sedan 3699 2-Door Sedan 4-cyl. 2-bbl.
Datsun 710 2-Door Sedan 3614 plus dealer prep. Mazda RX-3 70-cu.-in. Manual 30 19
Fiat 131 2-Door Sedan 3958 plus dealer prep. Coupe Rotary 4-bbl.
Mazda RX-3 Coupe 4049 plus dealer prep. VW Dasher 97-cu.-in. Manual 3 24
W Dastir 1000 503 o 2-Door Sedan 4-cyl. F.I
asher 2-Door Sedan 19 ;
s Volvo 242 130-cu.-in. Manual 7 | 1
Volvo 242 2-Door Sedan 6295 2-Door Sedan 4-cyl. F.I.

*All dollar figures are manufacturers’ suggested retail prices, in-
cluding dealer new-vehicle preparation charges, except where
noted. State and local taxes, available equipment and destination
charges are additional.

**Includes available 2-bbl. engine.

Source: 1976 EPA Fuel Economy Guide.

Remember these mileage figures are estimates. The mileage you get
will vary according to the kind of driving you do, your driving habits,
your car’'s condition and available equipment.

In California, see your Pontiac dealer for applicable prices, EPA mileage figures
and engine/transmission combinations available on California emission-equipped cars.
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In a 1976 Pontiac.

subcompact Astre and Sunbird take on the foreign made cars.
You decide who wins.

RECOMMENDED ENGINE GUARANTEES
MAINTENANCE SCHEDULES MAKE GUARANTEE
SPARK PLUG oIL OIL FILTER
MAKE REPLACEMENT | CHANGE CHANGE
— Datsun 12 Months or 12,500 Miles
Datsun (an) 12,500 6.250 6,250 Toyota 12 Months or 12,500 Miles
Toyota (an) 12,500 6,500 6,500 Fiat 12 Months or 12,000 Miles
Fiat (an) 12,500 6.000 6.000 vw 24 Months or 24,000 Miles
VW (Rabbit, Dasher, Scirocea) 15,000 5,000 15,000 Mazda 36 Months or 50,000 Miles
Mazda (Rotary) 12,500 6,250 12,500 Audi 12 Months or 20,000 Miles
Audi (an) 15,000 7.500 15,000 BMW 12 Months or 12,000 Miles
BMW (2002) 12,500 6,500 6,500 Porsche 12 Months or 20,000 Miles
Porsche (914) 15,000 5,000 5,000 Triumph 12 Months or 12,000 Miles
Triumph (ai) 12,500 6.000 6.000 Volvo 12 Months
Volvo (ai) 15,000 1,500 1,500 Data for foreign made cars based on 1975 models.

Data for foreign made cars based on 1975 models.

Here’'s how Pontiac protects you for 5 years or 60,000 miles.

Pontiac guarantees to the owners of 1976 Astres
and Sunbirds with 4-cyl. 140-cu.-in. engines that
any authorized Pontiac dealer will make repairs
without charge to the owner, for 5 years or 60,000
miles (whichever comes first), to the cylinder block,
cylinder head, all internal engine parts, the intake and
exhaust manifolds and water pump made necessary

because of defects in material and workmanship.
This guarantee, an added value feature on 1976
Astres and Sunbirds, is in addition to the New
Vehicle Warranty but does not apply to repairs
required because of misuse, negligence, alteration,
accident or lack of reasonable or proper maintenance.
See your Pontiac Dealer for complete guarantee.

Sunbird 2-Door Coupe

Astre 2-Door Coupe

The Mark of Great Cars

|
J
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20 AND 100
YEARS AG()

| SCENTIRCAMERICAN ]

FEBRUARY, 1926: “Senator Mar-
coni’s latest development, the short-wave
beam transmitter, concentrates radio en-
ergy as a searchlight reflects in a definite
and desired direction. Marconi has point-
ed out that a tremendous waste of power
occurs in the modern trans-Atlantic com-
mercial stations, which he believes are
destined to be scrapped and replaced by
the short-wave beam installations. A ten-
kilowatt station projecting its radiation
in a narrow ten-degree beam becomes,
so far as a distant receiver is concerned,
the equivalent of a 360-kilowatt trans-
mitter radiating broadcasts in all direc-
tions. A reflector can also be used at the
receiver, giving a further increase in the
total power intercepted. The masts of
the beam transmitters are arranged in a
straight line at right angles to the direc-
tion in which communication is to be es-
tablished. The reflector consists of a
number of vertical wires suspended from
cross arms on the mast.”

“Erosion or soil wash is impoverishing
our sloping farm lands at a very much
faster rate than the crops that are being
taken from them are. Recently the Mis-
souri Agricultural Experiment Station
showed by actual measurement that
within 24 years erosion has removed sev-
en inches of the surface soil from an
important type of Missouri farm land,
which is plowed regularly to a depth of
four inches. In bluegrass sod, however,
the same type of soil erodes at the rate
of seven inches in 3,547 years. Surely
something should be done to check this
enormous wastage.”

“The recent announcement of the de-
velopment of the Zworykin thermionic
tube presents one of those opportunities
to speculate on future developments that
are impossible to resist. A combination
of the photoelectric cell and the radio
vacuum tube, its sensitiveness is infinite-
ly greater than anything yet developed.
Variations of light falling on this tube
instantly become variations of electric
current, amplified approximately 100,-
000-fold. An alkaline metal, such as po-
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tassium, is coated on the inside of the
radio tube. When light falls thereon, a
shower of electrons is thrown off. Varia-
tions of the strength of the light vary the
shower, infinite gradations being pos-
sible. This shower is tremendously am-
plified and produces a current sufficient
to operate an ordinary relay, thus mak-
ing it applicable for any purpose.”

“Sodium and potassium are practically
interchangeable in most experimental
processes in which they take part. One
long-known and striking instance where
they are quite different, however, is in
their penetration into plant cells. Where-
as theory suggests that they would be
about equally absorbed, experiment
shows that under comparable conditions
60 times as much potassium as sodium is
taken up and held by the cell. Now
comes the artificial cell, made by Dr.
Daniel T. MacDougal, director of the
Carnegie Institution of Washington’s
Laboratory for Plant Physiology. On
subjecting his cell to appropriate experi-
ments, Dr. MacDougal discovered that
about five times as much potassium as
sodium was absorbed. At first one might
be inclined to say that after all there is a
big difference between 60 times and five
times. Biologists who have worked with
the artificial cell are convinced, however,
that once the true explanation is found
for the five-fold deviation from the theo-
ry in this case, the same explanation will
hold for the living cell.”

£ i 12

{3 CUENEIRIE A NERIEAY]

FEBRUARY, 1876: “It is a well-
known fact that many of the artesian
wells sunk for oil, in Pennsylvania and
other parts of the country, failed to pro-
duce oil but emit great quantities of gas.
Some measurements and analyses lately
made by Mr. O. Wuth, the well-known
chemist of Pittsburgh, go to show that in
the gas that is thus passing uselessly into
the atmosphere we have a vast store of
fuel, and that in allowing it to run to
waste we have for years presented the
most striking instance of extravagance in
the world. The well he measured is
named Burns, and is on the Duffy farm,
thirty-five miles from Pittsburgh. He
found the composition of the gas to be
C,Hg, or 80 per cent of carbon and 20
per cent of hydrogen, with but little ox-
ide of carbon and carbonic acid. The
well has a tube of five-eighths of an inch
diameter, and the pressure of gas is no
less than 200 pounds to the square inch.
On these data Wuth estimated that the
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well yielded 1,000,000 cubic feet of gas,
weighing 58 tuns, per hour.”

“It is a curiously suggestive fact that
very few of the weekly journals that
go directly into families can nowadays
be examined but that somewhere in
their advertising columns are found
announcements offering radical cures
for the opium habit. It appears that,
while alcoholic intoxication is decreas-
ing throughout the United States, opium
drunkenness is increasing, and the deal-
ers in crude opium and the manufactur-
ers of its alkaloids assert that the impor-
tation of the one and the production of
the other are rising rapidly year by year,
so much so regarding morphia that at
one of our largest manufacturing centers
the supply is said to be insufficient for
the demand. Dr. J. B. Mattison, in an
article in the Medical Record, considers
that legislative enactments prohibiting
the refilling of an opiate prescription or
the dispensing of opium in any form, un-
less in pursuance of a prescription from
the attending physician, would accom-
plish an immense amount of good.”

“At the present time it is probable that
the three cities of New-York, Brooklyn
and Jersey City contain more than
1,700,000 inhabitants, occupying no
more dwellings than are found in the
single city of Philadelphia, with less than
half as many inhabitants. The tenement-
house population of New-York and
Brooklyn probably exceeds 250,000. In
Boston there are now 2,700 tenement
houses, containing 43,000 rooms and in-
habited by more than 60,000 people. A
portion are new and well built, even
costly, houses, but nearly 50,000 of this
tenement-house population in Boston are
living in discomfort from overcrowding,
many of them in houses quite unfit to be
occupied. The death rate is found in Bos-
ton, as in New-York, to be largest in
those districts where there are the most
tenement houses, and there also crime
and vice and prostitution most abound.”

“The new British man-of-war Inflex-
ible is now in course of construction at
Portsmouth. Her iron armor is to be two
feet thick. The ship is 320 feet long and
75 feet wide and is to carry two 8-tun
guns. These guns will have 24 feet length
and 16 inches caliber. The projectile
weighs 1,650 lbs., and over a barrel of
powder (300 lbs.) is the firing charge.
The vessel’s engines will be of 7,000
horse power operating on twin screws.
Altogether the Inflexible is the most won-
derful specimen of naval architecture
ever undertaken.”



As your introduction to membership in the BOOK-OF-THE-MONTH CLUB*

The most comprehensive
encyclopedia of philosophy

ever published...
FOR ONLY

on most books you choose.

THE SUGGESTED TRIAL
You simply agree to buy
four Club choices within a
year at substantial savings
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PUBLISHER'S
LIST PRICE:$99.50

The complete contents of
the original 8-volume $219.50
edition now in a handsome
4-volume reader’s edition

NE OF THE GREATEST repositories of

philosophical information available
anywhere, The Encyclopedia of Philosophy
is the only major philosophical reference
work published in English since 1901.

In this unique 5,000,000-word work can
be found clear, authoritative answers to al-
most any question concerning philosophy —
ancient, medieval and modern, Eastern as
well as Western. And because the work rep-
resents the collaboration of more than 500
philosophers and philosophical scholars from
twenty-four countries, every shade of opinion
is represented. No thinker or movement is
dismissed as too radical, no issue is scanted as
too controversial. There are articles, for ex-
ample, that discuss such contemporary mat-
ters as the ethics of suicide and euthanasia
and the benefits and dangers of computing
machines.

Clearly, The Encyclopedia of Philosophy
belongs in every personal library, particular-
ly in homes where there are high school or
college students. Up to now its high price has
kept it out of the reach of most families. But,
as a new member of the Book-of-the-Month
Club, you may own it for less than a tenth of
the cost of the original eight-volume edition.
Because only a limited number of sets have
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to act quickly.
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/—MEASUREMENT_'@!&OMPUTATION advances from Hewlett-Packard

HP-65 software includes 4000 programs listed in
the Users’ Library catalog (1), blank magnetic

programming cards (2), 14 specialized Applica-
tion Pacs including magnetic cards (3) and ac-

companying manuals (4).

The HP-65 hand-held fully

programmable: the $795* machine
with the priceless program library.

Without programs (software), a fully program-
mable calculator can be a time-consuming
novelty. On the other hand, with its extensive
software library, the HP-65 is immediately
available to solve an astonishing range of com-
putational problems.

Like a computer, the HP-65 memorizes programs
of any size that are fed into it on tiny magnetic
cards, 100 program steps to a card. With just a few
keystrokes by the user, it executes the program and
gives the answer to complex problems with an
accuracy of up to 10 digits.

For many, a large part of the utility and pleasure
of owning the HP-65 centers on its ease of program-
ming. You don’thave to know computer languages
to do it well. Just push the keys in a normal prob-
lem-solving sequence, and record the program on a
magnetic card for future use.

For many others, want of time or desire makes
programming a chore.

During its two years of existence, the HP-65 has
been accumulating programs: both those developed
by Hewlett-Packard, and those submitted by
thousands of enthusiastic users.

As aconsequence HP-65 owners in the U.S.A. have
immediate access to more than 400 prerecorded
programs, each of which quickly transforms the
HP-65 into a dedicated computer to solve a specific
problem. These problems are grouped in 14 Appli-
cation Pacs, with up to 40 programs per pac, for
such disciplines as statistics, math, medicine,
chemical engineering, electrical engineering, and
finance. They are priced at $45* per pac.

In addition, more than 4000 contributed programs
areavailablethrough the U.S. HP-65 Users’ Library.
These are not prerecorded, but are fully docu-
mented and described step by step, so that it re-
quires only a few minutes to key one into your
HP-65 and permanently record it on magnetic
cards. All programs are listed and described in
the Catalog of Contributed Programs, free to HP-65
owners and to readers who request it (see coupon at
right). These library programs with full documen-
tation are available at a nominal charge.

HP-65 owners also receive the quarterly newsletter
Key Note** to keep them informed of program-
ming advances and other useful facts. For many, a
fourth pillar of support for HP-65 owners is the
most important one: personal assistance to help
you solve individual computational problems,
either by calling a toll-free number in the U.S.A.,
or by mail.

An offer you shouldn’t refuse**

Now, to start the HP-65’s third year, $795 will buy,
between February 1 and April 30,1976, four appli-
cation pacs of your choice, five of the most popu-
lar programs from the Users’ Library, and an HP-65
on which to run them.

No matter how you calculate it, the HP-65 remains
the most powerful hand-held computing system
available, with thousands of programs carefully
crafted to save you time, sweat, and tears. You can
get it at quality department stores and campus
bookstores, or from HP. Call 800-538-7922 in the
U.S.A. (in California, 800-662-9862) for the name
of the HP retailer nearest you.
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Rugged, five-function portable digital multimeter
lets you concentrate on making good measurements.

With complete autoranging, autopolarity, and
autozero on every one of its five functions, the
new HP 3476 DMM combines high quality,
portability, and economy. It's available for $225.

Once again, a new HP-developed microcircuit
process has paved the way to a fundamental im-
provement in instrument design—this time in the
DMM, one of the most indispensible and familiar tools
used by those who service electronic equipment.

The 3476 was made possible by a new, fine-line
tantalum nitride-on-sapphire resistor pack. This

chip, which contains 19 precisionresistors matched
to .02 percent by a laser-trim process, is combined
with an N-MOS control chip on a single custom

hybrid—greatly decreasing instrument size, inter-
connections, and cost, while improving tempera-
ture stability and reliability.

How good is the new 34767 With complete auto-
ranging, autopolarity, and autozero, the 3476 gives
you the right measurement quickly and easily.
Push the button to select AC or DC voltage, AC or
DC current, or resistance—then simply read the
measurements on the LED display, directly in
volts, amps, or kilohms. The 3476 lets you concen-
trate on your work rather than fussing with range
knobs, looking for the right scale, figuring out

HEWLETT ' , PACKARD

Sales and service from 172 offices in 65 countries

where the decimal points belong, reversing test
leads to change polarity, or wondering if you
should have made a zero adjustment. If there’s an
overload, a bright red horizontal bar on the display
tells you so unambiguously, preventing an er-
ronous reading. You can even lock the 3476 on a
specific range, to speed and simplify repetitive
measurements and diode polarity checks.

How rugged is it? Because the 3476 has built-in
safeguards, you don’t have to be concerned about
common overloads putting it into the shop for
expensive repairs. All five functions are fuse-pro-
tected; and when you do blow a fuse, replacement
is easy. The fuses pop out when you slide a cover
plate back; replace them with standard fuses and
you’re back in business: no recalibration is re-
quired. The instrument is housed in a tough, high-
impact polycarbonate case.

Small enough to fit in your briefcase, this new
DMM is available in two models: the 3476 A for AC
operation at $225*; and the 3476B for AC/recharge-
able-battery operation at $275*.

For more information on these products, write to
us. Hewlett-Packard, 1505 Page Mill Road, Palo
Alto, California 94304.

Mail to: Hewlett-Packard, 1505 Page Mill Road, Palo Alto, CA 94304.
Please send me further information on

() HP-65 Hand-Held Programmable and software
() HP 3476 Digital Multimeter
() Please send me a free Catalog of Contributed Programs for the HP-65.

Name

Company

Address

City State Zip

*Domestic U.S.A. prices only. 00641
**Available only in continental U.S.A., Alaska, and Hawaii.
Software offer void where prohibited by law.
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THE AUTHORS

BERNARD BARBER (“The Ethics of
Experimentation with Human Subjects”)
is professor and chairman of the depart-
ment of sociology at Barnard College; he
is also a member of the graduate faculty
of Columbia University. Barber was edu-
cated at Harvard University, obtaining
his B.A. in 1939, his M.A. in 1942 and
his Ph.D. in 1949. A former member of
the National Research Council’s Drug
Research Board, he currently serves on
the Health Advisory Panel of the Con-
gressional Office of Technology Assess-
ment, the Council of the Society for the
Social Studies of Science and the Human
Subjects Review Committee (a Columbia
group). In addition to his work on the
sociology of science Barber has written
extensively on the subject of social strati-
fication. His books include Science and
the Social Order (1952), Drugs and So-
ciety (1967) and (with others) Research
on Human Subjects (1973).

BERT W. OMALLEY and WIL-
LIAM T. SCHRADER (“The Receptors
of Steroid Hormones”) are at the Baylor
College of Medicine. O’'Malley, who is
professor and chairman of the depart-
ment of cell biology at Baylor, received
his B.S. in 1959 and his M.D. in 1963,
both from the University of Pittsburgh.
On completing his internship and resi-
dency at the Duke University Medical
Center he joined the staff of the Nation-
al Cancer Institute. Five years later he
was appointed professor of reproductive
biology at the Vanderbilt University
School of Medicine, a post he held until
he moved to Baylor in 1973. Schrader
joined the department of cell biology at
Baylor that same year, having spent two
postdoctoral years working with O’'Mal-
ley at Vanderbilt after obtaining his
Ph.D. from Johns Hopkins University in
1969.

THOMAS C. VAN FLANDERN (“Is
Gravity Getting Weaker?”) is an astrono-
mer at the U.S. Naval Observatory. As
an undergraduate at Xavier University
in Cincinnati he majored in mathematics;
his Ph.D., from Yale University, is in
astronomy. An expert on celestial me-
chanics, Van Flandern reports that his
chief current research interest focuses on
“evidence that the asteroids and the
comets originated from a former planet
between Mars and Jupiter. I also engage
in research in nutrition and biochemistry
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and am a medical member of the Ameri-
can Schizophrenia Association.”

HARLOW ]. HODGSON (“Forage
Crops”) is an agricultural consultant and
writer who currently serves as chairman
of a task force conducting a study titled
“Ruminants in Support of Man” for the
Winrock International Livestock Re-
search and Training Center in Arkansas.
Before his retirement last year from the
U.S. Department of Agriculture he was
principal agronomist for the USDA’s Co-
operative State Research Service. Hodg-
son was born and raised on a dairy farm
in southern Wisconsin. He has an under-
graduate degree in agronomy from the
University of Wisconsin and graduate
degrees (an M.S. and a Ph.D.) in plant
breeding from Iowa State University. He
has worked at various times as a soil con-
servationist for the USDA, a plant breed-
er in Georgia, a pioneer in subarctic crop
research in Alaska, an owner-operator of
a diversified livestock farm in southern
Iowa, a professor of biology and a hospi-
tal administrator. In his last stint at the
USDA he was responsible for, among
other things, planning cooperative ef-
forts in agricultural research involving
the U.S. and other countries, including
the U.S.S.R. and Japan.

JAMES S. ALBUS and JOHN M.
EVANS, JR. (“Robot Systems”), work in
the Office of Developmental Automa-
tion and Control Technology at the Na-
tional Bureau of Standards. Albus, who
was associated with the National Aero-
nautics and Space Administration for 15
years before he joined the National Bu-
reau of Standards, studied physics as an
undergraduate at Wheaton College and
electrical engineering as a graduate stu-
dent at Ohio State University and the
University of Maryland; he reccived his
Ph.D. from the latter institution in 1972.
He has written several theoretical papers
on the neurological mechanisms of the
brain and has just finished a book de-
scribing a possible future society based
on robot labor. Evans, who joined the
Bureau of Standards in 1970, is a gradu-
ate of Yale University and has a Ph.D. in
physics from the University of Colorado.
In addition to his primary responsibilities
at the bureau, he has in the past year
served as chairman of a session at the
Fifth International Symposium on In-
dustrial Robots, as executive secretary of
a Federal Task Group to consider a stan-
dard programming language for ma-
chine tools, as chairman of the Numeri-
cal Control Society’s Standards Commit-
tee and as a member of the Department
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of Commerce’s Technical Advisory Com-
mittee on Numerical Control.

ROMUALD SCHILD (“The Final
Paleolithic Settlements of the European
Plain”) is a senior researcher at the Insti-
tute of the History of Material Culture
in the Polish Academy of Sciences. A na-
tive of Lvov, he received his M.A. from
the University of Warsaw in 1957 and his
Ph.D. from the Academy of Sciences in
1962. In addition to his interest in the
Stone Age prehistory of Europe, he has
done fieldwork in Egypt, Ethiopia and
the Sudan as a member of the Combined
Prehistoric Expedition, an international
research body jointly sponsored by the
Institute for the History of Material Cul-
ture, Southern Methodist University and
the Geological Survey of Egypt.

MAITLAND JONES, JR. (“Car-
benes”), is professor of chemistry at
Princeton University, where he and his
wife, the artist Susan Hockaday, serve as
comasters of Stevenson Hall, an under-
graduate college. He writes that he
turned to chemistry “only after the dis-
covery of the curve ball by my contem-
poraries made it clear that I would never
be a major-league center fielder.” His en-
thusiasm for the subject was kindled
when, as a high school student, he
worked with William Doering of Yale
University at the Hickrill Chemical Re-
search Foundation in Katonah, N.Y.
Jones went on to study chemistry at Yale,
earning his B.S. in 1959, his M.S. in 1960
and his Ph.D. in 1963. He joined the
Princeton faculty in 1964 and has been
there ever since, except for sabbatical
leaves as a visiting professor at Columbia
University and the Free University in
Amsterdam.

D. S. SAUNDERS (“The Biological
Clock of Insects”) is a zoologist at the
University of Edinburgh. A graduate of
King’s College of the University of Lon-
don, he received his Ph.D. in medical
entomology from the London School
of Hygiene and Tropical Medicine. He
writes: “For the past 12 years or so my
research interests have been in the time-
measuring and timekeeping abilities of
animals. Before that, and for a time con-
currently, I was interested in the repro-
ductive physiology of viviparous flies,
particularly the tsetse fly, an interest that
took me on four occasions to Africa. Cur-
rently I am chairman and convenor of
the Edinburgh University Expeditionary
Society and am actively involved in plan-
ning a major scientific expedition to
Ecuador in the summer of 1976.”



You asked for a quality sporty car that you can afford to run. You
got it. An interior which surrounds you with gauges. A 2.2 liter
hemi-head coupled to a 4-speed plus overdrive fifth gear to
move you on the highway at 36 miles per gallon.
(1976 EPA 36 mpg on highway, 20 city. These
mileage figures are estimates. The actual
mileage you get will vary, depending on
your driving habits, your car’s condition
and equipment.) MacPherson Strut front
suspension, wide steel-belted radials on
styled steel wheels, and power
front disc brakes all at
no extra cost.

You asked for GT styling with room
You got it. The Celica GT Liftback”
Room for four people plus nine bags
of groceries, or flip down the rear-
seat and two of you can haul the
groceries plus a side of beet.

You asked for com-
fort.You got it. Glove-
soft bucket seats with 120 different positions, tinted glass

and AM/FM Stereo so you can boogie as you buggy.
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Guess what Scotch is about to be served.

CHIVAS REGAL « 12 YEARS OLD WORLDWIDE « BLENDED SCOTCH WHISKY - 86 PROOF * GENERAL WINE & SPIRITS CO., NEW YORK, N.Y.
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The Ethics of Experimentation
with Human Subjects

Research with human subjects has produced advancesin medicine but

also some instances of ethical abuses. Studies of the attitudes and

practices of investigators suggest that better controls are required

The power, scope and funding of
biomedical research have ex-
panded enormously in the past 40
years. So also, inevitably, has clinical re-
search with human subjects. That ex-
pansion has led in the past decade to
widespread reflection on what is increas-
ingly perceived as a new social problem:
the abuse of human subjects of medical
experimentation. In particular it is al-
leged that human subjects are not always
protected from undue risk and do not al-
ways have the opportunity to voluntarily
give their adequately informed consent
to participation in experiments.

A social problem is defined in part by
the concern it arouses, and this one has
clearly aroused concern. Members of the
medical profession itself led the way,
with increasing numbers of journal arti-
cles, books and seminars on the issues.
The public has become aroused, largely
through popular accounts of dramatic
incidents—genuine scandals in certain
cases—involving the violation of the dig-
nity and rights of patients. And the Fed-
eral Government has moved to protect
human subjects, potential or actual. Be-
ginning in 1966 the National Institutes
of Health, the Food and Drug Adminis-
tration and the Department of Health,
Education, and Welfare have issued in-
creasingly detailed regulations govern-
ing experimentation with human sub-
jects in projects they support, which

by Bernard Barber

means in most of the biomedical re-
search done in the country. In 1974 a
National Commission for the Protection
of Human Subjects of Biomédical and
Behavioral Research was established to
advise the Department of Health, Edu-
cation, and Welfare, and it is to be re-
placed by a long-term National Advisory
Council that is to deal with the same
issues.

The regulations, commissions and
councils and the very fact of interference
in medical activities by outsiders are
viewed by many investigators as being
onerous and even dangerous. On the oth-
er hand, many outsiders believe far more
social control is required. The debate on
the issue has been conducted without
much reference to objective evidence. In
1970 our Research Group on Human
Experimentation undertook two studies
of investigators’ attitudes and practices.
On the basis of our results I would argue
that there is indeed inadequate ethical
concern among biomedical investigators,
that it is reflected in excessively risky
procedures and that better internal and
external controls are essential.

There are two major reasons for the

general recognition that experimen-
tation with humans is a subject for con-
cern, one of which I alluded to at the
outset: the increased power, scope and
funding of biomedical research. The oth-
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er reason is a change in values: increased
emphasis on equality, participation and
the challenging of arbitrary authority.

It is easy to forget how new scientific
medicine is. The revolutionary advances
based on knowledge of physiology and
biochemistry have come in the past 40
years, and they came from research. The
basic work could be done with test-tube
preparations and laboratory animals, but
eventually human subjects had to be in-
volved. Man is “the final test site,” as
Henry K. Beecher, a pioneer among phy-
sicians concerned about the ethics of re-
search, once put it. Unfortunately there
are no statistics on the number of people
who are subjects in medical experiments
or even on how many projects involve
human subjects; the National Institutes
of Health keeps records according to
area of research (a disease or a physio-
logical process, for example) rather than
according to species of experimental sub-
ject; the NIH can say only that recently
about a third of the projects it approves
involve human subjects. It is clear, how-
ever, that the number of human subjects
is larger than it used to be and that some
small but significant minority of those
subjects are involved in risky experi-
ments. If more people have been put at
more risk, then there is a rational basis
for concern about the satisfactory bal-
ancing of risks and benefits, about ade-
quate protection from unnecessary risk
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45, A researcher plans to study bone metabolism in children
suffering from a serious bone disease. He intends to deter-
mine the degree of appropriation of calcium into the bone by
using radioactive calcium. In order to make an adequate com-
parison, he intends to use some healthy children as controls,
and he plans to obtain the consent of the parents of both
groups of children after explaining to them the nature and
purposes of the investigation and the short and long-term
risks to their children. Evidence from animals and earlier
studies in humans indicates that the size of the radiocactive
dose to be administered here would only very slightly (say, by
5-10 chances in a million) increase the probability of the
subjects involved contracting leukemia or experiencing other
problems in the long run. While there are no definitive data
as yet on the incidence of leukemia in children, a number of
doctors and statistical sources indicate that the rate is
about 250/million in persons under 18 years of age. Assume
for the purpose of this question that the incidence of the
bone disease being discussed is about the same as that for
leukemia in children under 18 years of age. The investiga-
tion, if successful, would add greatly to medical knowledge
regarding this particular bone disease, but the administra-
tion of the radiocactive calcium would not be of immediate
therapeutic benefit for either group of children. The re-
sults of the investigation may, however, eventually benefit
the group of children suffering from the bone disease.

Please assume for the purposes of this question that there

is no other method that would produce the data the researcher
desires. The researcher is known to be highly competent in
this area.

45A. Hypothetically assuming that you constitute an in-
stitutional review "committee of one," and that the pro-
posed investigation has never been done before, please
check the lowest probability that you would consider ac-
ceptable for your approval of the proposed investigation.
(Check only one)

() 1. If the chances are 1 in 10 that the investi-
gation will lead to an important medical
discovery.

() 2. If the chances are 3 in 10 that the investi-
gation will lead to an important medical
discovery.

() 3. If the chances are 5 in 10 that the investi-
gation will lead to an important medical
discovery.

( ) 4. If the chances are 7 in 10 that the investi-
gation will lead to an important medical
discovery.

() 5. If the chances are 9 in 10 that the investi-
gation will lead to an important medical
discovery.

() 6. Place a check here if you feel that, as the
proposal stands, the researcher should not
attempt the investigation, no matter what the
probability that an important medical discov-
ery will result. (IF YOU CHECKED HERE, please
explain):

45B. Which of the above responses comes closest to what
you feel the existing institutional review committee in
your institution would make?  (Please write 1In the
number of the response.)

45C. Which of the above responses comes closest to what
you feel the majority of the researchers in your institu-
tion would make, acting in their role as researcher rather
than as a "committee of one"? (Please write in the
number of the response.) S

HYPOTHETICAL EXPERIMENT described here was one of six experiments submitted to
investigators and administrators in hospitals and other research centers in a mailed ques-
tionnaire. In each case respondents were asked whether, under specified conditions, they
would approve of the experiment. This proposal involved giving radioactive calcium to
children with a bone disease and to a control group and measuring its uptake by bone.
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and about some groups being put at
more risk than other groups.

Over and beyond this utilitarian basis
for the new social concern with medical
experimentation is the value factor,
which arises from recent social changes.
All over the world individuals have been
demanding more equality of treatment
and the right to be informed about and
to participate in decisions affecting them
and have been challenging the right of
experts to make those decisions unilater-
ally. People who define themselves as
being unequal, underprivileged or ex-
ploited are demanding better treatment
and better protection, whether it is un-
derdeveloped countries as against devel-
oped ones, blacks as against whites,
women as against men, young as against
old, patients as against doctors—or sub-
jects as against investigators. This moral
revolution of rising value-expectations
has combined with the revolution in
medicine to focus attention on the ethics
of experimentation with human subjects.

Public awareness of the problem is too
much the result of headlined scandals,
but the scandals do illustrate some of the
possible abuses. In the 1960’s two re-
spected cancer investigators who were
studying the immune response to malig-
nancies injected live cancer cells into
a number of geriatric patients at the
Jewish Hospital and Medical Center of
Brooklyn without first obtaining the pa-
tients’ informed consent. A few years
later a leading virologist conducted an
experiment at Willowbrook, a New York
State institution for the severely retard-
ed. Reasoning that a serious liver infec-
tion, hepatitis, was in effect endemic in
the hospital anyway, he deliberately ex-
posed some children to hepatitis virus in
an attempt to achieve controlled condi-
tions for testing a vaccine. The accusa-
tion was that the children’s parents were
not given enough information on which
to base informed consent, and that in
some cases consent was given perfunc-
torily by administrators of the institution.

More recently there was the exposure
by the press of the ongoing syphilis ex-
periment in Tuskegee, Ala. Since the
1930’s a group of black subjects with
syphilis had been kept under observa-
tion in an effort to study the course of
the disease. That was not considered
wrong in the 1930’s, when the known
treatments for the disease were only mar-
ginally effective, but by 1945 penicillin
had become available as a safe and ex-
tremely effective cure for syphilis. Yet
somehow the experiment was continued,
and presumably some men died of the
disease who could have been cured.

How significant are such scandals?



We do not know, because no one has
been doing the kind of social bookkeep-
ing about numbers of subjects, degree of
risk, adequacy of consent and efficacy of
protective mechanisms that would yield
an overall view of experimentation with
human beings and that might contradict
the more extreme allegations of abuse
elicited by the publicized scandals. In
the absence of such intensive record
keeping it remains for social research to
fill the gap by sampling the total range
of experimentation with human subjects.
To that end our group conducted first a
national mail survey of nearly 300 bio-
medical research institutions and then
an intensive interview study of 350 in-
dividual investigators at two institutions.

O ur national survey questionnaire was
answered by 293 teaching and non-
teaching hospitals and other research in-
stitutions that, our analysis showed, con-
stituted a nationally representative sam-
ple of all such institutions. Those who
filled out the questionnaire were general-
ly themselves active researchers and
members of their institution’s review
committee, set up to pass on research
proposals. We asked the investigators to
give us their response to six simulated
proposals such as those that might come
before a review committee. The propos-
als were detailed research protocols de-
signed to measure the degree of the in-
vestigators’ concern about informed con-
sent and their willingness to approve of
studies involving various levels of risk.
We could be confident that the protocols
were “hypothetical-actual” rather than
“hypothetical-fantastic” because we con-
structed them with careful attention to the
research literature, checked them with
specialists and pretested them with a doz-
en chiefs of research at medical centers,
who found them to be convincingly real.
One protocol described a study of
chromosome breakage in users of hallu-
cinogenic drugs; blood samples (for chro-
mosomes) and urine samples (for evi-
dence of drug use) were to be taken, at
no risk but also without notification of
the experimental purpose, from students
routinely visiting the university health
center. Another protocol proposed that
the thymus gland, which is a component
of the immune system, be removed un-
necessarily from a random sample of
children undergoing heart surgery; the
objective was to learn the effect of the
thymectomy on the survival of an ex-
perimental skin graft made at the same
time. The other protocols dealt with a
random test of alternative treatments for
a congenital heart defect in children;
with an evaluation of the efficacy of a

44, It has been shown that the thymus has an important
bearing on the development and maintenance of immunity.
For this reason the researcher proposes an investigation
to determine the effect of thymus removal on the survival
of tissue transplants, a very timely and important problem.
In a sample of children and adolescents admitted for sur-
gery to correct congenital heart lesions, he would randomly
select an experimental group for thymectomy. Though the
thymectomy will prolong the heart surgery by a few minutes,
there is otherwise extremely little additional surgical
risk from this procedure. At the conclusion of each heart
operation, a full-thickness skin graft, approximately one
cm. in diameter and obtained from an unrelated adult donor,
would be sutured in place on the chest wall of both the ex-
perimental and control groups. He would then compare the
survival of the skin grafts in each of the groups. It has
been shown in a number of investigations of neonatal rats
and other animals that those whose thymus had been removed
were much less likely to reject skin grafts. The possible
long-term immunological problems that might result are as
yet not completely known, but a number of studies in ani-
mals indicate significant. immunological deficiencies after
thymectomy. Studies done in humans with myasthenia gravis,
some of whom had undergone thymectomy, have not definitively
demonstrated that the immunological abnormalities discovered
in these patients were the result of thymectomies. To quote
one authority: "There were no immunologic abnormalities
that could be attributed to the effect of thymectomy per se.
The research will result in no therapeutic benefits for

the patients involved. The researcher plans to obtain the
consent of his potential patient-volunteers and/or their
parents after explaining the procedures involved in the in-
vestigation as well as the possible short-term surgical and
long-term immunological hazards for the subjects.

REMOVAL OF THYMUS GLAND during heart surgery was the experimental procedure
proposed in another protocol in the questionnaire. Respondents were asked if they would
approve of the experiment, given various probabilities that it would show thymectomy “con-
siderably increases the probability of tissue-transplant survival in children and adolescents.”

new drug for severe depression (placebos
were given to some patients); with a
study of lung function in patients kept
under unnecessarily prolonged anesthe-
sia after undergoing a routine hernia re-
pair, and with an investigation of the
effect of radioactive calcium on bone me-
tabolism in children [see illustrations on
these two pages].

The answers to the thymectomy, an-
esthesia and radioactive-calcium proto-
cols in particular gave us measures of
the respondents’ attitudes toward the
balancing of risks and benefits. A clear
pattern emerged. In the case of the high-
risk thymectomy, for example, 72 per-
cent of the respondents said the project
should not be approved no matter how
high the probability was that it would
establish the efficacy of thymectomy in
promoting transplant survival. On the
other hand, 28 percent of the respon-
dents said they would approve the ex-
periment; 6 percent said they would ap-
prove it even if the chance of significant
results was no better than one in 10 [see
illustration on next page]. Similarly, 54
percent were against doing the calcium
study at all-but 14 percent said they
would approve it even if the odds were
only one in 10 that it would lead to an
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important medical discovery. Our basic
finding was that whereas the majority of
the investigators were what we called
“strict” with regard to balancing risks
against benefits, a-significant minority
were “permissive,” that is, they were
much more willing to accept an unsatis-
factory risk-benefit ratio.

The same general pattern of a strict
majority and a permissive minority
emerged from our second study, in
which we interviewed 350 investigators
actively engaged in research with human
subjects. The investigators were at in-
stitutions to which we gave the synthetic
names University Hospital and Research
Center and Community and Teaching
Hospital. The institutions were picked
(by a technique known as cluster analy-
sis) as being representative of two kinds
of medical center that do considerable
amounts of research. The interviewees
told us about 424 different studies in-
volving human subjects, and for each
study they estimated the risk for sub-
jects, the potential benefit for subjects,
the potential benefit for future patients
and the potential scientific importance
of the study. It was reassuring to find
that the investigators considered that
only 56 percent of the clinical investiga-
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tions graded for risk and benefits in-
volved any risk for the subjects. We
went on, however, to cross-tabulate the
estimated risks and benefits [see illustra-
tion on opposite page], and we conclud-
ed that in 18 percent of the studies the
risk was not adequately counterbalanced
by the benefits. We called those studies
the “less favorable” ones, and we pro-
ceeded to classify them further accord-
ing to their potential benefits for other
patients or for medical science. Even
when these compensating justifications
were taken into account, tabulation re-
vealed a “least favorable” category of
studies in which the poor immediate
risk-benefit ratio was not compensated
for by possible future benefits. These
“least favorable” investigations consti-
tuted 8 percent of the investigations in
our analysis.

The concept of informed consent is

a troublesome one. The investigator
wants to have enough subjects and is
afraid of scaring them off. Patients are
likely to be concerned about their own
condition, may feel powerless with re-
spect to the physician or hospital and
often have difficulty understanding med-
ical language or concepts. Even estab-
lished medical procedures can have
somewhat unpredictable consequences,

so that physicians feel there is a limit
to how completely “informed” a patient
can be. The fact remains that regulations
of Government funding agencies and
most institutions now require that the
human subject of an experiment (or his
guardian, in the case of small children
and mentally incompetent patients) un-
derstand that something is being done
(or some treatment is being withheld)
for reasons other than immediate ther-
apeutic ones; the subject or guardian
must be informed of any risks and must
give consent voluntarily.

With regard to informed consent, our
questionnaires and interviews again re-
vealed a minority with “permissive”
views and practices, although that mi-
nority was smaller than it was for un-
favorable risk-benefit ratios. For exam-
ple, 23 percent of the questionnaire
respondents said they would approve the
chromosome-break proposal, which pre-
sented the informed-consent issue clearly
and in effect by itself. The situation was
more complex in the heart-defect proto-
col. Here other dubious elements com-
peted with the fact that the investigator
would not inform the parents that his
decision whether or not to operate would
be a random one, not based on thera-
peutic considerations. Only 12 percent of
our respondents said they would approve

of the study without requiring any revi-
sions, but only 65 percent specifically
mentioned the lack of informed consent
as a problem.

The best available research evidence
on informed consent comes from a study
conducted by Bradford H. Gray, who
was then a graduate student at Yale Uni-
versity, at a distinguished university hos-
pital and research center (not the one
in our interview study). With the consent
of the responsible investigator, Gray in-
terviewed 51 women who were the sub-
jects in a study of the effects of a new
labor-inducing drug. Although the wom-
en had signed a consent form, often in
the hectic course of the admitting pro-
cedure or in the labor room itself, 20 of
them (39 percent) learned only from
Gray’s interview, which was held after
the drug infusion had been started or
even after the delivery, that they were
the subjects of research. Among those
who did know, most of them did not un-
derstand at least one aspect of the study:
that there might be hazards, that it
was a double-blind experiment, that they
would be subjected to special monitoring
and test procedures or that they were not
required to participate; four of the wom-
en said they would have refused to par-
ticipate if they had known there was any
choice. Many of the women had been
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the proposal stands,” 54 percent of the respondents would refuse

ment questions illustrated on the preceding two pages is shown:
the calcium study (light gray bars) and the experimental removal
of the thymus gland for a skin-transplant study (dark gray). “As
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to approve the calcium study and 72 percent would refuse to ap-
prove the thymectomy, regardless of the probability of success.
Substantial minorities were much more “permissive,” however.
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referred for the study by their private
physician, but instead of being informed
that an experimental drug was to be ad-
ministered they were told that it would
be a “new” drug; they trusted their doc-
tor and assumed that “new” meant “bet-
ter.”

How does it happen that the treat-
ment of human subjects is sometimes less
than ethical, even in some of the most
respected university-hospital ~centers?
We think the abuses can be traced to
defects in the training of physicians and
in the screening and monitoring of re-
search by review committees, and also to
a fundamental tension between investi-
gation and therapy. We have data bear-
ing on each of these causative factors.

It is in medical school that the profes-
sion’s central and most serious concerns
are presumably given time and place
and that its basic knowledge and values
are instilled. Yet the evidence from our
interviews shows that there is not much
training in research ethics in medical
school. Of the more than 300 investiga-
tors who responded to questions in this
area, only 13 percent reported they had
been exposed in medical schocl to part
of a course, a seminar or even a single
lecture devoted to the ethical issues in-
volved in experimentation with human
subjects; only one respondent said he
had taken an entire course dealing with
the issues. Another 13 percent reported
that the subject had come to their atten-
tion when, as students, they did practice
procedures on one another; for 24 per-
cent it was in the course of experiments
with animals; 34 percent remembered
discussion of ethical issues in specific
research projects. One or more of
these learning experiences were report-
ed by 43 percent of the respondents—
but the remaining 57 percent reported
not a single such experience. The
figures were about the same whether the
investigators were graduates of elite
U.S. medical schools, other U.S. schools
or foreign schools. The figures were a
little better, however, for those who had
graduated since 1950 than for older
investigators.

hat little ethics training there is

is apparently not very effective: the
investigators who reported having
learned something about research ethics
were only slightly less permissive in re-
sponse to protocols presenting the risk-
benefit issue than those who reported no
such experiences. It would appear that
both the amount and the quality of medi-
cal-school training in the ethics of re-
search could be improved. In this con-
nection it is worth remembering that the

RISK
THERAPEUTIC .
BENEFIT FOR SOME,
SUBJECTS NONE VERY LITTLE MODERATE
ORLARGE
MINOR,
LITTLE OR NONE " 14 e
SOME 14 12 2
GREAT 10 19 7

RISKS AND BENEFITS were cross-tabulated for some 400 current research projects re-
ported by investigators in two hospitals. Studies falling on or below the diagonal were
considered to have risks for subjects that were more or less counterbalanced by benefits
for subjects. (In 9 percent of the studies respondents reported no risk and were not asked
about benefits.) Studies above the diagonal (colored boxes) were classified as “less favor-
able” for their subjects: they contained risks for subjects and, according to the investiga-
tors, offered relatively low benefits. These cases, 18 percent of the total, were further sub-
divided (in a table not reproduced here) according to benefit for others or for science.
Studies that were low in those justifications (8 percent of total) were called “least favorable.”

many physicians who are not engaged in
investigation at all also need some back-
ground in experimentation ethics, if only
so they can evaluate requests that they
direct their patients toward a colleague’s
research project.

Scientific “peer review” is a keystone
of scientific inquiry, operating implicitly
in many ways and explicitly in the case
of professional journals, grant-awarding
committees and many institutional re-
viewing boards such as the “tissue com-
mittees” that assess the results of surgery
in hospitals. Ethical peer review of ex-
perimentation with human beings should
be the counterpart of scientific peer re-
view, but until the mid-1960’s such ac-
tivity received limited support among
biomedical researchers. Even after 1966,
when the NIH mandated ethical peer re-
view for all its grantees, effective review
did not become universal. Our ques-
tionnaire went to hospitals and other re-
search centers that had filed with the
NIH formal assurances that the required
institutional review committee had been
established, but 10 percent of the re-
spondents said their institution’s com-
mittee reviewed only proposals for out-
side funds and 5 percent reported that
only formal proposals to the NIH were
reviewed. The two institutions in our
interview study were among the 85 per-
cent that stated they were reviewing all
research proposals, and yet 8 percent of
our interviewees volunteered the infor-
mation that at least one of their own in-
vestigations with human subjects had
not been reviewed.

How effective are the review commit-
tees in handling the protocols that do
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come before them? Our questionnaire
respondents told us that in 34 percent of
the institutions the committees had nev-
er required any revisions, rejected any
proposals or had any proposals with-
drawn in anticipation of rejection for
ethical reasons; 31 percent reported re-
visions, 32 percent outright rejections
and 19 percent withdrawals. Either some
of these committees have very few ethi-
cal problems coming before them or
they are ineffective. Gray’s study in an
institution with an active and strong
committee suggests that they are ineffec-
tive rather than underworked. The com-
mittee whose performance he examined
found relatively few proposals that did
not need some kind of modification, and
he thinks “a record of few actions by
committees is an indication that their
members are indifferent or that their
standards are loose.”

The peer-review groups seemed weak
in other ways. In some institutions there
was no face-to-face discussion among the
reviewers. Only 22 percent of the com-
mittees had members from outside the
institution, something that was then rec-
ommended and has since been mandated
by the Department of Health, Educa-
tion, and Welfare. In practically none
of the institutions was there continuous
monitoring of studies that were ap-
proved, although this was even then re-
quired by Government regulations. In
general ethical peer review is hampered
by the fact that each committee operates
in isolation and must consider every new
issue on its own and without benefit of
precedent. A case-reporting system, such
as operates in the law, would make that
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unnecessary and would promote both
equity among institutions and high stan-
dards. The major weakness in the system
is the lack of keen interest in and support
of the review committees on the part of
most working biomedical investigators.
Research is their business; research is
their mission and predominant interest,
not applied ethics or active advocacy of
patients’ rights.

l\/lost biomedical investigators are,
however, interested in taking care
of patients and making them well. As a
result medical institutions and individ-
ual investigators operate today with two
powerful sets of values and goals. On the
one hand there is the pursuit and ad-
vancement of scientific knowledge. On
the other there is the provision of hu-
mane and effective therapy for patients.
Through a broad range of complex inter-
actions these two sets of values and goals
are harmonious, even complementary
and mutually reinforcing. Occasionally,
however, scientific research and humane
therapy can be in conflict. When that
happens, there is sometimes a tendency
to choose the pursuit of knowledge at
the expense of the ethical treatment of
patients. An irreducible minimum of con-
flict may be inevitable. The ethical task
now is to come as close as possible to that
minimum—and to resolve unavoidable
conflict in favor of humane therapy.
There is evidence that the enhanced
excitement attending scientific achieve-
ment and the rewards bestowed on it in
recent decades have skewed the deci-
sion-making process in many cases of
conflict. As our data show, the medical
schools have been largely indifferent to
training their students in the ethics of re-
search. Moreover, their record in peer

review has been inferior to that of other
institutions. Answers to our question-
naire showed they were less likely than
other research centers to have set up a
review committee before the NIH re-
quired one, less likely to have one that
met the first NIH guidelines in 1966,
less likely to have a committee that re-
views all clinical research and less likely
to include on their committee medical or
nonmedical members from outside the
institution. Medical schools, the Associa-
tion of American Medical Colleges and
professional associations of clinical in-
vestigators have been much quicker to
seek research funds or to protest funding
cuts than to organize seriously for the
purpose of studying the ethics of re-
search and making policy in that area.

The same emphasis on the pursuit of
knowledge rather than on ethics is ap-
parent among individual biomedical in-
vestigators. Ethical concern for the sub-
jects of their research is not a major fac-
tor when they select their collaborators;
at least it is not often mentioned as a
characteristic they look for in collabora-
tors. Scientific ability is a major concern.
When we asked our 350 interview sub-
jects, “What three characteristics do you
most want to know about another re-
searcher before entering into a collabo-
rative relationship with him?” 86 percent
of the respondents mentioned scientific
ability, 45 percent mentioned motivation
to work hard and 43 percent mentioned
personality. Only 6 percent of them list-
ed anything we could classify as “ethical
concern for research subjects.”

The tension between investigation
and ethical concern is perhaps best illus-
trated by indications that the struggle for
scientific priority and recognition exerts
pressure on ethical considerations. Our
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PRESSURE TO PRODUCE leads to “permissiveness.” Investigators were classed as “high-
quality scientists” (most cited), “moderate mass-producers” (many papers, few citations),
“extreme mass-producers” (many papers, no citations) or “silent scientists” (few papers
and citations). Extreme mass-producers were twice as likely as high-quality scientists to
have a role in one of the less favorable (light gray) or least favorable (dark gray) studies.
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data show that the social structure of
competition and reward is one of the
sources of permissive behavior in ex-
perimentation with human subjects; the
relatively unsuccessful scientist, striving
for recognition, was most likely to be
permissive both in his approval of hy-
pothetical protocols and in his own
investigative work. We divided our re-
spondents into four categories based on
the number of papers they had pub-
lished and the number of times their
work had been cited by other workers;
the frequency of citation has been shown
to be a good measure of scientific excel-
lence. We called the most-cited investi-
gators the “high quality” scientists and
those who had published a great deal but
were never cited the “extreme mass-pro-
ducer” scientists. It was the extreme
mass-producers who were most often en-
gaged in investigations with less favor-
able risk-benefit ratios, who approved of
the protocols with poorer risk-benefit
ratios and who least often expressed
awareness of the importance of consent.
Caught up in the socially structured
competitive system of science, unsuc-
cessful in it but still pursuing the prize of
peer recognition, they appear to be more
likely to overvalue scientific work as
against humane therapy.

t is not only the mass-producers, con-
tending for recognition among peers
in their discipline, who are apt to be
more permissive. We also weighed the
rank achieved by each worker within his
own institution against various measures
of his effectiveness compared with that
of his colleagues. We found that the “un-
derrewarded” investigators tended to
be the more permissive. There is also a
quite different kind of medical investi-
gator who we think is likely to be pushed
toward permissive practices by scientific
competition: some of the professionally
esteemed, highly successful medical sci-
entists who are engaged in intense com-
petition for priority and recognition in
well-publicized areas of research. There
are not many of those people, and they
did not emerge in our sample, although
some workers who refused to be inter-
viewed may belong in that category. In
the absence of real data we can only
point to such evidence as published
discussions concerning the worldwide
heart-transplant competition of a few
years ago, which raised questions about
the premature exposure of human sub-
jects to what were then still experimental
procedures.
Given the fact that there are ethical
defects in current medical-research stan-
dards and practices, do the resulting
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PERCENT OF STUDIES IN EACH PATIENT CATEGORY

LESS FAVORABLE
STUDIES

DIFFERENTIAL TREATMENT of various patient categories is
evident when studies identified as having the less favorable or
the least favorable risk-benefit ratios were classified according to
whether fewer than 50 percent of their subjects were ward or clinic
patients (white bars), between 50 and 75 percent were (light gray)

abuses strike particularly, as is often
alleged, at certain social groups: at the
poor, at children and at institutionalized
patients (prisoners in particular)?

The evidence from our interviews with
350 investigators indicates that the
poorer patients in hospitals are indeed at
a disadvantage as subjects of research.
For each of the 424 studies our re-
spondents reported, they told us whether
fewer than 50 percent, between 50 and
75 percent or more than 75 percent of
the subjects were ward or clinic patients
(as opposed to patients in private or
semiprivate rooms and under the care of
their own physician). We found first of
all that ward and clinic patients were
more likely to be subjects of experi-
ments. Moreover, when we examined the
cases we had previously identified as
having “less favorable” and “least fa-
vorable” risk-benefit ratios, we found
that both categories were almost twice
as likely to involve subjects more than
three-quarters of whom were ward and
clinic patients as the studies with the
more favorable ratios were.

The ward and clinic patients are, of
course, vulnerable to that kind of dis-
crimination. They can most readily be
channeled into an experimental group
by admitting physicians and clerks with-
out interference from a personal physi-
cian. They tend to be less knowledgeable
about hospitals, more readily intimidated
and less likely to understand what they
are told about an experimental project,
and therefore less likely to be able to
withhold their consent or to give genu-

MORE FAVORABLE

STUDIES

inely informed consent. In sum, they are
the least likely to be able to protect
themselves.

Many institutionalized patients are
poor and perhaps incompetent, and they
may feel completely dependent on the
institution’s administrators and physi-
cians. Prisoners are a special case: they
are institutionalized in an implicitly
coercive situation, so that genuinely in-
formed consent may be a logical impos-
sibility. On the other hand, a prison
population is by definition a good source
of experimental and control subjects liv-
ing under controllable conditions, and
there have been instances where prison
studies have been conducted humanely,
with good scientific results and ap-
parently with good effect on the prison-
ers’ morale. Experimentation with pris-
oners is nevertheless subject to grave
abuses. Last summer the head of the
Food and Drug Administration told a
Senate committee that a review of ex-
perimentation in 19 prisons revealed
abuses ranging from unprofessional
supervision of drug tests to inadequate
medical care and follow-up treatment.

Children constitute still another spe-
cial group. Small children cannot give
consent for their own participation in
experiments; older children, who could,
are often not asked. As the Willowbrook
incident demonstrated, parents are not
always adequately protective of their
children’s interests. In the case of insti-
tutionalized patients, prisoners and chil-
dren, new regulations of the Department
of Health, Education, and Welfare call
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LEAST FAVORABLE
STUDIES

MORE FAVORABLE
STUDIES

or more than 75 percent were (dark gray). The less favorable
studies were almost twice as likely to have subjects a large majority
of whom were ward or clinic patients (dark gray bars) as the more
favorable studies (left). About the same thing was true of studies
that had been identified as having least favorable ratios (right).

for special protective committees and
procedures. These will only be effective,
however, in a context of better ethical
training for investigators and more ef-
fective peer review.

The ethical problems that attend medi-

cal research with human subjects are
representative of an entire class of prob-
lems created by the impact of profes-
sionals and professional power on the
general public and on public policy. In
the area of research with human subjects
the medical investigators are not alone;
there is a tendency in other fields too for
humane concerns to be left at the labora-
tory door. Psychologists and sociologists
have often been accused of circumvent-
ing the requirement for consent and of
applying unethical manipulative tech-
niques in their investigations of human
behavior, and neither profession has
welcomed scrutiny from outsiders or re-
strictive regulation. The issue goes be-
yond research ethics, however. Many
professions now command knowledge
that has great potential usefulness for
human welfare but bestows power that
can be abused. Because professional
power is largely based on knowledge
that has not yet diffused to the general
public it must to a considerable degree
be self-regulated, but because profes-
sional power is of such major public con-
sequence it must also be subject to sig-
nificant public control. The medical-re-
search profession does not have a proud
record of self-regulation or acceptance
of public controls.
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THE RECEPTORS OF STEROID HORMONES

The cellular response to these hormones depends on the presence

of protein molecules called receptors. The complex formed by the

hormone and the receptor acts on the genetic material of the cell

by Bert W. O’Malley and William T. Schrader

ormones secreted by the endo-
H crine glands can influence the
functioning of cells in distant
and apparently unrelated tissues. In the
subtle effects of these regulatory mole-
cules there is a puzzling specificity: all
cells are exposed to hormones, yet only
a few respond to them. The effects of one
class of hormones—the steroid hormones
—have been particularly perplexing. The
steroids are small molecules, and it is
not obvious how they can incorporate
enough information in their structure to
ensure adequate specificity and to ac-
count for their diverse influences.

Interest in the steroid hormones ex-
tends beyond endocrinology because it
has been found that the hormones stimu-
late cells by controlling the synthesis of
particular proteins. Protein synthesis is a
central process in the metabolism of the
cell, and it directly expresses the infor-
mation in the genes. One of the principal
preoccupations of molecular biology has
been the search for the mechanisms that
control gene expression and thereby de-
termine overall patterns of growth and
development.

In recent years the part played by the
steroid hormones in the regulation of
protein synthesis has been worked out in
considerable detail, although a few cru-
cial events have remained obscure. The
functioning of the hormones depends
on their interaction inside the cell with
protein molecules designated receptors.
Each of the steroid hormones affects only
a few tissues because only the cells of
those tissues contain the appropriate re-
ceptor proteins. The complex formed by
the hormone and its receptor controls
protein synthesis by acting directly on
the genetic material of the cell.

There are two large classes of hor-
mones, the peptides and the steroids, and
the two kinds of molecule seem to func-
tion through quite different mechanisms.
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The peptide hormones can be regarded
as small proteins; each consists of a se-
quence of amino acids linked by char-
acteristic chemical bonds called peptide
bonds. A typical peptide hormone is in-
sulin, which is secreted by specialized
cells in the pancreas; human insulin con-
sists of 51 amino acid units.

The peptide hormones are compara-

tively large molecules, typically with
a molecular weight of about 10,000. Be-
cause of their size they cannot readily
pass through the plasma membrane that
surrounds all cells, and indeed they
probably never enter the cells they stim-
ulate. Instead they act on molecules on
the surface of the plasma membrane,
which then transmit signals to the in-
terior of the cell. The peptide hormones
can influence a great variety of intracel-
lular processes, but only indirectly.

The steroid hormones are the subject
of the remainder of this article. They in-
clude the male sex hormones (collective-
ly called the androgens), the female sex
hormones (the estrogens and the proges-
tins) and the hormones secreted by the
cortex, or outer layer, of the adrenal
glands (the corticosteroids). They typ-
ically have a molecular weight of about
300, which is roughly the same as that
of common table sugar.

All the steroids are based on a com-
mon central structure of four intercon-
nected rings of carbon atoms; three of
the rings have six carbon atoms and the
other ring has five atoms. The differences
between the various steroids are deter-
mined by the pattern of chemical bonds
within the rings and by the nature and
orientation of the side groups attached to
the rings [see illustration on pages 34
and 35]. Although the differences may
appear to be superficial, they alter the
molecules’” shape and can thereby com-
pletely change their biological activity.
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For example, testosterone and proges-
terone are identical except for one side
group attached to one of the rings, yet
the two hormones differ radically in
function: testosterone governs the devel-
opment of the male secondary sex char-
acteristics and progesterone contributes
to the maintenance of pregnancy.

The structural similarities of the
steroid hormones are reflected in their
origin. All of them are synthesized from
the same chemical precursor, cholesterol.
Although cholesterol has no known hor-
monal function, it is a steroid and has
the characteristic four-ring structure.
The hormones are manufactured by al-
tering the side groups of cholesterol; the
modifications are made by enzymes in
the cells of endocrine glands.

Since the steroid hormones are small
molecules, they can easily diffuse into
cells of many kinds, and they can just as
easily diffuse back out into the blood-
stream. They are effective even in very
small quantities; their concentration in
the blood reaches only about 10 mole
per liter. (One mole is an amount of a
substance in grams equal to its molecu-
lar weight.) If the palate were as sensi-
tive to flavors as the target cells are to
hormones, we would be able to detect
a pinch of sugar dissolved in a swim-
ming pool.

Any theory explaining the action of
the steroid hormones must account for
their effectiveness in those minuscule
concentrations. It must also explain how
the relatively simple steroid molecules,
which have few distinctive chemical
groups and which resemble one another
in structure quite closely, can have such
a broad spectrum of biological effects.
Finally, it must explain how molecules
that enter virtually all cells can selective-
ly stimulate a small population of them
and pass through the rest with no ap-
parent effect.



The first important clue to the func-
tioning of the steroid hormones came
from studies of bacteria. It was in bac-
teria that a mechanism regulating the
expression of genes was first discovered.

The sequence of events in protein
synthesis is essentially the same in bac-
teria and in higher organisms: it is the
process in which information is trans-
ferred from the DNA, the genetic “mas-
ter tape” of the cell, to a molecule of
messenger RNA, a segment of “tape”
carrying instructions for the synthesis
of the protein. The DNA molecule, as is
now well known, is a double-strand helix
held together by bonds between pairs of
nucleotide bases. The four kinds of base
are always paired in the same way:
adenosine bonds only to thymidine and
guanosine bonds only to cytidine. The
two strands are therefore complemen-
tary; given the sequence of bases in one
strand, the sequence in the other is com-
pletely defined.

The genetic information is expressed
when a segment of DNA representing a

gene is transcribed to yield a correspond-
ing length of messenger RNA, a process
controlled by the enzyme RNA polym-
erase. The RNA, which is a single-
strand molecule (and which also differs
from DNA in that all the thymidine units
are replaced by uridine), then becomes
associated with the organelles called
ribosomes. At the ribosomes the RNA is
translated, each group of three bases
specifying one amino acid, which is add-
ed to the protein molecule. Through that
mechanism the sequence of bases in a
segment of DNA specifies a sequence of
amino acids, and this sequence deter-
mines all the properties of the protein.

The genetic code explains how a gene

can specify the structure of a protein,
but it cannot explain the particular as-
sortment of proteins that is synthesized
by a cell. In a bacterial cell there are
thousands of genes, but only a few func-
tion at any given time. Systems regu-
lating the expression of genes must there-
fore exist.

Our understanding of gene regulation
is still far from complete, but one mecha-
nism by which it is accomplished, at
least in bacteria, was explicated in 1959
by the elegant studies of Francois Jacob
and Jacques Monod of the Pasteur In-
stitute in Paris. Working with the colon
bacterium Escherichia coli, Jacob and
Monod showed that a system of genes
concerned with the metabolism of the
sugar lactose is regulated by a specific
protein. When the protein is present on
the DNA, transcription is prevented: the
synthesis of new messenger RNA from
that gene cannot take place. They there-
fore called the protein a repressor. They
found, however, that when lactose was
added to the culture medium in which
the bacteria were grown, the sugar in
some way removed the repressor from
the DNA, allowing transcription to be-
gin. They called lactose an inducer for
this system of genes, and called the regu-
latory process derepression.

The model devised by Jacob and
Monod represents one system through

SPECIFICITY OF STEROID HORMONES for particular cells
and the localization of the hormones within the nuclei of those
cells are demonstrated by the technique of autoradiography. The
black dots reveal the location of radioactively labeled molecules of
the steroid hormone progesterone in a section of tissue from the
uterine cervix of a guinea pig. The dots are clustered over the
nuclei of cells and are sparsely distributed elsewhere. The effect is
a result of the activities of progesterone receptor molecules. The
hormone binds to the receptors in the cytoplasm of the cell, form-
ing a complex that is then sequestered in the nucleus. In the

making of the autoradiograph the guinea pig was first injected with
progesterone labeled with tritium, the radioactive isotope of hydro-
gen. After 15 minutes the animal was killed and thin sections of
frozen tissue were mounted on glass slides coated with a photo-
graphic emulsion. The slides were kept in darkness and cold for
about three months, then the emulsion was developed and the tis-
sue was stained. The radioactive decay of the tritium atoms ex-
posed grains in the emulsion where the hormone was concentrated.
The autoradiograph was made by Walter E. Stumpf and Mad-
habaranda Sar at the University of North Carolina at Chapel Hill.
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which a relatively small and simple mol-
ecule (the inducer) can regulate the
expression of a gene. The model is of
particular interest to endocrinologists
because there are a number of apparent
similarities between the action of an in-
ducer on a bacterial cell and the action
of a steroid hormone on the cells of high-
er animals. In 1964 Peter Karlson of the

University of Marburg made the com-
parison explicit: he proposed that the
steroid hormones are in fact inducers
and that they act by combining with re-
pressor proteins. In the absence of hor-
mone the repressors were supposed to
block transcription.

It was soon confirmed that the ad-
ministration of hormone to an animal

results in an increase in the synthesis of
RNA in the target cells, followed by
an increase in protein synthesis. These
findings were entirely consistent with
the hypothesis that the steroid hormones
act at the level of the gene [see “Hor-
mones and Genes,” by Eric H. Davidson;
SCIENTIFIC AMERICAN, June, 1965]. It
had not yet been demonstrated, how-
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STEROID HORMONES are relatively small molecules, with a
typical molecular weight of about 300. All of them share a common
core structure, consisting of four interconnected rings of carbon
atoms. They differ in the pattern of bonding within the rings, and
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in the side groups attached to them. The structural differences
subtly alter the shapes of the hormone molecules, as is shown in
the drawings at right; it is principally on the basis of shape that
the hormones are recognized by their receptors. Only a few of the



ever, exactly how the hormones activate
a gene. Were they inducers, strictly
analogous to those discovered by Jacob
and Monod in bacteria, or did they
function through some more complicated
mechanism?

In considering this question it is im-
portant to realize that although bacteria
and higher organisms share the same ge-

MOLECULAR STRUCTURE

fEEged

many steroids are shown. Cholesterol is not
ordinarily considered a hormone, but it is
the precursor from which all other steroids
are synthesized in the endocrine glands.

netic code, they differ fundamentally in
organization. Bacteria are prokaryotic
cells, that is, their genetic material is dis-
tributed throughout the cytoplasm. The
cells of all the higher plants and animals
are eukaryotic: they have a distinct nu-
cleus, which confines the DNA within a
specialized membrane. Within the nu-
cleus the DNA is associated in a chemi-
cal complex with a number of proteins
that are not found in prokaryotes. More-
over, in multicellular organisms the prob-
lem of gene regulation is intrinsically
more complex than it is in bacteria. In
the higher organisms each cell has an
identical complement of DNA, but dif-
ferent cells make quite different kinds
of protein. A cell in the pancreas, for ex-
ample, might make insulin, whereas one
in the blood-forming tissue might manu-
facture hemoglobin.

In view of these complications it
seems reasonable to suppose the mecha-
nisms of gene regulation in the higher
plants and animals differ from those
found in bacteria. In the case of the
steroid hormones that supposition has
been confirmed. Although the steroids do
induce gene expression, they do not do
so by combining with repressors of the
kind described by Jacob and Monod
and they do not cause derepression; on
the contrary, they become coupled to
receptor proteins that have a positive
regulatory effect. In eukaryotic cells a
gene is thought to be activated when a
hormone-and-receptor complex binds to
it, rather than when a repressor mole-
cule is removed.

The first step in the investigation of

the functioning of the steroid hor-
mones was the demonstration that they
have a particular affinity for their target
cells. Since the hormones are present in
such low concentration, the methods of
conventional analytical chemistry are
inadequate for the study of hormone
physiology; instead it is necessary to
employ hormones labeled with radioac-
tive atoms. Highly radioactive steroid
hormones were first prepared in the early
1960’s by Elwood V. Jensen of the Uni-
versity of Chicago. By injecting female
rats with a radioactive preparation of es-
trogen, Jensen and his colleagues showed
that the hormone is retained longer in
the uterus than it is in other tissues, such
as muscle and blood. The uterus is con-
sidered a “target” organ of estrogen,
whereas muscle and blood are not. Sub-
sequently I. S. Edelman and his col-
leagues at the School of Medicine of the
University of California at San Francisco
demonstrated the retention of a steroid
hormone at the cellular level. They em-
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ployed the technique of autoradiogra-
phy, in which a thin slice of tissue con-
taining radioactively labeled molecules
is coated with a photographic emulsion.
The exposure of the emulsion by the ra-
dioactive molecules indicated that the
hormone appears in the target tissues
within minutes after it is administered to
the animal. Moreover, it is retained there
long after all the radioactive molecules
have left the nontarget cells.

In 1968 Walter E. Stumpf, who is
now at the University of North Carolina
at Chapel Hill, proceeded one step fur-
ther and showed that within the target
cells the hormone tends to accumulate
in the nucleus, providing additional evi-
dence that the mechanism of steroid ac-
tion is a genetic one. Stumpf too em-
ployed autoradiography, and he found
that the movement of the hormone into
the nucleus is extremely rapid: it pre-
cedes all other observable changes in the
target cell.

The rapid movement of the steroid
hormones does not necessarily imply that
some mechanism exists to transport them
specifically to the target cells; it is suf-
ficient that the molecules be seques-
tered within those cells. In nontarget
cells the hormone passes through the
plasma membrane in both directions,
and its concentration inside the cell can-
not exceed the concentration in the
bloodstream. In the target tissues the
hormone molecules continue to diffuse
into the cells but very few leave them, so
that the concentration inside the cells in-
creases [see illustration on next page).

These early investigations strongly
suggested that some agent in the target
cells binds to the steroid hormones and
prevents their escape. Indeed, Jensen
and his colleagues suggested in 1961
that such a receptor might be involved
in the cellular response to steroid hor-
mones. The hypothesis had the further
advantage that it could explain how the
relatively simple steroid molecules could
exert such diverse effects; by forming a
complex with a larger “helper” molecule
they might become much more versatile.
In the subsequent search for such a mol-
ecule two important criteria were es-
tablished. First, any receptor molecule
must be present in the target cells of the
hormone but absent in all other cells.
Second, the receptor molecule should
have a high affinity for its particular hor-
mone but low affinity for other steroids
with different biological activity.

he identification of steroid receptor
molecules was not an easy task, part-
ly because the receptors are present in
extremely small quantities (about 10,000
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ACTION OF STEROID HORMONES is mediated by receptor molecules found only in
cells that respond to the hormone (target cells). In nontarget cells (a) the hormone dif-
fuses freely into the cell and out of it, and the concentration remains quite low. In a target
cell the hormone is sequestered by receptor molecules (b). Each receptor molecule binds
two molecules of hormone, forming a complex that enters the nucleus (¢) and becomes
attached to the chromatin, the genetic material. The complex stimulates the transcription
of particular genes, so that RNA encoding the information in those genes is synthe-
sized. On the organelles called ribosomes the RNA is translated into proteins (d).
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molecules per cell). They were ultimate-
ly identified in 1966 by David O. Toft
and Jack Gorski of the University of
Illinois. Toft and Gorski separated hor-
mone-and-receptor complexes from other
large molecules by centrifuging an ex-
tract from the target cells in a density
gradient of sucrose. The method sepa-
rates molecules on the basis of their
molecular weight, yielding fractions
containing progressively smaller mole-
cules. By employing a radioactively la-
beled hormone, the fraction containing
the hormone-and-receptor complex can
be identified simply as a peak in radio-
activity.

Toft and Gorski employed estradiol, a
form of estrogen, labeled with tritium,
the radioactive isotope of hydrogen.
When they tested it in tissue from the
rat uterus, they found that the hormone
was bound selectively to a protein mole-
cule with a molecular weight of about
200,000. The protein met the criteria es-
tablished for a hormone receptor: it was
present only in the target cells and it
bound estradiol very tightly. The pro-
tein also displayed an affinity for ster-
oids closely related to estradiol and for
certain other nonsteroid substances that
have a different structure but a similar
molecular shape. Significantly all the
substances that were shown to bind to
the receptor protein mimic the biological
activity of estradiol.

Similar receptor proteins have since
been identified in the target tissues of all
the known steroid hormones. Tissues
that do not respond to a given hormone
invariably lack receptors for that hor-
mone. The receptors for estrogen, andro-
gen and the corticosteroids have been
characterized in several animals. One of
the most difficult of the receptors to
identify was the receptor for proges-
terone. It was eventually found in the
chick oviduct, a known progesterone
target tissue, by our research group at
the Baylor College of Medicine. The
progesterone receptor is similar in struc-
ture and function to the other steroid
receptors.

The role of the receptor proteins was
confirmed in the laboratories of Jensen,
Gorski and Edelman when it was shown
that the receptors not only sequester the
hormone molecules in the target cells
but also concentrate them in the cell nu-
cleus. We observed the movement into
the nucleus by administering a hormone,
then after various intervals disrupting
the cells and quickly separating the nu-
clei from the cytoplasm in a centrifuge.
We observed a steady decline in the
number of hormone-and-receptor com-
plexes in the cytoplasm and a concomi-
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ACCEPTOR SITES for hormone-and-receptor complexes are ob-
served only on the chromatin of target cells. Chromatin consists of
DNA and two kinds of protein: the histones, which are much the
same in all cells, and the nonhistone chromosomal proteins, which
display much more diversity. The ability to bind the complexes
resides in a particular fraction of the nonhistone proteins, desig-
nated the AP; fraction. Ordinarily the complexes bind to chro-

MANY

matin from target tissues, such as the oviduct, but do not bind to
nontarget chromatin, such as that from chick erythrocytes. When
the AP, fractions of the nonhistone proteins from each kind of
chromatin are exchanged, the ability to bind hormone-and-receptor
complexes migrates with the oviduct 4P, fraction. The number of
acceptor sites found on each kind of chromatin before and after
the proteins are exchanged is indicated by the small bar graphs.

tant increase in their concentration in
the nucleus. On the other hand, the re-
ceptor proteins could not be detected in
the nucleus in significant quantity when
the hormone was absent. Therefore the
presence of the hormone somehow
caused the receptors to be retained in
the nucleus.

The mechanism by which the hor-
mone-and-receptor complexes were re-
tained in the nucleus was soon revealed.

In a series of experiments in our labora-
tory and in the laboratory of Shutsung
Liao at the University of Chicago the
complexes were combined in a cell-free
system with nuclei isolated from target
cells. When the complexes were ab-
sorbed into the nuclei from the incuba-
tion medium, it was found that they bind
directly to the chromosomes. An analysis
of the binding reaction suggested that in
the nucleus of each target cell there are

© 1976 SCIENTIFIC AMERICAN, INC

about 5,000 “acceptor” sites for hor-
mone-and-receptor complexes. Of par-
ticular importance was the observation
that when nuclei from nontarget cells
were employed, the binding of the com-
plexes was greatly diminished.

Athough it had been shown that the

steroid hormones form complexes
with specific receptor proteins in their
target cells and that those complexes
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AFFINITY CHROMATOGRAPHY, a technique employed in iso-
lating the receptors of steroid hormones, relies on one of the bio-
logical properties of the receptors: their affinity for the hormones.
Hormone molecules are bound to an inert substrate in a glass col-

enter the nucleus and bind to the chro-
mosomes, it remained to be disclosed
how the binding of the hormone-and-
receptor complexes influences the ex-
pression of genetic information. The na-
ture of the interaction must obviously
depend not only on the activity of the
hormone but also on the architecture of
the chromosome.

The chromosomes of higher organisms
incorporate both DNA and a variety of
specialized proteins, organized in the
complex substance called chromatin
[see “Chromosomal Proteins and Gene
Regulation,” by Gary S. Stein, Janet
Swinehart Stein and Lewis ]. Klein-
smith; SciENTIFIC AMERICAN, February,
1975]. There are two main classes of
chromosomal proteins. The histones are
highly alkaline proteins and are very
similar from one tissue to another; in-
deed, they are very similar from one or-
ganism to another. The remainder, the
nonhistone chromosomal proteins, are
acidic.

In a series of studies conducted by us
in collaboration with Thomas C. Spels-
berg, we found that hormone-and-recep-
tor complexes were able to bind directly
to chromatin isolated from the nucleus.
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Moreover, complexes of progesterone
and their receptor proteins bound pref-
erentially to chromatin from oviduct nu-
clei, compared with chromatin from
other tissues. Receptor proteins without
hormone were incapable of binding to
chromatin.

We undertook to determine which
elements of the chromatin participated
in the binding of the complexes. Gordon
M. Tomkins and his colleagues at the
University of California at San Francisco
had shown that hormone-and-receptor
complexes will interact with DNA
stripped of all its accompanying pro-
teins. They found, however, that any
DNA will suffice; it made no difference
whether it was extracted from target
cells or from other tissues. This was not
a surprising result, since the DNA in all
cells of an organism is identical. It seems
unlikely for that reason that the DNA
itself could regulate gene expression, and
Tomkins’ findings suggest in particular
that the DNA cannot be directly respon-
sible for the tissue specificity of the
steroid hormones.

The binding sites were therefore
sought among the chromosomal proteins.
Because of their comparative uniform-
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umn; then an extract from the cytoplasm of target cells is poured
into the column (a). The receptors are detained by the fixed hor-
mone molecules, whereas all other proteins are washed away (b).
Finally, the receptors are freed from the substrate by incubating

ity the histones seemed to be unlikely
candidates, and indeed Spelsberg found
that chromatin from which all the his-
tones had been removed bound the hor-
mone-and-receptor complexes as effec-
tively as intact chromatin. Furthermore,
the histones could be removed from the
chromatin of target cells and replaced
with histones from other tissues or even
from other organisms without affecting
the binding of the complexes.

The nonhistones are much more heter-
ogeneous than the histones; there may be
more than 500 species of nonhistone pro-
teins in a single nucleus, and they vary
considerably from one tissue to another.
By measuring the binding of receptor
molecules to chromatin after removing
selected groups of nonhistone proteins,
Spelsberg revealed a selective affinity.
The removal of two classes of nonhis-
tones had no detectable effect, but when
a third class, designated the AP, frac-
tion, was extracted, the ability of' the
residual chromatin to bind hormone-and-
receptor complexes declined sharply.
When the AP, fraction was replaced,
binding activity was restored. Finally,
in the most conclusive experiment, the
AP; proteins from target cells were ex-
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them with a concentrated solution of radio-
actively labeled hormone (c). The result is a
virtually uncontaminated solution of radio-
active hormone-and-receptor complexes (d).

changed with the same fraction from a
nontarget tissue, yielding hybrid chro-
matins. The chromatin from the nontar-
get tissue was converted by the addition
of target-cell AP; fraction into an effi-
cient acceptor for hormone-and-receptor
complexes. The target-cell chromatin, on

the other hand, lost its ability to bind to
receptors when it was treated with the
non-target-cell AP, fraction [see illus-
tration on page 37]. The ability to bind
the receptor complexes thus seems to
depend on the presence of the AP; frac-
tion on the DNA.

The progesterone receptor proteins

employed in these experiments were
merely crude extracts of hormone target
cells from the chick oviduct; the recep-
tor molecules constituted less than one
ten-thousandth of the total protein. In
order to characterize the receptor mole-
cules more fully, and in order to ensure
that the interactions we had observed
were not modified by the presence of ex-
traneous substances, we undertook to
purify the receptor protein.

The principal method employed was
affinity chromatography, a technique
that isolates biological molecules by tak-
ing advantage of the specificity inherent
in their own functioning. In this case
progesterone molecules were chemically
bonded to an inert, porous substrate, and
the crude solution of proteins was then
passed through the substrate. The re-
ceptor proteins bound to the hormone,
whereas all the contaminants were read-
ily washed away. Finally the receptors
were freed from the bound hormone by
incubating them with a comparatively
concentrated solution of free progester-
one. By that method the progesterone
receptor was isolated from all other pro-
teins; the purification was accomplished
last year in our laboratory.

We found that the receptor molecule
is a dimer, that is, it consists of two sub-
units (labeled A and B), each an inde-
pendent strand of amino acids. The

subunits are not identical, but both have
a molecular weight somewhat greater
than 100,000. The subunits are roughly
cigar-shaped; when they are bound to-
gether as a dimer, they probably lie side
by side.

Each subunit has a single binding site
for progesterone. No changes in the
physical properties of the dissociated
subunits have been detected when the
hormone is bound to them, but the hor-
mone has an important effect on the in-
tact dimer: after the hormone has been
bound, the receptor can be split into its
two subunits by exposure to high tem-
perature or to an elevated salt concen-
tration. (In addition, of course, the hor-
mone profoundly alters the biological
activity of the molecule.)

When the purified receptors were in-
cubated with oviduct nuclei or chroma-
tin, they bound to acceptor sites on the
chromatin just as the crude preparations
had. It therefore appeared that no other
cytoplasmic proteins were involved in
the interaction. We were puzzled, how-
ever, to discover that the intact, dimeric
receptors had no affinity for naked DNA,
even though we had observed binding to
DNA in crude preparations.

That paradox was resolved when we
examined the behavior of the individual
subunits. The B protein was able to bind
to intact chromatin, and furthermore it
showed the same tissue specificity for
the AP; fraction of the nonhistone pro-
teins. The A subunit did not bind to in-
tact chromatin from oviduct tissues or
from other tissues. On the other hand,
the A subunit bound very strongly to
naked DNA, whereas the B subunit
showed no affinity for it. The binding to
DNA observed in crude extracts was

NAKED DNA INTACT CHROMATIN
TARGET TISSUE | NONTARGET TISSUE i TARGET TISSUE T NONTARGET TISSUE
DIMERIC
OMERC n B | NN | NN
asenT @ | NNV | NN
psienT © | RN | NN

RECEPTOR PROTEINS consist of two subunits, labeled 4 and
B, with different capacities for binding to nuclear material. Al-
though the subunits are not identical, they are about the same
size, and each has a binding site for a single hormone molecule.
The complete, dimeric receptor binds only to chromatin (made up

The 4
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of both DNA and the chromosomal proteins) from target cells. The
B subunit displays the same specificity as the dimeric receptor.
subunit does not bind to chromatin but does bind to
“naked” DNA. Moreover, it has the same affinity for all DNA,

whether it is derived from target cells or from cells of other tissues.
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EFFECT OF STEROID HORMONES on chromatin is to increase the number of initiation
sites for the transcription of particular genes. The effect was demonstrated with chromatin
from the chick oviduct, which is stimulated by progesterone to manufacture RNA coding
for numerous proteins, among them the egg-white protein ovalbumin. After the chromatin
had been exposed to hormone-and-receptor complexes the enzyme RNA polymerase was
added to the solution. A few enzyme molecules occupied stable initiation sites in those
regions on the DNA where transcription normally begins, but transcription was prevented
by conducting the experiment in a medium that lacked the nucleotides needed for RNA
synthesis. Initiation sites for genes controlled by other steroids remained unoccupied. The
antibiotic drug rifampicin was then added, inactivating all RNA-polymerase molecules
except those at initiation sites. Finally the nucleotide precursors of RNA were added, and
at each initiation site a single molecule of RNA was produced. The RNA-polymerase mol-
ecules responsible for this transcription, having left their initiation sites, were then also
inactivated. Treating the chromatin with hormone-and-receptor complexes increased the
production of RNA, and specifically stimulated synthesis of messenger RNA for ovalbumin.
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presumably caused by contamination
with dissociated A subunits.

From that analysis it is possible to
construct a hypothetical account of how
a steroid hormone is directed to a gene
in a target-cell nucleus. Initially the re-
ceptor molecule is in the cytoplasm, and
it is in dimeric form. After binding two
molecules of hormone the structure of
the receptor is altered in some unknown
way, and it becomes activated. The
complex of hormone and receptor then
enters the nucleus and binds to the
chromatin at an acceptor site defined by
the position of some specific protein in
the AP; fraction of the nonhistone pro-
teins. The binding of the receptor to
the acceptor site takes place exclusively
through the B subunit, since the A sub-
unit is incapable of binding to intact
chromatin. The dimer may then dissoci-
ate, liberating the A subunit, the only
one that can interact directly with DNA.
It is not yet clear whether the A protein
is capable of recognizing specific nu-
cleotide sequences of DNA, as the regu-
latory proteins of bacterial cells are. It
is possible that the A protein merely
binds to any nearby sequence of DNA,
its location having been determined with
sufficient precision by the specificity of
the B subunit for the acceptor site on
the nonhistone proteins.

Perhaps the most intriguing question

raised by the steroid hormones per-
tains to the events after the hormone-
and-receptor complex has bound to the
chromatin. How is the selected segment
of DNA activated by the binding of the
receptor? How is the gene “turned on™
In order to answer these questions we
must investigate the events that come
immediately after the binding of the re-
ceptor molecules.

The first step in the sequence of events
that leads eventually to protein synthesis
is thought to be the binding of the en-
zyme RNA polymerase to the DNA. In
bacteria the enzyme is bound at particu-
lar locations, called initiation sites, where
the transcription of each gene begins.
There is only one initiation site per gene,
and hence by measuring the number of
sites the number of active genes can be
determined. In higher organisms the ex-
istence of initiation sites has not been
proved, but the behavior of the gene is
entirely consistent with the hypothesis
that they do exist. We wished to monitor
the number of initiation sites as an index
of the number of genes expressed fol-
lowing hormone administration.

It was possible to estimate the number
of initiation sites in oviduct chromatin
by employing a system that produces



one molecule of messenger RNA at each
initiation site and then ceases transcrip-
tion. The system is based on the proper-
ties of the antibiotic drug rifampicin,
which permanently inactivates mole-
cules of RNA polymerase unless they
are occupying an initiation site. In this
procedure excess RNA polymerase was
added to oviduct chromatin, leading to
the binding of enzyme molecules at all
available initiation sites; transcription of
the genes could not begin, however, be-
cause the incubation medium lacked the
precursor nucleotides needed for RNA
synthesis. Those precursors were then
added to the solution, and simultaneous-
ly rifampicin was added. As a result all
the RNA-polymerase molecules not oc-
cupying an initiation site were inactivat-
ed; those enzyme molecules at initiation
sites each gave rise to a single molecule
of messenger RNA, then they too were
inactivated, so that all RNA synthesis
stopped [see illustration on opposite
page]. The number of RNA molecules
produced is thus a measure of the num-
ber of initiation sites on the chromatin.

In our experiment progesterone or es-
trogen was administered to chicks for
varying lengths of time, then the chro-
matin was isolated from oviduct cells.
As in earlier experiments, a radioactive-
ly labeled hormone was employed, so
that the number of hormone-and-recep-
tor complexes in the cell nuclei could be
estimated. The oviduct chromatin was
then assayed for initiation sites by the
addition of rifampicin. The results
strongly supported the role of hormone-
and-receptor complexes in gene regula-
tion: the number of nuclear initiation
sites per cell rose and fell in conjunction
with the number of hormone-and-recep-
tor complexes in the nuclei.

We have now employed the same
techniques to demonstrate the hormonal
regulation of transcription in an experi-
ment performed entirely outside the liv-
ing cell. Instead of injecting chicks with
progesterone, we purified chromatin
from the oviduct of chicks that had never
been exposed to the hormone. We then
added to the chromatin purified proges-
terone receptor molecules with bound
hormone. RNA synthesis was initiated
in the presence of rifampicin, and the
number of RNA molecules produced was
determined. Once again the number of
initiation sites was dependent on the
number of hormone-and-receptor com-
plexes present. In this cell-free experi-
ment the number of initiation sites pro-
duced was approximately equal to the
number of hormone-and-receptor com-
plexes bound to the chromatin. From
this fact we concluded that the initiation
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IDENTIFICATION OF RNA coding for ovalbumin was accomplished through the tech-
nique called RNA-DNA hybridization. The procedure begins with the preparation of a pure
specimen of the messenger RNA for ovalbumin. The enzyme reverse transcriptase is then
employed to synthesize a strand of radioactive DNA with a sequence of nucleotides exactly
complementary to that of the RNA. The complementary DNA is incubated with a mixture
of RNA'’s, and because of its complementary sequence of nucleotides it forms double-strand
molecules with ovalbumin messenger RNA but not with any other RNA. All single-strand
nucleic acids are then digested, leaving only the double-strand RNA-DNA hybrids. The

amount of ovalbumin messenger RNA is calculated from the rate and extent of hybridization.
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reaction involves one hormone-and-re-
ceptor complex per chromatin acceptor
site. The stimulation of transcription is
dependent on the presence of the hor-
mone; receptor proteins that lacked hor-
mone had no effect. Furthermore, the
extent of stimulation depended on the
kind of tissue tested; target-cell chroma-
tin was stimulated more than chromatin
from other tissues.

The foregoing experiments demon-
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A SUBUNIT ~__

B SUBUNIT L >

HORMONE-AND-RECEPTOR COMPLEX

HISTONES

strated that hormone-and-receptor com-
plexes can stimulate RNA synthesis. It
remained to be shown that the particu-
lar genes transcribed were those coding
for proteins known to be produced in
response to the hormone. Making that
determination requires an extraordinar-
ily sensitive method for the detection
and identification of specific messenger-
RNA molecules. Such a method exists in
the procedure called RNA-DNA hybridi-
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MECHANISM OF GENE ACTIVATION by the steroid hormones is thought to involve the
separate interactions of both subunits of the hormone receptor molecule with chromatin.
After a receptor molecule has bound two molecules of hormone and has entered the nu-
cleus, it binds to the AP, fraction of the nonhistone chromosomal proteins. The binding
takes place between the nonhistone protein and the B subunit of the receptor molecule,
which thereby determines what genes will be activated. The subunits then dissociate, and
the A subunit interacts with the DNA, enabling a molecule of RNA polymerase to occupy
an initiation site or the DNA. A segment of DNA is then transcribed, producing a
strand of messenger RNA that serves as a template for the construction of a protein.
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zation. The procedure begins with the
preparation of an exceedingly pure sam-
ple of the messenger RNA to be detect-
ed. We chose to employ the messenger
RNA that codes for ovalbumin, an egg-
white protein that is completely absent
from chicks that have not been treated
with estrogen or progesterone but that
is produced copiously in the oviduct of
chicks that have received either of these
hormones. From the purified messenger
RNA radioactive single-strand DNA is
synthesized with the exactly comple-
mentary sequence of nucleotide bases.
The synthesis is accomplished with en-
zymes of viral origin that reverse the
normal flow of information in the cell,
so that RNA becomes a template for the
manufacture of DNA. The complemen-
tary strands of DNA are then isolated,
and they can be employed as a molecu-
lar probe capable of recognizing any
molecules identical with the original
messenger-RNA template.

The RNA-DNA hybridization tech-
nique was first employed to assay the
messenger RNA’s produced in the chick
oviduct in response to hormone. At vari-
ous intervals after the administration of
progesterone the messenger RNA was
isolated from oviducts and incubated
with single-strand DNA complementary
to the ovalbumin messenger RNA. Be-
cause of the complementary sequences
all the ovalbumin RNA formed double-
strand hybrid molecules with the DNA;
the remaining, extraneous RNA’s re-
mained as unpaired, single-strand mole-
cules and could therefore be distin-
guished chemically and eliminated from
the preparation. From the number of
RNA-DNA hybrid molecules we were
able to estimate the number of ovalbu-
min messenger-RNA molecules present
in oviduct cells after hormone injection.
The cellular content rose from zero to
10,000 molecules per cell in a matter of
hours.

Finally, oviduct chromatin was incu-
bated in a cell-free medium with puri-
fied progesterone hormone-and-receptor
complexes. RNA was synthesized from
these chromatin templates and assayed
for ovalbumin messenger RNA by RNA-
DNA hybridization. Only the RNA syn-
thesized from chromatin exposed to re-
ceptors contained ovalbumin messenger
RNA. Thus we concluded that hormone-
and-receptor complexes have the capac-
ity to bind to chromatin and to increase
both overall gene transcription and the
expression of DNA sequences coding for
specific messenger-RNA molecules.

At physiological concentrations only
the intact, dimeric receptors caused the
proliferation of initiation sites and stim-



ulated the synthesis of ovalbumin mes-
senger RNA. The isolated B subunit was
without effect regardless of the concen-
tration. The A subunit did eventually in-
crease the number of initiation sites, but
only at concentrations about 50 times
higher than the effective concentration
of the dimer. That discovery supports
the hypothesis that only the A protein
interacts directly with DNA and stimu-
lates the synthesis of messenger RNA.
The B subunit apparently serves merely
to designate the location of the gene to
be expressed, a function accomplished
through the binding of the B subunit at
a position defined by certain of the non-
histone proteins. It is reasonable to sup-
pose the genetic sequences controlled
are adjacent to the corresponding accep-
tor sites on the chromosomal proteins.

The nature of the interaction between
the A subunit and the DNA remains a
topic of active investigation. It is still not
known how the hormone-and-receptor
complex alters a concealed or inactive
initiation site to make it available to
RNA polymerase. It is also not yet
known how the regulated gene is turned
off when enough RNA has been synthe-
sized. The hormone and the receptor
protein must eventually dissociate from
each other and from the chromatin. The
receptor molecule is apparently not de-
stroyed in the process, and it may return
to the cytoplasm, form another complex
with additional hormone molecules and
reenter the nucleus to continue hormonal
stimulation. The hormone itself is prob-
ably altered in such a way that it be-
comes inactive, and it must eventually
diffuse out of the cell.

1l the effects of the steroid hormones
can now be seen to be accomplished
through specific protein receptor mole-
cules; the absence of receptors precludes
any response. It seems likely that this
relation can be made quantitative: the
magnitude of a cell’s response appears to
be related to the intracellular concentra-
tion of receptor proteins. Moreover, the
concentration of receptors in a given
tissue is not fixed: it can be altered
by aging, by changes in the physiolog-
ical state of development and even by
the presence of other hormones. In the
chick oviduct estrogen stimulates the
production of progesterone receptors,
and tissues treated with estrogen are
therefore more responsive to progester-
one. Conversely, in mammals progester-
one depresses the level of estrogen re-
ceptors and makes the target tissue less
responsive to estrogen. The stability of
the hormone-and-receptor complex also
influences the magnitude of a target

SHAPE OF THE RECEPTOR PROTEIN is revealed in an electron micrograph made by
P. M. Conn of the Baylor College of Medicine. The protein is the light, oblong form in the
center of the image; it is a B subunit of a progesterone receptor, with a hormone molecule
bound to it. It is shown in its biologically active configuration; when the subunit is de-
natured, it assumes a globular form. The length of the protein is about 100 angstroms, and
the magnification is roughly 700,000 diameters. The image is indistinct primarily because
the specimen is destroyed by the intense electron beam as the micrograph is being made.

cell's response to a steroid hormone.
Cells containing complexes that dissoci-
ate rapidly must be bathed continuously
in a high concentration of hormone if
the response is to be maintained.

The illumination of the molecular bi-
ology of the steroid hormones must ulti-
mately reflect some light on clinical en-
docrinology. For example, the discovery
of hormone receptors provides an expla-
nation of an enigmatic syndrome called
male pseudohermaphroditism. In that
condition the male secondary sex charac-
teristics fail to develop. The cause is not
simply a deficiency of androgens, since
the target tissues do not respond when
additional androgens are administered.
It results instead from a defect in the
androgen receptor proteins. An entire
series of steroid-unresponsiveness syn-
dromes may be discovered, all of them
caused by the absence of functioning
hormone receptors.

The techniques devised for the inves-
tigation of the action of the steroids
might also be applied to the identifica-
tion of certain hormone-dependent can-
cers. A large proportion of breast can-
cers, for example, grow in response to
estrogens circulating in the bloodstream,
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and they can be treated by the surgical
removal of the estrogen-secreting organs
(the ovaries and the adrenal glands). The
other breast tumors are unaffected by
estrogens. Jensen and his colleagues at
the University of Chicago and William
L. McGuire and his colleagues at the
University of Texas Health Science Cen-
ter at San Antonio have recently shown
that only the hormone-dependent tumors
have receptors for estrogen. The distinc-
tion can now be employed as a diagnos-
tic tool. Similar methods might be ap-
plied to the classification of prostate
tumors whose growth is dependent on
androgens and to lymphosarcomas de-
pendent on corticosteroids.

A more precise understanding of how
steroids bind to their receptor proteins
could uncover methods for the sophisti-
cated manipulation of the hormone re-
sponse. For example, it should be pos-
sible to synthesize biologically inactive
analogues of the natural hormones that
would block the receptor binding sites
and thereby suppress the hormonal re-
sponse. Such “antihormones” could have
therapeutic value, and perhaps even so-
cial consequences, since they might
be safe and efficient contraceptives.
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Is Gravity Get

ing Weaker?

Several theories of gravitation predict that the force of gravity

diminishes as the universe expands. Preliminary results of timing

eclipses of stars by the moon suggest that it may well be the case

ccording to Newton’s law of grav.
A ity, every particle of matter in
the universe attracts every other
particle by a force that is directly pro-
portional to the mass of the particles
and inversely proportional to the square
of the distance between them. A key
term in the equation is the universal
gravitational constant G, which defines
the exact value of that proportionality.
It is generally taken for granted that G
is indeed both universal and constant.
The universe, however, is expanding.
Apart from local irregularities all its con-
stituent bodies—planets, stars, galaxies—
are moving away from one another. Is
the value of G truly constant and im-
mune to the expansion? Or is the force of
gravity between bodies diminishing with
the expansion? Some theories of gravity
predict that the value of G is decreasing.
There now seems to be some observa-
tional evidence supporting those predic-
tions. If such evidence is confirmed, the
implications for physics will be profound.
Newton’s laws assert that there are
two relations between a force and a
mass. Newton’s second law of motion
states that the force F exerted on an ac-
celerating body of mass m is equal to
the product of the mass times the accel-
eration a. The equation is written F =
ma. Newton’s law of gravity states that
the mass m also has a gravitational field
that will attract any other mass M with
a force that is the product of the two
masses multiplied by some constant—the
gravitational constant G—divided by the
square of the distance d between the
masses. The equation is written F =
GmM/d?. One of the assumptions un-
derlying these laws is that the body’s in-
ertial mass m in the first equation is the
same as its gravitational mass m in the
second equation, that is, that the body’s
resistance to acceleration is directly pro-
portional to its gravitational attraction.
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by Thomas C. Van Flandern

That assumption has been verified to
high accuracy for small masses but not
for large ones.

wo and a half centuries after New-
ton, Einstein presented his initial de-
scription of the nature of space and
time: the special theory of relativity. On
the basis of the special theory he went
on to develop his general theory of rela-

tivity, which shows how the behavior of
gravity deviates from the behavior pre-
dicted by Newton’s laws. The deviations
are of several types. The first-order pre-
dictions of the general theory include
three classic tests of the theory. First,
light rays passing close to the sun will be
bent by the sun’s gravitational field twice
as much as the amount predicted on the
basis of Newtonian theory. Second, the

STRENGTH OF A BODY’S GRAVITATIONAL FIELD is assumed to be directly propor-
tional to the body’s resistance to acceleration, according to Newton’s laws of gravity and of
motion. Newton’s law of gravity states that any mass m has a gravitational field that attracts
any other mass M (I) with a force F that is equal to the product of the masses multiplied by
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perihelion, or point closest to the sun, of
the elliptical orbit of the planet Mercury
will advance in the direction of the plan-
et’s rotation by 43 seconds of arc per
century more than can be accounted for
b); gravitational perturbations caused by
the other planets. Third, clocks will run
slower in a stronger gravitational field
than they will in a weaker one. The last
statement is equivalent to the statement
that light “climbing out” of a gravitation-
al field will lose energy, so that its wave-
length will be shifted toward the red
end of the spectrum. All three of the
first-order predictions have been con-
firmed to an accuracy of 95 percent.

One of the higher-order predictions of
the general theory of relativity is that
there should be gravitational waves: the
gravitational analogue of electromagnet-
ic waves. The theory also predicts that
there should be “singularities” in the
structure of space-time that lead to the
existence of black holes: objects that
have collapsed until they are so dense
and their gravitational field is so strong
that not even light can escape from

the gravitational constant G and divided by the square of the dis-
tance d between the masses. The formula is F = GmM | d2. New-
ton’s law of motion states that the force F exerted on the body m
(2 through 5) when it is accelerated is equal to the product of the

them. And it predicts that G should be
constant.

Although experiments have been de-
vised to test all the higher-order predic-
tions, none of the predictions has yet
been either confirmed or ruled out. The
sensitivity of the apparatus required for
the tests has to be so great that the re-
sults so far are at best inconclusive. Al-
though it is tempting to assume that the
past successes of the general theory give
it a high probability of future successes,
it should be remembered that there are
newer theories competing with it that
make the same predictions for the first-
order tests but differ markedly in their
predictions for the higher-order tests.
Among those theories is one developed
by P. A. M. Dirac and another put for-
ward by Fred Hoyle and J. V. Narlikar.

Dirac’s theory, which he formulated
in 1937, is known as the large-numbers
hypothesis. It was the first serious
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quantitative theory to predict that the
strength of gravity decreases with time.
Dirac’s reasoning was entirely philo-
sophical. Suppose a set of fundamental
units for mass, length and time are
agreed on. All physical constants can
then be expressed in terms of those fun-
damental units, making it possible to
compare constants of different dimen-
sions. Dirac chose the mass of the elec-
tron to be the unit of mass, the radius
of the electron’s orbit in the hydrogen
atom to be the unit of length and the
time required for a photon traveling at

body’s mass times its acceleration a (F = ma). If the value of G is
decreasing, however, a body’s gravitational mass will also be de-
creasing, that is, its gravitational attraction will weaken, yet its
inertial mass (resistance to acceleration) should remain unchanged.
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the speed of light to traverse that radius
to be the unit of time.

When the basic constants of physics
are expressed in the terms of those fun-
damental units, they turn out to be di-
mensionless numbers, or ratios. Many
are near the value of 1 (10°) to within a
few orders of magnitude. For example,
the mass of the proton is 1,836 (about
103), the speed of light is 1 and the fine-

structure constant of the hydrogen atom
is 1/137 (about 10-2). By the same token
the electromagnetic force between two
charged particles and the strong force
that binds protons and neutrons together
in the nucleus of the atom are both ap-
proximately equal to 1.

Some constants, however, have values
that, when expressed in terms of the fun-
damental units, diverge radically from

-

ORBITS OF CELESTIAL BODIES WILL SLOWLY EXPAND if the gravitational constant
G is decreasing. Therefore the time it takes for the body to complete one revoluation in its
orbit will lengthen. All orbits, however, will be affected in the same proportion to one
another. Thus if one uses the period of the earth’s revolution around the sun as a standard
of time (ephemeris time) to measure the period of the moon’s revolution around the earth,
one will not be able to detect any change in the moon’s orbital period caused by a decrease

in the value of G. If one uses an atomic clock, however, which is a standard of time that is
completely independent of the motions of celestial bodies, one could in principle detect a
change in the moon’s orbital period caused by a decrease in the gravitational constant G.
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the value of 1. The coupling constant for
the weak interaction between nuclear
particles is about 10-2. The gravitational
constant G is about 1040, And the age of
the universe is almost 1040,

Thus the value of G in terms of the
fundamental units is the reciprocal of the
age of the universe. Can it be a coinci-
dence? Or does it reflect some undiscov-
ered relation between the gravitational
constant and the age of the universe?

Dirac preferred the latter conclusion,
and he pointed out that such a relation
implies one of two alternatives. The first
is that since the age of the universe
changes (increases) with time, the value
of G must therefore also change (de-
crease). The second is that the funda-
mental units themselves could be chang-
ing with time.

"I here is a second philosophical princi-

ple that leads to the expectation that
the force of gravity is weakening. It is
Mach’s principle of inertia, conceived
by Ernst Mach late in the 19th century.
Mach argued on philosophical grounds
that the properties of space depend en-
tirely on the matter within that space.
One way to visualize Mach’s principle is
to imagine a universe that is empty ex-
cept for the earth and a pendulum sus-
pended above the earth’s North Pole.
Would the pendulum swing in a plane
that is fixed in space as the earth ro-
tated under it, as it does in the real
world? Or do rotation and direction lose
all meaning in an empty universe?

Those questions are equivalent to ask-
ing whether or not space has properties
independent of the matter within it.
Mach argued, again on philosophical
grounds, that rotation and centrifugal
force could not exist in an empty uni-
verse, since rotation is meaningless with-
out any points of reference. If matter is
slowly introduced into the distant parts
of the empty universe, only then will
space begin to take on its familiar iner-
tial properties.

Several theories of gravitation that in-
corporate Mach’s principle predict that
as matter recedes because of the expan-
sion of the universe its local influence
diminishes, and therefore the gravita-
tional constant G decreases. The exact
rate at which G changes depends on the
individual theory. All viable theories,
however, place the expected rate of
change close to the observed rate of the
expansion of the universe: 5.6 = .7 parts
in 10! per year.

Until recently the measurement of
such a small rate of change has not been
possible. Now there are several experi-
ments in progress that have the required



precision. One of them, which is based
on occultations, or eclipses, of stars by
the moon, has already yielded prelimi-
nary results.

The principle behind the lunar-occul-
tation method is straightforward. During
the moon’s monthly revolution around
the earth it passes in front of numerous
stars. Since the moon has no atmosphere,
and since the stars are so far away that
they are essentially point sources of light,
the disappearance of a star at the moon’s
leading edge and the reappearance of
the star at the trailing edge will appear
to the eye to be instantaneous. The sud-
denness of the disappearance and the
reappearance can be startling to the in-
experienced observer, and it is part of
what makes the timing of lunar occulta-
tions interesting to amateur astronomers.
The occultations that are observed for
the purpose of detecting a change in the
gravitational constant, however, are
monitored with a photoelectric photome-
ter that has a high resolution with re-
spect to time. The photometer yields a
detailed light curve of the occultation
that is fairly complex [see top illustra-
tion on next page]; the starlight nonethe-
less drops from full intensity to near zero
within a few thousandths of a second.

That type of occultation is a total oc-
cultation, and it is quite common. There
is a somewhat rarer type that is known as
a grazing occultation, where the path of
the star is tangent to the northern or
southern limb of the moon. Since the
moon’s limb is a somewhat rough profile
of lunar mountains and craters, it is pos-
sible for the star to be occulted many
times within a few minutes. The star will
cause a typical mountain a mile high on
the moon to cast a shadow a mile high
on the earth, and the observer must be
located within that shadow in order to
see the event. For that reason it is usual-
ly necessary for observers to travel in
groups to the sites where grazing occul-
tations will be visible.

If the strength of gravity is weakening,

STARS ARE OCCULTED, or eclipsed,
when the moon passes in front of them. The
moon moves from west to east (right to left)
in its orbit. The northern limb (top edge)
of the moon is passing just tangentially to a
star, which blinks off and on behind the
lunar mountains and valleys in a grazing
occultation. Another star is totally occulted
at the advancing eastern limb (left). If the
moon’s orbit is expanding and its period
of revolution is increasing because of a
decrease in G, then on each revolution it
will occult stars progressively later than
predicted, assuming that the occultations
are observed with respect to atomic time.
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RELATIVE INTENSITY

EPHEMERIS TIME MINUS ATOMIC TIME (SECONDS)

|

0 .050

TIME (SECONDS)

LIGHT OF A STAR DROPS from full intensity to zero in a few thousandths of a second
when the star is occulted. When occultation is observed with a photoelectric photometer,
starlight is observed to fluctuate in intensity first because of diffraction at the moon’s limb.

PROFILE OF THE MOON’S LIMB is jagged with mountains and valleys. Moon is close
enough to the earth for its parallax to be large, and observers one mile apart see quite dif-
ferent things during a grazing occultation. White lines represent apparent path of star with
respect to moon’s limb to two such observers. If observers are stationed 100 feet apart on
earth, their observations can establish position of moon to an accuracy of .02 second of arc.

|

1800 1900
YEAR

CURVE OF DIFFERENCE between ephemeris time and atomic time accountable to
changes in the value of G is shown from the data obtained from observations of lunar occul-
tations. Curve is a parabola because the difference is proportional to square of elapsed time.
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the moon is very slowly receding from
the earth. The moon’s orbit will there-
fore become larger and its orbital period,
the time it takes to complete one revolu-
tion around the earth, will become long-
er. On the basis of a theory of the moon’s
motions that does not incorporate any
change in the gravitational constant it
can be predicted quite precisely when
the moon should occult a particular star.
If the gravitational constant is decreas-
ing, it will have the eftect of making the
actual time the occultation is observed
later than the time that was predicted on
the basis of the theory.

rl“he amount by which the period is pre-

dicted to increase depends on which
theory is used to make the prediction. If
one accepts the “primitive” theory that G
is the only fundamental constant that
changes, then the proportional rate at
which the moon’s orbital period changes
is equal to minus twice the proportional
rate of change of the gravitational con-
stant. If, on the other hand, it is Dirac’s
fundamental units of mass, length and
time that are changing, the proportional
rate at which the orbital period changes
is equal to only minus the rate of change
of the gravitational constant.

If one has a clock that runs at a uni-
form rate, one can in principle measure
the length of the moon’s orbital period
to determine whether or not it is chang-
ing. If the rate of the clock is also af-
fected by a change in the gravitational
constant in the same way that the mea-
surement of the moon’s orbital period is,
however, then one will always find that
the orbital period is constant regardless
of the actual situation. That was exactly
the case until recently, because the rev-
olution of the earth around the sun was
used to determine ephemeris time, or
astronomical time. If the strength of
gravity is weakening, the earth’s orbit
around the sun will be getting larger
just as the moon’s orbit around the earth
is; therefore the time it takes for the
earth to complete one revolution around
the sun will also increase, by an amount
that is exactly proportional to the in-
crease in the moon’s orbital period. Since
the relation between the two periods will
always be the same, observing occulta-
tions by ephemeris time alone will not
reveal any change in G.

Actually the moon’s orbital period
does change with respect to ephemeris
time, mainly because of the friction of
earth tides. The angular momentum lost
by the rotating earth as it is slowed by
the tides is being transferred to the moon
by way of the gravitational coupling be-
tween the earth and the moon, causing
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PHYSICAL QUANTITIES WILL BE AFFECTED if the value of
G is decreasing. The amount by which they are affected depends on
which theory holds true. The “primitive” theory assumes that only
the value of G will change. P. A. M. Dirac’s large-numbers hypothe-

the moon to recede from the earth and
its orbital period to increase. The most
reliable estimate of the proportional
amount by which the moon’s period is
being increased by tidal friction is 15.0
+ 1.2 parts in 10! per year.

Since 1955, however, a time scale in-
dependent of the motions of celestial
bodies has been available. It is atomic
time, based on the exquisitely regular
vibrations of cesium atoms. Observations
of the moon’s motion with respect to the
time measured by atomic clocks should
consequently reveal any change in the
moon’s orbital period caused by a change
in the gravitational constant or in Dirac’s
fundamental atomic units.

Since the positions of the stars and the
positions of occultation observers on
the earth are usually well known, each
timing of an occultation can be reduced
to a precise statement about the celestial
position of the moon with respect to the
center of the earth. The total occulta-
tions yield primarily the moon’s celestial
longitude at any particular time, and the
grazing occultations help in determining
its celestial latitude. After 20 years of
comparing such positions on the basis of
atomic time, it has now become possible
to determine the change in the moon’s
orbital period with sufficient accuracy to
get a preliminary indication of wheth-
er or not the gravitational constant is
changing, and if it is, by how much.

The occultations yield the finding
that the moon’s period is increasing, as
a result of all causes, at the rate of
22.2 =+ 3.5 parts in 10! per year. When
the rate at which the period is increasing

because of tidal friction is subtracted,
the difference provides an estimate of
the rate at which the gravitational con-
stant is decreasing. Under the “primi-
tive” assumption that only G is chang-
ing, the rate at which it is decreasing
is 3.6 = 1.8 parts in 10! per year. If
Dirac’s fundamental units are changing,
however, that same difference implies
that the gravitational constant is decreas-
ing at the rate of 7.2 = 3.7 parts in 101
per year.

The agreement of both values with the
rate of the expansion of the universe
is quite good, although it is obviously
aided by the large margins of error. For
the present, then, the results of the lunar-
occultation observations favor the pre-
diction that the gravitational constant G
is decreasing,.

It is important to be certain, however,
that the observed increases in the moon’s
orbital period do not have some other
cause. Many phenomena that could give
rise to such changes have been consid-
ered, including the effects of undiscov-
ered planets in the solar system, the
“wind” of electrically charged particles
streaming from the sun, the radiation
pressure of sunlight, the impact of me-
teorites, the gravitational effects of pass-
ing comets and asteroids, electromag-
netic forces and a drag force exerted
by the interplanetary medium. Making a
plausible assumption for the magnitude
of each of these effects, the upper limit
of what each could exert on the orbital
period of the moon is too small to ac-
count for the observed change by sev-
eral orders of magnitude.

The largest possible alternative effect
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sis predicts that fundamental units of mass, length and time will
also change. The letter t indicates the passage of time. The symbol
o¢ means “in proportion to.” The quantity G | G indicates the pro-
portional rate of change with time of the gravitational constant G.

is one that would obtain if the mass of
the sun were decreasing. The sun could
lose mass by three processes. First, mass
could be lost through the continuous
emission of particles, such as those that
make up the solar wind. Second, it could
be lost through the continuous emission
of electromagnetic radiation, which rep-
resents a mass loss through Einstein’s
equation E = mc?, where E is the energy
of the radiation, m is the mass lost and ¢
is the velocity of light. Third, mass could
be lost in periodic solar eruptions such
as prominences or flares. When all the
known possibilities are added up, the
rate at which the sun could possibly be
losing mass is still too small by a factor
of 30 to account for the observed in-
crease in the moon’s orbital period. We
can therefore be reasonably confident
that known phenomena other than a
change in the gravitational constant have
been eliminated as a possible explana-
tion of the observed increase.

It has long been known that the rate of

increase in the moon’s orbital period
caused by tidal friction should be mathe-
matically related to the rate at which
the earth’s rotation is being slowed by
the same cause. That relation has never
been satisfactorily observed; the moon
seems to be receding at a rate that is
greater than can be accounted for by the
rate at which the earth’s rotation is slow-
ing. The cause of the discrepancy has
long been sought. Moreover, the ob-
served rate of the increase in the moon’s
orbital period seems to be substantially
different in modern times from what it
was a few thousand years ago. From

49



analyses of ancient observations of
eclipses of the sun several investigators
have obtained rates as high as 20 or 25
parts in 101 per year. Now Paul M.
Muller of the Jet Propulsion Laboratory
of the California Institute of Technology
has discovered that if one includes the
effect of a known correction to the mo-
tion of the plane of the moon’s orbit with
respect to the plane of the earth’s or-
bit, then the rate of the increase of the
moon’s orbital period derived from an-
cient eclipse observations can be brought
into agreement with the observed rate
derived from telescopic observations
over the past three centuries. On this
basis if the value of the gravitational

constant does decrease, the theoretical
relation between the rate at which the
moon’s period is increasing and the rate
at which the earth’s rotation is slowing
is closely met, resolving the discrepancy.

Some critics of the hypothesis that the
gravitational constant is changing have
argued that if the earth was closer to
the sun in the past than it is now, as
the hypothesis requires, the earth should
have been a good deal hotter then than
it is at present. There is no evidence in
the geological record for such a torrid
period. Recently, however, Chao-Wen
Chin and Richard Stothers of the Na-
tional Aeronautics and Space Adminis-
tration’s Institute for Space Studies in

New York have shown that in one form
of Dirac’s theory the sun would also
have been considerably dimmer in the
past, and that the two effects would
nearly cancel each other. Thus the ob-
jection is not fatal to the hypothesis.
Hoyle has summarized studies of the
initial chemical composition of the sun,
and he has found that they clearly favor
the hypothesis that the gravitational con-
stant is decreasing. A number of plane-
tary astronomers have pointed out that
the large rift faults in the crust of the
moon and Mars imply that these bodies
have expanded somewhat since they
were formed, perhaps when their gravity
diminished as a result of a decrease in
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RADAR-RANGING TO INNER PLANETS is another experiment
in progress that will help to determine whether the value of G is
changing. If G is constant, then the orbits (black) of the planet (in
this case Mercury) will remain the same size, and Mercury will

reach its greatest elongation (its greatest angular distance from
the sun as it is seen from the earth) right on schedule. If G is
decreasing, however, then orbits of both Mercury and earth will
expand (color) and Mercury will reach its greatest elongation late.
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G. That expansion could also be one
driving mechanism for continental drift
on the earth and could help to explain
how a continent such as Antarctica can
be almost surrounded by a mid-oceanic
ridge and yet be apparently drifting
away from the ridge at the same time.

In interstellar space there are an ex-
cessive number of double-star systems
where the two component stars are wide-
ly separated from each other compared
with the number of systems where the
component stars are close together. The
theory of the formation of double-star
systems indicates that there should be
fewer widely separated systems than are
actually counted. If the orbits of the
stars in such systems have been expand-
ing for billions of years as G decreases,
that might explain the discrepancy.

The stars in the globular clusters that
surround the central disk of our galaxy
are ancient; indeed, they appear to be
older than the galaxy itself. If they were
formed at the same time as or later than
the bulk of the galaxy, the inconsistency
in the ages is perplexing. On the other
hand, if the value of G was once larger,
stars would have evolved at a higher rate
than they are evolving now, and so now
they would appear to be older than they
actually are. It should also be noted that
the apparent expansion of the universe
may itself be a result of the weakening
of gravity. At the very least one would
expect that if gravity were weakening,
the expansion of the universe could nev-
er be slowed or stopped, and that ex-
pectation is in accord with the latest ob-
servational results.

In addition to the continuing observa-
tions of lunar occultations there are
two astronomical experiments currently
in progress that will soon be able to mea-
sure changes in the gravitational con-
stant. The first is the lunar laser-ranging
experiment, in which pulses of laser light
are beamed through a telescope on the
earth at one of the retroreflectors placed
on the moon by the Apollo astronauts,
and the reflected pulses are picked up
by the same telescope. The time it takes
for the light to complete the round trip
is a direct measurement of the distance
to the moon. The experiment can both
measure changes in the moon’s orbital
period and directly measure the expan-
sion of the moon’s orbit. With that in-
formation it may soon be possible even
to distinguish between the predictions
of the various competing theories that
assume some change in G.

The second astronomical experiment
consists of precise radar-ranging mea-
surements of the distance between the

earth and the inner planets Mercury and
Venus. As with the moon, changes in the
orbital period of the planets are being
sought. The radar-ranging method has
the advantage that, since it does not in-
volve the moon, it is not complicated by
tidal friction. It has the disadvantage,
however, that the irregular topography
of the other planets can confuse the in-
terpretation of the results.

There is also a plan by a group led
by Rogers C. Ritter at the University of
Virginia to set up a laboratory experi-
ment designed to detect a change in G,
somewhat along the lines of earlier ex-
periments devised to measure the abso-
lute value of G. In the experiment a
number of small masses will be attached
to a central shaft, and the entire assem-
bly will be surrounded by several large
masses. A drag system attached to the
shaft will hold the small masses back
so that they will not gradually rotate
toward the large masses by virtue of
their mutual gravitational attraction.
The amount of drag exerted on the shaft
gives a direct measure of the gravitation-
al force between the masses, and any
change in that force should indicate a
change in the value of G. The hope is
that the experiment will reach a preci-
sion of a few parts in 1012 per year. The
laboratory experiment, if it proves fea-
sible, will be independent of celestial
bodies and of celestial motions, and it
will therefore be very important for
checking the interpretation of the results
from all the other experiments.

Although it is too early to be certain
that the value of G is decreasing, the
data now available favor that conclu-
sion. If the conclusion turns out to be
correct, it will be a strong argument in
support of Dirac’s large-numbers hy-
pothesis, which predicted the result
nearly 40 years ago. What are some of
the other implications of the hypothesis?

One implication would have particu-
larly profound consequences for physics.
A fundamental number we can add to
the list of Dirac’s fundamental constants
is the total number of nucleons (protons
and neutrons) in the universe. That num-
ber is estimated to be 108°. By the same
reasoning as before, since 10%0 is the
square of the age of the universe, which
is 1040 in Dirac’s fundamental units, one
can conclude that according to the large-
numbers hypothesis the number of nu-
cleons in the universe must be increas-
ing at a rate that is proportional to the
passage of time squared.

Dirac has described two ways in which

matter might be created throughout
the universe. It might be created addi-
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tively, that is, new nucleons might be
spontaneously appearing everywhere.
Alternatively, it might be created mul-
tiplicatively, that is, new nucleons might
be appearing only where matter already
exists, and at a rate that is proportional
to the existing mass. Both the results
from the lunar occultations and the geo-
logical record of the temperatures early
in the earth’s history favor the possibility
that matter is created multiplicatively.

The Dirac theory’s implication that
matter is being created throughout the
universe is one of the principal reasons
for the theory’s lack of popularity among
physicists. Can we take seriously the
possibility that new nucleons are con-
tinually being created within existing
matter? If we can, why is the rate pro-
portional to time squared? And what
about the objection that has been raised
that crystals, where atoms are arrayed in
a fixed lattice, would be destroyed by
such a process? I should like to propose
an answer to these questions that may be
somewhat more palatable than a strict
creation theory, and that nonetheless
satisfies the large-numbers hypothesis.

Let us imagine that some kind of
shield against gravity can exist. Under
ordinary circumstances every particle of
matter attracts every other particle in ac-
cordance with Newton’s laws. Suppose,
however, it is possible for matter to be-
come so dense that a particle’s gravita-
tional field can no longer penetrate it.
Clearly ordinary matter is not that dense,
but matter in the interior of certain
stars might be. If gravitational shielding
were possible, then the gravitational and
inertial masses of such dense bodies
might not be equal, that is, a body’s re-
sistance to acceleration would still be
proportional to the total number of its
nucleons but its gravitational mass
would be proportional only to the num-
ber of unshielded nucleons.

With that theoretical model in mind,
let us face the question presented by the
hypothetical creation of matter. If the
gravitational constant G is decreasing,
then massive bodies will expand as the
weight of their surface layers diminishes.
The expansion will decrease the density
of matter throughout the body, allow-
ing additional nucleons to begin con-
tributing to the body’s external gravi-
tational field. Hence there will be an
apparent increase in the body’s gravita-
tional mass, and an increase in the in-
ferred number of nucleons in the body,
without any actual creation. Moreover,
the increase in mass will be proportional
to the square of the time, as required by
the large-numbers hypothesis, since the
surface arca of the shielding layer of sur-
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rounding matter increases with time
squared. We may also note that there
would be no destruction of crystals, since
no nucleons are actually being created
in the process.

Although this hypothesis is highly
speculative, I believe it serves to dem-
onstrate that we cannot ignore Dirac’s
predictions simply because we cannot
imagine a way in which new nucleons
could be appearing in the universe. Pro-
ponents of the large-numbers hypothesis
believe it reflects certain undiscovered
laws of nature. In view of the precision
of the experiments in progress we can
be hopeful that those laws will not re-
main undiscovered much longer.

Is a decrease in the gravitational con-

SUPERCONDUCTING SHIELD

OTHER VARIABLES

stant consistent with the general theory
of relativity? As we have seen, the gen-
eral theory in its present form assumes
that G remains constant. Many alterna-
tive theories of gravity that are quite
similar to the general theory do, how-
ever, assume that G decreases. Is there
any reason to prefer a description of
gravitational fields that is alternative to
the description of the general theory?
The special theory of relativity has
been verified experimentally to high
precision. Yet Hiiseyin Yilmaz of the
Perception Technology Corporation has
pointed out that the general theory of
relativity and the special theory are in-
consistent beyond the first order. Efforts
to resolve the inconsistency lead to a
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LABORATORY EXPERIMENT proposed by a group led by Rogers C. Ritter at the Univer-
sity of Virginia will measure changes in G to an accuracy of one part in 1012 per year with-
out relying on the motions of celestial objects. The experiment will be isolated from vibra-
tions in the earth and in the atmosphere, and will be cooled close to absolute zero. The
small masses (m) are freely suspended and are gravitationally attracted toward the large
masses (M). The entire system rotates at a constant velocity of three revolutions per minute
to isolate it from extraneous surrounding masses. A drag system holds the small masses
back so that they do not slowly rotate into the large masses because of their mutual gravita-
tional attraction. The angle sensor measures the angle between the small masses and the
large masses and feeds that information into a computer, which in turn tells the drag system
how much force it must exert to keep the angle constant. Magnitude of that force gives a
direct measurement of the gravitational attraction between small masses and large masses;
any changes in the force will directly reveal any change in value of gravitational constant G.
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slightly different formalism, one that has
deep consequences for the higher-order
implications of the general theory of rel-
ativity. For example, the singularity that
appears in Einstein’s solution of the field
equations disappears in Yilmaz' treat-
ment, making black holes impossible.
Donald H. Menzel of the Harvard Col-
lege Observatory has recently developed
a similar treatment. Furthermore, Men-
zel has examined the physical conse-
quences of the modified field equations,
and he finds that the properties of
ultramassive stars seem to resemble the
properties of quasars (compact and en-
ergetic radio sources of an unknown na-
ture) and Seyfert galaxies (compact and
highly luminous galaxies). I personally
find the possibility that those objects are
ultramassive stars more believable than
the sparse evidence gathered so far to
show that black holes exist.

Another method of preserving the
general theory of relativity in its present
form while allowing G to decrease is the
Milne hypothesis. In the 1940’s it was
pointed out by E. A. Milne that we can-
not readily distinguish between an ex-
panding universe with a decreasing G
on the one hand and changes in the
atomic structure of matter on the other.
If the radii of the orbits of electrons
around atomic nuclei are decreasing,
and if their periods of motion are di-
minishing as well, then our measuring
rods for distance and time, that is, our
atomic clocks, are changing. In such a
situation the universe would appear to
be expanding and G would appear to
be decreasing when actually they were
not. Hence the Milne hypothesis re-
moves the conflict with general relativity
altogether.

Clearly we have much left to learn

about gravity. Although in the gen-
eral theory of relativity we seem to have
an adequate description of weak gravi-
tational fields, there is still doubt that
our descriptions of strong gravitational
fields are accurate. Moreover, we still do
not have any reliable answers to such
fundamental questions about gravity as:
Why should masses attract each other
in the first place? Can gravity be shield-
ed? Is it possible for negative gravity to
exist? Observational, experimental and
theoretical work on gravitational fields
will remain one of the most intriguing,
controversial and potentially rewarding
areas of physics and astronomy for some
time to come. The prospect that within
the next few years we shall definitively
measure the rate of change of the gravi-
tational constant adds substantially to
the excitement.



Radionuclides at work.
Preferences vary on how best to see them.

Rontgen was a physicist, not a physician. He demonstrated
the reality of x-rays with a picture of the bones in his wife’s
hand. Before he did so. physicians had not known how to see
the bones underneath the living. intact flesh. Afterwards,
though. Rontgen would not have been the best person to ask
how your tracture was healing or whether you had a tumor.

So it goes in medical instrumentation. First the physicists
fire off a concept, then the engineers rassle it back down to
practical hardware, but all it does is make headlines until a
substantial number of physicians have learned how to use
the new hardware as an extension of the sensoriums they tote
around between their personal ears.

Facilitating in more ways than one the impression of the
visual image on the medical mind is basic business with
Kodak. This endeavor is in full swing in nuclear medicine,

as it has long been in radiology. The term covers the use of
radionuclides to delineate things going on within the body.
Thousands of patients each week now undergo such exam-
inations. New radiopharmaceuticals appear. The instrument
makers’ engineers are in keen competition. We conceive it our
obligation to pay close attention to what they are up to. We
consult with them and their customers the better to deliver
the generated image in its most readily interpretable form to
the perceptual apparatus of the practitioners under condi-
tions best suited to the daily tide of patients
and patient records.
In addition, we are convincing nuclear
medicine departments that we can save them
money. Details available from Kodak, Dept.
55W, Rochester, N.Y. 14650.
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Nuclear Test

he utilization of nuclear power
I will be subjected to an unusual
test in June: citizens of California
will vote yes or no on an initiative, a
popular referendum on a law setting
forth the conditions under which nuclear
power plants can operate in the state.
The official title of the statute is “Land
Use and Nuclear Power Liability and
Safeguards Act,” but the issue is more
clearly drawn by the titles proponents
and opponents apply to the vote. The
proponents call it the Nuclear Safe-
guards Initiative and say it is an attempt
to let the people decide on measures that
will ensure the safety of their lives and
property. The opponents call it the Nu-
clear Shutdown Initiative and maintain
that it is simply an effort to ban nuclear
power plants in the state.

The statute provides for a cutback in
nuclear-plant output and a prohibition
on new nuclear-plant construction unless
specified things happen before specified
dates. The first such condition applies to
the limit of $560 million set by Federal
law on liability for damage caused by a
nuclear-plant accident. If the limit is not
removed by law or by waiver by a utility
within a year after the initiative vote and
“full compensation assured” under nor-
mal judicial procedures, no new fission-
power plants would be allowed in Cali-
fornia, and the output of each plant
failing to guarantee full compensation
would be cut back to 60 percent of full
power. Beginning five years after the
initiative the power level would be cut
back another 10 percent per year until
the limit on liability is removed.

The other conditions involve reactor
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and fuel-disposal safety. Within five
years after the initiative the state legisla-
ture would have to find, by a two-thirds
vote, that “the effectiveness of all safety
systems” in California nuclear plants had
been “demonstrated by comprehensive
testing in actual operation,” and that ra-
dioactive wastes could be stored or dis-
posed of “with no reasonable chance” of
adverse effects. In the absence of such a
finding the prohibition of new plants, the
cutback to 60 percent and the subse-
quent 10 percent cutbacks would go into
effect. Even before that, by June, 1979,
the 60 percent reduction would be re-
quired unless the legislature found by a
two-thirds vote that it was “reasonable
to expect” that the five-year goal would
be met. In making its decision the legis-
lature would be guided by an advisory
group of at least 15 “concerned citi-
zens” and experts in fields ranging from
nuclear engineering to sabotage tech-
niques; no more than a third of the mem-
bers could be people financially connect-
ed with work on “nuclear fission power
plants or their components.”

Proponents of the initiative, organized
as Project Survival and Californians for
Nuclear Safeguards and supported by
such established environmentalist groups
as the Sierra Club and Friends of the
Earth, argue that nuclear-reactor safety
mechanisms have never been adequately
tested, that there have been a large
number of reactor accidents, some of
them serious, that a major accident could
devastate an entire region and that the
risks of nuclear power outweigh the ben-
efits, which they maintain have been
overstated. The initiative, they say, is
aimed at forcing the industry and its
Government regulators to improve safety
procedures and also to back up their be-
lief in nuclear safety by coming out from
behind the current liability limit. The
initiative route, they maintain, is the
truly democratic way to achieve major
reform by popular demand.

Opponents of the initiative, including
such largely industry-supported groups
as the California Council for Environ-
mental and Economic Balance and Citi-
zens for Jobs and Energy, argue that re-
actor and fuel safety are reasonably as-
sured, that nuclear power is on balance
less harmful than fossil-fuel power and
that the need for nuclear power to sup-
plement other sources is clear and in-
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creasing. They insist that a yes vote
would shut down California’s nuclear
plants because the conditions are—and
indeed were designed to be—impossible
to achieve. In particular they attack the
two-thirds requirement, which means
that 14 state senators could turn off nu-
clear power in California. Finally, they
argue, the sophisticated issues at stake
in the controversy cannot be effectively
decided by a statewide popular vote in-
fluenced by simplistic arguments and
catchy phrases such as “Don’t Grow
Nuclear Plants.”

Novel Novas

From the time of Newton until two

decades ago the prevailing view of
the universe was that it is much like a
vast clockwork, with only an occasional
nova or supernova punctuating its order-
ly processes. In the 1960’s, with the dis-
covery of quasars, pulsars, celestial X-ray
and gamma-ray sources and other un-
expectedly energetic phenomena, it be-
came evident that it is a far more turbu-
lent place. Now still another kind of en-
ergetic object has been recognized: the
X-ray nova.

The X-ray sources that have been
studied since the first one was detected
in 1962 either have radiated steadily,
like the Crab Nebula and other super-
nova remnants, or have varied regularly,
like Her X-1 in the constellation Her-
cules. Some of the regularly varying
sources appear to be members of eclips-
ing-binary systems; some vary so rapidly
(from less than a second up to 10 sec-
onds) that they appear to be pulsars.

The first transient X-ray source to be
detected flared up in Centaurus in 1967;
it was designated Cen X-2. At a recent
meeting of the American Astronomical
Society, George W. Clark of the Massa-
chusetts Institute of Technology report-
ed that since then scores of other X-ray
novas have been recognized from such
X-ray satellites as Uhuru, Copernicus,
Ariel-5 and SAS-3 (the third Small As-
tronomy Satellite).

In April of last year a transient X-ray
source designated A0535+4-26 flared up
near the position of the Crab Nebula. It
emitted hard, high-energy X rays and
pulsed regularly with a period of 104
seconds. After fading out in July, it re-
appeared in August, faded again and



The spear-head, the arrow,
the rocket.

From ancient instinct to
computer design, the shape that
cleaves the air is the wedge.

Now Triumph brings the
wedge down to earth in TR7 —

a fantastic new sports car to steal
the American road.

Proven on the Grand Prix race
tracks of the world, the edge of
the wedge knifes through the air,
forcing the front wheels down.
Handling is solid and uncannily

precise. The air flows over the
slippery shape. Drag is minimal.
Power enhanced. Miles per gallon
increased.

Under its skin, TR7 is a tri-
umph of simplicity. It is utterly
dependable, sturdy and sinuous
on cantankerous roads and cork-
screw curves. It means endless
pleasure at moderate price and
less maintenance; welcome news
today and something no rival
sports car can say.

Allin all a simply beautiful
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and beautifully simple machine.
Test-drive our words at any
Triumph dealer.

For the name of your nearest
Triumph dealer call:
800-447-4700. In lllinois call
800-322-4400. British Leyland
Motors Inc. Leonia, New Jersey
07605.

TRIUMPH

LEYLAND




548

@ Yale Univ

DRAMATIC DINOSAUR MURAL 9 FEET LONG -- IN FULL COLOR!

An accompanying 40-page teaching guide includes
a fold-out keyed illustration.. $28, postpaid. See

special limited offer on facing page.

x 1v4” durable plasticized paper, in full color, this

fascinating

Zallinger's Pulitzer Prize-winning “Age

Rudolph F.

identifies and

time"

“sweep through

in the Peabody Museum of

mural

of Reptiles”

e
=
©
=
=
o
b=
f—
=
[

blends together a continuous

atural History at Yale University can now be a

major exhibit in school and libraries, or a spectac-
ular home decoration. Faithfully reproduced on 9°

Peabody Museum Associates, Dept. SA

authenticated by

the age of reptiles. The original,

Yale University, New Haven, Conn. 06520

experts, took 42 years to complete.

reappeared in early November. Mean-
while an even more spectacular X-ray
nova appeared in the constellation Mo-
noceros; on August 13 it reached a maxi-
mum output of soft, low-energy X rays
that was four times higher than the en-
ergy output of the brightest nontransient
X-ray source known: Sco X-1 in Scor-
pius. By early December it was still the
brightest X-ray object in the sky.

What is the nature of the new sources?
Do they represent a single kind of object
or a variety of objects? Kenneth Brecher
and Philip Morrison of M.LT. propose
that they should be divided into two
classes. The hard-X-ray sources such as
A05354-26 may be energized when mat-
ter falls onto a rapidly rotating, magne-
tized, collapsed object similar to the ob-
jects that may underlie the nontransient
sources Her X-1 and Cen X-3. The soft-
X-ray sources, such as the nova in Mo-
noceros, may emit their radiation when
gas ejected from the system is heated by
shock waves traveling through it. Ob-

| servations of the Doppler shifts of

A0535+-26, together with its pattern of
disappearance and reappearance, fur-
ther indicate that it is a member of a

| binary system in which the two compo-

nents have an unusually wide separa-
tion. Other investigations indicate that

| the transient X-ray sources are confined

to the plane of our galaxy, and that as
many as 100 of them may flare up every
year.

Disinheritance

he “man-apes” of the genus Australo-
pithecus flourished in Africa from at
least 1.5 million years ago until perhaps
as recently as 750,000 years ago. They
therefore comfortably fill the evolution-
ary gap between the emergence more
than 12 million years ago of the first apes
with certain manlike features and the
appearance some 500,000 years ago of
the genus Homo (in the form of Homo
erectus). Evidence of the australopithe-
cines’ ability to stand upright and to
use (and probably to manufacture) stone
tools, which has come to light in recent
decades, has strengthened the assump-
tion that they were man’s immediate
precursor. More than one effort has been
made to reclassify at least some speci-
mens of Australopithecus as Homo, even
though few of them have a brain vol-
ume greater than 500 cubic centimeters.
(Most Homo erectus brains were more
than 800 c.c.) Now one investigator ar-
gues that Australopithecus is not even
an ancestor of man.
Writing in Nature, the British anato-
mist C. E. Oxnard, who is now at the

© 1976 SCIENTIFIC AMERICAN, INC

University of Chicago, reviews the ana-
tomical features in which Australopithe-
cus resembles man on the one hand and
various apes on the other. Oxnard finds
the African hominid unique in some
characteristics and in others closer to the
orangutan than to man. He further notes
that functional analysis of both the pelvis
and the talus (an ankle bone) indicates
that Australopithecus was far from being
able to walk upright in the human sense.

Oxnard points to evidence that man-
like hominids existed in Africa perhaps
millions of years before the appearance
of Australopithecus. That evidence in-
cludes the recent discovery in East Af-
rica by Richard Leakey of a very man-
like talus bone that is perhaps 2.6 mil-
lion years old, the discovery, also by
Leakey, of a skull with a brain volume
approaching 800 c.c. that is more than
two million years old, and the discovery
a few years ago in East Africa by Bryan
Patterson of Harvard University of a
manlike fragment of arm bone that may
be more than four million years old. Un-
less ankle bones, skulls and arm bones
evolved through cycles in Africa, being
more manlike at_ early stages, less man-
like at intermediate stages and then
once again more manlike, Oxnard ar-
gues, it is very unlikely that Australo-
pithecus occupied a position on the evo-
lutionary line leading to man.

Giant Atoms (as Big as Bacteria)

The biggest atoms are not those of

some heavy, transuranic element but
quite light atoms in a highly excited
state. They can be very large indeed.
The diameter of a normal atom (even if
it is a heavy one) is about 10-% centime-
ter; some excited atoms have a diameter
of 10 centimeter and are as large as
certain bacteria.

Interest in such inflated atoms has
been aroused in part by new methods
for creating, manipulating and detecting
them. They are under investigation in
several laboratories and were the topic
of recent meetings in Seattle and Tucson
sponsored by the American Physical So-
ciety.

The energy state of an atom is de-
noted by its principal quantum number,
designated n, which defines the prob-
ability of finding an electron at a partic-
ular distance from the nucleus. In the
state of lowest energy (the “ground”
state) n is 1, and the electrons are effec-
tively confined to a quite small volume;
when the atom absorbs energy, n in-
creases in integral steps and electrons
are likely to be found at larger distances
from the nucleus.



Atoms have now been prepared in
the laboratory with n as high as 105, and
hydrogen atoms in interstellar space may
have even higher values of n. Such atoms
are on the very brink of ionization; with
only a small additional input of energy
they fly apart into an unbound electron
and a positive ion. Surprisingly, how-
ever, in isolation they are quite stable, in
some cases surviving for as long as a
millisecond. The stability results from
certain dynamical impediments to their
decay; transitions to the ground state are
inhibited.

James Bayfield and his colleagues at
Yale University have created highly ex-
cited hydrogen atoms by allowing ac-
celerated protons to capture electrons.
In this way neutral atoms are formed in
many different energy states, including
some with very high values of the prin-
cipal quantum number n.

Another technique, capable of creat-
ing a uniform population of excited
atoms, all of which have the same value
of n, has been employed by Thomas
Gallagher, Stephen Edelstein and Rob-
ert Hill of the Stanford Research Insti-
tute. They excite atoms of an alkali met-
al, such as sodium, with light from a
tunable dye laser; the wavelength, and
hence the energy, of the light emitted
by such a laser can be precisely con-
trolled, so that it promotes transitions to
particular excited states. The use of so-
dium atoms instead of hydrogen alters
the experiment very little. In highly ex-
cited states both kinds of atom can be
described as a single electron orbiting a
distant, compact center of positive elec-
tric charge; in hydrogen that center of
charge is a proton, and in sodium it is
the rest of the atom.

Sodium atoms excited by laser light
are also being studied by Daniel Klepp-
ner, Richard R. Freeman, Theodore W.
Ducas, Michael G. Littman and Myron
L. Zimmerman of the Massachusetts
Institute of Technology. They have
combined with the method for creating
individual excited states an equally spe-
cific technique for detecting them. As n
increases and the force binding the elec-
tron to the nucleus gets weaker, the
electric field required to ionize the atom
decreases. By applying a potential of the
appropriate intensity Kleppner and his
colleagues ionize all atoms in a particu-
lar chosen state. Because the ions are
electrically charged they can readily be
detected and counted. By increasing the
potential in discrete steps it is possible to
take a census of the population of atoms
in each excited state.

Highly excited atoms might be em-
ployed in the investigation of a number

of processes in atomic physics. For ex-
ample, they might illuminate the events
surrounding the ionization of atoms by
an electric field. Collisions of excited
atoms are also of interest. It is possible
that an atom in the ground state could
pass through an excited atom without
causing any observable change. Klepp-
ner has proposed that transitions from
states with a high value of n could be
employed to measure the Rydberg con-
stant, which determines the wavelength
of the radiation emitted in transitions in
hydrogen atoms.

The giant atoms might also have cer-
tain practical applications. The possibil-
ity that they could be employed in the
separation of isotopes for uranium en-
richment is being studied at the Stan-
ford Research Institute. A finely tuned
laser would promote atoms of one iso-
tope to a state of moderate excitation,
leaving the atoms of other isotopes in
the ground state. A second laser would
then convert the excited atoms into
highly excited ones that could easily be
isolated by ionization.

Kleppner has suggested that the
atoms could also be employed in a pho-
ton detector sensitive in a region of the
electromagnetic  spectrum extending
from the infrared to microwaves with a
wavelength of a millimeter. Such long-
wavelength radiation is difficult to de-
tect because it has too little energy to
alter the state of most atoms or mole-
cules, but it is capable of ionizing highly
excited atoms. Such a detector would be
particularly useful in astronomy, since
the astronomer’s customary photon de-
tector—a photographic emulsion—is in-
sensitive to all but the shortest infrared
waves.

Diabetes: More than One Disease?

For roughly half a century—ever since
the discovery of insulin by Frederick
Banting and Charles Best in the early
1920’s—diabetes has been widely regard-
ed as a reasonably well-understood, con-
trollable disease: the failure (apparently
inherited) of certain cells in the pancreas
to secrete enough native insulin, the
hormone responsible for mediating the
body’s normal metabolism of sugar. The
telltale chemical symptoms of this de-
bilitating metabolic disorder are well
known: an accumulation of sugar (glu-
cose) in the bloodstream, with the ex- |
cess sugar spilling over into the urine
to be excreted. By the comparatively
straightforward stratagem of daily in-
sulin injections combined with careful
dieting, severe cases of diabetes can be
stabilized and the prospect of a quick
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of the Mind

WILDER PENFIELD

An eminent neurosurgeon describes his explorations
through the human brain in conscious patients
and eloquently recounts his discoveries through
the years. Wilder Penfield’s iascinating ex-
periences as a neurosurgeon and scientisl

lead him to ask to what extent recent find-

ings explain the action of the mind.

““Many readers will recognize that the

research findings summarized here are
fundamental to our understanding of

memory, learning, language, and

behavior.” — Dr. William Feindel

Director of the Montreal

Neurological Institute
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Your name will never

be shouted in our -
lobby. Even when -
you’re being paged.

But is that any reason for you to stay with us?

We think so. Because your stay in any hotel is
made up of a thousand small details. And theyall
have to be right.

That's why we pay such extravagant attention.
With real antiques. Fresh flowers. Food and drink
worried to perfection. And most important, a staff
that knows how to wait on you hand and foot
without invading an inch of your privacy.

Our silent paging system is a symbol of that
kind of attention to detail.

The loudest noise it makes is the tinkling of
a bell.

Because we know you don't like your name

bandied about in public.
ANFO OURTO
(SEIE’;&I on Sancgr;@isg °Nob I-llflﬁk/

For people who understand the subtle differences.

For reservations anywhere in the U.S. except California call toll free (800) 227-4736. In San Francisco call
(415) 989-3500. Elsewhere in California call toll free (800) 622-0957. Or call Hotel Representatives Inc. —
the leading hotels of Europe and World Wide Associates.
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death from the disease or its complica-
tions can be averted.

Nonetheless, as a recent book on the
subject points out, diabetes “remains
today one of medicine’s most baffling
riddles. No one knows what really
causes it, how to prevent it, whether it
is one disease or two or three, or how to
prevent the far-reaching and devastating
effects it has on the human body.” The
quotation is from Diabetes: New Look at
an Old Problem, by Bertrand E. Lowen-
| stein, M.D., and Paul D. Preger, Jr.,

Harper & Row, 1976.

The statistics on diabetes are not re-
| assuring. According to the U.S. Public
Health Service, the disease is currently
a leading cause of blindness, kidney
failure, disorders of the nerves and tiny
blood vessels, gangrene of the limbs and
| various sexual malfunctions. In addition

diabetes has been associated with heart
attack, stroke and other cardiovascular
diseases. The upshot is that 50 years
after the advent of insulin treatment the
mean life expectancy of the diabetic is
still 25 percent shorter than that of the
nondiabetic. To make matters worse, re-
| cent findings suggest that the oral drugs
prescribed to control the blood-sugar
level accomplish little of lasting value for
| patients with the forms of diabetes that
do not require insulin.

In the face of this generally nega-
tive picture, research on the incidence,
causes, control and prevention of dia-
betes is undergoing something of a ren-
aissance. What is more, several promis-
ing new approaches to the problem, now
in the early investigative stages, may
greatly improve the outlook for someone
with diabetes. For one thing, as a recent
editorial in British Medical Journal com-
ments, “it is becoming clearer that dia-
betes is not a single entity but a number
of different diseases in which a raised
blood sugar is the common feature.” The
most widespread form of the disease,
called maturity-onset diabetes (because
it usually shows up after the age of 40),
definitely “appears to have a strong he-
reditary tendency,” the editorial contin-
ues. “It has been calculated that 60%
of the children of two maturity-onset
diabetics will themselves develop mild
diabetes by the age of 60. On the other
hand, contrary to previous theory, clas-
sical juvenile-onset diabetes seems to
have a much weaker genetic component.
This is heartening for juvenile-onset dia-
betics who ask about the chances of their
children becoming diabetic—they can be
reassured that the risk of youth-onset
diabetes in their children is probably no
more than 1%.”

The evidence for a nongenetic origin




of the more acute juvenile-onset, or in-
sulin-requiring, form of diabetes comes
from a number of sources. The fact that

the incidence of juvenile-onset diabetes |

has been found to vary with age, season,
year and geographic area indicates that
environmental factors may be important.
Recent investigations in Britain and the
U.S. have revived interest in the possi-
bility that certain viruses, such as the
mumps virus or the Coxsackie B4 virus,
may be a triggering agent in juvenile-on-
set diabetes. (It has already been shown
experimentally that viruses can induce
diabetes in certain animals.) In order to
explore the possible link between juve-
nile-onset diabetes and viruses, workers
in Britain have been conducting an on-
going series of tests involving identical
twins, some of them discordant (only one
twin diabetic) and others concordant
(both twins diabetic). Although the latest
such study reveals “no direct evidence”
of a viral cause of juvenile-onset diabetes
in the twins, the experimenters report
that “the age and time of onset suggested
that environmental factors may be im-
portant in causing diabetes in the twins.”

Referring to the British identical-twin
studies, the book by Lowenstein and
Preger remarks: “Even though the evi-
dence available is certainly not enough
to convict the virus as the villain, it does
suggest that investigators should keep
on its trail, particularly in view of the
fact that if insulin-dependent diabetes is
indeed triggered by a virus, then it might
be possible one day to produce a vaccine
against this type of diabetes.” Taking
into account not only the viral-etiology
studies but also several other currently
active lines of research on diabetes (such
as the transplantation of part or all of a
healthy pancreas or the implantation of
some artificial insulin-secreting device),
Lowenstein and Preger conclude that
“there are glimmers of hope that diabetes
may be much more controllable perhaps
five years from now.”

Rod Cells and Color Vision

‘x /hen the human eye is fully dark-
adapted, vision is provided by the
rod cells of the retina, which are roughly

1,000 times as sensitive to light as the |

cone cells that provide the normal day-
time vision. Most people have observed

that in dim light, when only the rods |

are functioning, color vision disappears:
all objects are seen in shades of gray.
When the light level is high enough, one
can see a spectrum of colors from blue to
red as the cone cells are stimulated by

wavelengths from 400 to 700 nanome- |

ters. The curves of photopic, or daylight,
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A new 35mm SLR camera
is shaking up the whole camera industry.
Why?

Because it’s smaller, lighter and
quieter than any other 35mm SLR.
And yet...
you see more in the viewfinder!

Writers in photographic magazines
all over the world welcomed the new
Olympus OM-1 camera. Because
they knew that many photographers
were getting tired of 35mm cameras
that were too heavy, too big and

too noisy.

Olympus reduced both the size
and the weight of a 35mm SLR
camera by 35%. And by using a
special air damper, reduced the
noise level considerably.

All this without sacrificing quality
and precision. In fact the viewfinder
is 70% brighter and 30% larger than
comparable cameras.

By reducing size and weight
Olympus made it possible for many

OLYMPUS OM-1
The experts call it “incredible”

Marketed exclusively in the U.S.A.by Ponder &Best, Inc.

photographers to take their cameras
with them instead of leaving them at
home.And the camera wasdesigned
so even the casual photographer
could get consistently superior
pictures. Butit's also part of a huge
system of over 200 accessories,

so as you get more serious, the OM-1
grows with you.

See what all the excitement is
about. Visit your Olympus dealer.
Feel the camera, look through
the viewfinder, check out the acces-
sories. If you don't think this is the
most important development in
seriousphotographyin many a year,
then the whole photographic
industryis wrong!

[S]

VO e OLYMELL s

Corporate Offices: 1630 Stewart Street, Santa Monica, California 90406
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vision have three sensitivity maximums:
one for the blue-sensitive cones at 445
nanometers, one for the green-sensitive
cones at 535 nanometers and one for the
red-sensitive cones at 575 nanometers.
The curve for scotopic, or night, vision
has a sensitivity maximum at about 500
nanometers. Over the entire spectrum,
however, the rods functioning alone do
not give rise to any sensation of color.
Anatomical and physiological studies
going back many years suggested that
the rods might share one or more of the
transmission channels by which the

| cones relay information to the brain.

There were also a few experiments in-
dicating that under special conditions
a limited sensation of color could result
from rods and cones acting together.
Then John J. McCann and Jeanne L.

| Benton of the Vision Research Labora-

tory of the Polaroid Corporation showed
that a multicolored image can be gen-
erated by a display in which the rods are
stimulated at a wavelength of 550 na-
nometers and at a light intensity far be-
low the threshold of the cones, while at
the same time only one of the three sets
of cones is stimulated at a wavelength
of 650 nanometers. And when the wave-
length stimulating the rods is only a lit-
tle shorter (500 nanometers), the multi-
colored image seen is nearly indistin-
guishable from the image that is generat-
ed when the intensity of the light at both
wavelengths is high enough to stimulate
the cones. In other words, the display
evokes essentially the same multicolored
image whether the rods are supplying
the “short-wave” information or the
cones are supplying it. The colors in
the display include blue-greens, yellows,
oranges, browns and reds, in addition to
white, grays and black.

One of the displays used for these ex-
periments consists of what the Polaroid
workers call “the Mondrian.” This is an
assemblage of variéusly colored papers,
cut into rectangles and overlapped so
that the papers have surrounds of various
hues. The panel is photographed on
black-and-white film through a green
filter, which yields a short-wave rec-
ord, and separately through a red filter,
which yields a long-wave record. When
positive transparencies of the two rec-
ords are projected in superposition
through filters similar to those through
which they were taken, one sees a multi-
colored image remarkably like the origi-
nal. As Edwin H. Land of Polaroid origi-
nally demonstrated some years ago, the
superposed images are just as colorful if
the long-wave record is projected in red
and if the short-wave record is projected
simply in black and white, without the



green filter (see “Experiments in Color |
Vision,” by Edwin H. Land; SciEnTIFIC
AMERICAN, May, 1959).

In a recent lecture at the Polaroid
Vision Research Laboratory, McCann
demonstrated to the members of a small
audience that they could see a variety of
colors in the Mondrian with only their
rods and one set of cones. After allowing
time for the viewers' eyes to become
dark-adapted, McCann first illuminated
the Mondrian with a dim light passed
through a narrow-band filter with a
wavelength of 550 nanometers. When
just enough light was used for the pat-
terns to appear distinct, they were seen
to be colorless because only the viewers’
rods were being activated. Then the
light was turned off and the Mondrian
was illuminated with a light source of
650 nanometers, again barely above the
threshold of visibility. At that wave-
length it was apparent that the threshold
of the red cones had been reached: the
Mondrian was faintly reddish all over,
varying only in lightness from patch to
patch. When the Mondrian was illumi-
nated with both weak light sources si-
multaneously, a dim but unmistakably
multicolored image could be seen. The
light of 550 nanometers falling on the
Mondrian was 50 to 100 times weaker
than the level needed for cone vision at
that wavelength.

In his lecture McCann presented the
results of experiments, conducted with
Suzanne McKee and Benton, in which
the long-wave (red) input was held con-
stant at low levels as the wavelength of
the short-wave input was varied between
400 and 600 nanometers. Subjects were
asked to adjust the intensity of the short-
wave component until the combination
produced a variety of well-balanced
colors. When the intensity levels are
plotted against wavelength, it is clear
that the curve matches the sensitivity
curve for rod vision and not the curves
for any of the three cones.

As in the case of Land’s earlier experi-
ments with normal color vision, the rod-
cone results have shown that the colors
one sees are not necessarily related to
the wavelengths of light reaching the
eye. Land demonstrated, for example,
that the ratio of red and green light re-
flected from a particular portion of a
multicolored chalk drawing can be ad-
justed so that it exactly matches the
ratio from another portion, yet one por-
tion (an awning) will look green and the
other (a door) will look red. The same
result is obtained, McCann demonstrat-
ed, when only the rods respond to the
short-wave illuminant and the cones re-
spond to the long-wave one.
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Seventy-five inches from keel to mast
head, and a “working” model in every way.

(5 Functions)

A remarkably beautiful, yet highly
functional achievement in contem-
porary ladies’ jewelry. We've de-
signed a richly appointed, delicately
scrolled case to hold a solid-state
electronic LED digital quartz time-
piece. Manufactured in Southern
California, each watch is completely
warranteed for one year.

Simply depress the single con-
trol button, and you instantly switch
on the bright red display, appear-
ing in the center of the rich ruby-
red crystal. You'll see the time in
hours and minutes; a second press
reveals the month and date; a third
press displays the seconds ticking
away before your eyes. All digits
are large and easy to read. It's
amazingly accurate — within 5 sec-
onds per month, and it comes on a
lovely rope-link necklace chain. IT
LOOKS LIKE A BEAUTIFUL RUBY,
YET IT TELLS YOU THE TIME.
Available by mail only.

It’s radio controlled, and each item of hard-
ware on board has an operating function.
We sell it as an assembly kit, with fin-

D|g|ta| On A Chain

The Most Dazz!mg and Exciting Timepiece A Lady Can Own!
Your “Digital On A Chain”’

Includes:
* Gift Case ® One-Year Battery (extra

batteries readily available at any jewelry
store) ¢ Slim, non-bulky Styling ® Solid-State

*No Humming, Ticking, or Vibration

* Completely Shock-Resistant ¢ Finest
Quality Gold-Tone Chain ¢ No Gears,
Hands or Moving Parts to go wrong —no

oiling, deaning, etc. o Simple and Quick to
ach instrument
thoroughly checked out at factory and our
warehouse ¢ One Minute Per Year Accuracy
e 1-Year FREE REPLACEMENT WARRANTY

Re-set e Water Resistant ®

« Single-Button Control
To Order

Call Toll Free: 800-323-2408
Hlinois Call: 312-595-0461

For Prompt Delivery —2 Week Trial!
Please send me —

prefer a gold watch instead.

[ Instead, send me a gold-tone watch and

chain @ $10 additional cost.

[ Check or M. 0. (ll. residents add 5% tax)

O Charge My Credit Card Checked Below:
O American  [J Bank

Express Americard
[ Diners Club [J Master Charge
Credit Card #

*'Digital On A Chain"
Electronic Pendant Timepiece(s) @ $99.95 plus
$3.00 shipping and insurance each. If not com-
pletely satisfied | can return the merchandise
within 2 weeks for an immediate refund. Note:
Each watch and chain comes in beautiful rho-
dium silver. Please indicate below only if you

O Carte
Blanche

Master Charge # — — — ___Exp.
Name.

Address

City. State Zip.
Signature Sca-2/76
Contemporary Marketing, Inc.

790 Maple Lane, Bensenville, lIl. 60106

ished fiberglass hull and deck, finished sails,
machined and anodized aluminum spars,
stainless steel cables and fittings - in all,
about 330 parts. And a 60-page illustrated
manual to guide you through kit assembly
(30-60 hours) and start you sailing.

VORTEX MODEL ENGINEERING
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Our kit prices range from $380 to $440,
direct mail only. Also required: sail trim
servomotor (about $100), radio control system
(about $200), Citizens Band license. Write to
us for information on our kits and on na-
tional model yacht racing.

P. O. Box 2398, Santa Barbara, California 93120
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FORAGE CROPS

Grasses and legumes that are fed to hivestock are the mainstay

of U.S. agriculture. Among their virtues is the fact that they

can be grown on land that i1s not suited to growing other crops

he statistics of agriculture say lit-
I tle about forage (grasses and leg-
umes grown as feed for livestock)
because most forage crops are consumed
on the farm where they are grown and
do not reach the marketplace. Forages
are nonetheless the most important crops
in the U.S. from several points of view.
More land is devoted to them than to all
other crops combined. They take up
some five times the acreage of all grain
crops. The dollar value of forages, ex-
pressed in terms of their contribution to
human food of animal origin, exceeds
the value of any other crop. Indeed, the
agricultural system represented by for-
age crops and the ruminant animals that
feed on them (mostly cattle and sheep)
can be said to be the backbone of the
nation’s agricultural economy.

The vitality of the forage-ruminant
system is essentially based on the fact
that ruminants can digest forage crops.
Although the composition of forages var-

ALFALFA ) # HAY GRASS
- ~—" \ |
|
| PASTURE GRASS L |
corN B
SORGHUM |}

by Harlow J. Hodgson

ies with the crop, such crops are all char-
acterized by a relatively high content
of cellulose, hemicellulose and lignin. It
takes the multiple-chamber stomach of
ruminants, with its rich flora of micro-
organisms, to break down those tough
fibrous materials and convert them into
food. Monogastric animals, such as pigs,
chickens and human beings, must rely
mostly on more concentrated foods, such
as cereals, fruits, nuts and certain vege-
tables. Ruminants can digest these foods
too and may be fed them when they are
available at low cost.

A key element in the success of forage-
crop agriculture is that much of the land
on which forages grow is not suitable for
other crops, being too hilly or stony, too
wet or dry or otherwise unsuited to in-
tensive cultivation. Large areas of the
U.S. fall into such categories, including
most of the 245 million hectares of per-
manent pasture and rangeland. (A hec-
tare, the metric measure of land, is 2.47
acres.) On the other hand, forages are
often grown on good land and play an
important role in soil management and
in providing a maximal economic return
on an investment in ruminant livestock.
In fact, the area of cropland serving as
pasture or for growing forages stored
as hay or silage is about equal to the
amount planted to food grains and feed
grains. Forages grown on those lands
are rotated with other crops and there-

fore must be reestablished every few
years.

Much forage is grazed: the animals
are turned out into the field or onto the
range to feed directly on the growing
crop. Large amounts of forage, however,
are harvested and processed in some way
before being fed to animals. The com-
monest method of harvesting a forage
crop is to make it into hay by letting it
dry in the field for a day or two after it
has been cut and then store it in bales or
as loose hay in stacks or in a barn. An-
other method is to make green chop,
meaning that standing green forage is
chopped up and fed immediately to cat-
tle or sheep, which are usually kept con-
fined in a limited area instead of being
turned out to pasture.

Forage crops are also made into silage
and haylage. Both processes entail chop-
ping the crop finely and storing it in a
silo where it ferments. The difference be-
tween silage and haylage lies in how
long the crop is dried before it is ensiled;
silage consists of from 30 to 40 percent
dry matter and haylage of from 50 to 60
percent dry matter.

In growing a forage crop the farmer’s
aim is to maximize the production of
vegetative tissues: the leaves and stems.
With most other crops management is
directed toward the production of fruit
or seed. The methods employed by farm-
ers to produce and utilize forages are

FORAGE CROPS COVER A SUBSTANTIAL PART of the South Dakota farmland shown
in the photograph on the opposite page. The photograph was made on infrared film from
an altitude of 60,000 feet in early August. The fields that are the most intensely green on the

ground most strongly reflect infrared radiation and appear in the false-color scheme of the

film as red. Fields appearing as blue-green and blue are bare; the darkest ones have been
recently plowed and thus have more moisture at the surface than other fields. The photo-

graph was made as part of a test of remote sensing conducted by the Remote Sensing Insti-
tute of South Dakota State University on behalf of the National Aeronautics and Space Ad-
ministration. Remote sensing provides not only a means of identifying a crop but also a
means of checking the condition of the crop. To verify the interpretation of the photo-
graph a number of fields were checked on the ground; a few are shown on the map at left.
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strikingly different from the practices ap-

plied to other crops.

The Biology of Forages

members of those families. Rice, wheat,

sugarcane, corn, sorghum, millet, oats,
rye and barley are grasses. Soybeans,

peas, chickpeas, peanuts and a variety of

edible beans are legumes.

Most forage species are members of

two large and important plant families:
the Gramineae (grasses) and the Legumi-
noseae (legumes). It is noteworthy that
the world’s major food crops are also

About 35 species in some 25 genera
of grasses and about 15 species in some
10 genera of legumes are considered
important forage crops [see illustration
below and illustration on page 64]. More

than 100 species of grasses and legumes
are grown for forage in the U.S. Many
of them were introduced from other
parts of the world. In addition a num-
ber of native species grow on permanent
grassland (such as the rangelands of the
West) and on permanent pasture in bet-
ter-watered areas of the country.

The majority of forage species'are

herbaceous perennials, meaning that
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they have little or no woody tissue and
do not need to be planted every year.
They survive unfavorable conditions,
such as freezing, drought and high
temperature, by becoming dormant.
Active growth resumes from preformed
buds when the environmental condi-
tions change for the better.

A few forage crops are annual plants.
They include Sudan grass, millet and

certain small grains that serve mostly
for grazing. They also include sorghum
and corn, which as forage crops are
mostly made into silage. The acreage
planted to such annual forage crops,
however, is small compared with that
devoted to perennial forages.

Perennial grasses have a wide variety
of forms. The fundamental unit of
growth is the tiller, or shoot, which con-

sists of a stem with several leaves and
with a growing point at its apex. Fibrous
roots are at the base of the stem. The
grass plant as a whole consists of a num-
ber of shoots.

The growing point produces new cells
that develop into stem and leaf tissue
until a certain stimulus induces the new
cells to develop into flower primordia.
The stem may remain short and be near
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;!
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MAJOR GRASSES grown as forage crops in the U.S. are classified
according to genus and species, common name (such as crested

wheat grass), the region of the country where

each grass is mainly

© 1976 SCIENTIFIC AMERICAN, INC

grown and the principal use of the crop. Most of the grasses are
perennials, meaning that they do not have to be planted every
year; a few important ones, however, are annual species (color).
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the surface of the ground for a consider-
able time. In this condition the part of
the plant that is aboveground consists
largely of leaves; the plant is said to be
in the vegetative state.

A stem has a number of nodes from
which the leaves originate, and inter-
nodal spaces called internodes. The stem
becomes visible when several of the up-
permost internodes elongate as a result
of both cell division at the base of the
internodes and the elongation of the
cells. During the growth process the
stem extends to its full height, and the
leaves associated with the uppermost
nodes are displayed along the stem. By
the time the stem has reached its full
length (if the plant is allowed to grow
that long) an inflorescence will have
been produced. If an elongating stem is
grazed or harvested and the growing
point is removed, further growth must
come from the activation and develop-
ment of buds at the base of the old stem;
they form new shoots, which remain as-
sociated with the old stem but become
largely independent of it.

Some of the Gramineae, such as Ber-
muda grass and pangola grass, produce
stolons, stems that creep along the sur-
face of the ground. Leaves and some-
times new vertical shoots are produced
at the nodes of the stolons. Other
grasses, among them bromegrass, pro-
duce rhizomes, which are stems that
grow horizontally below the surface.
Rhizomes produce only rudimentary
leaves at the nodes until the growing
point turns upward and penetrates the

surface. Then a shoot appears that is
capable of becoming independent of the
mother plant. A single plant of a stolonif-
erous or rhizomatous grass may occupy
a large area as a result of such vegeta-
tive or asexual reproduction.

The grass inflorescence appears at the
end of the stem. It consists of a number
of rather inconspicuous small flowers
that are arranged in a pattern character-
istic of each species. Each flower con-
tains one floret or several florets, each of
which is a complete reproduction unit
that (in most grasses) contains both the
male and the female reproductive or-
gans. When the egg and the pollen cells
are mature, the male organs (anthers) are
exerted (pushed out of the flower) and
the pollen is shed. The pollen is dissemi-
nated by the wind, so that the plants are
cross-pollinated. Some grasses shed pol-
len without exertion of the anthers; these
species are self-pollinated.

Each floret produces a single seed. In
most forage grasses the seeds are quite
small; a pound may consist of several
hundred thousand seeds. Certain grasses
produce such small seeds that several
million of them are required to make
a pound.

Characteristics of Legumes

Legumes have somewhat different
patterns of growth. A typical legume has
a taproot that penetrates deep into the
soil. In some species the roots branch
moderately. A seedling has a primary
root and usually a single stem, which

produces buds at the surface of the soil
or near it.

The leaves, which in most legumes
have a trifoliate pattern, are arranged
alternately on the stem. At the end of the
stem and of each of its branches is
the growing point, encased in immature
leaves. When the stem is removed or
growth is resumed after dormancy, the
buds at the soil surface produce new
stems (with branches and leaves), which
in turn produce buds at the base. Thus
a crown is formed at the soil level. The
crown enlarges with age, and as long as
it is functional it gives rise to each suc-
ceeding crop of stems. A few legumes of
importance (white clover, for example)
form stolons or rhizomes.

The flowers of legumes develop either
from the axil of the leaf (the point where
the leaf meets the stem) or from the
terminus of the stem. They are usually
more conspicuous than the flowers of
grasses. The color and size of the flowers
of many legumes and the fact that they
contain nectar make them attractive to
insects, which provide the means of
cross-pollination. Legumes vary greatly
in the size, shape and color of their flow-
ers. Some legumes, including the soy-
bean and the field pea, are self-polli-
nating,

The seeds of legumes also vary con-
siderably. Some are tiny and others are
quite large. A single flower may produce
one seed or several, and the seeds are
always borne in a pod.

Perhaps the most singular character-
istic of legumes is their ability to estab-
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PRINCIPAL LEGUMES grown as forages in the U.S. are depicted
according to the scheme employed for grasses in the illustration
on the preceding two pages. From an agricultural viewpoint a sig-
nificant difference between a grass and a legume is that the legume
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can provide its own nitrogen through its symbiotic relationship
with Rhizobium bacteria, which convert atmospheric nitrogen into
forms the plant can utilize. Legumes in general contain more
protein than grass does and are more readily digested by livestock.



lish a symbiotic relationship with Rhizo-
bium bacteria, which form nodules on
the roots. The plant provides the bacteria
with a food supply and the bacteria in
turn convert atmospheric nitrogen into
forms the plant can utilize. Nitrogen
compounds are the essential subunits of
protein, and so the relationship with
Rhizobium accounts for the fact that leg-
umes (both as forage and in seed form)
are relatively rich in protein.

In a few instances a similar relation-
ship between a grass and a microorga-
nism has been found. There is keen in-
terest among plant breeders in develop-
ing plant-bacteria relationships that will
provide nitrogen for grasses. With the
cost of manufactured nitrogen fertilizer
rising, success in this endeavor would be
of enormous agricultural significance.

The most important forage legume is
alfalfa, which is grown on about 12 mil-
lion hectares in the U.S. (In many Euro-
pean countries it is called lucerne.) Al-
falfa produces more protein per hectare
than any other crop.

The Physiology of Forages

The basic physiological processes of
forages (photosynthesis, respiration, tran-
spiration and so on) are the same as
those in other plants. Perennial forages,
however, exhibit certain unique fea-
tures. In order to survive the winter they
require energy reserves both to maintain
their living tissues through the period of
dormancy and to provide energy for new
growth when the period ends. More-
over, plants that are defoliated by graz-
ing or harvesting several times a year, as
forages usually are, must maintain ener-
gy reserves in a readily accessible form
to regenerate stems and leaves. The
energy stored for those purposes is car-
bohydrate, usually in the form of starch
or complex sugars.

In regions where the temperature of
the air and the soil goes below freezing
during the winter living tissues must
adapt physiologically in order to with-
stand the cold. The complete biochem-
istry of the development of resistance to
cold is not yet understood.

Forage grasses and legumes are usu-
ally grouped into warm-season and cool-
season species according to the type of
environment in which they evolved. The
members of the two groups exhibit a
number of physiological differences,
mostly related to temperature. One par-
ticularly interesting difference is the
process of vernalization required by most
cool-season grasses. Only after the apex
of the stem has been exposed to low tem-
perature or a short day length (some-

ALFALFA IS HARVESTED on a farm in New York State. The cut alfalfa is left in wind-
rows (left) to dry for a few hours. When it has. dried to about 35 percent dry matter, it
is chopped finely and stored in a silo. Alfalfa is the principal forage crop in the U.S.

times both) can it be induced to initiate
flower primordia. The induction process
is photochemical, occurring in the fall
when the temperature and the length of
the day are decreasing and when the
apex of the stem is unelongated and en-
cased within a number of leaf sheaths,
which protect it. The actual initiation of
flower primordia usually comes in the
following spring in response to rising
temperature and lengthening days.

Most forage species are polyploid,
that is, the number of their chromo-
somes is some multiple higher than 2 of
the basic chromosome number. Usually
the polyploid level is such that the plant
has four, six, eight or more sets of chro-
mosomes. For this reason and others the
genetics of most forage species is quite
complicated, and geneticists have not
devoted anywhere near as much effort
to understanding them as they have to
crops such as corn and wheat. As a re-
sult relatively little genetic information
is available on any important forage
species. For some of them scarcely any-
thing is known beyond the chromosome
number. Until such information is de-
veloped, progress in improving forages
is likely to be slow.

Because of the small seeds character-
istic of most forage species, establishing
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a crop by seeding is considerably more
difficult than establishing a crop with
large seeds. Particular care is required
to see that the small seeds are planted
shallowly enough for the tiny seedlings
to emerge. Close contact between the
seed and the soil is necessary to ensure
that the germinating seed has a con-
stant and adequate supply of moisture.
For these reasons a smooth, firm seedbed
is needed for the establishment of a good
stand of forage. Even so, many seedlings
fail; the seeds must therefore be planted
in large numbers in order to establish
a satisfactory number of plants. Seed
is usually broadcast on the surface and
lightly covered or drilled shallowly in
rows a foot or less apart.

A special problem arises with legume
seeds because of the desirable relation-
ship between the legume plant and the
Rhizobium bacteria. In order to ensure
that the relationship is satisfactorily
achieved it is a common practice to in-
oculate legume seeds with a culture of
the appropriate strain of bacteria before
planting the seeds. Inoculated seed
should be sown and covered as promptly
as possible.

A few grasses are propagated vegeta-
tively rather than by seed. The stems of
such grasses (examples are Bermuda
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grass and pangola grass, which in the
U.S. are grown mostly in the Southern
states) will produce roots and new shoots
from the nodes. A common method of
propagation is to collect stolons or rhi-
zomes of the grass and spread them ei-
ther randomly or evenly over the field.
They are then partly covered by disk-
harrowing the soil. With favorable mois-
ture conditions the grass becomes estab-
lished in a full stand quite rapidly.

A common practice is to grow forage
as a mixture of grass and legume, some-
times with one species of each and some-
times with more than one. Typical com-
binations are bromegrass together with
alfalfa and timothy together with red
clover. One reason is that different spe-
cies can tolerate different soil conditions,
so that a mixture often results in a fuller
stand and higher productivity in a given
field than a single species would pro-
duce. The less ideal the site is, the more
advantageous a mixture is likely to be.
Furthermore, a mixture is sometimes
easier to manage than a grass or a leg-
ume alone in a field that is being grazed.
If the legume stand is lost, the remaining
grass will produce at least a partial crop.

Many cultivars, or varieties, of some

forage species have been developed. The
cultivars are likely to differ in such im-
portant characteristics as winter hardi-
ness, maturity, adaptation to soil and
climate, resistance to disease and insects,
rate of recovery after grazing or harvest,
and yield and quality of forage. It is
therefore important for the farmer to
make a proper choice of both species and
cultivar according to the growing condi-
tions and to the planned use of the
forage.

The Need for Nutrients

Although a forage crop needs good
nutrition as much as any other crop does,
the tendency in the U.S. has been to
apply far less fertilizer to forages than
to other crops. The reason is that most
farmers employ their limited resources
of capital to fertilize cash crops. A leg-
ume has a high requirement for phos-
phorus and potassium, although it will
usually provide its own nitrogen. It also
needs a soil that is only slightly acid or
neutral (a pH of about 7), which on
many fields calls for an application of
lime to raise the pH.

A grass, on the other hand, has a large

requirement for nitrogen and a smaller
but still significant requirement for
phosphorus and potassium. Grasses grow
over a wider range of pH than legumes.
Both grasses and legumes require a num-
ber of minor elements such as boron,
magnesium, manganese and copper, but
it is not necessary to supply them except
in small amounts and on certain soils.
The need for doing so increases with the
length of time that the field is cropped.
Given a soil of adequate moisture and
fertility, a well-managed forage crop can
produce as much digestible energy for
livestock as any other crop. The inde-
pendence of legumes (such as alfalfa)
from added nitrogen is becoming in-
creasingly a factor in their favor as the
price of nitrogen fertilizer increases.
Many of the nation’s permanent grass-
lands have been grazed for decades
(some for more than a century) without
the addition of fertilizer. Even though
animal manure is returned, the result is
depleted soil and reduced productivity,
often to the point where good forage
species have been supplanted by inferior
ones. Such lands can be restored if fer-
tilizer and lime are applied as required
and superior plant species are reestab-

HAYLAGE is removed from a trench silo for feeding to cows on
a dairy farm. Haylage is similar to silage except that it is left to
dry longer before it is chopped and stored. This trench silo has a
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covering of plastic over the top. It is also possible to leave a
trench silo uncovered; the top few inches of stored silage or hay-
lage will spoil, but the rest will be adequately preserved as feed.



lished through the procedure called pas-
ture renovation. To rehabilitate land in
this way often calls for a certain amount
of tilling. Only in recent years has spe-
cial equipment for accomplishing the
task become available. A successfully
renovated pasture yields as well as a ro-
tation pasture on good cropland.

Since a perennial forage requires re-
serves of energy to survive the winter
and to recover after grazing and harvest-
ing, it is particularly important for the
farmer to regulate the frequency of graz-
ing and harvesting in such a way as to
maintain those reserves. If he does not,
the plants gradually become weaker and
more susceptible to environmental stress.
The accumulation of adequate reserves
in the fall is particularly important in
northern areas to avoid the winter-killing
of the plants. Grasses, because of their
morphology, are managed much more
easily than most legumes.

The production of forage seed is a
highly specialized business, requiring
machines and managerial techniques dif-
ferent from the ones employed in grow-
ing and harvesting a forage crop. Most
seed is grown in the drier parts of the
country, where the water supply can be
controlled by irrigation and where the
pollination of legumes by insects is more
efficient and more easily controlled. Ac-
cordingly most of the seed is produced in
the West. A successful variety of forage
must therefore produce not only good
yields of forage but also profitable yields
of seed in a distinctly different environ-
ment. These divergent requirements add
considerably to the task of the forage
breeder.

The Utilization of Forages

Although forage crops play an im-
portant role in soil conservation and
good land use, the primary reason for
growing them is to provide feed for ru-
minant livestock. The driving force in
livestock production is the intake of di-
gestible energy. The higher the rate of
intake of digestible energy is, the greater
the rate of production of meat and other
animal products will be.

The nutrient needs of animals are
constant from day to day over fairly long
periods. Forages, however, do not grow
uniformly. Their rate of productivity is
markedly influenced by fluctuations in
such environmental factors as tempera-
ture and moisture. Some forages grow
well in the cool temperatures of spring
and fall and poorly in the high tempera-
tures of summer; for others the reverse is
true.

The most economic utilization of for-

CORN IS HARVESTED for silage. Corn (Zea mays) is a member of the grass family and
an annual plant. The harvesting machine being towed by the tractor cuts the corn near the
base of the stalk and then chops the entire plant into the fine material that is being blown
into the forage wagon. Corn serves both as a forage and as a major feed grain for livestock.

age, then, is to match the biological
capacities of the crop with the nutrient
needs of the animals. The successful
manager usually grows a number of dif-
ferent forage species and varieties and
employs a variety of management prac-
tices to maintain an adequate supply
of nutritious forage for his livestock
throughout the year.

Two factors that govern the intake of
digestible energy are the total consump-
tion of forage and the digestibility of
the forage. These factors are in turn in-
fluenced by, among other things, the
species or variety of forage, the maturity
of the crop and the palatability of the
forage. For most species of forage both
digestibility and palatability diminish
with the advancing maturity of the crop.
On the other hand, the total yield of di-
gestible energy increases with maturity,
usually until about the time the plants
begin to produce seed. The most practi-
cal time to harvest is shortly after flowers
first appear, so that a good compromise
is reached between the quality of the for-
age and the total yield of energy. Har-
vesttime is also influenced, however, by
the nutritional requirements of the live-
stock.

To a large extent ruminant livestock
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obtain their feed by being put to pasture.
Breeding herds of beef cattle and sheep
are almost totally maintained on pasture
except in severe winter conditions, when
grazing is not possible. The farmer can
get an adequate gain of weight by beef
animals and a reasonably good output of
milk out of pasture alone. If he supple-
ments forage with feed concentrates
such as grain, the yields will be still
higher.

A pasture provides feed at the lowest
cost. The animals do the harvesting, so
that not much need be spent for ma-
chinery and labor. Fencing, however,
is a significant cost. Exceptionally high
yields of feed can be obtained from pas-
ture if the farmer grows appropriate
forages and employs sound management
practices.

Stored feed comes into play when
grazing is not possible. In recent years
the practice of feeding large herds ex-
clusively on stored forage has increased.
The practice lends itself to mechaniza-
tion; on some farms machines perform
all the operations of harvesting, trans-
porting, processing and storing the for-
age and of feeding it to livestock. Almost
any forage can be stored.

Hay continues to be the most impor-
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tant stored forage. The crop is cut and
allowed to dry on the ground until the
moisture content is from 15 to 20 per-
cent. It can then be baled, stored un-
chopped or chopped and stored. Most
of the hay produced in the U.S. is baled.
Recent developments have almost com-
pletely mechanized haymaking and
greatly reduced labor costs. The princi-
pal disadvantage in haymaking is that
the loss of nutrients as the crop is cured,
handled and stored is high. Losses of
from 300 to 500 kilograms of protein
per hectare and of similar amounts of
carbohydrate are not uncommon. Those
losses are physical and biological in na-
ture and usually affect the most digest-
ible portions of the forage.

Haylage and silage are stored in a
moister condition than hay is. The inter-
val between mowing and storing is much
shorter than it is for hay; for silage it
may be only a few hours. The concen-

SRR TR

tration of moisture for ensiling must be
no higher than about 65 percent or the
preservation of the material will be poor
and the palatability will be low. Storing
forage as haylage or silage somewhat re-
duces the amount of labor and time in-
volved in handling the crop, but the loss
of nutrients can still be substantial.
Greatly improved methods of harvesting
and handling forage that is to be stored
are needed in order to reduce the loss of
nutrients and the amount of energy, la-
bor and time now required.

In ensiling, the crop ferments in the
absence of air. When the crop is ensiled,
the plant cells continue to respire for a
period of time and the aerobic bacteria
on the plant increase in number. In a few
hours, however, the oxygen is used up.
In this anaerobic condition bacteria that
produce lactic acid multiply rapidly.
They act on the carbohydrates in the
stored material to produce a number of
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MODERN SILOS appear behind a field of alfalfa on a dairy farm in New York. They are
Harvestore silos, shiny blue structures made of steel plates coated on both sides with
cobalt blue glass fused to the steel by heat. The function of a silo, which may also be made
of wood or concrete, is to minimize the amount of oxygen that can reach a crop and cause
spoilage. When the crop has been chopped finely and put in the silo, it is pickled (and
thus preserved) by the action of lactic acid bacteria that thrive in the absence of oxygen.
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acids, which effectively pickle the crop.
Within about three weeks the pH of the
stored material is down to about 4.2, and
the crop will then keep for as long as
several years if air is excluded.

The Economics of Forages

Since only a small part of the total
production of forage enters market chan-
nels, statistics on the production and
value of forage crops must be derived by
indirect methods. A common standard of
measurement is what forages contribute
as livestock feed in the production of
human food of ruminant-animal origin.
According to the U.S. Department of
Agriculture, about 240 million metric
tons of feed units for livestock was sup-
plied from forages in 1974. (A feed unit
is the nutritional equivalent of .454 kilo-
gram, or one pound, of corn grain.) All
but about 4 percent of it was fed to rumi-
nant animals; the 4 percent went to hogs
and poultry. The tonnage of forage feed
units was only slightly less than the ton-
nage of all the grain produced in the
U.S.in 1973.

Forages supplied 60 percent of the
feed units fed to all livestock in 1974,
82 percent of the units fed to beef cat-
tle, 63 percent of those fed to dairy cattle
and 89 percent of those fed to sheep and
goats. With increasing amounts of grain
going into export channels, the price of
grain has risen significantly in the past
two years, and so the trend has been to
feed less grain and more forage to live-
stock, particularly beef cattle. There-
fore the percent of forage in the feed of
beef cattle increased from 73 percent in
1972 to 82 in 1974.

Cash receipts to farmers from beef
and dairy cattle and sheep in 1972 were
almost $26 billion, which was slightly
more than a third of all farm cash re-
ceipts. The value of the forage that con-
tributed to the feed of those animals was
about $12.5 billion. No other crop ap-
proached that value.

Forages and ruminant livestock are
important in every part of the U.S. In
1973 beef cattle provided more cash
receipts to farmers than any other com-
modity in 21 states and ranked among
the top five income-producing commodi-
ties in 47 states. Dairy cattle were the
highest producers of income in nine
states and among the top five producers
in 39 states.

Farmers in the U.S. produced about
233 million metric tons of grain in 1973.
About 65 percent of it was fed to live-
stock (44 percent to ruminants). Ex-
cluding wheat, which is the primary
grain in the human diet, 75 percent of
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Irade your hog

You loved that car of yours puts itself on as you sit down.
when it was new, didn't you? Still another example: econ-

All bright and shiny and omy and performance.
everything? The EPA estimates that the

How could you know the Rabbit with stick shift got
world would change? How 39 mpg on the highway, 25 mpg
could you know it would use in the city.
too much gas, too much space, (Actual mileage may vary,
too much everything? depending on type of driving,

How could you know that driving habits, car's condition
there would be a VW Rabbit? and optional equipment.)

We knew 5years ago. That's Economy alone is
when we started—from abso- a major
lute scratch —to design the accom-
one and only car that honestly plishment. But
makes any sense today. economy plus

It's almost as if we re-invented . great performance
the wheel. We re-thought every ~ Seat belts put themselves on. {5 close to a miracle.
detail, every old concept of car Quite an achievement. We've done it.
design to get to the new con- Another example: safety.

cept of the Rabbit. The Rabbit helps make you a
b Forexample,size:  safer driver.

The Rabbit is Front-wheel drive gives you

abigcar. Not  better tracking.

to look at. Out- Rack-and-pinion steering
side, it parksin  gives you better handling.
almost no space. If one front tire blows,

But inside,there  negative steering roll radius
Even the key is more glass area he FS you to a straight stop.
;S Pﬂdfded than in a Lincoln It one brake circuit fails,

orsafely.  Continental Mark  a second circuit is still there.

IV; as much legroom and head- A totally new rear axle

room as some mid-sized cars; makes the car more stable (and

and (with the rear seat down)  safer) on rough roads.

more luggage space than a The deluxe Rabbit also has an

Cadillac Fleetwood. utterly unique safety belt that

Shelf up. Shelf and seat Seats fold again. Now

Hidden fold down. it's a station wagon.

luggage \ - ! ) Sheet

spac : Tilted engine, metal /
A sloping hood, absorbs

N\ better visibility. impact. j

WS N /

Engine sideways
for more space.

steering wheel.
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for a Rabbit.

0-50 mph in 8.2 seconds. No other car gives you this kind of power with so much economy.
The Rabbit zips from 0to 50 mph rowve
in a mere 8.2 seconds.

A 21,000 Maserati doesn't do \
much better. If

No other car gives you this Dual
kind of power with so much diagonal
economy. brakes:

There are more than
80,000 VW Rabbits

hopping around the U.S. already.
It is the most successful new
foreign car introduction in

history. “E
Am%zing
bit
Our bigRgemsole was o
Detroit's Big Three -56 Rabbits.We
don't think it was a gesture
of friendship or because
.. they liked the colors.
. They are tearing
. them to pieces
e o find out how
" \7 we did it. We
ﬁ did it Tfhe hard
v \Way —from
. scratch.
But it was
worth it.
The Rabbit
1sa ha car,
and we're ho%@;/ with it.
At first, we were worried
about the future of the car.

Now we've come up with the
car of the future.
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Before you buyany computer
or peripheral, read about these men.

They ve bought hundreds fromDigital.

“We dependonover
100 computers so New
Yorkers can depend on us.’

That's Al Feyler speaking for

the Planning and Mechanization
Department of the New York

. Telephone Company, New York

City region.
“Our region handles 7 million
main stations and some 30 million

“After 4 solid months
of competitive testing, we
found nothing could
compete with Digital.'

The business is leasing data
communications equipment. The
company is Leasco Data Com-

munications Corp., a subsidiary
of Reliance Group.

Leasco has put thousands of
data communications systems in
hundreds of companies all across
the country. As part of its agree-
ment, Leasco provides fast main-
tenance service, no matter where

“We didn't get a computer,
we got acompany.”

Tano Corporation is one of the
hundreds of OEM customers that
put Digital computers in their
products. James Reiss, President
of the company, explains the rea-
sons for going with Digital.

“Our company designs com-
plex electronic control systems
for oil and gas pipelines, chemical
plants, utilities and municipal
services. We needed a company
that could provide sophisticated
hardware and software to match.

At their present rate of growth,

rr

b Tano expects to double their

already significant PDP-11 pur-

Saving managers millions.

Low cost computers that pay
for themselves over and over
again is what has made Digital
one of the two computer com-
panies in the world to install over
50,000 computers.

And what this means to you is
that right at the time you need it
most you have access to an enor-
mous reservoir of experience and

ideas for cutting costs while
getting more done.

Digital is the pioneer in mini-
computers, the leader in the
development of small- to large-
scale timesharing systems, and
the company that has made
many of the major breakthroughs
in computerizing techniques.

Because of Digital, interactive
computing, computer hierarchies
and networks, data communica-
tions systems and new uses of
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computer systems are growing
atan unprecedented rate.

And every year Digital places a
remarkably comprehensive selec-
tion of computer tools within the
financial reach of thousands and
thousands of new users.

Today anyone who has a good
applications idea for acomputer
can afford one. And just as impor-
tant, they can get the help they



phone calls daily. Computer
power helps us provide our cus-
tomers with the best possible
service.”

In only 4 years, Mr. Feyler’s
department has installed over
104 computers. 76 from Digital
Equipment Corporation.

“Our computers perform a
wide number of administrative
and maintenance operations.

Among other things, they report
network and switching problems,
monitor traffic flow, analyze trunk
call data, make equipment assign-
ments, switch messages, and
report coin box troubles.

“In short, they help keep one
ot the world’s most complicated
communications networks
running smoothly.”

As far as the future for New
York Telephone and New York

Telephone customers is con-
cerned, Mr. Feyler explains:
“Right now, we’re planning a far
more complex network by 1985.
In fact, we’ll be using about

600 minicomputers in all phases
of our operation.”

Why so many Digital com-
puters? “Cost, architecture and
overall reliability were the big
factorsin our decision.” Bl

the unitis. Since every service
callresultsin a direct loss to the
company, the obvious goal is
to minimize service calls. Accord-
ing to Executive Vice President,
Carl English, one of the best
ways to handle that s to select the
most reliable equipment.

““Before we chose a peripheral

vendor, we put four competitive
teleprinter terminals through a
grueling four-month test. Then
we had a team of technical experts
evaluate the results and the
e%uipment to determine which
teleprinter would ultimately be
the most reliable. Digital was the

unanimous choice.”

Since June, Leasco has bought
hundreds of DECwriter Tele-
printers from Digital. With hun-
dreds more on order.

““Our customers want contin-
uous use of their machines,”
English says, “and Digital gives
ittothem.” W

chases in the coming year.

“We depend on timely delivery
to keep our production going.
That’s why we picked Digital.
They’ve given us the true produc-
tion line, high volume operation
we need.

“What'’s more, they back their

hardware and software with
good service.

“When we're trying to sell a
system to somebody for a remote
area, the first question asked
is, what if it breaks down. We just
give him the telephone number
and address of the local Digital
field service office. That's a
powerful selling point. And one

that no other minicomputer
company can match.

" After buying 150 Digital com-
puters, I can’t say enough about
them. Hardware, software, sup-
port —they have everything.” W

need from a company with over

4000 field representatives in

25 countries around the world.
To find out how Digital can

S T T T T T T T T A

help you save money, send for
your free copy of 50,000 Com-
puters Saving Managers Millions.”
Fill out the coupon below, or call
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or write Digital Equipment Cor-
poration, Maynard, Mass. (617)
897-5111, Ext.4089. European
headquarters: 81 route del’Aire,
1211 Geneva 26. Tel: 4279 50.
Digital Equipment of Canada, Ltd.

50,000 computerssaving
managers millions.
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Plenco 509 here...

do their part in

the contact blocks...

Where oils, coolants and other
non-corrosive industrial liquids
are present, look for Bulletin 800T
Oiltight Push Button control
stations manufactured by
Allen-Bradley, Milwaukee.

An extensive line of such push
button units is produced by the
company, providing a multiplicity
of variations in design and
function. The units all incorporate
contact block components which
are injection molded of our
Plenco phenolic compounds.

For the plungers they specify
Plenco 509 Black. For the shallow
blocks, Plenco 466. Both are
available in flows suitable for

=

and Plenco
466 here...

in Allen-Bradley
Qiltight Push
Button units.

compression, transfer and
injection molding methods.

Providing thermoset plastics
for the needs of industry
demands broad variety. If you’d
like to take advantage of the
wide selectivity in matching
Plenco compound performance
to molding method—ijust reach
for the button.

LN

PLASTICS ENGINEERING COMPANY
Sheboygan, Wl 53081

Through Plenco research . . . a wide range of
ready-made or custom-formulated phenolic,
melamine-phenolic and alkyd thermoset
molding compounds, and industrial resins.
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the grain produced was fed to livestock.
Even though the grains other than wheat
were available at prices of two or three
cents per pound, only small amounts of
them became part of the human food
supply. Human dietary preferences in
the U.S. do not run much to corn, sor-
ghum, barley, oats and rye. As a result
such grains have traditionally gone
mainly into feeding livestock and into
export markets.

Those grains were available in large
amounts as livestock feed because of the
tremendous agricultural production ca-
pacity that developed in the U.S. after
World War II. Because no alternative
market materialized, the grains (princi-
pally corn and sorghum) were available
at exceptionally low prices for feeding
to livestock. That situation prevailed un-
til two or three years ago, when the de-
mand for exported grain rose rapidly
and drove prices up to five to seven cents
per pound. In all likelihood the demand
for grain for export will continue to rise,
so that less grain will be available for
ruminant livestock, and the prices will
be higher. The dependence of such live-
stock on forages will increase according-
ly. It can be expected that farmers will
be under pressure to grow more forage,
to produce forage of better quality and
to utilize forage crops more efficiently.

Ruminant animals, which contribute
beef, dairy products, lamb and wool to
the economy, perform a distinctive ser-
vice by converting plants that people
either cannot digest (forages) or do not
want (feed grains and by-products) into
highly prized products of considerable
economic value. Their benefactions ex-
tend far beyond the boundaries of the
U.S., because much more of the world’s
land area is in grass than is in crop pro-

| duction. Cellulose is the world’s most

abundant organic compound. It can only
be converted into food on an economic
basis by ruminant livestock.

What if, as seems likely, the amount
of grain available for feeding livestock
continues to decrease? Can supplies of
beef and dairy products be maintained?
Ruminants, unlike other livestock, can be
fed on forage alone if grain is completely
unavailable. Supplies of beef and dairy
products, however, could not then be
kept at the present level unless the
amount of digestible energy produced by
forages was considerably increased.

Since forages provide more than half
of the feed units for all livestock, and
since about half of the food nutrients
consumed by humans in the U.S. are of
animal origin, one can conclude that
from 25 to 30 percent of the food supply



of the typical American is based on for-
age. Yet forages receive only about 4
percent of the nation’s agricultural re-
search funds.

The U.S. now exports more than half
of its wheat and soybean crops and in-
creasing amounts of other grains. Inter-
national agreements now under discus-
sion seem likely to result in the export of
still larger quantities of grain, so that de-
creasing amounts will be available as
feed for livestock. The amount of tax-
supported research on grains is substan-
tial; indeed, research on some of them
has been increased at the same time that
research on forages and livestock has
been reduced. In effect research on ex-
ported commodities amounts to a public
funding of research for the food supply
of other countries.

Such commodities are important in
the nation’s agricultural economy and in
earning income that helps to balance
foreign-trade accounts. They merit the
research support they receive. In view
of the U.S. population’s dependence on
foods of animal origin and the increasing
dependence of ruminant animals on for-
ages, however, it appears evident that
greatly increased support of research on
forages and ruminant livestock would be
to the direct benefit and interest of most
Americans. The nation should be de-
voting a larger proportion of its resources
to research on its own food supply.

It is often suggested that it would be |

a wise course to eliminate livestock and
consume grains directly, thus shortening
the food chain. To replace the nutrients
of animal origin that the population con-
sumes, however, would require a sub-
stantial part of the grain crop. For ex-
ample, to obtain the minimum daily
protein requirement from corn (the prin-
cipal feed grain) everyone would have to
eat about a kilogram (2.2 pounds) of
corn per day. The caloric intake would
be high. Moreover, the quality of the
protein would be poorer than it is now,
so that diets would have to be supple-
mented with minerals and vitamins.

Such diets are not very appealing.
Furthermore, the practice would mean
that much of the land that is not suited
to crop production would not be con-
tributing to the human food supply.
There would also be severe and expen-
sive problems of disposing of the by-
products resulting from the conversion to
human food of the grains that are now
fed to livestock. The elimination of live-
stock in favor of a vegetarian diet ap-
pears on close examination to be im-
practical and unappetizing. It seems

unlikely to happen.
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320,000 Definitions.
Recession Special —
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14-Day Free Trial —
Phone Toll Free

Can you imagine the world-
famous Webster Dictionary as a victim of the
recession? It is true. And just as the auto-
makers offered rebates to drastically improve
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This is the gigantic 13 pound, unabridged,
thumb-indexed, 2,354 page, 320,000 definition,
492 cubic inch, WEBSTER’'S NEW TWEN-
TIETH CENTURY UNABRIDGED DIC-
TIONARY. Regularly $59.95 now slashed to an
incredibly low $29.9S. Complete with a 175-
page supplement, including 16 full-page maps,
32 full-page illustrations in color. Recognized as
the supreme arbiter of the English language.
Considered to be a library in itself. Latest 1975
edition up-dated to include the newest
colloquialisms.

To get your free home or office inspection
send no money, simply call (toll free) Webster’s

Noah Webster (1758-1843).

Father of lexicography and

inspiration for founding of
our company.

National Data Centre 800-648-3051
anytime, including evenings and
weekends. In Nevada Only dial
(toll free) 1-800-992-3501. In
Canada call (toll free) 1-800-
261-6362. Use your Bank Ameri-
card, Master Charge, American
Express.

Or write The Webster Dictionary
Co., Inc., Executive Offices: Suite
500, Dept. 112-A, 625 N. Michigan
Ave. Chicago, Ill. 60611. Pay post-
man only $29.95 plus $2.75 for crat-
ing and freight. Or if you prefer mail payment
in full with order. On order of six or more de-
duct 10%. Illinois residents add 4% sales tax.

Keep it for 14 days at no risk. Thumb
through it as frequently as you wish. You must
agree that it is the most thorough and compre-
hensive dictionary ever published. The one that
defines every subtle nuance of a living, pulsating
language. A huge, handsome volume that set on
a library stand will add a touch of grace, splen-
dour, knowledge and erudition to your office or
den—or simply repack it in original crate and
return for full refund. We will pay the return
freight.

You can’t lose. Clip out this message as a
reminder. This recession-induced, emergency
money-raising half price offer is for a limited
time only, and may never be repeated. Write or
call now. Our toll-free lines are open 24 hours
daily, 7 days a week.

© Copyright 1975 The Webster Dictionary Co. Inc.

indal.

ilohies r pople who have

something besides money.

The doctors, educators, engineers and
other professionals who build most Lindal
houses obviously have more in common than
their desire for an uncommon home.

More, even, than a taste for the warmth and
beauty of natural cedar. Most also seek a
more intelligent, more enduring home.

Factory-engineered of precut, interlocking
components, a Lindal can be delivered vir-
tually anywhere, ready for fast assembly. It
offers low maintenance, extra-efficient energy-
saving options and unusual structural integrity.

In short, it's made to last. Equally impor-
tant, it's made to order.

Whether you choose to personalize one of
our more than 70 basic designs, or start with
your own plans or sketch, your Lindal will be
custom-designed to your needs and spec-
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ifications. Simply and economically.

And with today’s most ordinary homes
costing so much—well, why settle for the ordi-
nary? Before you build or buy another home,
look into our homes.

See your Lindal distributor or send $2 for
our Planbook and home-designer’s kit.
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A LINDAL CEDAR HOMES

I P.O. Box 24426, Seattle, WA 98124
Phone (206) 725-0900

Enclosed is $2 for Planbook and designer’s kit. |
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ROBOT SYSTEMS

Instructable machines capable of performing simple human tasks

are appearing n many factories. Some experimental robots are

being taught how to cope with uncertainties in the environment

by James S. Albus and John M. Evans, Jr.

an’s fascination with machines
M that move under their own pow-

er and control is at least as old
as recorded history. In Aristotle’s Greece
plays of several acts are said to have
been performed entirely by automatic
puppets driven by weights hung on
twisted cords. Much later European roy-
alties were enthralled by lifelike autom-
ata that could write, draw and play
musical instruments. In recent years
most of the magical aura surrounding
mechanical automata has been dispelled.
Today automatic machines and industri-
al robots are used in factories through-
out the world to perform tasks that are
too hazardous, too onerous, too boring
or simply too uneconomic for human be-
ings to undertake.

The use of automatic-control mecha-
nisms in industry is, of course, not new.
It is nearly 200 years since James Watt
invented the flyball governor to regulate
the speed of his steam engines. That was
the first application of the feedback prin-
ciple to sense and correct deviations from
a desired control setting. During the
1930’s and 1940’s petroleum refineries
and petrochemical plants were exten-
sively “robotized” by inserting rather
simple analogue control instruments in
the feedback loops that regulated the

pressure, temperature and flow rates in

distillation columns, catalytic crackers
and other equipment designed to process
continuously flowing materials. During
World War II the Servomechanisms
Laboratory at the Massachusetts Insti-
tute of Technology developed the math-
ematical basis of the feedback control
needed for the high-speed aiming of ar-
tillery using radar tracking. Beginning in
the late 1940’s automatic manufacturing
techniques were extended to the metal-
working and metal-handling industries
with the aid of electronic technology de-
veloped during World War II. The trend
was accelerated by the development of
the digital computer. In the 1950’s
machine tools controlled by numbers
punched on paper tape became avail-
able, and in the 1960’s the first industrial
robots entered the marketplace, con-
trolled by what were essentially special-
purpose electronic computers.

It is the application of electronic com-
puters to the control of industrial ma-
chines that has transformed robots into
a subject of much technological and sci-
entific interest. The insertion of a com-
puter into the feedback loop results in
a repertory of control strategies much
richer than what can be achieved with
the rather simple feedback loops used
previously. The capacity for high-speed

computation and for decision making en-

SPOT-WELDING ROBOTS on the opposite page are used in assembling the underbodies
of Chevrolet Novas, Pontiac Venturas and Buick Skylarks at the General Motors plant in
Tarrytown, N.Y. Ten robots known as Unimates (not all visible in this photograph) weld
together three underbody components: the dash panel, the floor-pan assembly and the rear-
compartment panel. The three components, identical for all three car models, are mounted
on an underbody shuttle and carried rear end first past five welding stations in sequence.
Each station is manned by two Unimate robots. The underbody shuttle pauses for slightly
less than a minute at each station as each robot makes from 17 to 30 welds. The welds are
about half an inch in diameter and are spaced about two inches apart. Robots replace press
welders, much larger machines with multiple welding guns that had to be extensively
modified each time the design of the underbody was changed. Now when the design
changes, the robots are simply “retrained,” as is shown in bottom illustration on page 79.
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ables the computer to change the robot’s
control programs when it is appropriate
and eventually will enable robots to in-
teract with an unstructured environment
with some degree of independent judg-
ment.

At present robot technology has two
major branches, one technological and
the other scientific. In the development
of practical industrial robots the primary
criteria are reliability and cost-effective-
ness. In the scientific study of robot po-
tentialities (often conducted under the
heading “artificial intelligence”) the em-
phasis is on exploring fundamental ques-
tions of sensory perception, motor con-
trol and intelligent behavior.

In factories throughout the world there

are several thousand devices loosely
called robots. Most of those mechanisms
exhibit few of the characteristics the av-
erage person would associate with the
term robot; they are mostly “pick and
place” machines that are capable of only
the simplest kinds of motions. They have
little or no ability to sense conditions
in their environment; when they are
switched on, they simply execute a pre-
programmed sequence of operations.
The limits of motion of each joint of the
machine are fixed by mechanical stops,
and each detail of movement must be
guided by means of an electric or pneu-
matic impulse originating at a plugboard
control panel.

In a typical application each row of
the plugboard represents one degree of
freedom in a specified robot joint and
each column represents one program
step. Connections are made in appro-
priate rows and columns to determine
which joints are actuated, and in which
direction, at each step. Whenever a new
program is needed, the mechanical stops
can be repositioned and the program-
ming connections can be relocated to set
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up a new series of movements. A more
sophisticated level of control can be
achieved by adding servomechanisms
that can command the position of each
degree of freedom to assume any value.
The addition of servo control calls for
feedback from sensors such as potenti-
ometers, encoders and resolvers, which
measure the position of each joint. The
measured positions are compared with
commanded positions, and any differ-
ences are corrected by signals sent to the
appropriate joint actuators.

There are several ways to program a
servo-controlled manipulator. The sim-
plest conceptually is a potentiometer
board, similar to the plugboard system.
The positions of the joints at each step
are determined by values set on the po-
tentiometers rather than by mechanical
stops.

The capability of robots actuated by
servomechanisms is greatly enhanced by
the addition of an electronic memory and
digital control circuitry. The most popu-
lar type of servo-controlled robot em-

ployed in U.S. industry uses digital
servomechanisms and has a plated-wire
memory for storing programs. The robot
is programmed by leading it through the
desired sequence of positions. A human
tutor uses a hand-held control box with a
rate-control button for each of the robot’s
joints. Working with these buttons, the
tutor guides the robot to the desired po-
sition for each program step. By pushing
a button the tutor can record the posi-
tion of each joint. When the program is
played back, the control system simply

PICK-AND-PLACE MANIPULATORS are the simplest of present-
day robots. This model, made by Auto-Place Incorporated of Troy,
Mich., is powered by six double-acting air cylinders that enable
the robot to lift, reach, rotate and grip objects and also to turn
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them over. The sequence of operations is programmed by means
of a sequencing module and is activated by a power module, both
of which are located at lower right. The unit shown can lift objects
weighing up to 318 pounds and exert a grip force of 227 pounds.



commands each joint to move to the po-
sition recorded for each step. Once the
robot goes into operation on the produc-
tion line it repeats the recorded program
over and over again, moving from one
step to the next according to a fixed tim-
ing cycle, either on completion of the
last step or in response to an interlock
signal from external machinery.

An electronic memory enables a robot
to store several programs and to select
one or another depending on different
input commands or on feedback from ex-
ternal sensors. For example, robots that
spot-weld automobile bodies can be pro-
grammed to handle a variety of automo-
bile models intermixed on an assembly
line.

Most robots have memories that hold
only a few hundred program steps. The
motions involved in each step are large
and jerky. If a smooth, continuous mo-
tion is required, a magnetic tape capable
of storing many thousands of closely
spaced steps can be added to the con-
trol system. Continuous-trajectory pro-
grams are called into play when one
wants to have the robot’s “hand” move
smoothly through space, for example in
arc welding or in spraying paint or glass
fibers.

The addition of a computer with arith-

metical and logic capacities to the
control system of a robot makes it pos-
sible to implement still higher levels of
control. With a computer it is possible
to program the robot to move its hand
along straight lines or in other geometric
paths, using an external (rather than an
internal) coordinate system. That system
has many advantages when the robot is
to place objects in regular-arrays on-a
pallet or is to interact with objects trav-
eling on a conveyor belt or an assembly
line. The computer makes it possible for
the mathematical definition of the de-
sired path in work-space coordinates to
be transformed into appropriate drive
signals to the servomechanisms for the
various joints of the robot’s arms.

One computer program for perform-
ing such coordinate transformations
(known as resolved-motion-rate control)
has been developed by Daniel E. Whit-
ney of the Charles Stark Draper Labora-
tory. Whitney uses a coordinate system
fixed with respect to the hand of the
robot. Input commands can be given in
terms of hand motions, such as “Move y
units along the axis of the hand” or
“Move x units to the right.” A recently
developed industrial robot that has a
similar capacity for handling work-space
coordinates carries out the necessary
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HIERARCHY OF CONTROL LEVELS provides an effective way of organizing the flow
of instructions and feedback information a robot needs for a given task. At each level in
the hierarchy commands from the level immediately above are broken down into simpler
commands that are sent to the level directly below. Feedback information, such as force
and joint position, can modify commands issued at appropriate levels. At the very lowest
level voltage drive signals are sent to motors or valves that operate joints of manipulator.
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PROGRAMMING AN INDUSTRIAL ROBOT is frequently done by using a hand con-
troller to guide the robot through a sequence of operations. The successive positions of all
the robot’s joints are stored in a memory. By switching from the “teach” to the “playback”
mode stored positions are repeated. Robot is now ready to take its place on production line.
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transformations in real time during pro-
gram execution. The computer control
system for this robot also calculates ac-
celeration and deceleration profiles that
maximize the speed with which heavy
objects can be manipulated.

The great majority of industrial robots
have only the most elementary manipu-
latory capacities. Feedback is limited to
information about joint position, com-

bined with a few interlock and timing
signals. Hence most robots can function
only in environments where the objects
to be manipulated are always precisely
located in the proper position for the
robot to grasp.

For many industrial applications this
level of performance is quite adequate
for accomplishing a wide variety of tasks.
For example, engineers at the Kawa-

PROXIMITY SENSOR affixed to a robot’s gripper enables a robot to locate and grasp
objects that are not precisely positioned. Infrared radiation, produced by light-emitting
diodes and carried by fiber-optic bundles, is projected downward in two beams. Radiation
reflected from the target enters a parallel set of fiber-optic bundles. Strength of reflected
radiation acts as a feedback signal that informs robot how close gripper is to its target. Ex-
perimental system in photograph is under development at the National Bureau of Standards.
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saki laboratories in Japan have shown
that robots can put together complex as-
semblies of motors and gearboxes with
no more than high-precision positional
feedback, cleverly designed grippers and
fixtures for holding parts that yield to
a certain extent when the parts are
brought together. Other experiments
have shown that a small amount of vi-
bration or jiggling, together with proper-
ly designed tapers and bevels, can ac-
commodate for slight misalignments and
prevent jamming when two pieces with
close tolerances are assembled.

In many other situations it has turned
out to be extremely expensive to provide
the work environment with the con-
straints needed for precise robot opera-
tion. For example, it is reported that the
transfer equipment needed to hold auto-
mobile bodies within the positional ac-
curacy required for robot spot welding
costs as much as 10 times more than the
robot welders themselves. Accordingly a
number of government, university and
industrial laboratories are studying new
feedback methods that could compen-
sate for uncertainties in the location of
workpieces.

In order to provide a unifying frame-

work for discussing robot technology
the control problem can be viewed as a
hierarchy of subproblems. Each level in
the control hierarchy accepts commands
from the next higher level and responds
by issuing ordered sequences of com-
mands to the next lower level, making
use of sensory feedback to close control
loops where they are appropriate. For
example, assume that the goal is to con-
trol a manipulator in a complex task such
as the assembly of a small gasoline en-
gine. The task can be broken down into
sequences of simpler tasks, such as fetch
parts a and b, insert a into b while nulli-
fying off-axis forces, fasten part ¢ to as-
sembly ab and so on. Each of these tasks
can be broken down further into se-
quences of elemental movements such as
reach, grasp, follow specified trajectory
and the like. Those elemental move-
ments can themselves be dissected into
sequences of manipulator positions ex-
pressed in x, y, z coordinates and gripper
orientations. Finally, manipulator posi-
tions can be transformed into coordi-
nated sequences of voltages that drive
the joint-actuator servomechanisms.

In general there are two types of
input to each level in the hierarchy. First
there are the input commands from a
higher level. At the very top the com-
mands may come from a human operator
or from some other external goal-select-



ROBOT ASSEMBLY OPERATIONS are being investigated in the
Artificial Intelligence Laboratory at Stanford University. In the
demonstration shown in these eight photographs the robot first lo-
cates a steel box (1) and then places it in a vise (2). The robot
returns for a cover (3) and places it on top of the box (4). The vise

then closes. The robot now provides itself with a special socket
wrench and picks up a bolt from a dispenser (5). It locates one of
the holes in cover of box and screws in the bolt (6). Picking up a
second bolt, it repeats the operation (7). After all four bolts have
been inserted the robot removes box and places it on the table (8).

8l
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ing mechanism. At all other levels the
commands descend as outputs from the
next higher level in the hierarchy.

The second class of inputs consists of
feedback signals indicating the state of
the manipulator and the environment.
Such inputs may describe the position
and motion of the joints or convey infor-
mation from sensors of force, touch or
proximity on the grippers. In addition
feedback data may convey timing sig-
nals from external machinery with which

UNIMATE ROBOT, made by Unimation, Inc., of Danbury, Conn.,
is capable of executing six basic motions that can be programmed
separately by means of a hand controller. In this multiple-exposure
photograph the robot’s gripper, or hand, is holding lights of differ-
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the robot must interact. The feedback
data may also describe the location of
obstacles, the shape and location of
workpieces and the motion of reference
coordinates or provide other information
pertinent to the robot’s manipulation
task. Particularly at the higher levels
of control such input information may
require complex processing of optical,
acoustical, tactile or other signals of
the kind normally perceived by human
senses.
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When viewed from a hierarchical per-
spective, the control of a robot in the
performance of a complex task requires
that each control level be able to trans-
form commands from a higher level into
sequences of commands to the next low-
er level. The technical difficulty of ac-
complishing such transformations arises
largely from the volume and complexity
of the feedback data that must be han-
dled in the computations. The type of
feedback in turn depends strongly on the

ent colors to distinguish the six motions. Pistonlike arm is capable
of three motions: in-out (blue), up-down (white) and left-right
(red). At any position of robot’s arm, gripper can execute three
more motions: bend (orange), swivel (green) and yaw (yellow).




degree of uncertainty encountered in the
environment.

If misalignments are limited to a few

millimeters in position or a few de-
grees in orientation, one can provide the
robot with sensors of force, touch or
proximity to supply the necessary cor-
rective information. Forces are some-
times measured by detecting motor cur-
rents or differential hydraulic pressures
in the appropriate joint actuators. In

other designs force sensors consist of
strain gauges mounted on the robot’s
“wrist.” Alternatively, force sensors can
be mounted on the worktable that holds
the workpiece as the robot inserts pins
and bearings, mounts gaskets and tight-
ens screws. Forces transmitted through
the workpiece to the table can be used
to control such assembly operations.
Most touch sensors are simply micro-
switches that transmit a signal when two
surfaces make contact.

SIX MOTIONS OF UNIMATE ROBOT are illustrated separately. The photographs in the
column at left show the three basic arm motions: in-out (1), up-down (2) and left-right (3).
In the column at right are the three gripper motions: bend (4), swivel (5) and yaw (6).
The pictures do not show the full distance range of the various motions other than swivel.
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Proximity sensors are usually more
complicated. Typical systems employ a
laser beam or a beam of infrared radia-
tion and determine proximity by measur-
ing the energy reflected by the target.
For distances of more than a meter the
range can be computed by measuring the
transit time of a laser pulse. A robot
equipped with well-designed proximity
sensors can search for objects of uncer-
tain position and move toward them at
high speed without danger of collision.
Since sensors of force, touch and prox-
imity supply information in a coordinate
system fixed in the sensory device, the
information must enter the control hier-
archy at or above the level where com-
mands can be expressed in sensor coordi-
nates.

There are various strategies by which
sensory feedback data can be used at
different levels in the control hierarchy
to compensate for uncertainty in the en-
vironment. One method is to determine
the exact position of an object and then
translate, rotate or stretch previously
recorded trajectories to compensate for
the measured positional errors. Another
method is to introduce the feedback data
into the mathematical equations used to
compute trajectories for the manipulator
end point. The second technique has
been used by Whitney and James L.
Nevins at the Draper Laboratory to en-
able a manipulator with force feedback
to find surfaces, follow edges and insert
pins into holes with close tolerances.
Feedback signals can also be harnessed
to implement conditional branches in
control programs. This capacity has been
demonstrated in the Artificial Intelli-
gence Laboratory at Stanford University
in the robot assembly of a water pump.

Another technique for incorporating
feedback into the control hierarchy is the
“cerebellar model articulation controller”
(cmac) being developed in the labora-
tory of one of us (Albus) at the National
Bureau of Standards. cMmac is an adap-
tive system that uses a distributed stor-
age system to store or learn the correct
output for each relevant combination of
inputs. Like the cerebellum, after which
it is modeled, cmac can cope with a
large number of command and feedback
variables and exhibits many of the char-
acteristics of a conditioned reflex. It is
potentially useful at various levels in the
control hierarchy.

If there are large uncertainties in the

robot’s world, much more complex
feedback information and control tech-
niques are needed. For example, if the
robot is to manipulate objects that are
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CEREBELLAR MODEL ARTICULATION CONTROLLER (CMAC) undertakes to mimic
the information-processing scheme used by the cerebellum, shown schematically in the
upper diagram. The cerebellum model was first developed by David Marr, who is now at
the Massachusetts Institute of Technology, and was elaborated by one of the authors
(Albus). Input commands from higher brain centers and feedback signals from the limbs
are carried by mossy fibers to the granule-cell layer, which acts as an address decoder. Each
input is an address that is uniquely decoded into a selected set of parallel fibers. Impulses
carried by the parallel fibers, after traveling through various synaptic pathways, give rise
to an output from Purkinje cells. Each output can be viewed as the contents of a mossy-
fiber address. The value of the contents depends on the strength of the adjustable synaptic
weights (indicated by plus signs). The weights can be adjusted to make the output of
Purkinje cells match data carried by the climbing fibers. In this way it is possible for the
cerebellum to store a functional relation between input and output. cMAc, the computer-
ized verison of this model, is depicted in the lower diagram. Each input selects a unique
set of weights that are added up to obtain an output. The selection process operates in such
a way that if two inputs are similar, they select partially overlapping sets of weights. Thus
whenever the weights selected by an input address are adjusted so that they change the
output, some of the neighboring outputs are also changed because of the overlap in the
weights that are selected. The overlap enables cMAc to generalize among similar inputs
in much the same way that human beings and other animals generalize among similar ex-
periences. Some examples of the cMAc system’s operation are illustrated on page 86.
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randomly positioned or heaped together
in a pile, simple force, touch and prox- o reserve
imity information are usually inade-

quate. In extreme cases the robot may
be required to move at least one obstacle

a
to reach the object it is seeking. It may our co Izs o‘
even be required to select tools with

which to achieve its goals. Such maneu-
vers call for a robot endowed with a ca-

pacity for cognitive planning, SCI ENTI FIC

Efforts to equip a robot with mod-
est intellectual capacities have occupied AM E RI C AN
workers in the field of artificial intelli-
gence for many years. In most instances
the endeavor has required that the upper

levels of control incorporate some inter- | A choice Of handsome and durable library
nal data structure—a “world model,” or . .
knowledge frame—that can represent the files—or binders—for Your copics of
state of the environment in a meaningful SCIENTIFIC AMERICAN. Both styles
way. The robot must also be endowed . . .

R A adequate repertory of sensors | bound in dark green library fabric stamped
and data-processing circuits for analyz- in gold leaf.

ing the environment so that the robot can

keep its internal knowledge f t . . .

dap, e kmowlacge frame up 10 Files Each file holds 12 issues. Price per file
Whenda robot is face<(11 with an input I $4.95; three for $14.00; six for $24.00, postpaid.

command to be executed, it tries to set .

up a hypothetical desired world model. | (Add §1.00 each outside U.S.A.)

It then attempts to devise a set of pro- |

cedlllclies tgalt can }fondvert éhe existin}gl| Binders Each binder holds 12 issues. Issues

world model into the desired one. Eac . .

step of these internal procedures must | open flat. Price per binder $6.50; three for $18.75;

correspond to one of the output com- six for $36.00, postpaid.

mands that can be executed by a lower (Add $1.00 each outside U.S.A.)

level in the hierarchy. Once such an in-
ternal procedure is found it can be con-
verted into the required sequence of out-
put commands. |
That technique was embodied in the | |
robot named Shakey, built at the Stan- [
ford Research Institute. Shakey could be
given a task such as finding a box of a I
certain size, shape and color and moving |
it to a designated position. The robot |
was able to search for the box in various |
rooms, to cope with obstacles and to I
plan a suitable course of action. In some
situations the performance required the |
implementation of a preliminary ac- |
tion before the principal goal could be |
achieved. In one instance Shakey figured |
out that by moving a ramp a few feet it |
|
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|
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|
|
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could climb up on a platform where the
box had been placed. It is perhaps need-
less to add that very substantial prob-
lems are involved in endowing a robot
with the resources for coping with such
tasks.

One promising approach to the prob-
lem of analyzing images and scenes au-
tomatically has been developed by the
Laboratory for Computer Science at
M.LT. Data from a television scanner
are processed by computer programs
that find edges, define surfaces, analyze
shapes and set up data structures to L

O Files. O Binders.

Name

(please print)

Address

City

State Zip
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specify how all these primitive qualities
fit together into a meaningful description
of real objects in the viewed environ-
ment. In the most recent work in the

so that any subprogram can call any
other and exchange information with it.
For example, a subprogram for finding
edges may reach some tentative conclu-

Artificial Intelligence Laboratory at
M.LT. the scene-analysis programs are
arranged in a nonhierarchical structure

sion and either report its findings directly
to the program that called for it or de-
cide that it needs the assistance of an-
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CHANGING CONTENTS OF CMAC MEMORY are shown in three computer printouts.

They demonstrate how the cMAc memory generalizes among similar inputs. The top

pictogram shows how the memory was changed by a single entry, +1, at the input address
S; =90, S, = 90. The entry changed the memory not only at the address selected but also
at neighboring addresses. As can be seen, the effect on neighboring addresses falls off in
proportion to the distance from the selected address. The middle pictogram shows the
result of entering a sine wave consisting of only 16 entries spaced along the axis S, = 90.
Again as a result of generalization addresses adjacent to the axis are affected. The bottom
pictogram shows the contents of the cmAc memory when the function is the product of
two sine waves, one along each axis. As a result of generalization only 175 selected entries
were required to store this function over the entire space of 360 X 180, or 64,800, address
locations. Illustrations show how any bounded continuous function can be stored in mem-
ory, and thus made available as cMAc output, by entering data at relatively few points.
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other subprogram. The dialogue includes
what might be termed advice, sugges-
tions, remarks, complaints, criticisms, an-
swers, mistakes and conjectures.

Although such investigations have
afforded much valuable information
about the complex process of visual per-
ception, it does not seem likely that the
specific analytical programs developed
so far will be embodied in practical ro-
bot systems for many years to come. Not
only do the programs call for a great deal
of computing power but also they re-
quire that the objects in the environ-
ment have simple geometric shapes
and be displayed against an uncluttered
background.

A quite different approach to the
problem of machine vision has been
taken by Thomas O. Binford and his col-
leagues at the Stanford Artificial Intelli-
gence Laboratory. They illuminate ob-
jects in the environment with a narrow
beam of laser light that has been spread
into a plane by a cylindrical lens. Wher-
ever the plane of light intersects the sur-
face of an object, its contours are re-
vealed by a thin line of light. By moving
the plane to a number of different posi-
tions and orientations a composite pat-
tern can be built up that indicates the
three-dimensional form of the visible
surface. The pattern is then analyzed by
a computer program that attempts to
infer the structure of the entire object
from the surfaces that are visible to the
scanning system. The method is advan-
tageous in that it avoids many of the
complications introduced by shadows
and irregular shapes.

At the Jet Propulsion Laboratory of
the California Institute of Technology a
robot visual system is being developed
for locating and picking up rocks from a
simulated Martian surface. The system
uses a television camera and a scene-
analysis program to detect the outline of
a rock. A laser range detector is then
used to measure the rock’s position ac-
curately so that the manipulator can pick
it up.

In an effort to devise visual-analysis
procedures suitable for industrial appli-
cations Charles A. Rosen, David Nitzan
and others at the Stanford Research
Institute have devised a scanning sys-
tem consisting of a line of photodiodes
mounted above a conveyor belt. As ob-
jects pass by in single file—randomly
oriented and not necessarily identical—
the photodiodes build up an outline im-
age of each. Fairly simple visual-analysis
programs determine the outline of the
object, measure its position and orienta-
tion and conduct a simple inspection for
defects. If the object is to be rejected or
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FORCE-SENSING PLATFORM can be used to guide a robot in an assembly task, such as
the insertion of a cylinder into a close-fitting opening. The technique has been developed
at the Charles Stark Draper Laboratory, where these pictures were made. The picture at
top shows the robot starting its first attempt at an assembly task. The steplike image on the
oscilloscope screen represents the forces acting on eight pressure sensors (strain gauges)
under the square block on the worktable. Each step in the display corresponds to the force
acting on one sensor. The sensors respond to torques as well as to simple directional
forces. When the robot tries to fit the cylinder into the block and misses (middle picture),
the sensors detect exactly where and how the cylinder is pressing against the sides of hole.
The oscilloscope display changes accordingly from its neutral, or no-force, configuration.
A computer program analyzes the misalignment and calculates a path for the robot arm
so that the cylinder enters the hole smoothly on the next try (bottom photograph).
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worked on, commands are issued to a
manipulator that picks up the moving
part and presents it in the proper orien-
tation for further processing.

It will undoubtedly be several decades
before robots can simulate the ele-
mentary processes of intelligent behavior
or even the sensory information process-
ing needed for visual comprehension. It
will also be some time before robots are
capable of inventing strategies to deal
with novel situations with anything like
the facility of a two-year-old child. Visu-
al comprehension and strategy invention
are extremely complex processes, and
they may not be understood until the
basic functioning of the human brain is
far better understood than it is today.

The ability of a robot to perform use-
ful tasks in the highly structured envi-
ronment of a modern factory, however,
is quite another matter. In a factory
there is no need for a robot to be creative
or to have any significant degree of in-
sight. The primary criteria for an indus-
trial robot are that it be inexpensive, re-
liable and easily programmed to execute
a well-defined sequence of operations.
Practical methods are available to en-
able a robot to compensate for normal
dimensional variations and small mis-
alignments of parts. In the constrained
environment of industrial manufacturing
top-level input commands can be quite
stereotyped, similar to the communica-
tions between a computer and conven-
tional peripheral devices such as a disk
memory. Hence it may be possible to
generate high-level command sequences
with compilers and other well-known
programming techniques. Several pro-
gramming languages have already been
developed for the purpose of program-
ming and operating numerically con-
trolled machine tools. Recently several
engineering groups have begun to create
similar languages for robot systems.

The developments we have described
here suggest that there are no funda-
mental technical barriers to achieving
highly automatic robot factories in the
near future. In Japan a major program
involving government, industry and the
universities is already committed to the
development of a prototype unmanned
plant incorporating robot technology for
the manufacture of machine-tool compo-
nents. The plant is scheduled to go into
operation in the early 1980’s, and if it is
successful, it will serve as a model for
other manufacturing missions. It there-
fore seems quite likely that highly auto-
matic and even partially self-reproduc-
ing robot factories will be in operation in
at least some countries within 15 years.
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Christian Children’s Fund, Inc. Statement of Income and Expense

Percentage of

For the Fiscal Year Ended
June 30, 1975

INCOME: Total Income Amount EXPENSES:
Public Support: Program services for:
Sponsorship contributions 80.59,  $23,229,680 Family support 60.0%  $17,316,977
Other contributions 9.8 2,815,910 queless children 9.9 2,844 841
Bequests 1.4 403,971 Primary and secondary
Total Public Support 91.7%, $26,449,561 education . 11.2 3,241,216
Other Support: Total Program Services  81.19,  $23,403,034
Reimbursements from Supporting Services:
Christian Children’s Management and general 9.1 2,627,202
Fund of Canada 7.2 2,061,463 Fund raising 11.5 3,319,034
Other Income 1.1 330,991 TOTAL EXPENSES 101.79,  $29,349,270
TOTAL INCOME 100.09,  $28,842,015 (DEFICIT)—Excess of
*
Christian Children’s Fund financial reports are in accordance Expenses over Income aN% 8 (507,255)

with the American Institute of Certified Public Accountants
industry audit guide, AUDITS OF VOLUNTARY HEALTH
AND WELFARE ORGANIZATIONS. Our complete audit
report is available upon request.

*Note: The Unrestncted Fund deficit of $274,388 was absorbed
by prior years’ surplus as was the Restncted Fund deficit of
$212,671 and the Land, Building and Equipment Fund deficit of
$58,219. The Endowment Fund realized a surplus of $38,023.
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The Final Paleolithic Settlements
of the European Plain

When the glaciers retreated, the climate of Europe became variable.

Tundra gave way to forest and forest to tundra. The technology and

social organization of the indigenous hunters changed accordingly

‘n the period between 14,000 and 10,-
IOOO years ago the great plain of
northern Europe extended without
interruption from the Ural Mountains to
Ireland. (The English Channel and the
Irish Sea did not yet exist.) The people
who lived on the plain were the last
hunters and gatherers of the Paleolithic
period. They had managed to resettle
the plain as the continental glaciers final-
ly retreated at the end of the Ice Age.
The story of the Paleolithic hunters’
ultimate disappearance is a fascinating
chapter of prehistory. In geological terms
that chapter extends from the final mil-
lenniums of the Pleistocene epoch into
the first centuries of the Holocene, the
epoch in which we live. In cultural terms
it records the end of the Old Stone Age.
On the western and central parts of
the European plain there are at least
1,200 living sites representative of the
Final Paleolithic period. Their excava-
tion has been reported in an extensive
literature, yet the archaeology of the pe-
riod is little known to English-speaking
readers. Almost all the reports have been
published in German, Dutch, Polish,
Lithuanian or Russian. Those who can
surmount the language barrier encounter
another obstacle. For more than half a
century fieldwork on the European plain
has followed an interdisciplinary ap-
proach: the specialist who deals with
stone tools or animal remains cooperates
closely with experts on landforms, soil
formation and pollen analysis. Even an
archaeologist whose primary interest is
in this field finds it difficult to keep
abreast of a scholarly literature that is
just as likely to be found in journals of
geology or pollen studies as in journals
of prehistory.
Here I shall take up, among other
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by Romuald Schild

things, a Final Paleolithic site on the
Vistula River not far from Warsaw that
has been excavated by my group from
the Institute for the History of Material
Culture, an institute of the Polish Acad-
emy of Sciences. The Calowanie site, as
it is called, includes layered deposits left
by a succession of hunting groups in the
Final Paleolithic period. Analysis of the
finds here and at many other sites has
enabled us to sketch a tentative picture
of those early European societies.

By 9000 B.c. the last major glacial
period in Europe, the Wiirm, had drawn
to a close. A shrunken ice cap still occu-
pied the Scottish highlands, and a larger
one covered most of Scandinavia. The
coastlines of both the Atlantic and the
North Sea lay substantially seaward of
their present position, and most of what
is now the Baltic Sea was a great fresh-
water lake. Students of early climates
have named the period the Late Dryas;
dryas is a flowering herb typical of tun-
dra vegetation. The climate of the Euro-
pean plain had become distinctly cooler,
ending an earlier warm phase known as
the Allerod interstadial.

The mild-climate vegetation, largely
pine and birch forest, was being replaced
by a parklike tundra that included scat-
tered shrubs and birches. Reindeer were
no longer present in southern France,
but herds of them still wandered the
great plain to the north, and a few true
Ice Age mammals such as the mammoth
and the woolly rhinoceros may still have
grazed in the northern foothills of the
Alps and the Carpathians. The European
plain was hospitable to man during the
Late Dryas in terms of both animal and
plant life; the large number of Final
Paleolithic sites in the region is eloquent
testimony to it.
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The first reasonably systematic ar-
chaeological investigations of the Euro-
pean plain were undertaken in the latter
half of the 19th century. Most of the
Final Paleolithic sites were found in for-
mer sand-dune areas or on the terraces
of rivers, and they had usually been ex-
posed to view by wind erosion. The in-
vestigators pored over the exposed sur-
faces, collecting the artifacts (mostly
tools made of flint) and other remains
that had been uncovered; the work was
done by interested amateurs, who were
joined by professional workers toward
the end of the century. The collections
they amassed were huge, but the scien-
tific value of the finds was limited. Not
until after World War I was genuinely
svstematic work undertaken. In Poland
it was initiated by Stefan Krukowski,
who excavated a number of Final Paleo-
lithic sand-dune and river deposits not
far from Warsaw in the vicinity of Swid-
ry Wielkie. Today, thanks to studies of
the geological sequences and the pollen
deposits at Krukowski’s archaeological
sites, and more recently to carbon-14
dating, both their chronological order
and their absolute ages are known.

Some 10 years before World War II the

German archaeologist Alfred Rust
began a series of important excavations
near Meiendorf, a village not far from
Hamburg. A number of Final Paleolithic
sites were clustered along a valley that
had been carved by glacial runoff and
then filled with lake-bottom muds and
peat. The several field seasons at Mei-
endorf brought together scholars repre-
senting many disciplines, and their
combined results set a standard for all
subsequent interdisciplinary campaigns.
Rust’s sites yielded the first trustworthy



relative dating of Final Paleolithic camp-
sites to be obtained from pollen analysis.
Moreover, the many animal bones pre-
served in the muds provided significant
information on hunting preferences in
the Final Paleolithic.

Rust’s example has been followed ever
since. Multidisciplinary excavation at
such sites as Bromme in Denmark, Ris-
sen in West Germany and Calowanie and
Witéw in Poland have provided a firm
base for partitioning the Final Paleolithic

into several subdivisions. These subdivi-
sions have been established on the
grounds of flint-tool typology, of environ-
mental change and of absolute dating.
Indeed, the sheer quantity of evidence
brought to light by the study of the sites’
geomorphology, soils, pollens and animal
remains has surpassed all expectations.
The techniques that are primarily ar-
chaeological have also been refined. For
example, the first study of the horizontal
distribution of artifacts at a Final Paleo-

lithic surface site was made in the vicin-
ity of Swidry Wielkie by Ludwik Sa-
wicki early in the 1920’s. Ever since then
the precise mapping of the horizontal
distribution of artifacts has become a
standard field requirement. One result is
that prehistorians now have at their dis-
posal detailed distribution maps in field
reports covering more than 100 sites.
The availability of that information
makes possible the mounting of intensive
investigations of settlement patterns and
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SCATTERING OF FLINT TOOLS in one part of Layer III at
Calowanie, a Final Paleolithic site near Warsaw, was painstakingly
plotted by the excavators to record the horizontal distribution of
the artifacts. Such a scattering could once have been mistaken for
the camp debris left by a single group; the presence of two sepa-
rate articulation nets (arrows), however, shows that the concentra-

tions were the work of different families. Articulation nets link fin-
ished tools to the raw flint they came from. Two articulations in
the upper concentration (color) serve as examples. The letter a
marks an arrow connecting an end scraper with the flint core from
which it was struck; b labels the connection between a truncated
point and a piece of worked flint found more than one meter away.
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other aspects of the behavior of hunting
groups in the Final Paleolithic. Another
technical advance has been the integrat-
ed study of flint mining, of traffic in this
important raw material and of flint-
processing “workshops.” The pioneer
analyses in this field were published by
Krukowski in 1919. His work and the
work of others in later years has opened
a broad field of research touching on eco-
nomic, social and cultural aspects of pre-
historic life.

he most abundant artifacts found at

Final Paleolithic sites on the Euro-
pean plain are various kinds of stone
tools; the vast majority of them are made
from flint. Scholars have spent decades
devising various systems for classifying
Paleolithic flint implements of all ages,
including those of the Final Paleolithic.
Among the major tool categories that one
finds in the tool assemblages of the Final
Paleolithic are flint burins (believed to
have been used for working bone and
antler), flint scrapers (for working animal
hides), large and small flint blades for
cutting, perforators for drilling and
piercing, and flint points of various
kinds, some of them used on projectiles
ranging from spears to arrows.

Today, with complex statistical anal-
ysis made easier by computers, many
prehistorians have come to base their
systems of flint-implement classification
on analytical techniques that help to
evaluate the significance of the presence
or absence of certain qualitative and
quantitative differences that separate as-
semblages of artifacts from one another.
In Poland we use 50 or more attributes
in computing the relations among as-
semblages. The system was initially es-
tablished by surveying the best Polish
stone-tool assemblages then available,
including the rich heritage left us by
earlier workers.

To speak rather generally, an assem-
blage consists of all the stone tools found
in an isolated occupational unit at a par-
ticular level in a particular site; thus an
assemblage is the fundamental unit in
any given system of classification. When
the attributes of several separate assem-
blages are “clustered” statistically, the
process reveals classificatory units of a
higher order. We assign no formal name
to these classificatory clusters, although
they are sometimes called industries or
culture groups.

When we take the next step and sta-
tistically group several industries togeth-
er, we call the result a cycle. An equiva-
lent term in English is culture, and I shall
use it here. A culture is traditionally giv-
en a formal name (for example the Ah-
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rensburgian culture, which we shall
discuss below). Cultures can themselves
be statistically grouped into one or an-
other of two higher classificatory units.
These higher groupings of course em-
brace a great many individual tool as-
semblages, and the more assemblages
there are, the fewer detailed resem-
blances there will be between them.
The higher groupings nonetheless share
a substantial number of characteristics,
not only in terms of stone artifacts but
also in terms of the environment of the
cultures. The smaller of the two units, a
clustering of cultures, is sometimes called
a complex. The larger grouping em-
braces the greatest number of tool as-
semblages at the bottom of the hier-
archy, and the process of amalgamation
continues until two or more complexes
emerge. When we group the complexes,
we call the result a technocomplex, fol-
lowing a usage proposed by David L.
Clarke of the University of Cambridge.

How is this classificatory system ap-
plied in practice? Consider the Final
Paleolithic on the European plain. To
begin in about 11,500 B.c., the culture
(defined by its tool assemblages) of the
people who occupied the European plain
from then until about 10,500 B.c. is clas-
sified as the Hamburgian. During the
main cold phases of the Wiirm glaciation
and up to about 11,500 B.c. the plain
had been a practically lifeless arctic
wasteland, but at the end of the period
a warming trend in the climate allowed
a shrubby tundra to replace the icy des-
ert, and herds of reindeer advanced
northward with the tundra vegetation.

Hamburgian tool assemblages are
known from sites in the Netherlands, in
West Germany and in Poland. They in-
clude burins, perforators, end scrapers
and characteristic shouldered blades,
possibly used as projectile points. Many
of the blades are truncated, that is, they
are blunted obliquely along one edge.
The remains of reindeer, which are
found in substantial numbers at Meien-
dorf (Rust’s site) and at nearby Stell-
moor, show that the men who used the
Hamburgian tools engaged in selective
late-summer hunting of the migratory
reindeer herds.

European archaeologists still debate
the relation of Hamburgian culture to
higher classificatory groupings. Rust,
who has spent most of his career exca-
vating Hamburgian and other Final Pa-
leolithic sites, believes the culture is a
unit within a higher grouping known as
the Eastern European Upper Paleolithic.
Other scholars prefer to associate the
Hamburgian with western Europe and
specifically with the Magdalenian tech-
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nocomplex that flourished in what is now
northern Spain and southern France and
extended into Switzerland, southern
Germany and Czechoslovakia. In any
event the Hamburgian culture was at
best sparsely represented on the plain
after 10,400 B.c., and it had disappeared
well before the warm Alleréd intersta-
dial began about 9900 B.c.

The stone-tool complex that next ap-
peared on the European plain was con-
temporaneous with the Alleréd inter-
stadial. It is classified as the Arched,

\ o | 300-METER CONTOUR

EUROPEAN PLAIN at the end of the Old
Stone Age was a wide belt of tundra extend-
ing well north and west of today’s coastline
to include Britain and Ireland. Part of Scot-
land and most of the Scandinavian penin-
sula were covered by glacial ice caps. The



Backed Piece Complex. The assemblages
characteristic of the complex include an
abundance of small flint blades, some
two centimeters long, shaped like orange
sections or half-moons. The roughly
straight side of the bladelet is its cutting
edge. The “arched,” or rounded, side of
the bladelet has been backed, that is,
blunted [see illustration on next page].
Here I shall call this the arched-bladelet
complex. Almost of equal prominence
among the artifacts of the complex are
small end scrapers, most of them no more

than three centimeters on a side, that
are often called thumbnail end scrapers.
Burins are slightly less common.
Arched-bladelet tool assemblages are
found over a wide area of the European
plain. In East and West Germany they
are said to belong to the Federmesser
culture; they are known in the Nether-
lands and Belgium as the Tjongerian cul-
ture and in Poland as the Tarnovian cul-
ture. The earliest of the assemblages
seem to date to the middle of the Allerod
interstadial. For example, the assem-

blages at Rissen, a site on the Elbe River
in West Germany, have a carbon-14
date of about 9500 B.c. At Calowanie
the assemblages appear in Layer III,
which has a carbon-14 date of about
9400 B.c. The arched-bladelet complex
evidently endured on the European
plain for about a millennium, extending
from the Allerod into the Late Dryas pe-
riod. At another Polish site, Witéw, a
sandy deposit formed during the dune-
building phase of the Late Dryas in-
cludes a stratum where arched-bladelet
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Baltic was an ice-laden lake that reached far north of its present
boundaries, and the cold climate of the Late Dryas period had long
since killed the pine forests that once covered the plain. Shown on
the map are 20 major sites of the Final Paleolithic. In the cluster
near the present mouth of the Elbe River is Meiendorf, one of
many sites where stone tools typical of the tundra-adapted Ham-
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burgian culture (11,500-10,500 B.c.) have been found. Of the sites on
or near the Vistula River, Calowanie is one of those where tools of
two successor groups, a forest-adapted and a tundra-adapted society,
have been found. Oronsko, in the foothills of the Holy Cross Moun-
tains, was a major source of the distinctive chocolate-colored flint
much favored at that time by the toolmakers of the European plain.
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assemblages are found dating to about
8600 B.c. So much for the duration of
the arched-bladelet complex in time. As
for geographical range, assemblages that
include arched bladelets and thumbnail
end scrapers characteristic of the com-
plex have been identified in France,
Italy, Switzerland, Austria, Czechoslo-
vakia, Hungary and the Ukraine.

Some students of the arched-bladelet

complex would like to associate it
with some higher classificatory group-
ing. For example, Hermann Schwabe-
dissen of the University of Cologne con-
tends that the Federmesser culture rep-
resents a wave of colonization from an
earlier enclave of the Magdalenian tech-
nocomplex located in southern Germany.
Those opposed to his view rest their
case on paleoenvironmental grounds. At
widely separated sites in Europe the ap-
pearance of the arched-bladelet complex
is clearly contemporaneous with the
appearance of temperate-climate boreal
forests. During the Bolling interstadial in
France, an interval of moderate tempera-
tures that interrupted the cold climate of
the Early Dryas beginning about 10,400
B.C., pine forests replaced tundra vegeta-
tion in Provence. Arched-bladelet assem-
blages, representative of the Romanel-
lian culture, also appear in Provence; the
carbon-14 dates associated with the ear-
liest of these assemblages are contem-
poraneous with that period of foresta-
tion. Contemporaneous with the forests
that arose in the subsequent interstadial,
the Allerod, were the stone-tool indus-
tries known in France as Azilian (the
artifacts of which are similar in form to
those of the arched-bladelet complex),
sites in Czechoslovakia such as Kulna
(with assemblages that include arched
bladelets and thumbnail end scrapers)
and Azilian-like sites in the Ukraine such
as Borshevo II (upper layer). In the light
of this chronology it seems altogether
likely that the various arched-bladelet
industries that spread across Europe
as the pine forest advanced northward
somehow reflect a specialized adjustment

of stone-tool technology to life in a
wooded environment.

Along the northern fringe of the Eu-
ropean plain the tundra had now been
replaced not by dense forest but by a
parklike open forest of birches. In this
region one can see a foreshadowing of
things to come in the form of tool as-
semblages that include projectile points,
some more than 10 centimeters long,
that were chipped so that they have a
blunt tang at the end where they were
mounted on a shaft. The distinctive as-
semblages that include tanged points in
their inventory have been found in Al-
leréd-period sites in Sweden, Denmark,
West Germany, Poland and most recent-
ly in Lithuania. The tanged-point as-
semblages as a group are known as the
Bromme complex, after the well-known
Final Paleolithic site in Denmark. Stud-
ies of animal remains and pollen at
Bromme suggest that the birch-forest
landscape of the time included many
lakes and ponds. There were reindeer in
this subarctic region, but the animal the
hunters killed in the largest numbers was
the moose.

Shortly before 8800 B.c. an abrupt
shift to a colder climate ushered in the
Late Dryas period. As tundra conditions
returned to the European plain the Al-
lerod forests literally died out. Fires
swept through vast stands of dead pine
all across the region; a stratum at Calo-
wanie contains ash and charcoal from
one of these conflagrations. The climatic
change and the return to a park-tundra
environment coincided with a radical
cultural change in the hunters’ societies
on the plain, a change that is also re-
flected in their stone tools.

In the western part of the plain (for
example in Belgium, in parts of the Neth-
erlands and in West Germany) the tool
assemblages are no longer character-
ized by arched bladelets and thumbnail
end scrapers. Instead tanged points are
found, together with small truncated mi-
croliths and end scrapers that are con-
siderably larger than the thumbnail type.
The new tool assemblages show signs of

TOOLS OF THE FINAL PALEOLITHIC are arranged in four groups in the illustration on
the opposite page. The oldest (bottom), typical of the Hamburgian culture, include a blade
(a) that is partially blunted on one edge by retouching and that may have served as a pro-
jectile point, an end scraper (b) and a burin (¢). In the middle are four tools of the arched-
bladelet complex: a backed blade (a), a burin (d) and the two tools most representative
of the complex. These are the half-moon-shaped, backed bladelet that gives the complex its
name (b, in three views) and a small thumbnail end scraper (c¢). Above these are tools of
the Ahrensburgian complex: small tanged points (a, b), a truncated microlith (¢) known
as a Zonhoven point, an end scraper (d) and a burin (e). Four tools of the Masovian com-
plex are illustrated at top: a tanged point (a), a willow-leaf point (b), an end scraper (c)
and a burin (d).The two upper complexes together form the Tanged Point Technocomplex;
the makers of these flint tools were the last Old Stone Age peoples of the European plain.
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having been derived from the Bromme
complex; the culture they represent is
known as the Ahrensburgian.

In Poland at the beginning of the Late
Dryas arched bladelets and thumbnail
end scrapers persist locally in the west;
they are found, for example, in two early
strata of the Late Dryas at Witéw.
Slightly to the east of Witéw, however,
their place is taken at such sites as Calo-
wanie by tool assemblages that include
Bromme-like tanged points. Similar
tanged points appear at Witéw some 200
years later, although arched bladelets
continue to be present as well; the com-
bination gives rise to a peculiar classifica-
tory unit. In any event the new assem-
blages, which include not only tanged
points but also large and small end scrap-
ers and numerous burins, form a group
known in Poland as the Masovian cul-
ture.

An overall chronology for the Final
Paleolithic in Poland, which has been es-
tablished only recently, indicates that the
Masovian culture reached its height
about 8500 B.c., a time when the dune-
building phase of the Late Dryas had
ended. By then sites all over Poland, in
western Russia and in East Germany
west of the Oder River were occupied by
hunters who used the Masovian assem-
blage of stone tools. The Masovian is
perhaps the best represented of all Final
Paleolithic cultures on the European
plain; in Poland alone more than 620
sites have yielded Masovian tool: assem-
blages. At the same time the Masovian
culture is basically similar to the Ahrens-
burgian, and it seems inescapable that
both are subdivisions of a single larger
unit. We may call that unit the Tanged
Point Technocomplex and assign to the
earlier Bromme complex the status of an
older subdivision within it.

How did the Ahrensburgian and
Masovian cultures originate? Some have
suggested that the Masovian is associat-
ed with a number of tool assemblages
that have been found in eastern Byelo-
russia. The suggestion is that these Rus-
sian assemblages are at least as old
as the pre-dune-building phase of the
Late Dryas, if they are not contempo-
raneous with the latter part of the Al-
lerod period. It should be noted, how-
ever, that the Russian tool assemblages
(collectively known as the Griensk com-
plex) are rather scanty and that their
true age is in question. On the other
hand, the oldest tool assemblages in Po-
land that show strong Masovian charac-
teristics (for example the assemblages in
Layer V at Calowanie) also include typi-
cal Bromme and Ahrensburgian arti-
facts. These artifacts in turn include
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CHRONOLOGY OF FINAL PALEOLITHIC coordinates succes-
sive climatic periods between 10,000 and 7500 B.c. with the carbon-
14 ages of archaeological deposits both at Calowanie and at
Witéw, a second Polish site, with changes in the kinds of plants

small tanged points and the kind of trun-
cated microlith known as a Zonhoven
point. The fact that such artifacts appear
together in a number of assemblages that
are as old as the beginning of the Late
Dryas climatic shift strongly suggests
that the Ahrensburgian and Masovian
cultures have a common origin.

From this point of view the Tanged
Point Technocomplex, most probably in
the form of its early subdivision the
Bromme complex, is seen as being rep-
resentative of hunterss communities
adapted to the tundra and park-tundra
environment that, although it was lim-
ited in extent, still existed during the
Allerod interstadial to the north of the
pine-and-birch-forest belt. With the ar-
rival of a colder climate in the Late
Dryas the tundra quickly reinvaded the
south, and the tundra-adapted hunting
societies followed it to enter the more
southerly parts of the European plain. It
was probably after the push southward,
perhaps in middle and upper Late Dryas
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times, that the two components of the
technocomplex developed the stylistic
differences that enable one to distin-
guish between the Ahrensburgian and
Masovian cultures.

What game animals supported the
hunters of the Tanged Point Techno-
complex? Ahrensburgian sites have
yielded the bulk of the animal remains.
In several instances the faunal evidence
is strikingly similar to that from Ham-
burgian sites that are 3,000 years older.
The main game animal was the reindeer.
The main weapon was the bow and ar-
row; the characteristic tanged points of
the technocomplex have been found
more than once still mounted on arrow
shafts.

The temporal boundary between the
end of the Pleistocene ice age and the
beginning of the Holocene was marked
by another climatic change. Sometime
between 8300 and 8000 B.c. the cold
Late Dryas period was superseded by a
warmer period known as the Preboreal.
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and animals and with the succession of cultural units on the Euro-
pean plain. The deposits found below Layer III at Calowanie relate
to unidentified groups that visited the site when the tundra of the
cold Middle Dryas period was yielding to pine forest early in the

Pine and birch forest reinvaded the Eu-
ropean plain from the south, and the
reindeer herd, following the retreating
tundra, moved off to the north and
northeast. With the returning forest an-
other community of animals appeared
on the plain: red deer, roe deer, moose,
wild cattle and wild boar.

The climatic shift that introduced the
Holocene epoch coincided with the dis-
appearance of both the Ahrensburgian
culture and the Masovian. The last
Masovian tool assemblages in central
Poland, for example those in Layer VIc
at Calowanie, are no more recent than
about 8000 B.c. In Lithuania and Latvia,
for example at such sites as Sindi on the
northeastern part of the plain, assem-
blages of a new kind appear about 7600
B.C. The tools still display some Maso-
vian characteristics, but they have a
clear identity of their own as forerun-
ners of the laterr Kunda complex, which
flourished in the Mesolithic period rath-
er than the Paleolithic. With the disap-
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following warmer period, the Allerod. After that at both Polish
sites successive deposits contain tools typical of the forest-adapted
arched-bladelet complex. Visitors to Calowanie on occasions more
than two centuries apart left behind tools of this kind. The visitors

pearance of the Masovian and the Ah-
rensburgian, both the Late Pleistocene
and the Final Paleolithic on the Euro-
pean plain appear to have drawn to a
close.

My review of prehistory on the Eu-
ropean plain during the Final Paleo-
lithic is necessarily oversimplified, but it
will have provided examples of how the
analysis of stone tools, the study of ani-
mal remains and the painstaking recon-
struction of environmental changes can
add to our knowledge of extinct socie-
ties. We gain some sense of the ebb and
flow of successive technocomplexes and
of how hunting societies adapted to
the park-tundra environment were also
closely confined to it. When the arrival
of a cold climate caused the forest to re-
treat and the reindeer herds to move
south, the hunters followed; when a
warm period allowed the forest to ad-
vance, the reindeer herds followed the
retreating tundra northward and the
hunters followed the herds again. We

also see that, at least in some areas, the
transition from one technocomplex to
another was not as simple and immedi-
ate as the changes in environment were.
An example is provided by the 200-
year persistence of arched-bladelet as-
semblages at Witéw and their partial
coexistence with assemblages including
numerous tanged points.

he information I have reviewed so

far gives us only a limited under-
standing of the details of social organi-
zation in the Final Paleolithic. Analysis
of the structure and behavior of these
hunter-gatherer societies calls for ex-
haustive studies at individual sites. Only
in this way shall we come to understand
the interaction between society and en-
vironment that is the essence of human
economic and behavioral adaptation.

Let me illustrate the point by out-
lining what we have learned from the
investigation of successive human occu-
pations at Calowanie. We shall leave
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who camped there soon after the end of the Allerod period instead
used tools typical of the tundra-adapted Tanged Point Technocom-
plex. The same was true of subsequent Old Stone Age visitors to the
site, including the last groups to camp there some 10,000 years ago.

aside the two lowest occupation levels,
Layer I and Layer II; the assemblages
found in them belong to cultures of the
early Alleréd period that have not yet
been fully identified. Layer III at Calo-
wanie is a level that was occupied by
hunters sometime about 9400 B.c., half-
way through the Alleréd.

The tool assemblages in Layer III in-
clude many thumbnail end scrapers and
arched bladelets. Evidently the assem-
blages belonged to the complex that, as
we have seen, represented hunter-gath-
erer communities adapted to forest life
during the Allerod. We found this to be
true also of the tool assemblages in Layer
IV, the next higher occupation level
Our first question was: What could be
learned about these forest-adapted com-
munities from the horizontal distribu-
tion of their artifacts and other debris of
occupation?

From the time of Sawicki’s pioneer-
ing studies in the 1920’s it has been
known that when the locations of the
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stone tools at Final Paleolithic sites are
mapped horizontally, the tools are often
found in arrays that may be as small as
four meters in diameter and rarely ex-
ceed eight meters. That other pioneer,
Krukowski, first named these horizon-
tal arrays kshemenitsas, a Polish word
meaning flinty places, and the name has
persisted. Here, rather than asking the
reader to deal repeatedly with this Po-
lish term, I shall call the arrays concen-
trations.

Layer III at Calowanie contained sev-
eral of these horizontal concentrations.
Two of them might have been mistaken
for a single concentration larger than
usual if it had not been for the applica-
tion of a demanding study technique.
The technique involves matching stray
flint flakes and blades, and even com-

pleted tools, with the flint “cores” from
which the blanks used for tool manufac-
ture were struck. Such a matching pro-
cedure generates what we call articula-
tion nets, which define the boundaries of
a single occupation unit, that is, the
“household” believed to have been oc-
cupied by a single social or task group.
For example, two articulation nets re-
corded in one part of Layer III made it
clear that not one but two concentrations
were present there.

Why are the single concentrations,
when they are undisturbed, so limited in
their extent? Where there are signs of
dwelling construction, such as postholes
or the boundary of a pit house, in asso-
ciation with a concentration of stone
artifacts, the size of the shelter is also
quite small. The implication is that the

group responsible for the concentration
was also small in numbers. It may have
been a nuclear family, such as a man
and a woman and their children, or at
most a minimally extended family. Al-
ternatively it may have been a small,
temporary task group: a few hunters or
a few flintworkers.

Family groups appear to have out-

numbered task groups on the Euro-
pean plain during the Final Paleolithic.
One is led to that conclusion by the func-
tional diversity of the tool assemblages
found in most concentrations. Micro-
scopic studies of the patterns of wear
shown by the tools have revealed char-
acteristic traces of use associated with
particular kinds of tools. The usual con-
centration contains tools that, when they

T | BRI — T T T T T I T T
v
B p
Vv ?
Vi P
Vil
Vil
:
P
0
X
XI
X
XIH
XV
S (N - — 1 1 1 1 1 L 1 i i
8 7 6 5 4 3 2 1 01 02 03 04 05 06
<& CORE (] END SCRAPER (| ARCHED BLADELET  [) BACKED BLADE REMAINS OF TWO CAMPS unearthed in
Layer IV at Calowanie were mapped in the
¥ BURIN P MICROBURIN * BLANKS AND CHIPS O MISCELLANEOUS WORKED PIECES same detail as the camps illustrated on page

{) TANGED POINT { TRUNCATED POINT

96

X BROKEN PIECE

€ PosTHoLE

DT

© 1976 SCIENTIFIC AMERICAN, INC

89; here, however, flint blanks and chips
that are not part of the articulation nets



are analyzed in this way, indicate that
many different tasks were performed at
the site. This finding is compatible with
family occupation of the camp; when a
task group is responsible for a concen-
tration, the tool assemblage is a more
specialized one that shows little func-
tional variety.

We deduce from the evidence in this
part of Layer III that the two tool con-
centrations represent either two inde-
pendent and short-lived occupations or
a visit by a band consisting of two fam-
ilies. At the time of occupation the set-
tlement area was a flat and frequently
flooded sandbar in the Vistula River that
could only have been occupied during
the low-water season. This fact, together
with the lack of any evidence that per-
manent dwellings were erected, suggests

that the tool concentrations were left at
a summer camp. There is no strong rea-
son to either believe or disbelieve that
the two camps were occupied simul-
taneously.

The next occupation level at Calo-
wanie, Layer IV, also held a number
of independent tool concentrations. The
artifacts continue to be representative of
the arched-bladelet complex, although
in one adjacent pair of concentrations
the tools are representative of two sepa-
rate industries within the complex. Both
the abundance of artifacts in the two
concentrations and evidence for a small
but sturdy hut in the more westerly of
the two suggest that these were long-
lived base camps. The tool assemblages
are diversified, which suggests that the
camps were occupied by nuclear families
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have been omitted from the final plan. The postholes (color) in the western encampment
suggest that the families that left so many tools behind occupied the camp for some time,
perhaps months. Both flint concentrations contain end scrapers in greater than usual num-
bers, and many of the tools show signs of having been resharpened. The two families may
therefore have been heavily engaged in the processing of animal hides during their visit.
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rather than by specialized task groups.
At the same time the number of end
scrapers present is somewhat larger than
usual. The scrapers show signs of wear,
and most of them were evidently re-
touched more than a few times to give
them a fresh working edge. These are
signs that the occupants were heavily en-
gaged in the processing of hides. Both
soil studies and pollen analysis at Lay-
er IV furnish strong evidence that the
sandbar was now covered with trees
and brush.

Layer V at Calowanie, lying just
above Layer IV, contains thin concen-
trations of flint artifacts that suggest
short-lived camps. Remnants of burned
vertical poles at one concentration indi-
cate that a tent or some similar tempo-
rary shelter had been raised there. The
tool assemblages are no longer repre-
sentative of the arched-bladelet com-
plex. Instead they contain both Ahrens-
burgian and Masovian tanged points.
These temporary encampments, shel-
ters for tundra-adapted reindeer hunt-
ers, were occupied soon after 8800 B.c.,
as the Alleréd period came to a close
and the Late Dryas began. The land-
scape at Calowanie, dominated by the
trunks of dead pines, must have been
bleak. The dead trees were later swept
by fire, the heat cracking most of the
artifacts in the concentrations and the
burned timber leaving a layer of pine
charcoal.

The succeeding occupation level at
Calowanie, the lower portion of Layer
VI, overlies a considerable thickness of
dune sand that accumulated during the
middle centuries of the Late Dryas. The
flint concentrations are rich, and the arti-
facts are typically Masovian. The tool
assemblages are quite specialized, with
a heavy emphasis on arrowheads and
burins. One supposes that the camps
were occupied by hunters’ task groups.

A span of some five centuries sepa-
rates the lower and upper portions of
Layer VI. During that time, from 8500
to 8000 B.c., a covering of soil developed
on top of the Calowanie dune sands. The
upper portion of Layer VI contains sev-
eral flint concentrations. The artifacts
are typically Masovian, but the concen-
trations are rather thin and the tools are
few in number. They are the last traces
of a Paleolithic hunting society at Calo-
wanie.

The pattern of successive campsites
revealed by the excavations at Calo-
wanie is repeated and amplified at scores
of other sites on the European plain.
Taken together with reconstructions of
the changing environment and the
changes in technology implicit in tool-
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assemblage differences, the detailed site
analyses yield considerable information
about the societies of the Final Paleo-
lithic.

A common technological response to a

forest environment is apparent in
the long-lived and widespread arched-
bladelet complex. The largest popula-
tion unit appears to have been no greater
than two or three nuclear families, and
perhaps in some specific instances a sin-
gle family was the norm. Whatever the
size of the units, they occupied base
camps for comparatively long periods:
perhaps two or more successive seasons.

Shorter-lived settlements, probably sum-
mer camps, were also occupied, and
specialized task groups, characterized by
less diverse tool inventories, set up tem-
porary encampments. The existence of
these small and seemingly quite flexible
social groups is indicative of a successful
adaptive response to a dense-forest en-
vironment that sheltered a dispersed but
nonmigratory animal population.

With the retreat of the forest at the
start of the Late Dryas a change appears
in the nature of the social group. For
example, evidence from the lower occu-
pation level at Witéw can be interpreted
as indicating the simultaneous presence

of four families. Such a social change
could easily have been brought about
by the return of the tundra environ-
ment and, associated with the tundra, a
migratory game animal that travels in
herds: the reindeer. In any event the
artifact concentrations thereafter, with
their characteristic tanged points, are
representative of a new technocomplex
associated with a new society of hunters,
well adapted to tundra conditions, that
seems to have first developed along the
northern fringe of the Alleréd forests.
With a few exceptions at the southern
limits of the plain the new tundra hunt-
ers almost exclusively favored the rein-
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DISTRIBUTION OF TOOLS made of chocolate flint from central
Poland (color) was more extensive during the Late Dryas period,
when tools typical of the Tanged Point Technocomplex were used
on the European plain (black symbols), than it was during the
Alleréd period, when the plain was forested and tools typical of
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the arched-bladelet complex were used (colored symbols). Circles,
centered on the Holy Cross Mountains, have radii of 100, 200 and
400 kilometers. Small open circles locate sites where some such
tools were present; half-filled circles, those where many were
present, and filled circles,those where such tools outnumber others.



deer as a game animal. As a result a new
campsite pattern emerges. The reindeer
herds were relatively immobile in their
winter pasture; in that season the multi-
family groups apparently broke up and
went into single-family winter quarters.
That is at least one way to interpret the
evidence from such sites as Rydno and
Deimern, with their typical small winter
pit houses and diversified assemblages
of tools. By the same token, when the
reindeer began their migration from
winter to summer pasture, multifamily
groups would reassemble and follow the
herd. That is at least one way to inter-
pret the evidence of short-term encamp-
ments in Layer V at Calowanie. Further
evidence of the shift from winter social
patterns to summer ones in response to
reindeer migration may lie in the fact
that large numbers of Tanged Point
Technocomplex sites are found in the
valleys of the European plain that are
oriented along a north-south axis. The
migratory animals’ natural preference for
those direct routes in traveling to and
from their summer pasture would have
made the north-south valleys the most
desirable locations for temporary hunt-
ing encampments.

To the extent that we can reconstruct
the evolution of human societies in the
Final Paleolithic, what is evident is a
transition from groups rarely larger than
one or two nuclear families adapted to
living in one territory in a forest environ-
ment to groups adapted to an essentially
nomadic life, groups forming large multi-
family aggregates in the summer and
breaking up into nuclear families only in
the winter. In this connection it is inter-
esting to note that when early Mesolithic
societies appeared in what is now Po-
land, more than 500 years after the end
of the Final Paleolithic, the climate had
once more become milder and the Eu-
ropean plain was again covered by an
Allerod-like forest. Evidently in a sim-
ilar response to this similar environment
the early Mesolithic hunters and gather-
ers tended to live in one territory, and
their largest encampments seem to have
been limited in most cases to one or two
nuclear families.

The transition from a comparatively
sedentary way of life to a nomadic one
in the Final Paleolithic is supported by
evidence that is quite independent of ei-
ther the reconstruction of environments
or the behavioral information gained
from the analysis of flint concentrations.
That independent evidence comes from
studies of the mining of flint and the
traffic in this essential material during
the Final Paleolithic. In Poland such

CENTIMETERS

LEAF-SHAPED POINTS typical of the Masovian complex were used as arrowheads. This
cache of arrows is from a grave at a Russian site, Deer Island on Lake Onega. The compound
shafts were made partly of bone and partly of wood. Deer Island is an early Holocene site.

studies have been made fairly simple by
an accident of geology.

The Holy Cross Mountains of central
Poland lie roughly in the middle of a
line drawn from Warsaw to Cracow.
Their northeastern foothills include a
zone of Mesozoic limestones and clays
that are rich in a unique kind of flint.
The flint ranges in color from light
brown to dark brown, which explains
why the material from the Holy Cross
foothills is known as chocolate flint. Sev-
enteen mining complexes of various ages
have been identified in the foothills; at
one of these, Oronsko, narrow shafts of
Final Paleolithic age have been sunk as
deep as three meters into the flint-rich
clay. Some flint outcrops seem to have
been exploited during the Upper Paleo-
lithic, but the mines were worked most
intensively during and after the Final
Paleolithic.

If one plots on a map the Allerod-
period sites that contain artifacts made
from chocolate flint, the sites with the
most numerous assemblages of such tools
are the three that lie within a 100-kilo-
meter radius of the mining area [see il-
lustration on opposite page]. Of the sites
outside the 100-kilometer circle, only
the one farthest to the northwest yielded
more than a few chocolate-flint pieces.
This comparatively limited distribution
of chocolate flint is believed to indicate
that the hunters and gatherers of the Al-
lerod forests did not move around much.
This is not to say that the forest people
never left their base camps. It does sug-
gest, however, that the distance they
traveled, either in visiting the mines or
in flint trafficking, rarely exceeded 100
kilometers.

If one next plots the Late Dryas sites
that contain chocolate-flint artifacts, the
result is quite different. First, chocolate
flint constitutes more than 90 percent of
the flint found in many Late Dryas sites
within 200 kilometers of the source;
the principal concentrations are in sites
along the Vistula. Second, although the
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number of chocolate-flint artifacts found
diminishes beyond a 200-kilometer ra-
dius, some artifacts made from the ma-
terial are found almost 400 kilometers
from the Holy Cross Mountains. This
widespread distribution seems to indi-
cate that among the reindeer hunters of
the Late Dryas the way of life was more
nomadic and the contact between distant
groups was more frequent.

The widespread distribution of the
chocolate flint suggests that it was an
article of trade in the Final Paleolithic,
even though only a few articles that
could have been given in exchange for it
have been identified. For example, in
some of the foothill workshops associated
with the Masovian culture, where the
flint was processed after it had been
mined, certain materials have been
found that are alien to the Holy Cross
region and must have come from across
the Carpathians to the south. Among the
materials are the volcanic glass obsidian
(probably from sources in the Tokay
area of Hungary) and the opaque quartz
called jasper (probably from the terraces
of the Vah River in Czechoslovakia).
These exotic stones are from areas popu-
lated by societies with stone-tool assem-
blages that are entirely different from
those of the European plain. It is tempt-
ing to perceive these foreign materials
as being at least some of the items of
exchange.

The independent evidence for a tran-
sition in human behavior during the
Final Paleolithic provided by the choco-
late-flint studies is a further example of
how our knowledge of human history
depends on the integration of informa-
tion from a wide range of scientific dis-
ciplines. Investigations in this field have
led to the practical integration of prehis-
tory, a discipline of the social sciences,
with disciplines of the biological sciences
and the earth sciences. It is a significant
example because it bears on an increas-
ing contemporary need: the integration
of all scientific knowledge.
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Is there life on Mars? If there is, we hope this master-
piece of miniaturization will prove it. Built by TRW, it
packs into one cubic foot the equivalent of three organic
chemistry labs full of equipment that’s been designed to
determine whether micro-organisms exist in the Martian
soil. It also contains the complex electronics needed to
gather the data for transmission to Earth. Several weeks
after July 4th, 1976, when NASA’s Viking (built by Mar-
tin Marietta) is scheduled to land on Mars, scientists hope
to answer the question that has tantalized men for so long.

Another TRW -built experiment on Viking will mea-
sure the violent winds and cold temperatures of the red
planet’s tenuous atmosphere. Meanwhile, TRW engineers
are working on further experiments designed to probe the
hot, dense atmosphere of Venus, later this decade. With
Earth’s atmosphere “bracketed” by the opposite extremes
of these two natural laboratories meteorologists may get
new insights into our long-range climatic trends and
weather processes.

These experiments are only the latest of many TRW
projects designed to help NASA explore the solar system.
In 1958, Pioneer 1 was the first spacecraft ever buile by
a private firm. It showed the shape of the Van Allen belts
and measured interplanetary particles and fields. Later
Pioneers observed solar disturbances and the solar wind
from as far away as the other side of the sun. The most
recent Pioneers have crossed the asteroid belt, made close-
ups of Jupiter, and sent back more data on the inter-
planetary medium from record-breaking distances. One is
now headed for Saturn and the other will become the
first man-made object to leave the solar system.

During the nineteen sixties, TRW built NASA'’s series
of Orbiting Geophysical Observatories, which mapped
the Earth’s magnetosphere and provided detailed data on
phenomena that affect long-distance communications.

We've now started building three High Energy Astron-
omy Observatories for NASA. Designed to look far
beyond our solar system, they’ll map sources of X, gamma,
and cosmic rays across the entire celestial sphere and then
concentrate on the most interesting ones. The results
should help answer key questions about quasars, pulsars,
black holes, and galactic explcsions. They may even throw
new light on man’s basic theories of energy and matter
and on how the universe began.

Question of the Century

In skimming the highlights of such projects, it's hard
to avoid sounding boastful. But the engineers and sci-
entists who actually do the work have no time for brag-
ging. They’re too busy applying the lessons they’ve learned
to new and even more difficult problems. These hard-
working people, in fact, are what TRW Systems is all

e e a—

Building the Viking Lander Biology Instrument involved
the use of more than thirty different types of advanced
technology.

about. If you're interested, we'd like to send you a couple
of booklets that give you an overview of our diverse capa-
bilities and more information about the Mars instruments.
Just write on your Company Letterhead to:

TRW

SYSTEMS GROUP

Attention: Marketing Communications, E2/9043
One Space Park Redondo Beach, California 90278
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CARBENES

The basic reaction mechanisms of organic chemistry are probed

with the aid of these extremely reactive, short-lived molecules,

created by depriving a carbon atom of two of its normal bonds

hat is most interesting about or-
ganic chemistry, it seems to me,
is that it involves the chemist

directly in the age-old dream of the al-
chemist: the conversion of one species of
matter into another. The investigator can
literally watch the changes taking place
in the laboratory flask, and to be that
close to nature’s workings can be im-
mensely satisfying. One is naturally led
to wonder how those changes are taking
place. Exactly how do molecules come
together to form other molecules? Are
some molecular shapes better suited
than others to engage in chemical reac-
tions? How much energy is required to
effect a certain change? Are there inter-
mediate molecular species involved in
the conversion from one molecule to an-
other, and if there are, how can one de-

by Maitland Jones, Jr.

tect and study such short-lived entities?

These days an important subdivision
of organic chemistry is concerned with
that last question. To be sure, many or-
ganic chemists are still busy synthesiz-
ing ever more complex molecules, but
there is a small group of organic chem-
ists, sometimes called physical organic
chemists, which is more concerned with
reaction mechanisms. An even smaller
group, including my co-workers and me
at Princeton University, finds itself fo-
cusing on the properties of reactive in-
termediates: those molecular species that
are formed in a chemical reaction only to
be consumed almost instantaneously in
the creation of new molecules.

Since organic chemistry is basically
the chemistry of carbon compounds it is
hardly surprising that by far the greatest

attention has been paid to reactive inter-
mediates that contain carbon. Normally
the carbon atom is tetravalent, that is, it
has a tendency to form four covalent, or
two-electron, bonds with other atoms,
the four bonds generally being directed
in space toward the four corners of a
tetrahedron. Until recently the common-
est reactive intermediates formed in the
conversion of one tetravalent-carbon
compound into another incorporated
trivalent carbon. A typical example is the
carbonium ion, in which three atoms
placed at the corners of an equilateral
triangle surround a central carbon atom
bearing a positive electric charge. If an
electron is somehow added to a carbo-
nium ion, the positive charge is canceled
and a neutral molecule, a free radical,
results; in its simplest form this molecule

METHANE (CHa)

CARBONIUM ION (CHg)*

METHYLENE (:CHz)

CARBON ATOM normally forms four covalent, or two-electron,
bonds with other atoms, the four bonds generally being directed in
space toward the four corners of a tetrahedron (a) ; in this case the
four other atoms are all assumed to be hydrogen, and the entire
five-atom molecule is called methane. In chemical reactions that
involve the conversion of one such tetravalent-carbon compound
into another, short-lived intermediate species of carbon that have
fewer than four bonds are often formed. For instance, in the car-
bonium ion (b), a typical trivalent-carbon compound, three atoms
(again hydrogen in this example) placed at the corners of an equi-

lateral triangle surround a central carbon atom bearing a positive
electric charge. By removing two of the atoms normally bonded to
the carbon atom one can generate the extremely unstable divalent
reactive intermediates known as carbenes; when the two remaining
atoms are both hydrogen, the particular carbene shown is called
methylene (c). In the ball-and-stick diagrams accompanying this
article covalent bonds are represented by sticks, carbon atoms by
gray balls, hydrogen atoms by somewhat smaller white balls and
other atoms (or groups of atoms) by balls with identifying letters
inside them; colored dots denote free, or nonbonding, electrons.
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CARBONIUM ION (CHg)* @ (j&()

FREE RADICAL (-CH3) CARBANION (:CH3)

=

CARBONIUM ION CAN BE ALTERED by adding one or two electrons to it, thereby
generating two other trivalent carbon species. The region of space in which the added
electron (or electrons) is likely to be found is called an orbital and is represented here by
the stippled shapes (a); occupied orbitals are shown in color. If one electron is added,
the positive charge associated with the carbonium ion is neutralized and a free radical re-
sults (b); this molecule is thought to take the shape of a shallow pyramid that oscillates
around an equilibrium point coincident with the carbon atom. The addition of two non-
bonding electrons yields the negatively charged carbanion (c¢), which is more pyramidal.

probably takes the shape of a shallow
pyramid [see illustration above]. The
addition of still another electron yields
the negatively charged carbanion, which
is usually more pyramidal and also oscil-
lates rapidly. The chemistry of these
trivalent-carbon compounds has been
broadly worked out over the past 40
years or so, although even today it is by
no means completely understood.
Interesting and useful as these triva-

lent species are, one can manipulate the
“normal” carbon atom to an even greater
degree by contriving to remove two of
the atoms ordinarily bonded to it. In do-
ing so one creates the enormously reac-
tive divalent species known as carbenes.

A}cording to legend, it was in the fall

of 1951 during a late-night taxi ride
in Chicago that three of America’s lead-
ing organic chemists, William Doering,

ORBITAL

o OC’;@ b
- |

ORBITAL

SINGLET-STATE METHYLENE (:CHz)

HIGH-ENERGY

LOW-ENERGY

TRIPLET-STATE METHYLENE 3(:CHa)

CARBENE CAN TAKE TWO FORMS, depending on whether the spins of the two free
electrons are in the same direction or in opposite directions. For example, in singlet-state
methylene (a) the two electrons are paired (that is, spinning in opposite directions), and
therefore they are both allowed to occupy the same low-energy in-plane orbital. In triplet-
state methylene (b), on the other hand, the two electrons spin in the same direction, and
as a consequence they are not allowed in the same orbital ; instead one electron occupies a
higher-energy dumbbell-shaped orbital, which extends above and below the plane of
the three atoms. The singlet-state carbene is evidently more bent than the triplet-state one.
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Saul Winstein and Robert Woodward,
jointly conceived the name carbene. Of
course, for them to coin the name re-
quired that there be something worth
naming. Actually the first suggestion
that divalent carbon could be a reactive
intermediate had been made more than a
century earlier, and by the early 1950’s
the beginnings of more than two decades
of intensive work on these extraordinary
species had appeared in the chemical
literature.

Much of the interest in carbenes de-
rives from their great instability and
attendant reactivity. Even carbon-hydro-
gen bonds, which are among the strong-
est single bonds to carbon, are ruptured
on nearly every encounter with the sim-
plest carbene, methylene (abbreviated
:CH,, the two dots before the chemical
symbols signifying the two free, or non-
bonding, electrons associated with the
carbon atom). The reaction of methylene
with methane (CH,) to yield ethane
(CoHy), for example, releases a consid-
erable amount of heat, a sure indication
that the starting material has a much
higher energy and hence is much less
stable than the product. The existence
of such a large energy difference does
not by itself mean that a given reaction
will be probable or even possible. There
may be substantial barriers, represented
by energy or entropy requirements, in-
tervening between the high-energy start-
ing material and the comparatively low-
energy products. Nonetheless, the pic-
ture of a species poised at the top of an
energy cliff above its products gives one
a sense of the precipitous reactivity of
carbenes.

Before looking in detail at the reac-
tions of methylene and other carbenes
with various hydrocarbons, a complicat-
ing factor must be taken into account.
Part of the quantum-mechanical descrip-
tion of the electrons surrounding a car-
bon atom involves their spin quantum
number; the spin of an electron can be
assigned a value of either +1/2 or —1/2,
depending (in loose terms) on whether
the direction of spin is clockwise or
counterclockwise. Accordingly the two
nonbonding electrons of a carbene will
have a net spin of either O (for spins of
different sign) or 1 (for spins of the same
sign). For spectroscopic reasons having
nothing to do with the subject of this
article these two conditions of spin are
respectively called the singlet state and
the triplet state. For any given carbene
it follows that one can expect two some-
what different structures. An important
question then emerges: Will the chemi-
cal reactions of a singlet-state carbene be



detectably different from those of the
corresponding triplet-state carbene?

Methylene is a molecule small enough
to be dealt with by the still rather crude
theoretical methods available to chem-
ists, and much of what is known about
the geometry of singlet- and triplet-state
methylene is due to the efforts of theo-
rists. Both molecules are bent, the sin-
glet-state molecule more than the triplet-
state one, but the regions of space occu-
pied by the two nonbonding electrons
are quite different. These regions of
space are called orbitals. In general an
electron will occupy the lowest-energy
orbital available. The catch is that two
electrons with the same spin may not oc-
cupy the same orbital. Therefore in the
case of triplet-state methylene the two
nonbonding electrons are in different or-
bitals: one is in a comparatively low-en-
ergy orbital that lies in the plane of the
three atoms, whereas the other occupies
a dumbbell-shaped orbital of somewhat
higher energy extending above and be-
low the plane of the three atoms [see
bottom illustration on opposite page].
In the singlet state, where the two elec-
trons have oppositely directed spins,
there is no prohibition against double
occupancy of an orbital, and here the
two electrons are both in the same low-
energy in-plane orbital.

For carbenes where the atoms (or
groups of atoms) attached to the diva-
lent carbon atom are more complex than
they are in methylene the structures may
vary, but the overall features of a sharp-
ly bent singlet-state molecule and a more
nearly linear triplet-state one persist. The
exact magnitude (and even the direction)
of the difference in energy between the
two spin states has been the subject of a
prodigious amount of work and some
controversy over the years. It now seems
clear that with a few exceptions the
triplet states are slightly lower in energy
than the singlet states. Thus one of
the major questions concerning carbene
chemistry reduces to whether or not the
subtle change from the singlet state to
the triplet state—a change involving only
the direction of spin of a single non-
bonding electron—would result in two
different chemistries.

et us now look at how carbenes are
made in the laboratory. Although
there are a number of ways to generate
divalent-carbon compounds, we shall
concern ourselves here only with the sim-
plest, if most hazardous, method. That
approach involves the decomposition by
heating or by ultraviolet radiation of the
brightly colored nitrogen-containing sub-

stances known as diazo compounds.
These poisonous, carcinogenic and ca-
priciously explosive compounds give up
molecular nitrogen to form carbenes,
which must then find some way to nor-
mal tetravalency.

The photochemical decomposition of

diazo compounds is a particularly useful
means of generating carbenes because it
lends itself to the formation of both sin-
glet- and triplet-state carbenes. The di-
rect decomposition of a diazo compound
such as diazomethane (H,CN,), for ex-
ample, yields a nitrogen molecule (N,)

ULTRAVIOLET
RADIATION

/ SINGLET-STATE

g § CARBENE '(:CR2)

N

+ H®

SINGLET-STATE
NITROGEN '(N3)

SINGLET-STATE
DIAZO COMPOUND '(CN2R3)

i+

TRIPLET-STATE
NITROGEN 3( Nz )

TRIPLET-STATE
CARBENE 3(:CR,)

SINGLET-STATE CARBENES are formed by the direct photochemical decomposition of
the nitrogen-containing substances known as diazo compounds, which normally exist in the
singlet state (that is, with all their electrons forming pairs with oppositely directed spins).
Since electron spin must be conserved in the reaction, one must end up with products in
which there is no net unpaired spin. This means that when a singlet-state compound such as
diazomethane (H,CN,) is exposed to ultraviolet radiation to form methylene (:CH,) and
molecular nitrogen (N,), for example, the products must be either singlet-state carbene and
singlet-state nitrogen or triplet-state carbene and triplet-state nitrogen. (The symbol R
is used here to denote any of a variety of atoms or groups of atoms other than hydro-
gen that can be attached to a divalent carbon atom to form the carbene.) Actually the
second route is extremely unlikely, since the energy required to form triplet-state
nitrogen molecules is much higher than that required to form singlet-state ones. Hence
the direct ultraviolet irradiation of ordinary diazo compounds yields singlet-state carbenes.

ULTRAVIOLET
RADIATION
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SINGLET-STATE
NITROGEN (N3 )

TRIPLET-STATE
CARBENE 3(:CR2)

TRIPLET-STATE
DIAZO COMPOUND 3(CN2R3)

o+ @

TRIPLET-STATE
NITROGEN 3(N2)

SINGLET-STATE
CARBENE '(:CRy)

TRIPLET-STATE CARBENES are formed indirectly by the decomposition of diazo
compounds that have first been converted from the singlet state to the triplet state by the
introduction of a special photosensitizing agent. In order for electron spin to be conserved
in the ensuing reaction, the products this time must be either triplet-state carbene and sin-
glet-state nitrogen or singlet-state carbene and triplet-state nitrogen. The high energy of the
triplet-state nitrogen here strongly favors the former route, and thus the reaction yields
mostly the triplet-state carbene. Orbitals have been omitted in both diagrams on this page
for the sake of clarity; accordingly the indicated positions of the electron-spin symbols
(colored arrows) do not necessarily correspond to the actual positions of the electrons.
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N

CARBENE (:CR,)
ETHYLENE (C2Ha)

PI BOND

-

CYCLOPROPANE (C3H4Rz2)

CARBENE CAN BE ADDED to almost any carbon-carbon multi-
ple bond to form a cyclopropane: a compound that has three car-
bon atoms in a ring. In this example a carbene is shown reacting
with the pi, or “double,” part of the double bond in a molecule

of ethylene, the simplest multiple-bonded hydrocarbon. The two
electrons that constitute the pi bond combine with two nonbond-
ing electrons on the carbene to provide the four electrons needed
to make two new carbon-carbon bonds in cyclopropane product.

TETRAMETHYLETHYLENE (CgH12)

b
o0 + —
CARBENE (:CRp)
CYCLOPENTENE (CsHg)
C
—_—

:+

CARBENE (:CRy)

DIMETHYLACETYLENE (C4Hs)

CARBENE (:CRp)

@
BENZENE (CgHs)

CYCLOHEPTATRIENE (CyHgR2)

VARIETY OF CYCLOPROPANES that can be synthesized in re-
actions involving carbenes and multiple-bonded hydrocarbons is
represented here by several examples. In a a carbene is shown at-
tacking the double bond in tetramethylethylene to form a cyclo-
propane ring with four methyl (CHy) groups attached to it. In b a
carbene reacts with a carbon-carbon double bond in a five-carbon
ring to produce a compound with two rings. In ¢ a carbene reacts
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with a carbon-carbon triple bond to yield a very highly strained
cyclopropene ring in which one of the original pi bonds remains
untouched and reappears in the final product as a double bond. In
d a carbene forces the normally very stable six-carbon ring of ben-
zene to expand through an unstable cyclopropane intermediate
into a seven-carbon ring. The small internal angles of cyclopro-
panes make them difficult to synthesize in more conventional ways.
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and a methylene molecule (:CH.), both
in the singlet state. Spin must be con-
served in such reactions. Hence if one
starts with a singlet-state diazo com-
pound, in which all the electrons form
pairs with oppositely directed spins, one
must end up with products in which
there is no net unpaired spin. This con-
straint means that the products must be
either two singlet-state molecules or two
triplet-state molecules [see upper illus-
tration on page 103]. Since the energy
required to form triplet-state nitrogen
molecules is much higher than that need-
ed to form singlet-state ones, the alteina-
tive all-triplet-state route is actually
never followed.

If instead of directly irradiating the
diazo compound, however, one first in-
troduces a photosensitizing agent to ab-
sorb all the incident radiation, a triplet-
state diazo compound can be produced.
Again two possibilities for further reac-
tion exist: this time a triplet-state car-
bene can be formed along with a singlet-
state nitrogen molecule, or a singlet-state
carbene can be formed with a triplet-
state nitrogen molecule [see lower illus-
tration on page 103]. Here the high en-
ergy of the triplet-state nitrogen works
to make the former possibility by far the
likelier route.

In short, although quite dangerous
compounds must be employed, the avail-
ability and versatility of diazo com-
pounds makes them the precursors of
choice in the generation of both singlet-
and triplet-state carbenes. (There is even
an indirect way around the dangers,
since the salts that serve as the immedi-
ate precursors of diazo compounds can
often be used instead. In that case the
diazo compound is simply generated
where it is to be consumed in the reac-
tion vessel, and it need never be iso-

lated.)

Carbenes have a voracious appetite

for electrons. Since they lack two of
their normal complement of valence, or
bonding, electrons, they react rapidly
with even very weak sources of electrons
to form tetravalent-carbon compounds in
which each carbon atom has a share in
eight valence electrons (four of its own
and four contributed by the atoms it is
bound to). In the laboratory the most
common source of electrons to “feed”
carbenes is the pi, or “double,” part of
a carbon-carbon double bond; the prod-
uct of this reaction is a cyclopropane: a
compound with three carbon atoms in a
ring [see top illustration on opposite
page]. The narrow internal angles of
those highly strained small-ring com-
pounds make them quite high in energy

ALLYLCARBENE (:C4Hs)

CYCLOPROPENYLCARBENE (:C4H4) TETRAHEDRANE (C4qHg)

INTRAMOLECULAR REACTIONS, in which a carbene adds to a multiple bond within
the same molecule, lead to a variety of cage, or multi-ring, compounds. The last example, syn-
thesis of tetrahedrane from cyclopropenylcarbene, has not yet been achieved in laboratory.

! _ )
@+ || —
SINGLET-STATE

ETHYLENE (CoHg)

| CARBENE 1(:CRy) CYCLOPROPANE (C3H4Rp)

TRIPLET-STATE

CARBENE 3(:CRy) ETHYLENE (C2Hg)

CYCLOPROPANE (CaH4R2)

DIRECTION OF ELECTRON SPIN affects the mechanism by which carbenes add to dou-
ble bonds to produce cyclopropanes. In the case of a singlet-state carbene (a) the two new
bonds are formed directly, since the spins of the four electrons involved in the reaction
(two on the carbene and two in the pi part of the carbon-carbon double bond) are properly
aligned for the simultaneous formation of two bonds. In the case of a triplet-state carbene
(b), on the other hand, the alignment of the electron spins does not allow two new bonds
to form in a single step. Once the first bond is formed the remaining two electrons have
the same spin, and hence they cannot occupy the same orbital to make a covalent bond.
One of the electrons must first “flip” its spin before the cyclopropane ring can be closed.
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and hence difficult to synthesize in more
conventional ways. In a sense the car-
bene serves as an energy source to make
a rather inaccessible class of molecules.
Today if an organic chemist is faced with
the task of synthesizing a cyclopropane,
it is almost certain that his thoughts will
first turn to carbenes.

Almost any kind of carbon-carbon
multiple bond will react with divalent
carbon. For example, on encountering a
carbene a simple double-bonded hydro-
carbon such as ethylene (C,H,) or tetra-
methylethylene (CgHi,) reacts to yield
three-carbon cyclopropane rings; car-
bon-carbon double bonds in hydrocar-
bon rings react to yield compounds with
two rings; carbon-carbon triple bonds
react to give very highly strained double-
bonded cyclopropene rings, and the six-
carbon ring of benzene is expanded
through an intermediate cyclopropane
into a seven-carbon ring [see bottom
illustration on page 104].

Such intermolecular reactions involv-
ing carbenes provide ready access to an
immense variety of compounds. None-
theless, much attention has also been fo-
cused lately on the intramolecular ver-
sion of cyclopropane formation. To pro-
duce such a reaction one must manage
to put both the carbene and the carbene-
accepting multiple bond within the same
molecule and in reasonable proximity to
each other [see top illustration on pre-
ceding page]. This internal-addition re-
action can lead to highly strained “cage”
compounds with many rings. If the car-
bene and its target double bond are
separated by only a single carbon atom,
the product is bicyclobutane (C4Hj), a
molecule consisting of two fused three-
carbon rings. Even more exotic ring
compounds can be produced if the car-
bene-accepting multiple bond is itself
part of a hydrocarbon ring.

An intramolecular reaction involving
cyclopropenylcarbene (:C,H,) would
represent the culmination of the cyclo-
propane ring-building business. If this
carbene were to undergo internal addi-
tion, the product would be the hypothet-
ical tetrahedral molecule tetrahedrane
(C,H,). Although the reaction has been
tried many times, tetrahedrane has so
far eluded isolation. The precise reason
for this baffling failure is not known, but
preliminary results suggest that tetra-
hedrane may form momentarily and then
react further before it can be detected.

The wealth of experimental data on
the cyclopropane-forming process pro-
vides surprisingly little information on
the mechanism of the reaction. For ex-
ample, few clues are given on how the
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atoms approach one another in space or
how they twist and turn during the re-
action. The question of the reaction
mechanism was first attacked by experi-
menters, but their findings have been
greatly augmented in recent years by
theorists, who have provided a quite de-
tailed picture of how the reaction pro-
ceeds.

The first question to be examined was
the one of whether the two new carbon-
carbon bonds created in the cyclopro-
pane-forming reaction are formed simul-
taneously or one at a time. It was recog-
nized quite early by Philip Skell of Penn-
sylvania State University and by Doering
of Yale University that the answer to
the question might not be the same for
both singlet- and triplet-state carbenes.
For example, in the case of a singlet-
state carbene the spins of the electrons
involved in the reaction (two on the
carbene and two in the pi part of the
carbon-carbon double bond) are prop-
erly aligned for the formation of two
bonds, each of which must have two
electrons with paired spins [see bottom
illustration on preceding page]. That is
not the case for a triplet-state carbene,
however. There a direct reaction to form
two new bonds in a single step is not
possible, because the alignment of the
electron spins does not allow it. An in-
termediate product that has a net un-
paired electron spin must be formed
first. Such an intermediate might well
revert to cyclopropane if the spin of one
electron could be changed. Mechanisms
for such a “spin flip” exist in nature, al-
though the time required for the flip
is not well known. The lifetime of the
presumed intermediate molecule is also
of some importance. It does seem that if
such an intermediate were to be formed,
a cyclopropane would be the inevitable
product.

A simple experiment was available to
differentiate the two processes: one in-
volving an intermediate and the other
not involving one. The experiment rested
on the premise that in the intermediate
molecule the stereochemistry, or three-
dimensional arrangement, of two methyl
groups (CHj) attached to the original
double bond in one of the two possible
configurations of the 2-butene mole-
cule would be lost because of the rapid
rotation known to occur around the car-
bon-carbon single bond. In the singlet
case the simultaneous formation of the
two new single bonds would not allow
any such rotation and the original stereo-
chemical relations would be preserved.
Hence the picture emerged of two slight-
ly different mechanisms: one a singlet
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H +

SINGLET-STATE

CARBENE '(:CRyp) CIS-2-BUTENE
(C4Hg)
b
TRIPLET-STATE
CARBENE 3(:CRp) CIS-2-BUTENE
(C4Hg)

STEREOCHEMISTRY, or three-dimension-
al arrangement of atoms in a molecule, is
either preserved or lost in the cyclopropane-
forming reaction, depending on whether the
spins of the two nonbonding electrons on
the carbene are aligned in opposite direc-
tions (a) or in the same direction (b). Be-

(C3Ha)

DIPHENYLCARBENE (:C13H10)

UTILITY OF CARBENES for synthesizing
new molecules can be extended beyond the
cyclopropane-forming reaction by virtue of
the fact that the intermediate formed by the
addition of a triplet-state carbene to a mul-

METHYLACETYLENE



TRANS-CYCLOPROPANE (CsHgR2)

cause the singletstate carbene can add to the carbon-carbon dou-
ble bond in a molecule such as 2-butene in a single step to form
two new bonds at once, the stereochemical relation of the two
methyl (CH;) groups attached to the double bond is not changed
in the reaction. If they start out on the same side (as in the cis con-
figuration shown), they will end up on the same side ; if they start
out on opposite sides (the trans configuration), they will end up

on opposite sides. In the case of the tripletstate carbene, in con-
trast, the two new bonds cannot be formed at once, and rotation
around the carbon-carbon single bond is possible in the inter-
mediate formed first. By the time an electron has changed its spin,
allowing the cyclopropane ring to close, the spatial relation of the
methyl groups attached to the original double bond can change.
Thus in the latter case the original orientation of the groups is lost.

METHYLINDENE (CygH1a4)

tiple bond need not always close to yield a three-carbon ring. In
the addition of triplet-state diphenylcarbene to methylacetylene,
for example, the added group instead joins a nearby benzene ring,
yielding a molecule with no free electrons, since the two electrons
in the double bond initially attacked combine with the two non-

bonding electrons in the intermediate to form two new single
bonds. The reaction is completed by the migration of a hydrogen
atom to give the final product: a member of the class of com-
pounds known collectively as phenylindenes. The addition of sin-
glet-state diphenylcarbene (not shown) would give a cyclopropene.
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ULTRAVIOLET
RADIATION

DIETHYL ETHER (C4H100)

DIAZOMETHANE (CHzN3)

ETHYL PROPYL ETHER (C5H120)

CARBENE CAN BE INSERTED between a carbon atom and a
hydrogen atom in a molecule of diethyl ether to generate two iso-
mers, or structurally different versions, of ethyl propyl ether. This

reaction, first observed more than 30 years ago, was not recognized
until much later as a direct carbene-insertion reaction. Although
carbon-hydrogen bonds are among the strongest single bonds to

process where two new chemical bonds
are formed directly and the other a
triplet reaction proceeding through
an intermediate capable of losing the
stereochemical relations present in the
original molecule [see top illustration
on preceding two pages]. In other words,
a singlet-state carbene can be expected
to add to a double bond and retain
stereochemistry, whereas a triplet-state
carbene should give rise to a mixture

of stereochemically differing cyclopro-
panes. Indeed, in the latter case the final
ratio of the two types of cyclopropane
should be independent of the stereo-
chemistry of the starting material if the
intermediate lives long enough.
Stereospecific carbene reactions (that
is, reactions that preserve the stereo-
chemical relations) were commonplace
by the time Skell and Doering put for-
ward their concepts, and a small num-

ber of nonstereospecific reactions be-
came known shortly thereafter. The as-
signment of spin state on stereochemical
grounds alone became routine. Actually
it made little sense to designate one car-
bene a triplet-state carbene and another
a singlet-state carbene without knowing
the reactions of both spin states of each
carbene. The differences in properties
observed might be the result simply of
the differences inherent in the properties

CARBOALKOXYCARBENE
(:C2HO2R)

METHOXYPROPIONIC ESTEF:\
(C3H70R)

METHOXYMETHYLSUCCINIC ESTER

(CsHgO3R2)

OPTICAL ACTIVITY IS PRESERVED in the direct insertion re-
action of a singlet-state carbene such as carboalkoxycarbene into a
carbon-hydrogen bond in an optically active molecule such as
methoxypropionic ester, which can exist in two forms: one that
rotates the plane of plane-polarized light to the left and one that
rotates it to the right. In the direct process (first upper branch) the
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particular spatial relation of the groups attached to the key carbon
atom is not changed by the reaction, because the two new bonds
are formed simultaneously, just as they are in the case of a singlet-
state addition reaction. If the process were to involve the removal
of the hydrogen atom to produce a pair of intermediate free radi-
cals, however (first lower branch), optical activity would be lost
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THYL ISOPROPYL ETHER (CsHy20)

°+ =

NITROGEN (N2)

carbon, they are ruptured on nearly every
encounter with methylene, shown here (col-
ored box) as part of its precursor compound.

of the carbenes and have nothing at all
to do with electron spin. Curiously,
years passed until the critical experi-
ment was done, but in the end the sur-
mises of Skell and Doering were con-
firmed. When the stereochemistry of the
addition reaction of singlet and triplet
states of the same carbene was ex-
amined, it turned out that the singlet-
state carbene does add specifically and
that the triplet-state carbene does not.

METHOXYMETHYLSUCCINIC ESTER

METHOXYMETHYLSUCCINIC ESTER (CsHgO3R5)

(CsHgO3R2)

owing to the rapid inversion of the inter-
mediate products. Recently the triplet-state
counterpart of this reaction (a triplet-state
diphenylcarbene insertion) was observed ; it
was found to follow the latter course, losing
the optical activity of the starting material.

Theorists have since provided a much
more detailed picture of that reaction.
Modern methods of calculation make it
possible to explore the potential-energy
surfaces for the addition of both singlet-
and triplet-state methylene to ethylene,
the simplest double-bonded hydrocar-
bon. The results support the rather
meager data supplied by experiment,
particularly with regard to the triplet-
state addition reaction. What was new
was that the singlet-state addition re-
action was also found to proceed with
the formation of the new bonds one at a
time. Thus the singlet- and triplet-state
processes are not quite as different as
they appeared to be at first.

At Princeton we have tried to exploit

the step-by-step addition of triplet-
state carbenes in order to expand the
utility of carbenes beyond the cyclopro-
pane-forming reaction. To do this we
have tried to construct systems where
the initially formed intermediate mole-
cule could be trapped internally. A typi-
cal example involves the addition of
triplet-state diphenylcarbene (:C,3H;,)
to methylacetylene (C3H,) [see bottom
illustration on pages 106 and 107]. A sin-
glet-state carbene would simply form a
cyclopropene in this reaction, but here
the addition of the triplet-state carbene
takes place at the less crowded end of
the triple bond to yield an intermediate
molecule. This species adds internally to
one of the benzene rings instead of re-
acting to form the highly unstable cyclo-
propene. The reaction terminates with
the shift of a single hydrogen atom to
regenerate a very stable benzene system.
Somewhere in the reaction the spin of an
electron must be reversed, but one can-
not be certain at exactly what point the
reversal occurs. What we have done is
to divert the reaction from the formation
of a three-carbon ring and develop in-
stead a new approach to the synthesis of
a class of molecules known collectively
as phenylindenes.

What if a carbene is generated where
no addition reaction is possible? Mul-
tiple-bonded systems are after all quite
open to attack, since the electrons in the
pi portion of a double or triple bond are
loosely held. Carbenes are so reactive,
however, that even the electrons in car-
bon-hydrogen bonds, which are tightly
held indeed, can be attacked. In fact,
one of the earliest carbene reactions
known was derived from an observation
made by Hans Meerwein of the Uni-
versity of Marburg in 1942, namely that
ethyl propyl ether and ethyl isopropyl
ether (two isomers, or structurally dif-
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ferent molecules with the same chemical
formula, in this case C3H;,0) can be
formed by irradiating a solution of di-
azomethane (CHyN,) in diethyl ether
(C4H,,0). Although it became clear only
years later, the two products are created
by the interposition of a methylene unit
between the carbon and the hydrogen
of a particular carbon-hydrogen bond
[see top illustration on these two pages].
This process, called an insertion reac-
tion, was later found to be general when
several carbenes were observed to in-
sert themselves into all kinds of carbon-
hydrogen bonds.

In the insertion reaction, as in the ad-
dition reaction, the direction of electron
spin is vitally important in determining
the course of the reaction. Again a simple
counting of spins will suffice to show
that it is possible (although not neces-
sary) for a singlet-state carbene to form
two new bonds at a single stroke, where-
as a triplet-state carbene cannot do so
and must proceed to the product in a
multistep process. As in the case of the
addition reaction, the broad features of
the mechanism of the insertion reaction
were made clear by experiments and
later refined by theoretical treatments,
which have provided descriptions of the
details of the mechanism.

Many organic molecules exist in left-
handed and right-handed forms. Such
stereoisomers are mirror images of each
other and are identical in all chemical
and physical properties except for their
ability to rotate the plane of plane-po-
larized light: one isomer will rotate the
plane to the left and the other will ro-
tate it to the right. Such molecules are
said to be optically active.

The direct insertion of a carbene into
a certain carbon-hydrogen bond in an
optically active molecule such as me-
thoxypropionic ester would be expected
to yield a molecule that would be still
optically active. If the mechanism were
to involve the removal of the hydrogen
atom, however, optical activity would
inevitably be lost because of the rapid
inversion of the resulting free radicals
[see bottom illustration on these two
pages). Several singlet-state carbene in-
sertion reactions are known to result in
the retention of optical activity. Thus
the mechanism of the insertion reaction
of singlet-state carbenes involves the for-
mation of the two new bonds with no in-
tervention of discrete free radicals. Re-
cently the triplet-state counterpart of the
reaction was also observed. The insertion
reaction of triplet-state diphenylcarbene
was found to result in the complete loss
of optical activity. Thus it is clear that
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the triplet-state insertion reaction is not
direct but involves a pair of intermediate
free radicals.

Again theoretical work has confirmed
the mechanism of the triplet-state in-
| sertion reaction. The description of the
singlet-state insertion reaction, however,
is different in detail from the general pic-
ture provided by experiment. It is impos-
sible by experiment alone to tell a truly
direct process, in which the two new
bonds are formed concurrently, from a
hydrogen-removal process, which leads
to a pair of radicals that cannot escape

that picture of the reaction: a pair of
radicals is formed, but the members of
the pair are close enough at the moment
of their creation to be inevitably com-
mitted to collapse together to torm a
single product.

The intramolecular insertion reaction
of singlet-state carbenes is so rapid that
it completely dominates many chemical
reactions. It is difficult to use certain
singlet-state carbenes in intermolecular
reactions simply because these unstable
species react so quickly with nearby in-
ternal bonds. Internal reactions require
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from each other. Theory draws exactly no encounters with external molecules

TETRAMETHYLENE
KETENE (CgHgO)

O
SINGLET-STATE
CARBENACYCLOHEXANONE 1 (:CgHgO)

ETHYLENE (CpHa)

TRIPLET-STATE
CARBENACYCLOHEXANONE 3 (:CgHgO)

SPIRO-OCTANONE (CgH120)

INTRAMOLECULAR INSERTION REACTION of a singlet-state ketocarbene with an ad-
jacent carbon-carbon single bond results in the extremely fast Wolff rearrangement (a),
which renders many carbenes useless for synthesis, since reactions with other molecules are
too slow to compete. The problem can be avoided by changing the spin of one nonbonding
electron to form the triplet state of the carbene (b). Now the Wolff rearrangement is not
so favorable, and intermolecular reactions (in this case with ethylene) can proceed. Thus
triplet-state ketocarbenes can be used to generate conventional cyclopropane products.
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and are usually faster than their inter- |

molecular counterparts. Many carbenes
have been found to be quite useless for
synthesizing new molecules simply be-
cause they refuse to participate in in-
termolecular reactions of any kind. It
seemed to us that for a variety of reasons
triplet-state carbenes should not be as
reactive toward internal bonds as sin-
glet-state carbenes are.

A typical example of the rapid in-
ternal reaction of singlet-state carbenes
is the insertion of ketocarbenes (carbenes
incorporating an oxygen-carbon double
bond) into an adjacent carbon-carbon
bond to give rise to ketenes [see illustra-
tion on opposite page]. Even if one gen-
erates most ketocarbenes in a carbene-
accepting solvent, the intramolecular re-
action (called the Wolff rearrangement)
is so fast that no useful amounts of addi-
tion products are formed. That is not the
case with triplet-state carbenes. The
generation of triplet-state ketocarbenes
with the aid of ultraviolet radiation leads
not to ketenes but rather to the conven-
tional cyclopropane addition products.
The formation of the triplet state has
changed the carbene from one that is
prone to unproductive internal reactions
into a much more useful species.

To summarize, two kinds of divalent
carbon exist. There are singlet-state car- |
benes, which react rapidly, and without
forming detectable intermediates, with
all manner of systems incorporating
pairs of electrons, and there are triplet-
state carbenes, which often lead to the
same gross structures as the singlet-state
species do but by very different mecha-
nisms. The subtle interplay between
theory and experiment has yielded a
reasonable understanding of the reac-
tions of carbenes, which should enable
future investigators to make greater use
of divalent carbon. One can see the be-
ginnings of the new chemistry even to- |
day. Not only have carbenes provided
an efficient way to synthesize a variety
of cyclopropanes and cage compounds
but also they are beginning to be useful
in making far more exotic molecules.
When one calls a molecule exotic, it re-
flects the feeling that in some sense the
molecule is out of the ordinary; it is
by studying such molecules that organic
chemists seek revelation about chemical

bonding. |

he orbitals that are involved in bond-

ing atoms to each other are reason-
ably well defined, and to a first approxi-
mation the more two orbitals on different
atoms overlap, the more strongly will the |
atoms be bound together. In the case of
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a simple double-bonded hydrocarbon
such as ethylene, for example, the two
dumbbell-shaped orbitals overlap to
form the pi part of the double bond. The
benzene molecule consists of six carbon
atoms in a ring bound together by a par-
ticularly stable array of six mutually
overlapping dumbbell-shaped orbitals.
What will happen if one begins to twist
those orbitals with respect to one anoth-
er? How much twisting and attendant
decoupling of electrons will benzene ac-

cept before it ceases to be stable? What
reactions will a twisted benzene ring en-
ter into? Can one eventually derive a
correlation between the angle of twist
and the chemical reactions available to a
molecule? These are typical of the kinds
of question physical organic chemists
would like to answer.

In principle the task of synthesizing
twisted benzene rings is not a very dif-
ficult one. Chemical species known as
paracyclophanes had been made in the

- (CH2ea

BENZENE (CgHg) [8JPARACYCLOPHANE (C14Hz0)

BENZENE MOLECULE owes its great stability to the efficient overlap of six dumbbell-
shaped orbitals held parallel in a regular hexagonal ring (left). If two opposite positions
on a benzene ring were to be bridged with a short chain of carbon atoms (right), the or-
bitals would no longer overlap efficiently and the resulting twisted benzene compound,
called a paracyclophane, would be expected to become much more reactive. Conventional
methods of synthesis, however, had until recently led only to paracyclophanes with bridg-
ing chains as short as eight atoms, not enough to warp the benzene ring significantly.

DIMETHYLCYCLOHEXADIENYLIDENE (:CgHqp) PARA-XYLENE (CgH ()

(CHz)g ~
R 8 NG

/ N\
/ \
~
V4 A
b 7/ ]
/ )
/ i
. [CII4
) I
| \ |
\
\ «,
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SPIRODODECA DIENEYLIDENE (:Cq2H1g)

[6]PARACYCLOPHANE (C12H1¢6)

CARBENES PROVIDE a new and convenient route to the synthesis of small, highly twisted
paracyclophanes. The discovery that a carbene with the full chemical name of 4,4-dimethyl-
cyclohexa-2,5-dienylidene rearranged itself in the gas phase to form 1,4-dimethylbenzene, or
para-xylene (a), led by a simple extension of the reaction to the successful synthesis of bent
paracyclophanes with bridging chains composed of as few as six carbon atoms (b).
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1950’s and 1960’s by several groups,
notably those led by Donald J. Cram of
the University of California at Los An-
geles and by Norman L. Allinger,. who
was then at Wayne State University.
What these chemists and others had
managed to do was to bridge two oppo-
site positions of a benzene ring with a
chain of carbon atoms [see upper illus-
tration on this pagel. The benzene ring
of the resulting paracyclophane will be
forced to bend, provided that the bridge
is short enough. There lies the rub, since
conventional syntheses had led only to
paracyclophanes with bridging chains as
short as eight carbon atoms, and they
had led to them only after extraordinary
efforts. A bridge of eight or more car-
bons is not enough to warp the benzene
ring significantly, and a source of smaller
paracyclophanes was sorely needed.

At that time our group was engaged
in a program of examining the intra-
molecular reactions of carbenes in the
hope of coercing them into ever more
difficult reactions. At one point it oc-
curred to us that it would be sensible to
isolate the carbene from its chemical en-
vironment by generating it in the gas
phase, where encounters with other
molecules would be minimized. We ex-
pected thereby to force the carbene to
find some route to normal tetravalency
with only its own internal resources. In
1967 Ronald Levin, who was then a
graduate student completing the experi-
mental work for his Ph.D., noticed that
a carbene with the exotic name of 4,4-
dimethylcyclohexa-2,5-dienylidene rear-
ranged itself in the gas phase to produce
para-xylene [see lower illustration on
this page]. What was surprising, and the
subject of a subsequent investigation
of the mechanism, was the specificity
of the reaction. Only one form of the
xylene molecule, an isomer with the two
methyl groups at opposite positions on
the benzene ring, was produced. It was
obvious from the first that this reaction
provided an opening to the elusive small
paracyclophanes. In principle all that
was needed was to convert the two adja-
cent methyl groups into a ring and hope
that the ring compound would then
follow the same reaction path as the non-
ring compound. Fortunately the remain-
ing problems were easily solved, and the
construction of the precursors for para-
cyclophanes with six- and seven-carbon
bridges was achieved. Even more for-
tunately, the carbene reaction turned out
to proceed as easily in the ring case as in
the nonring one, and the bent paracyclo-
phanes were made in that way in only a
few days.



At the same time that our work was
proceeding the older methods of syn-
thesis were also brought to bear on the
construction of a paracyclophane de-
rivative with a seven-carbon bridge, and
success in the effort was announced by
Allinger and T. ]J. Walter of the Uni-
versity of Georgia even before our work
was finished. Nonetheless, it is clear that
the gas-phase rearrangements of car-
benes represent enormously convenient
sources of molecules otherwise available,
if at all, only through methods requiring
months or even years of work.

Carbenes also show great promise as
sources of simpler compounds that have
twisted double bonds. Once again many
chemists had addressed themselves to
this problem earlier, but there existed no
general approach to the construction of
such molecules. The idea was to devise
ways of synthesizing cage molecules in
which a double bond is present at what
is known as the bridgehead position [see
top illustration at right]. This synthesis is
difficult precisely because the rigid cage
structure demands that the orbitals mak-
ing up the double bonds not overlap effi-
ciently. The problem was recognized as
early as 1924 by the German chemist
Julius Bredt. The difficulty of producing
a double bond attached to the bridge-
head position is now encompassed in
what is known as Bredt’s rule. Although
many groups of chemists now sporadi-
cally violate Bredt’s rule, we thought
that carbenes might provide a particu-
larly easy route to the synthesis of such
species. Our idea was to generate in the
gas phase a carbene that would have no
recourse but to react to give rise to a
compound with a double bond at the
bridgehead position [see bottom illus-
tration at right]. If the system were prop-
erly designed, no option would exist
other than for the ring to expand and
generate an “anti-Bredt” molecule. Such
species are often so unstable that isola-
tion is impossible, but it is clear from the
products we have isolated that our meth-
od is successful in creating molecules
that have strongly twisted double bonds.

Although it would be incorrect to state
that all the questions asked at the be-
ginning of this research effort have been
answered, we are on the way, and car-
benes have been vital in easing our entry
into the general problem of how organic
molecules react. When we are able to
answer the remaining questions, our
knowledge of chemical bonding will
have advanced much beyond its present
state, and we shall be that much better
informed about the workings of the
chemical world around us.

BRIDGEHEAD
POSITIO|

BICYCLO- OCT-1-ENE (CgH12)

DIFFICULT PROBLEM OF SYNTHESIS is encountered in attempting to make simple
carbon compounds that have twisted double bonds. One approach is to incorporate
the double bond at what is known as the bridgehead position in a cage molecule (left).
The problem arises from the fact that the rigid structure of such a multi-ring molecule
makes it difficult for the orbitals making up the pi bond to overlap efficiently (right).

BICYCLOHEPTANYLCARBENE
(:CgH12)

BICYCLO-OCT-1-ENE (CgH12)

METHYLENEHEPTADIENE (CgH12)

CARBENE ANSWER to the problem of synthesizing compounds with twisted carbon-
carbon double bonds involves the intramolecular reaction of a carbene attached to the
bridgehead position of a cage molecule (a). The reaction takes place with an adjacent car-
bon-carbon single bond to produce the bridgehead double bond in a highly unstable inter-
mediate (b). This molecule in turn rapidly decomposes (c) to yield an untwisted, and
hence lower-energy, final product (d). Molecule in b is identical with one in top illustration.
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The Biological Clock of Insects

With the approach of winter, insects enter into a state of dormancy:.

This shift in metabolism implies that they have a clock to measure
changes in the length of the day. What is the nature of the clock?

rganisms that have the ability to
O measure the passage of time are

said to possess biological clocks.
One kind of clock measures the length
of the day or the night, thereby enabling
the organism to distinguish between the
long days of summer and the short days
of winter. The organism may respond to
these seasonal cycles with a change in
its metabolism, and such a response is
called photoperiodic.

Daily rhythms or oscillations control
a wide range of activities in plants and
animals, and because such rhythms have
a period close to, but not exactly, 24
hours they are called circadian (from the
Latin circa dies, “about a day”). In in-
sects the usual response to the onset of
short days is diapause, a period of dor-
mancy between stages of active growth
and development. Changes of as little as
10 to 15 minutes in the length of the day
can shift the metabolic regime of a popu-
lation of insects from growth and de-
velopment to diapause. There has been
much controversy about the nature of
the clock in such insects: whether it is
comparable to an hourglass or to an os-
cillator with a period of close to 24
hours. Recent experiments indicate that
the distinction between the two mecha-
nisms may not be quite as important as
interested biologists once thought.

The selective advantage of diapause
in the life cycle of an insect is twofold.
It provides a mechanism for survival
over periods when food is in short supply
or when the climate is unfavorable, and
it serves to synchronize the development
of the individuals in a population so that
all of them feed as larvae or emerge as
adults at the appropriate time of year.
Reliance on day length for determin-
ing the season also confers a selective
advantage. Compared with seasonal
changes in temperature or humidity,
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changes in the length of the day are
almost free of “noise,” or irregularity.
Furthermore, response to a certain day
length well in advance of winter gives
the insect’s metabolism time to make the
necessary adjustments for entering dia-
pause. In anticipation of diapause the
insect lays down reserves of fat, reduces
the level of its metabolism and may form
special layers of wax in order to resist
dehydration.

The minimum requirements for a pho-
toperiodic mechanism are (1) a receptor
to detect the presence or absence of day-
light, (2) a clock to measure the length of
the day or the night and to integrate that
information and (3) an effector system
to control such metabolic changes as en-
try into diapause. Most of the early in-
vestigations of photoperiodism in insects
were concerned with the nature and lo-
cation of the photoreceptors and the ef-
fector system; only recently has progress
been made in determining the nature
and the properties of the clock mecha-
nism.

Studies of a wide variety of insects
have shown that the receptors involved
in the photoperiodic response are in the
animal’s brain. It has also been demon-
strated that the insect’s eye is not in-
volved in its photoperiodic response.
Indeed, the eyes can be surgically re-
moved withoutimpairing the response.

In 1934 V. B. Wigglesworth of the Uni-

versity of Cambridge suggested that
insects enter diapause because of a
temporary lack of certain hormones,
“due sometimes, perhaps, to an inborn
rhythm, sometimes, perhaps, to the in-
direct effects of environmental factors.”
His hormone-deficiency theory of dia-
pause has since been verified experimen-
tally for a wide variety of insects, and it
is clear that the effector system control-
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ling the onset of diapause involves
glands in the insect’s brain. It appears
that when the brain is exposed to short
days, the release of the hormones is in-
hibited, and that when the brain is ex-
posed to long days, their release is pro-
moted.

SARCOPHAGA ARGYROSTOMA

SHORT DAYS

SENSITIVITY TO CHANGES in day length
comes at different stages of development in
the northern European flesh fly Sarcophaga
argyrostoma and its parasite Nasonia vitri-
pennis, a wasp. In the flesh fly sensitivity to

LONG DAYS



Since the photoreceptors and the hor-
mone effector system are located in the
insect’s brain, it follows that the most
likely site for the clock is also in the
brain. Although there is some experi-
mental evidence supporting this propo-
sition, it is not conclusive. The central
question, however, is the nature of the
clock. How does it measure the length
of the day or the night? How does it in-
tegrate successive long days or succes-
sive short days? And how does the clock
translate the information that signals the
effector system to either promote or
inhibit the release of hormone by the
brain?

Two models of how insects measure
time have been put forward. One pro-
poses that the length of the day or the
night is measured by an interval timer,
an hourglass type of mechanism. Such a
mechanism could be started by dawn
and stopped by dusk, or it could be start-
ed by dusk and stopped by dawn. The
alternative model was suggested by Er-
win Biinning of the University of Ti-

LONG DAYS

LARVAL STAGES

SHORT DAYS

bingen in 1936. He proposed that the
measurement of the length of the day or
the night was accomplished by an en-
dogenous, or built-in, daily rhythm that
consisted of two half-cycles, one photo-
philic (“light-loving”) and the other sco-
tophilic (“dark-loving”). He thought that
the phase of the endogenous rhythm
would be set by dawn. If the daily light
period was long, the period of illumina-
tion would extend into the scotophilic
part of the cycle, and the organism
would exhibit its typical long-day re-
sponses. If the daily light period was
short, the organism would exhibit short-
day responses. In effect, Biinning was
proposing that organisms measure time
with an endogenous circadian oscillator.

At the time Biinning put forward his
model there was little experimental evi-
dence to support it. Its great contribu-
tion was that it focused attention on
the possibility that all types of biolog-
ical time measurement have a com-
mon mechanism. Although Biinning’s hy-
pothesis appears to be similar to Wig-

DIAPAUSE PUPA

glesworth’s suggestion that diapause in
insects could be due to “an inborn
rhythm,” it is clear that Wigglesworth
was thinking more of an inborn annual
rhythm than of rhythms with a circadian
period.

Unfortunately there is still no direct

way to investigate the timing mech-
anisms of insects, and we are limited to
treating the mechanism as a “black box.”
Accordingly most of the research has in-
volved artificially varying the intervals
of light and darkness and measuring the
response of a population of insects to the
various intervals in terms of the propor-
tion of the population entering diapause.
One successful technique is to expose
the insects to repeated cycles of light and
darkness, each consisting of a short pe-
riod of light, say 12 hours, followed by
an extended period of darkness, say 60
hours, with the dark period interrupted
by brief pulses of light at a different
time in the extended “night” Each ex-
perimental group of insects experiences

LARVAL STAGES
> ——> D ——> LD

LARVAL STAGES

photoperiod (colored arrows) begins when the larvae are at the
embryo stage in the maternal uterus and extends through three
stages of larval development. Larvae exposed to more than 14 hours
of light develop into adults without interruption, whereas larvae
exposed to shorter days enter a period of diapause, or dormancy, as

DIAPAUSE LARVA
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pupae. In the parasitic wasp the sensitivity to photoperiod comes
while the eggs are in the maternal ovaries. The female wasp lays its
eggs in the pupa of the flesh fly. Eggs exposed to more than 15%
hours of light give rise to larvae that develop without diapause.
Eggs exposed to shorter days give rise to larvae that go into diapause.

115



h DUSK OSCILLATOR N
N 24 HOURS N

o

PHOTOPERIOD (HOURS)
> »

n
o

240 12 24

INDUCTION OF PUPAL DIAPAUSE in populations of the fly
S. argyrostoma that were exposed to various cycles of light and dark
is shown in the form of contour plots. The contours define the driv-
ing cycles of light and dark that induce diapause in the fly at the
levels of 10, 20, 30, 40, 50 and 60 percent. The solid colored circles
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mark peaks of diapause induction. When the photoperiod is less
than 12 hours, the diapause peaks come at the same time. When the
photoperiod is more than 12 hours, the peaks form a slope that par-
allels the “light off” slope of the photoperiod, indicating that the
oscillator now takes its principal time cue from beginning of dusk.
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DIAPAUSE CONTOURS for the wasp N. vitripennis reveal three
high-diapause plateaus at roughly 24-hour intervals. Diapause in
the wasp is induced by exposing the females to short photoperiods
while the eggs are still in the maternal ovaries. The contours define
the driving cycles of light and dark that induce between 5 and 90
percent diapause in the wasp larvae. Each plateau has an ascending
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slope on its left side that is parallel to the “light oftf” slope of the
photoperiod and a descending slope on its right side that is parallel
to the vertical “light on” slope of the photoperiod. The slopes of
the diapause plateaus are interpreted as being manifestations of two
independent oscillators, one entrained, or set, by dusk and the
other entrained by dawn. Each oscillator has a period of 24 hours.
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the interrupting light pulse at a different
time in the night. If the photoperiodic
clock has something to do with a cir-
cadian rhythm, the diapause response
should peak roughly at 24-hour inter-
vals. If, on the other hand, the clock is
like an hourglass, no such periodic ef-
fect should be observed.

A second technique is to alternate a
fixed period of light with a fixed period
of darkness and to expose different pop-
ulations of the insect to different com-
binations of light and darkness. If the
driving cycle (the light period plus the
period of darkness) is close to 24 hours
or to multiples of 24 hours, one would
expect the diapause response to peak
roughly at 24-hour intervals if the clock
is a function of the circadian rhythm.
This approach has been called the reso-
nance technique because it shows that
the circadian oscillator functions most
effectively when it is driven close to its
natural period, that is, in resonance with
the normal 24-hour cycle of night and
day.

These two techniques have been suc-

cessfully used to demonstrate the cir-
cadian nature of the photoperiodic clock
in plants and birds. Until recently the re-
sults with insects were largely inconclu-
sive. The first demonstration that photo-
periodic time measurement in insects is
a circadian phenomenon has come from
my experiments with the large flesh fly
Sarcophaga argyrostoma and its parasite
Nasonia vitripennis, a wasp.

S. argyrostoma is a fly common in
northern Europe. The larvae of the fly,
which are deposited on carrion, are sen-
sitive to photoperiodic influences at all
stages of their development, from the
time they are embryos within the ma-
ternal uterus until they metamorphose
into pupae. If the larvae are artificially
exposed to short days (less than 14 hours
of light), the pupae enter diapause rath-
er than metamorphosing into adult flies.
If the larvae are exposed to more than
14 hours of light, the pupae metamor-
phose into adult flies without interrup-
tion.

N. vitripennis is a small wasp that
drills through the outer pupal case of
Sarcophaga and other flesh-eating flies.
It lays its eggs on the pupa, and when
the wasp larvae hatch out, they feed
on the soft pupal tissues. They pupate
within the host pupa and emerge as
adults after biting a hole through its
shell. The wasp larvae do not exhibit any
photoperiodic response. The wasp’s sen-
sitive stage is the time when its eggs are
still in the maternal ovaries.

If the female wasp is exposed to long
days (more than 15% hours of light), the
eggs will give rise to larvae that do not
enter diapause. If the female wasp is ex-
posed to shorter days, the larvae emerg-
ing from those eggs will go into diapause
in the last stage of their development. 1
initially demonstrated that the photo-
periodic response of this wasp was a

circadian phenomenon by means of ex-
periments where the female wasps were
exposed to repeated cycles of a short pe-
riod of light followed by a long period of
darkness that was interrupted by brief
pulses of light. Maximum diapause was
observed when the brief interrupting
pulses came at 19, 43 and 67 hours after
the onset of the main photoperiod of the
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PHOTOPERIODIC RESPONSE CURVE for the fly S. argyrostoma shows the proportion of
a population of larvae that produce diapausing pupae at various day lengths. The critical
day length for the induction of diapause is 14% hours. The photoperiods a and d do not oc-
cur naturally in the fly’s normal environment. The photoperiods b occur during the winter,
when the insects are in diapause, and photoperiods ¢ occur during spring, summer and fall.
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DAILY TEMPERATURE CYCLES can control diapause induction in N. vitripennis when
the wasp is reared in complete darkness. Female wasps raised in a cycle that has more than
11 hours at 13 degrees Celsius give rise to progeny that go into diapause. The results show
that the wasp’s oscillators can be entrained by temperature cycles as well as by light cycles.
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EXTERNAL-COINCIDENCE MODEL for the measurement of time by the photoperiodic
clock, as proposed by Colin S. Pittendrigh of Stanford University, consists of a circadian
oscillator with a light-sensitive phase point (colored area). When the day length is short, say
12 hours, the light-sensitive phase point is not illuminated and diapause occurs (top). When
the days are long, the phase point is illuminated and diapause does not occur (bottom).
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cycle (that is, at 24-hour intervals), and
minimum diapause was observed when
the interrupting pulses fell at interven-
ing times.

In 1971 I spent a year at Stanford
University working in the laboratory of
Colin S. Pittendrigh. Pittendrigh has

made intensive studies of the relation
between photoperiodism and circadian
rhythms, particularly in the fruit fly and
the pink bollworm moth. He has extend-
ed Biinning’s hypothesis with the pro-
posal that the endogenous clock consists
of two independent oscillators, one en-

DARK LIGHT

0 6 12 18 24 30 38 42 a8 54 80
HOURS

INTERNAL-COINCIDENCE MODEL, also proposed by Pittendrigh, consists of two cir-
cadian oscillators, the phase of one set by dawn (colored curve) and the phase of the other
set by dusk (black curve). When the days are long, the two oscillations are partially in phase
(top) and development proceeds without diapause. When the days are short, the oscillations
are out of phase and diapause occurs (middle). Very short days (bottom) may produce some
coincidence of the two oscillations, which would result in development without diapause.
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trained, or set, by dawn and the other
entrained by dusk. As the photoperiod
changes, the phase relations of the two
oscillations also change. In this internal-
coincidence model, as it is now called,
light has only one role: entrainment.
Long days would shift one set of oscilla-
tions until it was in step with the other,
and the combined effect of the two sets
of oscillations would result in develop-
ment without diapause, perhaps because
any in-phase temporal relation between
two cellular components would, for ex-
ample, result in the synthesis of a third
substance that is responsible for initi-
ating development. Short days, on the
other hand, would put the two sets of
oscillations out of phase, and in the ab-
sence of the substance that promotes
development, diapause would occur [see
bottom illustration on this pagel. A
similar model was independently pro-
posed by the Russian entomologist V. P.
Tyshchenko in 1966.

In Pittendrigh’s laboratory I conduct-
ed resonance experiments with both the
fly Sarcophaga argyrostoma and its pa-
rasitic wasp Nasonia vitripennis. The
results demonstrated that the photoperi-
odic response of both insects was circa-
dian but that the details for the two
species were quite dissimilar. In experi-
mental populations of the parasitic wasp
the results indicated the presence of in-
dependent “dawn” and “dusk” oscilla-
tions. In the flesh fly, however, the pho-
toperiodic clock seemed to consist of a
single oscillation that was entrained to
the entire photoperiod when the photo-
period was less than 12 hours, but once
the photoperiod exceeded 12 hours the
oscillation obtained its principal time
cue from dusk. The two species there-
fore showed the properties of the two
current theoretical models for oscillatory
photoperiodic clocks: respectively in-
ternal coincidence and external coinci-
dence. The parasitic wasp displayed the
properties of Pittendrigh’s model with
two oscillators, and the flesh fly dis-
played the properties of Biinning’s model
with a single oscillator.

If the photoperiodic clock of the para-

sitic wasp is of the internal-coinci-
dence type, a simple test is available. It
is known that a variety of circadian
rhythms can be entrained by tempera-
ture. Since light has only the role of en-
trainment in this model, it should be
possible to simulate the effects of photo-
periodic entrainment with periods of
higher and lower temperature in the
complete absence of light.

Female wasps raised from the egg



stage in total darkness were exposed to
various daily temperature cycles consist-
ing of a period at 23 degrees Celsius fol-
lowed by a period at 13 degrees C.
Wasps raised in a cycle that had more
than 13 hours at the higher temperature
gave rise to progeny that did not go into
diapause, and wasps raised in a cycle
that had more than 11 hours at the lower
temperature gave rise to progeny that
did go into diapause [see bottom illus-
tration on page 117]. The results of
the experiment not only show that tem-
perature cycles can be substituted for
light cycles in this wasp but also rule out
for the wasp any model of a clock in
which light induces, or starts, diapause
or development by photobiological
means other than mere entrainment.

The clock of the flesh fly, on the oth-
er hand, does suggest such an inductive
property for environmental light. Pitten-
drigh has proposed an external-coinci-
dence model in which light plays a dual
role: entrainment and induction. That is,
light can both entrain the oscillation and
control induction. This model consists of
a circadian oscillator that is entrained by
light in such a way that a photoinducible
phase of the oscillator is not illuminated
in short days but is illuminated in long
days. Illumination of the photoinducible
phase results in long-day effects, or un-
interrupted development, but when the
photoinducible phase falls in the dark
period, diapause supervenes.

Evidence supporting the external-
coincidence model comes from Pitten-
drigh’s intensive study of the emergence
of fruit flies of the species Drosophila
pseudoobscura from their pupae. The
circadian rhythm of adult emergence is
damped out by periods of light greater
than 12 hours but resumes when the
pupae are transferred to darkness. In a
natural 24-hour light cycle with 12 hours
or more of light the oscillation restarts
each dusk and measures the length of
the night as if it were an hourglass. Only
when the night is extended to more than
24 hours is the oscillatory nature of the
system revealed.

The resonance experiments with the
fly Sarcophaga argyrostoma produced
similar results and demonstrated the
hourglass nature of the night-length
measurement. Thus photoperiods great-
er than 12 hours had a damping effect on
photoperiodic oscillation in S. argyro-
stoma. It therefore seems to be a reason-
able working hypothesis that the clock
of the fly is of the external-coincidence
type.

Additional evidence for the existence
of a dark-period hourglass in insects

comes from studies of the aphid Me-
goura viciae by Anthony D. Lees of the
Imperial College of Science and Tech-
nology. Lees found that the aphid’s clock
is set in motion at dusk and measures
night length as an hourglass does. More-
over, the aphid, like the flesh fly, needs a
photoperiod of a minimum length before

the clock can act as an hourglass. When
the aphid is subjected to extended
nights, however, it does not display os-
cillatory properties. This suggests that
the aphid’s clock is an oscillator exe-
cuting only a single cycle before it is
extinguished. If that is the case, the di-
viding line between oscillators and hour-

a LIlHT  DARR

LIGHT-SENSITIVE PHASE
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RHYTHM OF PUPAL EMERGENCE in the fruit fly Drosophila pseudoobscura shows the
characteristics of the external-coincidence model for the photoperiodic clock. When pupae
are transferred from continuous light to continuous darkness (a), the rhythm with which
adult flies emerge from the pupa always starts at a fixed phase, called circadian time 12 be-
cause it is equivalent to the phase of the oscillation at the end of a 12-hour light period (b).
The light-sensitive phase first occurs about nine hours later at circadian time 21, and in
constant darkness it appears at about 24-hour intervals thereafter. With cycles of 12 hours
of light and 12 of darkness (b) and 14 hours of light and 10 hours of darkness (c), the
light-sensitive phase (solid circles) falls in the dark period, and since it is not illuminated,
diapause occurs. When the cycle is 16 hours of light and eight hours of darkness (d), the
light-sensitive phase is illuminated (open circles) and diapause does not occur. Since the
rhythm always starts at dusk at the same circadian time, as the length of the light period
increases dawn moves backward in relation to the oscillation. Since the oscillation is reset
by each photoperiod, it measures the length of the night as though it were an hourglass.
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THEORETICAL APPLICATION of the external-coincidence mod- (solid circles). When the light-sensitive phase is completely illu-

el to resonance experiments involves using a 12-hour photoperiod minated (open circles), diapause does not occur. Partial illumina-
and varying the periods of darkness. When the light-sensitive phase tion of the sensitive phase results in a lower incidence of diapause.
of the circadian oscillator falls in a dark period, diapause occurs In all cases the oscillations take their time cue from onset of dusk.
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glasses becomes very fine, perhaps even
academic.

Biinning’s single-oscillator model, the
external-coincidence model and the two-
oscillator internal-coincidence model
have one thing in common: long days
have a positive effect in that they give
rise to development or prevent the insect
from going into diapause, whereas short
days are considered to be essentially
neutral. All insects add up successive
light periods before they display photo-
periodic induction. It is therefore prob-
able that long days lead to the produc-
tion of a chemical substance, and the
summation of long days is represented
by the accumulation of that substance to
a level where it stimulates the release of
a brain hormone that initiates the chain
of events in egg development, molting or
metamorphosis.

In the flesh fly Sarcophaga argyrosto-
ma and its parasitic wasp Nasonia vitri-
pennis, however, the summation of short
days has been shown to be virtually in-
dependent of temperature, and this
temperature-compensated  mechanism
should probably be regarded as an in-
tegral part of the clock. The rate of de-
velopment of the fly larvae or of the
wasp eggs, however, is dependent on the
temperature, like most other physiologi-
cal processes. Therefore an interaction
between on the one hand the tempera-
ture-dependent period when the insects
are sensitive to photoperiod and on the
other the temperature-insensitive num-
ber of short-day cycles required for the
induction of diapause means that female
wasps or fly larvae kept at higher tem-
peratures show a lower diapause re-
sponse than those kept at a lower tem-
perature. The reason is that they are un-
able to summate a sufficient number of
short-day cycles before the wasp eggs
are deposited or the fly larvae pupate
and the sensitive period comes to an end.

The conceptual difficulties with regard

to whether long days have a positive
inductive influence and short days are
neutral are well illustrated in these re-
sponses. For example, the two insects
clearly summate short days as well as
long ones, so that short days are not neu-
tral in the same sense that constant dark-
ness is. In the flesh fly, however, these
difficulties can be surmounted if we in-
corporate an additional component in
the external-coincidence model of the
insect’s clock. That component measures
the duration of the day. It has hourglass
properties in that it requires at least six
hours of light to register a short day and
does not reset itself in extended periods
of darkness.
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THREE EXTERNAL-COINCIDENCE MODELS are compared with the results of diapause
experiments with the fly S. argyrostoma. The black curves show the number of inductive
coincidences between the photoperiod and the light-sensitive phase in the external-coinci-
dence model that is depicted on the opposite page. In the unmodified external-coincidence
model (a) the data from the experiments with the fly (colored curve) do not correspond
to the curve obtained from the model. Furthermore, the photoperiodic response curve
(right) does not show the decrease in diapause at very short day lengths that was found ex-
perimentally. In the second version of the external-coincidence model (b) it is assumed
that the diapause-promoting substance is synthesized when the photoperiod does not coin-
cide with the light-sensitive phase and that the substance is destroyed when there is coinci-
dence. The resulting curve (color) corresponds more closely to the theoretical model, but
the photoperiodic response (right) lacks the characteristic drop at very short day lengths.
The third version (c¢) incorporates a second component, an hourglass, that measures the
length of the day. The two curves now correspond closely, and the photoperiodic response
curve also matches the results that have been obtained experimentally for S. argyrostoma.

There are strong similarities between
the two-component-clock model for the
parasitic wasp and the actual proper-
ties shown by the photoperiodic clock
of the flesh fly. The two-component
clock accounts for the summation of
short days as well as for the summation
of long days, and it explains the decrease
in diapause associated with very short
periods of light. The principal value of
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such a model lies in its predictive pow-
ers. If the model is valid, the experiments
it suggests should bring us an important
step closer to understanding the funda-
mental nature of biological timekeeping.
Even as matters stand, it seems clear that
the biological clock of an insect such as
the flesh fly is not simply an hourglass or
an oscillator. It is some subtle combina-
tion of both.
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MATHEMATICAL GAMES

Some elegant brick-packing problems,

and a new order-7 perfect magic cube

by Martin Gardner

“Pack my box with five dozen li-
quor jugs.”
—ANONYMOUS PANGRAM

pangram is an attempt to pack as
A many different letters as possible
into the shortest intelligible sen-

tence. It is considered not cricket to use

names and initials, such as “Schwartz”
and “X. Q. Zym,” or strange words, such

as “pyrzqxgl,” which in The Magic of Oz
enables you to change instantly into any
kind of animal you like if you know how
to pronounce it correctly.

Many ultimate pangrams of 26 differ-
ent letters have been constructed by
word players, but they tend to be inele-
gantly obscure, for example “Vext cwm
fly zing jabs kurd qoph,” by Dmitri Borg-
mann. It means that an annoyed fly in a
Welsh mountain hollow, humming shril-
ly, pokes at the 19th letter of the He-
brew alphabet drawn by a Kurd. Cryp-
tographers find a perfect pangram amus-
ing because it can be written in a simple

Color scheme for an order-6 cube-packing problem
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letter-substitution cipher as ABCDE FGHIy
KLMNO PQRST UVWXY Z.

The difference between creating pan-
grams and working on packing problems
in combinatorial geometry is not as great
as one might suppose. The restraints in
the former are the formation rules of
English spelling and grammar and those
in the latter are the rules of mathematics.
At least two eminent mathematicians,
Augustus De Morgan and Claude E.
Shannon, are on record as having spent
considerable time composing pangrams,
and I know of many lesser mathemati-
cians who have tried their hand at it.

In mathematics a packing problem in
general is one in which a given set of
mathematical objects are to be packed as
efficiently as possible into a given space
according to given rules. Computer sci-
entists, for example, are concerned with
finding fast algorithms for packing sets
of numbers into “bins,” with the sum of
the numbers in each bin not to exceed a
specified limit. Such algorithms are need-
ed for the efficient storage and retrieval
of information. Geometrically the task
can be viewed as a problem in one-di-
mensional packing: packing rods of vary-
ing lengths inside long pipes into which
the rods fit snugly.

In a complex industrial society all
kinds of problems arise involving the
packing of three-dimensional objects into
a specified area: the storing of objects in
a warehouse; the packing of supplies into
ships, planes and freight cars; the pack-
ing of objects in cartons for distribution
to stores, and so on. Perhaps it is the
increasing need for packing algorithms
that has stimulated some mathematicians
in recent years to spend more time on
such problems.

This month we consider only the sim-
plest kind of solid packing: the packing
of “bricks” (rectangular parallelepipeds)
into a “box” (also a rectangular paral-
lelepiped). To simplify still more, we as-
sume that all three dimensions of both
bricks and box are integral, and that the
volume of the box exactly equals the
total volume of the bricks to be put in-
side. As David A. Klarner says in his ar-
ticle “Brick-packing Puzzles” (Journal
of Recreational Mathematics, Vol. 6, No.
2, 1973), many people are surprised to
learn that even with these strong simplifi-
cations there are problems that are both
elegant and challenging. By elegant
Klarner means the following. If the
bricks will pack the box perfectly, the
problem is elegant if finding a way to
pack it seems simple but is actually dif-
ficult. And if the bricks will not pack the
box, the problem is elegant if there is a



simple but subtle way to prove impossi-
bility. Klarner, now at the State Univer-
sity of New York at Binghamton, is one
of the pioneers of brick-packing theory.
It is to him that I am indebted for most
of what follows.

About 1960 the Dutch mathematician
Nicolaas G. de Bruijn was struck by the
fact that his son, age 7, was unable to fill
a 6 X 6 X 6 box with 27 bricks, each
1 X 2X 4. The two volumes are the
same and the packing seems easy, but
one always ends up with at least one
hole that the last brick will not fill.
Studying the matter led de Bruijn to in-
teresting results. They were first pub-
lished as problems in a Hungarian jour-
nal, then later summarized by de Bruijn
in his paper “Filling Boxes with Bricks”
(American Mathematical Monthly, Jan-
uary, 1969).

De Bruijn calls a brick harmonic if its
three measurements are integral and can
be ordered so that each length is a multi-
ple of the preceding one. In algebraic
terms a harmonic brick has the form
a X ab X abc, where the letters are posi-
tive integers. The 1 X 2 X 4 brick is, of
course, harmonic. It is called the canoni-
cal brick because it not only is the sim-
plest harmonic brick of three distinct
measurements but also approximates the
shape of ordinary bricks used in masonry
[see top illustration on this page].

De Bruijn was able to prove that a col-
lection of identical harmonic bricks, each
a X ab X abc, will perfectly pack a box
if and only if the box is ax X aby X abcz.
“Perfectly pack” means to fill complete-
ly; it is the same as saying that the brick
will tile the box. De Bruijn showed that
perfect packing is possible only if the
box’s dimensions are multiples of the
brick’s dimensions. To put it another
way, if the bricks pack the box at all,
there will be a way to do it trivially.
That means they will pack when all are
identically oriented. (Of course, they
may also pack in nontrivial ways.) If the
bricks are not harmonic, there are boxes
they will fill only in a nontrivial way. For
example, five nonharmonic bricks of 1 X
2 X 3 will pack a 1 X 5 X 6 box, but
they cannot pack the box if they are all
parallel.

De Bruijn’s results generalize to hyper-
bricks in all higher Euclidean spaces, and
they also hold for 2-space “bricks” (rec-
tangles). The canonical plane brick—the
1 X 2 domino—will pack a rectangle only
if one side is even, and then, of course, a
trivial packing is possible.

Let us return to the task that puzzled
de Bruijn’s son. Since 6 is not a multiple
of 4, we know from de Bruijn’s work that

the canonical brick will not pack an or-
der-6 cubical box. Is there a simple im-
possibility proof?

There is, and it is a generalization of
the solution to the old brainteaser about
an order-8 checkerboard that has had
two diagonally opposite corner squares
removed. Can the board be covered with
31 dominoes? The fact that it cannot is
evident once you realize that the two
missing squares are the same color. The
board therefore contains 32 squares of
one color and 30 of the other. Since a
domino must cover two squares of oppo-
site color, after 30 dominoes are put
down there will always be two uncov-
ered squares of the same color that can-
not be covered by the last domino.

To apply the same kind of parity check
to the cube-packing problem, imagine
that the order-6 cube is divided into 27
order-2 cubes and that the order-2 cubes
are colored as is shown in the illustration
on the opposite page. No matter how a
canonical brick is oriented inside such a
cube, it will fill four colored cells and
four white cells. The cube, however, has
eight more colored cells than white cells.
Therefore after 26 bricks are placed
eight cells of the same color will remain.
Clearly the last brick cannot fill them.

Will 125 canonical bricks pack a 10 X
10 X 10 box? They will not, and the
same impossibility proof applies. Indeed,
the proof applies to any cube with a side
that is even and not a multiple of 4. Will
250 bricks of 1 X 1 X 4 pack the order-
10 cube? As the impossibility proof
shows, the answer is no. Sometimes more
than two colors are needed for elegant
impossibility proofs, but it is surprising
how much can be done with just two
colors.

Here is a delightful tiling problem
from Klarner that is easily proved im-
possible by two-coloring, although not a
checkerboard coloring. You have a 25 X
25 square you want to tile (no overlap,
no vacancies) with a mixture of 2 X 2
squares and 3 X 3 squares. I shall give
the elegant impossibility proof next
month.

One of Klarner’s theorems introduces
the concept of cleavability. If a rectangle
can be tiled with identical rectangles,
there is always a way to tile it so that it
can be cut into two smaller rectangles,
each of which can also be tiled. Such a
rectangle is said to be cleavable.

Does this unusual theorem have a
3-space analogue? That is, if a box can
be fully packed with identical bricks, can
it always be cut into two smaller boxes,
each packable with the same bricks? The
answer, Klarner found, surprisingly is no.
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The canonical brick

The smallest example (discovered by
David Singmaster) is the 5 X 5 X 12
box. It can be packed with 1 X 3 X 4
bricks, but not in a way that is cleavable.

Is there an infinite number of non-
cleavable boxes a given brick will pack?
Again the answer surprisingly is no.
Klarner was the first to show that in any
Euclidean space an infinite set of boxes
packable by a given brick has a finite
subset of packable boxes that can be
used for packing all the others. In ad-
dition he showed that for every brick
there is a finite set of packable but non-
cleavable boxes. In 1971 two Hungarian
mathematicians, G. Katona and D. Szész,
refined Klarner’s findings by giving a
constructive proof that included specific
numerical bounds.

If instead of identical bricks we allow
a mixture of different bricks (as in Klar-
ner’s tiling problem), many beautiful
new problems arise. One of the simplest
is a 3 X 3 X 3 box puzzle that Klarner
says first appeared in a Dutch book in
1970. We want to pack it with six 1 X
2 X 2 bricks and three unit cubes. It

6 . 3

The 3 X 3 X 3 packing puzzle
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Your kind of Books...

And you can examine them free for 15 days.

COMPUTER POWER

AND HUMAN REASON
From Judgment to Calculation
Joseph Weizenbaum

We do not know how to make a “wise’”’ computer, and yet,
as this book brilliantly documents, scientists, politicians, and
ordinary citizens are today relinquishing to computers the
responsibility for making genuinely human choices—choices
that demand true wisdom. Computer Power and Human
Reason is an account of the impact of technology on man's
self-image and of his abandonment of judgment for calcu-
lation. It is a distinguished scientist’s searching probe of the
limits of computer power and of scientific rationality

itself. It is above all an eloquent and moving defense of

the sanctity of the human spirit. Joseph Weizenbaum is
professor of computer science at MIT.

1976, 300pp., 13 illus., $9.95

A Book-of-the-Month Club Alternate Selection

FIELD PHOTOGRAPHY
Beginning and Advanced Techniques
Alfred A. Blaker

The former Director of the University of California Scien-
tific Photographic Laboratory shares his many tricks of the
trade in this clear, comprehensive, and beautifully illus-
trated book. Field Photography includes more than 70
original photographs (18 in full color), 85 drawings, and a
separate, portable field supplement of technical data. This
is sure to become the standard, indispensable reference for
both professional and amateur nature photographers.

1976, 445 pp., 156 illus., $19.95

GEOLOGY ILLUSTRATED
John S. Shelton

Drawings by Hal Shelton

Geologist/pilot Dr. John Shelton has been taking aerial
photographs since 1939, and in this, his master work, he
assembles nearly 400 of these photographs to produce a
breathtaking view of the natural features of our home
planet.

"Worth buying for the photos and book design alone, but
you’ll probably find yourself becoming interested in geol-
ogy regardless of your original intentions.”

—The Whole Earth Catalog

1966, 434 pp., 382 illus., $14.50
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HIGHLIGHTS IN ASTRONOMY

Fred Hoyle

As his millions of readers will attest, Fred Hoyle has a flair
for sharing the very latest astronomical discoveries with the
general reader. Hoyle's latest book, Highlights in Astron-
omy, is a lavishly illustrated tour of the universe. The 149
illustrations include nearly 100 photographs, some of them
never before published. This is quite simply the best popu-
lar description of what modern astronomy is all about.
1975, 179 pp., 149 illus., softcover, $5.95

HELPLESSNESS

On Depression, Development, and Death
Martin E. P. Seligman

“A place to look for the problem when that hideous vague
sense that ‘something’s wrong’ begins to grow.”’
—CoEvolution Quarterly (of the Whole Earth Catalog)
Helplessness is Dr. Martin Seligman’s new theory of anxiety
and depression, the result of a ten-year search for the causes
and cures of these widespread disorders. Dr. Seligman’s re-
search suggests that depressed individuals can /earn to exert
greater control on their environments and thereby lessen
their feelings of depression. Of special interest is Seligman’s
suggestion that early childhood experiences with control
may effectively immunize a child against depression for life.
1975, 250 pp., 8 illus., softcover, $4.95
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THE ADVISORS
Oppenheimer, Teller, and the Superbomb
Herbert F. York

Among President Truman'’s scientific advisors, Edward
Teller and J. Robert Oppenheimer represented opposing
factions in the top-secret debate over whether or not to
build “the super’’—the hydrogen bomb. The Advisors is an
absorbing and long overdue look at the technical, strategic,
and human content of that great debate. Drawing on his
own participation in Project Superbomb, on interviews with
other participants, and on several recently declassified
documents, Herbert York tells how history has shown that
Oppenheimer’s position—in opposition to the bomb—was
correct.

1976, 175 pp., illustrated, $6.95

A GUIDE TO PSYCHOLOGISTS

AND THEIR CONCEPTS
Vernon J. Nordby and Calvin S. Hall

Here is a fascinating look at the lives and works of the men
and women who helped shape modern psychology. Turn to
any page and you’ll find biographies, discussions of the
major ideas, lists of the most important published works,
and an artist’s original portrait of each psychologist.

1974, 187 pp., 42 illus., softcover, $3.95

ARCHAEOLOGICAL ATLAS

OF THE WORLD

David and Ruth Whitehouse

With 103 maps drawn by John Woodcock
and Shalom Schotten

An essential new reference for everyone with an interest in
archaeology, this handy volume contains 103 maps pin-
pointing more than 5000 archaeological sites throughout
the world.

1975, 272 pp., 109 illus., softcover, $8.95

A HISTORY

OF AMERICAN ARCHAEOLOGY
Gordon R. Willey and Jeremy A. Sabloff

A History of American Archaeology traces the trends in
archaeological investigations of the New World from 1492
to the present. The book contains more than 100 illustra-
tions, including some excellent historical photographs from
the nineteenth and early twentieth centuries, and a bibliog-
raphy of more than 850 references.

... The first book-length history of American archae-
ology by professional archaeologists. . . . An invaluable
source book.""—Science

1974, 252 pp., 124 illus., softcover, $5.50

SCIENTIFIC AMERICAN Books

Clearly written and beautifully illustrated books
by the most outstanding scientists of our day.

THE SOLAR SYSTEM

In less than twenty years of exploring the solar system we
have learned more about the sun, the planets, and interplan-
etary space than in all the preceding centuries of earth-
bound observation. This book is an exciting compendium
of our new knowledge.

1975, 145 pp., 96 illus., softcover, $4.50

ENERGY AND POWER

The Environmental Monthly calls this “just possibly the
most important book published in recent years for the con-
cerned layman. . .. " Energy and Power gives expert cover-
age to the scientific, technological, social, and environ-
mental aspects of energy use.

1971, 144 pp., 116 illus., softcover, $4.50

THE HUMAN POPULATION

“It is indeed refreshing to read a book dealing with popula-
tion which is not only written by experts, but also written
in readable and intelligible language for the benefit not only
of colleagues but also laymen.”"—Choice

1974, 147 pp., 98 illus., softcover, $4.50

LIFE AND DEATH AND MEDICINE

Life and Death and Medicine provides a solid framework
for understanding the complex and pressing health care
crisis confronting our society. The book discusses the
unique biological needs and frailties of human beings, how
medical science has responded to these needs and frailties,
and the economic factors influencing the quality of health
care.

1973, 147 pp., 93 illus., softcover, $4.50

THE BIOSPHERE

For perhaps two billion years, the air and water of our
planet have remained virtually the same, maintained by all
living things and by the interrelated cycles of nitrogen,
carbon, water, minerals, food, and energy. The Biosphere
discusses the dynamic equilibrium between the living and
non-living parts of the earth and the necessity for maintain-
ing this equilibrium.

1970, 134 pp., 101 illus., softcover, $4.50

THE OCEAN

Here is a comprehensive, authoritative review of our
modern scientific knowledge of the seas, with special refer-
ence to our new understanding of how they were created
and our increasing utilization of their resources.

1969, 140 pp., 103 illus., softcover, $4.50

To order any of these books, use the adjacent card. If
card is missing, send order with payment to:
- W. H. FREEMAN AND COMPANY

660 Market Street, San Francisco, California 94104
58 Kings Road, Reading, England RG1 3AA
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Key to the 3 X 3 X 3 packing puzzle

looks ridiculously easy, yet many find it
irritatingly difficult. The reader is urged
to construct a set, either by making the
pieces out of wood or by gluing cubes
together. Plastic cubes that snap togeth-
er can be obtained from Creative Publi-
cations, Box 10328, Palo Alto, Calif.
94303. The company sells mathematics
teaching materials, and it will send a
catalogue on request.

The packing has a unique solution (not
counting rotations and reflections) re-
quiring that the three unit cubes be
along a space diagonal [see illustration
above]. To prove it, first consider any
3 X 3 cross section. If it is checkerboard-
colored, five cells are of one color and
four are of the other. No matter how a
1 X 2 X 2 brick is placed, it will occupy
0, 2 or 4 cells of each cross section, with
the colors of the occupied cells evenly di-

vided. As a result each of the nine sec-
tions must have one and only one cell oc-
cupied by a unit cube. (A section cannot
contain all three cubes because that
would force some sections to be without
cubes.) In addition in every section the
unit cube must be at the center or at one
of the corners. The only way to meet
these requirements is to place the cubes
along a space diagonal. Placing the six
bricks then follows automatically.

John Horton Conway of the Univer-
sity of Cambridge, who is well known to
regular readers of this department, set
himself the task a few years ago of de-
signing a more difficult cube-packing
puzzle. Conway’s cube, although it ap-
pears to be almost as easy as the 3 X 3 X
3 puzzle, is so hard that some people
cannot solve it until they are told its
whimsical secret.

Conway’s cube has many variants.
The one he likes best requires 18 har-
monic bricks [see illustration below].
The task is to pack them into a 5 X 5 X
5 box or, what is the same thing, to build
an order-5 cube. It is fiendishly difficult
if one tries to solve it by trial and error.
Next month I shall give the key, and a
proof of the key’s necessity.

Returning to the packing of identical
bricks, we can ask the following general
question. If a box is not perfectly pack-
able with a set of bricks, what is the
maximum number of bricks that will go
into it? Even when the bricks are har-
monic, it is an extremely difficult prob-
lem, although a good start has been
made in a paper published in 1974
by Richard A. Brualdi and Thomas H.
Foregger.

The authors define a “representing
set,” abbreviated R, as a set of cells in
the box such that no matter where a
brick is placed it will occupy at least one
cell of R. When R is made as small as
possible, it is said to have minimum
cardinality. The authors show that the
maximum number of identical bricks
(not necessarily harmonic) that will go
into a box is equal to or less than the
minimum cardinality of R.

In 2 space the maximum number of
harmonic bricks (dominoes) invariably
equals the minimum cardinality of R,
but that does not hold for higher spaces.
Consider canonical bricks and cubical
boxes. The order-4 cube is the smallest
that is packable, and of course the pack-

The 18 bricks of John Horton Conway’s cube-packing puzzle
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ing is trivial. The order-6 cube, as we
have seen, is not packable, but all bricks
but one are easily put inside.

What about the order-5 cube? It has
125 cells. That is not a multiple of 8, so
that it is not fully packable by canonical
bricks. Will 15 such bricks (total volume
120) go inside? To put it another way,
can you build an order-5 cube with 15
canonical bricks and five unit cubes?
The minimum cardinality of R is 15, but
try as you will it is impossible to get 15
bricks inside. After 14 bricks have been
placed the 13 remaining cells will never
accommodate the last brick. Brualdi and
Foregger have a complicated coloring
proof of the impossibility, but in medi-
tating about it one afternoon I had a
happy inspiration. It led to the following
reductio ad absurdum proof.

Assume that 15 bricks will pack. The
total surface area of the order-5 cube is
6 X 25 = 150. Since each face has an
odd number of squares, one cell on each
face must be filled by a unit cube. (No
more than one unit cube can occupy a
cross section because there are 15 such
sections and only five unit cubes.) This
leaves a surface of 150 — 6 = 144 to be
packed by faces of the canonical bricks.
Now each brick must have one and only
one of its 1 X 2 ends on the surface. This
leaves a surface of 144 — (15 X 2) =114
to be packed by 1 X 4 and 2 X 4 rec-
tangles. But 114 is not evenly divisible
by 4. Therefore the original assumption
is false.

A similar proof is obtained by consid-
ering the cube’s three planar midsec-
tions. Each plane is a 5 X 5 matrix, mak-
ing 75 cells in all. One cell in each 5 X 5
square must be intersected by a unit
cube. (This could be done with a single
unit cube at the center, or two or three
unit cubes suitably placed.) Each of the
15 canonical bricks must intersect two
cells, or 30 cells in all. Taking 33 cells
from 75 leaves 42 to be intersected in
sets of 4 or 8, and since 42 is not a multi-
ple of 4, impossibility follows.

The next cube of interest is the order
7. It is easy to put 41 canonical bricks
inside it, but will it hold 42, leaving sev-
en holes to be filled by unit cubes? Sur-
prisingly the answer is not known. Foreg-
ger posed this as an unsolved problem
(E2524) in the March 1975 issue of
American Mathematical Monthly. Al-
though every canonical brick must in-
tersect a pair of cells in the planar mid-
sections, after the necessary subtractions
are made the remaining cells are a multi-
ple of 4. Therefore the previous impossi-
bility proof does not apply.

Brualdi and Foregger found many
special cases in which the maximum

number of harmonic bricks equals the
minimal cardinality of R. For example,
if the smallest face of the brick packs
each face of the box, there is equality.
For canonical bricks there is equality if
one of the box’s dimensions is even. The
general problem, however, is far from
solved.

I can think of no better way to con-
clude than by quoting the final sentence
of Klarner’s article: “A word of warning
in closing! Engaging in experiments with
little wooden blocks is fraught with the
danger that friends, family and col-
leagues will assume you are entering
your second childhood, and that you
should be put away. A good defense is to
have a few copies of Conway’s puzzle on
hand to divert their attention while you
make a getaway.”

hortly after last month’s report on

magic squares and cubes was written,
Richard Schroeppel and Ernst G. Straus
each independently constructed perfect
magic cubes of order 7. It is not known
if 7 is the lowest possible order. The ex-
istence of perfect magic cubes of order
5 and order 6 remains an open question.

Victor Meally called my attention to
the construction of a perfect magic cube
of order 8 in the late 1930’s by ]. Bar-

kley Rosser and Robert J. Walker. It is

pandiagonal in the sense that if any of its
three sets of parallel sections are cyclical-
ly permuted, the cube remains perfectly
magic. The cube was not published, but
its construction is given in a manuscript
deposited in a library at Cornell Univer-
sity. In the manuscript the authors show
that perfect pandiagonal cubes exist for
all orders that are multiples of 8 and all
odd orders higher than 8. A brief sum-
mary of the construction technique for
the order-8 cube is given in the last two
editions of W. W. Rouse Ball’'s Mathe-
matical Recreations and Essays, revised
by H. S. M. Coxeter.

Rosser and Walker were not, however,
the first to make a perfect pandiagonal
cube of order 8. That was done by C.
Planck and reported in his Theory of
Path Nasiks, privately published in Rug-
by, England, in 1905. Planck showed
that in k space, where k is 2 or higher,
the smallest perfect pandiagonal “cube”
is of order 2%, and the smallest one that
is also associative (symmetrically oppo-
site pairs of numbers have the same sum)
is 28 4+ 1. We saw last month how that is
true of magic squares. In 3 space the
smallest perfect pandiagonal cube is of
order 8, and the smallest one that is also
associative is of order 9. The perfect or-
der-8 cube given last month is associa-
tive but not pandiagonal.
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Why do more people
buy Minolta
than any other SLR?

People looking for the most camera for their
money find that Minolta gives it to them.The
quality and features built into every Minolta
single lens reflex have made Minolta the best
selling imported camera brand in America. To
learn which Minolta model is best for your
needs and budget, send coupon to Minolta
Corp , 101 Williams Dr., Ramsey, N.J. 07446.
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Ready to
Assemble
and Finish
18th Century
Furniture

One of 24 Bartley classics, in hand crafted
solid mahogany, oak or cherry. Totally
authentic in design and beautifully
constructed. Each kit is easily assembled
and finished in your own home without
tools. All pieces also offered completely
assembled and hand finished. A $5.00
coupon included with catalogue.

Butler
Tray Table
Original Circa
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Conducted by C. L. Stong

r I Yhin-layer chromatography offers
the most versatile means of sepa-
rating a mixture into its compo-

nent substances. The separation is ac-

complished on a thin layer of adsorbent
material wetted with solvent. The tech-
nique is quite simple. The specimen is
applied as a spot to the edge of the layer.

That edge is then wet with the solvent,

and the components of the mixture are

separated as the solvent carries them
across the surface.

The technique is within the reach of
most amateurs in terms of cost, but it
has a number of limitations. Roger
Baker, Jr. (Box 7854, University Station,
Austin, Tex. 78712), has therefore devel-
oped a new form of the technique,
which he calls ultrathin-layer chroma-
tography. The thinness of the layer al-
lows the separation procedure to be re-
duced in scale so that smaller samples
can be separated. Baker describes the
technique and its uses as follows.

“The thin layers most commonly used

THE AMATEUR SGIENTIST

Thin-layer chromatography: a convenient way

of separating things that are very much alike

in thin-layer chromatography are ap-
plied to a substrate such as glass in the
form of a slurry of adsorbent and liquid
(usually water) in much the same way
that butter is spread on bread. For me-
chanical reasons, such as minute irregu-
larities in the substrate, it is difficult to
apply uniform layers less than about .1
millimeter thick by spreading a slurry.

“The method of making thin layers
described here is based on an old tech-
nique for dusting resin powder onto cop-
per plates for photomechanical printing.
The basis of the procedure is to shake or
agitate a powder of the adsorbent ma-
terial, a silica gel, inside a box so that
some of the powder is left suspended in
the air inside the box [see illustration on
page 130]. A certain period of time is
allowed for the larger particles of the
powder to settle to the bottom of the
box. Then the substrates are introduced
through a previously sealed door near
the bottom of the box. An additional pe-
riod of time is allowed for the finest dust
particles to settle uniformly onto the
substrates, which are then removed. The
dusted substrate is chilled so that a film
of water condenses on the surface, draw-
ing the particles into close contact with
the substrate and causing the layer to
adhere when it is dry.

“The technique was developed with

C. L. Stonc

C. L. Stong, who had conducted “The Amateur Scientist” since 1957, died
of lung cancer on December 9. His age was 73.

Stong, who was known to one and all as “Red,” was born in Iowa, studied
electrical engineering at the University of Minnesota, was a barnstorming pilot

in the era of the Curtiss “Jenny” and worked for the Western Electric Com-
pany in various capacities for 36 years until he retired in 1962 to devote his

full time to “The Amateur Scientist.”

Stong was the amateur scientist personified. He delighted in all things per-
taining to applied mathematics, to physics and to electrical, optical and me-
chanical devices. For the last he had a rare practical bent, a measure of which
is the fact that he built and tested virtually everything described in “The
Amateur Scientist,” whether or not he was the original builder. One could be
sure that something described in the department would work, because Stong
had made it work himself. This installment of “The Amateur Scientist” is
his last, and the department will be discontinued until further notice.
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microscope slides (75 by 25 millimeters
in size) as substrates. After a slide is
coated the adsorbent layer of silica gel
is wiped from the edges, leaving a cen-
tral strip. This strip can be scribed into
narrower strips, so that several dozen
individual samples can be resolved on
one slide simultaneously.

“After the samples are applied to the
adsorbent layer near one end the slide
is placed adsorbent side down over a
shallow cavity covered on the bottom
with blotting paper that has been satu-
rated with solvent. Solvent vapor is in-
duced to condense as a liquid at the end
of the adsorbent near the sample by
cooling the top surface of the glass
slightly. The chromatogram is developed
as the solvent is drawn by capillary force
toward the dry end.

“Improvements in both sensitivity
and resolving power can be achieved by
marshaling the sample into a line before
beginning the development. That can be
done by applying a warm zone through
the glass at the opposite side of the sam-
ple from the cool zone. Since the position
of the solvent front is held stationary by
evaporation caused by the warmth, the
condensed solvent flows toward the sol-
vent front, leaving the sample constitu-
ents deposited along a thin line at the
front. When the warm zone is removed,
development proceeds with the compo-
nents separating into narrow bands rath-
er than the overlapping round spots that
would otherwise result. This step of
sample concentration is called longitu-
dinal concentration.

“A little-known variation of thin-layer
chromatography, called vapor-impreg-
nation-gradient chromatography, is in
some ways similar to the solvent-
gradient elution employed in column
chromatography. This gradient effect is
easily achieved with my apparatus. The
gradient technique tends to compress
the sample components into narrow
bands as development proceeds, so that
longitudinal concentration of the sample
before it is developed is not necessary.

“The gradient technique requires that
the developing chamber be lined with
two sections of blotting paper soaked



Components of grass-leaf extract in normal light

Components of grass-leaf extract stained with gentian violet
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with different solvents. The two sections
should not touch. At one end of the
chamber, below the sample, install a
short double-layer section of blotting
paper soaked with a relatively strong
polar solvent such as acetone. The rest
of the length of the chamber is lined on
the bottom with a longer strip of blot-
ting paper soaked with a relatively weak
nonpolar solvent such as naphtha (light-
er fluid). Various solvent combinations
are satisfactory, but they should be
miscible in all proportions and chosen
so that the components to be resolved
migrate rapidly in the first solvent and
slowly in the second.

“The sample is carried down the
length of the chamber by the stronger
solvent, which passes over the area of
the chamber lined with the blotting pa-
per soaked with the weaker solvent. An
exchange of solvent vapors occurs, caus-
ing the migration to slow with distance.
Certain components of the sample are
able to migrate farther than others under
these conditions, so that the components
are separated into bands along the
length of the adsorbent strip. In addition

1" natls

to the sharp separations yielded by the
gradient technique a rather wide variety
of substances can be separated with a
simple solvent combination such as ace-
tone and naphtha. Thus the search for
solvents that yield satisfactory resolu-
tion is simplified.

“Whether the sample is resolved in
the ordinary way with a single solvent
or with a gradient, it is useful to apply
the warm zone to the far end of the
adsorbent strip in order to continuously
remove the solvent by evaporation as it
reaches the end of the chamber. In this
way the development can be continued
as long as it is wished, so that even the
more slowly moving components will be
moved far enough to be well separated.

“After the sample has been resolved
chromatographically it is possible to
concentrate the bands of components
sideways with a procedure resembling
the one used in longitudinal concentra-
tion. Hence the components are depos-
ited along a line running the length of
the adsorbent strip. The procedure is
called lateral concentration; it yields a
greatly increased sensitivity of detection

Box for dusting silica-gel layer onto glass slides
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at the expense of a loss in resolution.

“An interesting method of detecting
colorless materials ‘that are not soluble
in water is to stain them with a dye as
they remain adsorbed on the silica gel.
After the silica gel has been treated with
a strong dye solution the excess dye is
washed off, leaving the separated com-
ponents visible as more highly stained
areas on a light background. The meth-
od is sensitive, nondestructive and fairly
general. It also gives a permanent record
of the position and the relative amounts
of sample components.

“The details of construction of the
dusting box can be varied considerably
without much affecting the results. I did
my first experiments with a tin can. The
settling periods involved should be in-
creased in proportion to the height of
the box.

“Satisfactory results can be obtained
with a plywood box about 50 centime-
ters in height. The amount of silica-gel
dust retained in suspension in the air,
and accordingly the thickness of the
layer produced during one coating op-
eration, depend on factors such as the
height of the box and the particle size
of the powder. About a gram of adsorb-

ent per 10 square centimeters of set- |

tling area is a suitable amount. The
powder can be agitated by inverting the
box end over end about a dozen times.
The box should be tapped immediately
after agitation to knock down any loose
particles.

“After the initial settling period the
cleaned microscope slides are introduced
into the box on an aluminum plate.
My plate holds 12 slides. The open-

ing through which they are introduced |

should be sealed during agitation with a
strip of foam rubber on a hinged door.
Some kind of standoff, such as nails
driven through the bottom of the box, is
needed to support the aluminum plate
above the bulk of the powder. With a
dusting box 50 centimeters high, suit-
able results are obtained if the dust is al-
lowed to settle for about four minutes
before the substrates are introduced.
The substrates should then remain inside
the box for about 10 minutes to collect
the adsorbent dust.

“The best procedure for dusting on
the adsorbent layers has not been deter-
mined with certainty. On the basis of
work that has been done with pure silica
gel prepared for thin-layer chromatog-
raphy, however, it seems best to apply
the desired layer over several stages.
Presumably other finely powdered ad-
sorbents could be applied in much the
same way.

“After an initial layer of adsorbent is
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dusted onto the slides the aluminum
plate on which they rest is chilled by
placing it on a layer of crushed ice. The
temperature of the glass is thereby low-
ered below the dew point of the air,
causing a film of water to condense on
the adsorbent layer. When the layer is
wet and shiny, the excess water is wiped
off the sides and bottom of the plate and
the plate is dusted and wet by condensa-
tion once or twice more to thicken the
final layer so that it is free of pinholes.
“The greatest uniformity is achieved
by shifting the positions of the substrates
between dusting steps. It appears that
the layers should have a certain mini-
mum thickness in relation to the size of
the particles in order to minimize the
effect of point-to-point variations in the
capillary channels between the particles.
The silica-gel layers that appeared to be
the most useful for chromatographic
purposes were from 15 to 50 microme-
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Developing chamber designed by Roger Baker, Jr.
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ters thick. The thickness was measured
with a micrometer both before and after
wiping the adsorbent from a portion of
the glass. A densitometer can be em-
ployed to compare the relative thick-
nesses of several layers.

“Since the slides are covered with ad-
sorbent over their entire top surface at
the time they are prepared, the adsorb-
ent is wiped off each border for about
five millimeters inward, leaving a cen-
tral strip of adsorbent measuring about
65 by 15 millimeters. That can be done
by sliding the end of a matchstick along
the border, using your thumbnail as a
guide. I made a tool for scribing lines
about three millimeters apart along the
length of the adsorbent strip by solder-
ing a row of ordinary pins to a brass
strip with the points extending like the
teeth of a comb. A pin at the edge ex-
tends a little farther so that it rides
along the edge of the slide and guides

coob';g strip

slide

}‘Hter-papcr wick

adsorbent

the rest of the pins. Any excess dust is
blown off. The slides are stored in a mi-
croscopist’s slide holder.

“The developing chamber can be ma-
chined from a solid metal such as alu-
minum. My chamber was constructed
from two pieces of aluminum an eighth
of an inch thick measuring 79 by 28
millimeters. A rectangular hole 70 by 18
millimeters was cut in the center of one
of them with a jeweler’s saw. The two
pieces were cleaned well and cemented
in close contact with epoxy glue to form
the chamber [see illustration below].
The top surface of the chamber, on
which the slide rests, was ground flat
with fine abrasive paper and finished by
rubbing it against a flat piece of glass
covered with a paste of kitchen cleanser
and water.

“The sample solution should be ap-
plied to the adsorbent layer about 15
millimeters from one end. I make the

resistors
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application with a fine glass capillary
drawn over a flame from larger tubing
and having a square-cut or broken end.
It can be difficult to apply the sample to
the adsorbent layer from such a hand-
held capillary without disturbing the
layer, particularly when the sample is to
be applied to the narrow scribed strips.
A small plywood jig makes the job easy.
The jig consists of a microscope slide
cemented to a piece of plywood [see
bottom illustration on this page]. Anoth-
er slide prepared with adsorbent can be
made to adhere to the top of this first one
with a small drop of naphtha.

“A small plywood bridge is made to
straddle the slides and extend upward
at a right angle to the surfaces. A glass
or metal tube is fastened to the bridge
with a rubber band. The tube acts as a
guide for the capillary pipette, which
is slid through until it touches the ad-
sorbent surface at the desired place. By
holding the jig so that the slide is nearly
vertical and the capillary nearly horizon-
tal and then tilting the two slowly, you
can delicately adjust the height of the
liquid column in the capillary, and
therefore the rate of flow of the sample
into the adsorbent, to match the rate of
evaporation of the solvent from the sam-
ple spot.

“The glass is cooled to initiate con-
densation of the solvent by placing the
adsorbent strip face down on the de-
veloping chamber and covering the
glass above the end of the adsorbent
strip (just beyond the sample spot) with
a small, flat piece of aluminum about 15
by 10 millimeters. This piece of alumi-
num is cooled slightly by covering it
with a strip of filter paper about a centi-
meter wide that extends over to a bottle
cap filled with water alongside the cham-
ber. The strip acts as a wick, drawing
fresh water from the bottle cap and
cooling the aluminum by evaporation.

“The time required for development
will vary according to how rapidly the
components migrate, how quickly the
solvent is condensed and whether or not
the experimenter is working with the
gradient technique. It may be sufficient
to simply let the solvent travel down the
length of the strip, which might take 15
minutes. Often it is desirable to apply
the warmth at the end of the strip, so
that the solvent is continuously removed
as it reaches the end and development is
continued for a longer time. Since the
migration rate of the components is re-
strained by the conditions of gradient
development, an hour or more is often
necessary for this type of development.

“It is convenient to mount the warmed
aluminum strip at the end of a hinge so
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Circuitry for warming aluminum strip

that it is free to swing down and rest
gently on the glass. The strip is about 70
millimeters long, 20 millimeters wide
and 1/16-inch thick. It carries six .5-watt,
10-ohm resistors attached with silicone
rubber, parallel to one another and even-
ly spaced [see illustration above]. They
are wired together in three groups of
two. The warmth of the strip is con-
trolled by wiring all three of the groups
in series with a one-ampere, 50-ohm
rheostat (Ohmite). Everything is then
connected to the low-voltage output of
a 6.3-volt filament transformer (Radio
Shack).

“My method of detecting the location
of colorless components of the sample is
to stain them with a water-soluble dye
such as rhodamine B. The stain can

be applied by dipping the slide into a
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strong water solution of dye. The stain
is allowed to dry on the slide. Then the
slide is rinsed with a dilute solution of
acetic acid in water, which will remove
most of the dye from the background
areas of silica gel and cause the areas
that have adsorbed material from the
sample to appear darker.

“Ordinary thin-film chromatography
of black ink from a ball-point pen, with
benzene as the solvent, is capable of
resolving about 14 component pigments.
The gradient technique, with acetone
and naphtha as the solvents, can resolve
the same ink into more than 20 pig-
ments. The same solvent gradient will
serve to separate acetone extracts of
plant leaves into various yellow and
gray pigments and as many as 10 dis-
tinct blue or green pigments.”

SN )/f-—‘af)'nﬂoa base

adsorbent strip

sample slooi;
bracket for
a{)}'ustin\g Lilb

hin\gc

Jig for applying a sample to a slide
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by Philip Morrison

HE Macic oF Urt GELLER, by The
Amazing Randi. Ballantine Books

($1.75). SupermMINDs, by John
Taylor. The Viking Press, Inc. ($10.95).
My Story, by Uri Geller. Praeger Pub-
lishers ($8.95). URl: A JOURNAL OF THE
MystERY OF Urr GELLER, by Andrija
Puharich. Bantam Books, Inc. ($1.95).
Raffiniert ist der Herr Gott, aber Boshaft
ist Er nicht. Einstein said it: The Cre-
ator is subtle, but he is not malicious.
That is the faith by which the physicist
lives. There is order deep in his world,
which sufficiently cunning experiment
will disclose. But that is no stance in
which he can safely buy a used car,
appraise the operative statements of a
White House press officer or bet against
an artist with the cards. Not Einstein,
but Machiavelli and W. C. Fields must
be his guides then. For things will not be
as they seem, plausible assumptions of
logical independence (“How could he
know?”) will usually fail, and systematic
mischief will rule the little world. Hu-
man beings—unlike electrons—can un-
derstand the intent of an observer. In
particular, conjurers know the questions
likely to be in the minds of the audience
and contrive to capitalize on them for
their own purposes. The hand is not
often quicker than the eye, but the left
hand you are coaxed into not watching
can work wonders.

These four books span an international
misdirection industry that is now a cou-
ple of years old in the U.S. It is chiefly
a construct of the media, out of celebrity
and talk shows on television in the U.S.,
over the BBC and half a dozen other na-
tional networks, and articles in such pub-
lications as the Psychic News, Der Spie-
gel and Paris-Match. The furor centers
on a quick-thinking, handsome, charm-
ing, bold but disarmingly informal for-
mer Israeli paratrooper named Uri Gel-
ler. There are a dozen claimants to this
or that occult power in the public eye
today, but Geller earns the attention of
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Uri Geller: international Pied Piper

of the credulous, and other matters

a general scientific reader because in
large measure he offers not mere video
wonders but credentials issued by physi-
cists. He has been studied by the Elec-
tronics and Bioengineering Laboratory
of the Stanford Research Institute (often
confused with the great university it
neighbors) in work published at length
in Nature. A few well-known professors
of physics, mainly in London, have simi-
larly published their experiences with
Geller, which they view as being at least
enigmatic and at most revolutionary.

The main Geller effects form a short
list: reproducing concealed drawings;
bending spoons, keys and the like; start-
ing stopped watches; deflecting mag-
netic compasses, and recording high
count rates on Geiger counters. It is evi-
dent that in themselves these effects are
ordinary: anyone can achieve those re-
sults sans the occult. The issue turns on
how he does them: on control. Geller
and his believers say he does these things
by extraphysical means. Critics observe
that almost all the effects belong to the
familiar repertoire of stage magicians.
The physicists—with no record at all of
previous successes in this domain—assert
that their experimental skills rule out the
paltry tricks of the prestidigitator.

Enters now the Amazing Randi, an
elfin gentleman with a white-fringed
chin and a flashing wit, a magician
of long experience and patent ingenu-
ity. He pursues Geller and finds sim-
ply a fraud, “a clever magician, noth-
ing more—and certainly nothing less.. ..
Uri’s pattern of deception was unmistak-
able. Clever, yes. Psychic, no.”

That ESP of Geller under rigid experi-
mental control? First of all the think
tank’s shielded room is rendered suspect
by their unwillingness to let Randi ex-
amine it. The room, which was built for
another experiment, has a passage for
cables, a passage stuffed with gauze.
Geller’s one perfect telepathic hit on a
sketch of a bunch of grapes, correct to
the very number of grapes in the bunch,
was too good. For that particular one,
Randi feels, “Shipi made a small draw-
ing of the target—an exact drawing—and

pushed it through the hole to Geller.”
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(Shipi is Geller’s closest associate, a quiet
young man, unobtrusive but almost
always around.) The psychologists at
SRI—not the physicists—ran a double-
blind test, genuinely controlled. Geller
did not attempt a specific guess on any
of their 100 sealed envelopes. Charles
Rebert of the life-sciences division at
SRI suspects even the one hit Geller ob-
tained once conditions were somewhat
loosened in response to the pleas of the
physicists: “I'm convinced that he [Gel-
ler] swapped envelopes on us.... He
flunked our test.”

The watch-starting? It works often on
studio watches, and it is widely conta-
gious. In Britain, the U.S., West Ger-
many, Japan—in many places—derelict
watches long stopped responded nation-
wide, and happy viewers telephoned in
to report the miracles. But in New Zea-
land: “We sent out a few students to fix
broken watches, and out of 16 watches
tried, 14 of them started, and seven have
kept going for at least four to five days.”
Stopped watches are often jammed;
winding, shaking and holding them
enough to warm the oil will get them
temporarily under way. Uri takes the
credit, as he did in his famous stopping
of the funicular near Munich. A reporter
suggested that. They tried it out, Geller
in the moving car, concentrating. Sure
enough, “the cable car stopped right in
midair. ... The main switch had flipped
off for no explainable reason.” So Geller
writes in his own story. Did someone flip
that switch? We cannot say, but it was
certainly no bent-metal miracle.

So the chronicle goes. When it seems
that controls are working, Geller often
fails. When he succeeds, there has been
uncertainty in the controls, often total
collapse. Sometimes he suddenly carries
a key off to a nearby water tap; he has
found that running water helps keys to
bend. Perhaps, but it is surely true that
more torque can be placed on a key
when its end is inserted into the opening
of the faucet. Try it yourself.

How does Geller himself explain his
successes? We have his autobiography.
It seems that from an early age, since a
preschool epiphany in the garden, he has



had these strange powers. Since his hyp-
nosis in 1971 by his first American spon-
sor, the psychic expert Andrija Puharich,
he has received mysterious self-erasing
messages on tape cassettes; they foretell
his future and explain his past. (Puhar-
ich’s book, probably the most implau-
sible deadpan chronicle to see print in a
long time, confirms Geller fully and has
identified his sources. Some live on the
spacecraft Spectra, “fifty-three thousand
sixty-nine light ages away.”) Geller
writes: “The tapes bring with them a
tremendous message to the world, even
though they do sound like science fic-
tion.” One such pregnant message, self-
activated and self-erased, is: “The ulti-
mate powers, whether on the particle
level or the cosmic level, are in rotation
and drawing off the gravitational power
from the center of the system. There are
special rays...where the skin of the en-
velope of the cosmic rays is utilized for
power.” Automatic taping seems no
more instructive, although it is less ob-
jective, than automatic writing was in
the old days.

Then there is John Taylor, a reputa-
ble London theoretical physicist with an
easy pen and a theatrical bent. His last
book was on black holes for the layman.
(It impressed this reviewer as being
wildly uncritical and shamelessly ten-
dentious, with three final chapters on
spiritualism, on Christianity and on dia-
lectical materialism, all as they are af-
fected by black holes. The too stern
Hume might have wanted to burn such
a work, but one has to admit that these
are not demonstrable errors but legiti-
mate moral opinions.) The current book
goes much further. It centers on the the-
ory and practice of metal-bending. No
references are made to Geller’s life or
Puharich’s witness; instead Taylor, hope-
lessly misdirected by what he has “seen,”
undertakes to study metal-bending em-
pirically. Measure the bent rod with
care. ... His main discovery is a group of
child metal-benders, who will do the
Geller bit willingly and repeatedly for
Taylor. To be sure, they are 11-year-old
innocents, and so he lets them go out of
his sight to bend their samples, even go
home over the weekend. Sometimes he
comes along, but (as Randi quotes Tay-
lor) “this feature of bending not happen-
ing when the object is being watched—
‘the shyness effect—is very common.”
Common indeed! Lately a group from
the University of Bath has published ex-
periments with little volunteer metal-
benders, drawn like Taylor’s from the
great British pool recruited by Geller
over television. These small adepts,
mainly innocent young girls, went to

work bending metal. The observer did
not see anyone cheating. But the skep-
tics from Bath had taken one precau-
tion: the room where the experiment was
being conducted was being carefully
watched by several other observers
through one-way mirrors from outside.
Result: Five of the six gifted youngsters
cheated visibly. They hastily bent met-
al by hand, tabletop and chair edge,
presumably whenever they thought the
overt observer was distracted. (The sixth
subject bent no metal at all.)

Taylor dimly grasps the idea of ex-
perimental control. He sealed some met-
al samples in plastic tubes. There one is,
before and after wonder-bending in ab-
sentia, a full-page color spread. Alas,
Randi visited Taylor and popped the
rubber stopper out of such a tube almost
inadvertently, without disturbing the
sealing wax (which turns out to hold a
screwhead and not the stopper itself);
“it was a very poor piece of prepara-
tion.” Randi’s drawing and the photo-
graph in Taylor’s book form a compel-
ling sequence demonstrating that pro-
fessors expert in the theory of a complex
variable should leave sealing wax to ma-
gicians and private detectives.

It has all happened before; it will all
happen again. We can laugh at the com-
edy and the incongruity; we can weep a
little at the pomposity, the credulous-
ness, the air of callous exploitation and
the crash of reputations. Randi cites a
wonderful parallel or two. The two great
psychophysicists Weber, then advanced
in age, and Fechner, partly blind, were
taken in by Henry Slade, a medium who
caused knots to appear in a string, the
ends of which had been tied in a loop
and sealed with wax, after many days of
storage. According to the psychologists’
astrophysicist colleague (the theorizing
Taylor of that day), one Johann K. F.
Zollner, the medium Slade simply had
access to the fourth spatial dimension!
The magicians of the time knew better,
as they do today. A new loop had been
substituted. Randi draws a systematic
methodological parallel between the as-
pects of the Geller case and the events
of a century ago. His chapter is a telling
guide to recognition of the central phe-
nomena.

Not everything is made clear. Randi
not only reads sealed envelopes and
bends keys unnoticed but also can drive
down the street while he is blindfolded
with pizza dough and three layers of
tested blindfolds. He will not explain
that at all. His work is not unique, but
magicians by long tradition will not ex-
pose their contrivances; they hold that
the appeal of their clever art depends on
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guile. Indeed, Randi has already gone
too far for many of his confreres, who
see in Geller a new approach to the pub-
lic. Not human ingenuity but the hint of
mysterious power is what draws audi-
ences today. A magician can do better
with a bumbling, nervous performance.
(“The mentalist who is too perfect loses
credibility. ... Stress, as does Uri Geller,
that what you are attempting to do
is little understood and doesn’t always
work on command.... They want you
to succeed.” The elegantly flawless card
trickster is being supplanted by a per-
former who simulates an earnest but
uncertain parapsychological striver. The
article cited (from an American magi-
cians’ periodical) goes on more cynical-
ly: “Find out what their budget will al-
low them to pay. Ask at least that
much!... Later, concentrate on the best-
paying audiences.”

The Geller wave seems now to ebb.
The contrast between the galactic claims
and the limited, banal performance in
the end drains interest. Another will
arise, and another, just as waves at the
shore. Perhaps we shall learn at least
this: The physicist is no person to ferret
out the truth once Boshaft enters. Cre-
dentials ought to be more specific; a
plasma physicist does not pronounce on
the tracks of the magnetic monopole, at
least until he has etched many a film of
plastic. Clumsy-fisted theorists who trust
the innocence of children ought not to
set themselves up as knowing investiga-
tors. They will generate only more thick
documents of human credulousness. Fi-
nally, there is no canon of logic or in-
ference from common sense or use of
past experience that can speak more
strongly to the mind than the simple
will to believe.

THE CaMEL AND THE WHEEL, by Rich-
ard W. Bulliet. Harvard University
Press ($16). THE WHEELWRIGHT'S SHOP,
by George Sturt. Cambridge University
Press ($13.95). The labyrinth of the cas-
bah is a commonplace thrill to travelers
struck by the intricately winding streets,
steep and narrow alleys, quaint stairs
and culs-de-sac that nucleate most old
cities from Fez to Kabul. Moreover, un-
til recently the building and upkeep of
surfaced roads outside the city was not
usually taken as a serious task by the in-
digenous governments of North Africa
and the Middle East. Used to the rec-
tilinear city plans of the Roman world,
convinced that road building was a chief
task of the state, scholars have sought
deep within Islam some inner reason for
this fancied deficiency of public order.
The witty, reflective argument of The
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Camel and the Wheel explains the facts
by a surprising proposition. The eco-
nomics of bulk transportin a dry climate
favors the pack camel over the wheeled
vehicle drawn by ox or horse. Heavy ox-
carts hauled the city’s goods from re-
motest antiquity until about the fifth
century, after which the camel took over
until the days of Otto and Benz. The lev-
el, straight streets of the Frankish world
gave the carters access for heavy loads
to all points in the city, once the streets
were made wide enough to admit one
rigid axle, or even two passing. But if the
surefooted camel alone serves your
town, you have no need for squared cor-
ners, wide streets or gentle grades. Local
considerations, from wind protection to
the direction of shade, from high habita-
tion density to easy defense, take over;
narrow, curving ways, little street mar-
kets and steep, changing grades were all
incorporated efficiently into the medieval
cities of Islam. It was no philosophical
mystery; economic rationality deter-
mined. After all, Mecca itself, holiest of
Islamic cities, is built with straight streets
—a design older than camel transport.
The support of this proposition is man-
ifold, drawing from art and archaeology,
old texts and new, camel husbandry, an-
thropological studies, linguistic forms.
The doubter must look at the photo-
graph of a line of pack camels, haughty
and graceful under heavy loads, swing-
ing past a bemired horse cart on a bad
Chinese road. The changeover was made
wherever camels could be effectively
bred to yield their competitive edge over
wheeled transport, a matter of fully 20
percent. The camel is faster and strong-
er, its pack-saddle is cheaper than a wag-
on, its driver is more easily shared among
half a dozen animals. Domestication of
the camel had taken place very much
earlier, probably in southern Arabia and
the eastern horn of Africa. The ancient
overland trade in “frankincense and
myrrh” brought the nomad’s camel to the
desert borders of the settled lands of
Syria and Mesopotamia by the seventh
century B.C., but nearly 1,000 years
passed before the creaky oxcarts of the
ancient Middle East gave way to the
silent caravan. It was a social transfor-
mation that did it: the sway of “the
camel-borne warrior mounted upon a
North Arabian saddle.” The Arab no-
mads who bred camels and understood
them became the cultured and power-
ful sovereigns of all Islam. Once the
camel was available its productivity was
telling, and along the narrow ways of the
camel a wheelless society grew. Camel-
mounted field artillery, fired from the
back of the couched animal, existed in
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the Persian army well into the 19th cen-
tury, and that same army, without
wheels or roads for loads exceeding the
camel’s standard quarter ton, “carried
unformed metal on camelback to the
scene of battle and there cast it into
seige guns.” What counts to a prosperous
and well-governed wheelless state in an
arid region is not road surfacing; it is
bridges, caravanserais and police protec-
tion for the traveler. (Compare, passim,
The Thousand and One Nights.)

The book excels in its remarkable lev-
elheadedness and its critical and candid
writing. The esoteric topic has often at-
tracted—as the bibliographical essay and
the notes here fully demonstrate—not
mere enthusiasts but true zealots. Pro-
fessor Bulliet, a Berkeley Arabist, es-
capes from the trap and recognizes fully
the danger of one-sided explanations and
easy correlations. His critical stance is of
interest to historians of technology and
to students of social change in general.
The nature of the camel lies at the base
of the argument, of course. The reader
will learn that camels store not water
but heat; they tolerate both remarkable
increases of body temperature and se-
vere water loss, their desert endurance
coming from both traits; no sweat for
camels!

The era of the pack camel is near its
end, done in by that other energy gift
of the Arabian Gulf. But camel efficien-
cy, evolved by nature and by human
insight in that climatic region, may yet
reveal the camel in the role of meat pro-
ducer, “and the disdainful expression on
its face will ever call to mind the past
era when the camel was superior to
man’s proud invention, the wheel.”

Precisely how the wheel could be the
everyday load-bearer of an agricultural
economy in the south of England is the
burden of George Sturt’s classic and
beautiful evocation (first published 50
years ago) of the craftsmen he knew in
Surrey in the 1880’s, plying a trade in
blacksmith’s iron and in the elm, ash,
bone-hard beech and stout oak of the
local woodlands. That trade—making
wagons, carts, plows and barrows—was
itself the adaptive growth of six centuries
or more, a matured folk craft whose
hardworking, low-paid, unlettered but
skilled and subtle journeymen and mas-
ters knew their way from collective ex-
perience and tradition alone, without so
much as a single calculation. Rules and
gauges were used, mostly undivided, but
no computations entered, not even in the
pricing of the goods, which often went
for “less than the mere iron and timber.
... They never knew.... These matters
...were settled by guess work, not by
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calculation.” Over the unchanging gen-
erations errors would even out and a
reasonable charge emerged, but change
came very hard. The keen drawshave
deftly broke every corner of each
squared timber and reduced each shaft
and “pillar” until it looked right. “A man
skillful with the draw-shave enjoyed this
work, lingering over it like an artist.” It
was not decoration, howevers; its vital ob-
ject was to lighten the horse’s load, and
the corner-shaving removed an eighth
of the dead weight of the wagon tim-
bers. Every longitudinal piece of a wag-
on was slightly curved, following an-
cient wood patterns long stored in the
shop. The timber was not steam-bent;
rather it was chosen for its natural
curves. (“How accurately woodland na-
ture seemed to know the shape of mov-
ing horses.”)

Across this detailed account of the
demanding love of hand for work Sturt
paints the picture of social relations in
such a shop, where the working man
found deep pride, “that satisfaction
which of old...streamed into their mus-
cles all day long from close contact with
iron, timber, clay, wind and wave, horse-
strength.”

BUTTERFLIES, by Thomas C. Emmel.

Alfred A. Knopf, Publisher ($35).
Tue DICTIONARY OF BUTTERFLIES AND
Mortas 1N CoLor, by Allan Watson and
Paul E. S. Whalley, with an introduction
by W. Donald Duckworth. McGraw-
Hill Book Company ($29.95 until May
31, $39.95 thereafter). These large, cost-
ly and colorful volumes both treat the
insect group Lepidoptera with deliber-
ate and successful visual emphasis, but in
two distinct styles, which one might call
hot and cool. Emmel is a zoologist from
the University of Florida; on the dust-
cover of his book one sky blue butterfly
against a green leaf is shown as big as
your two hands held out flat. The crea-
ture is a tiny European butterfly, how-
ever. The book opens with a full-page
photograph, bled to the edge, of elegant
spherical eggs of one species magnified
a couple of dozen times, followed by
similar striking enlargements of the cat-
erpillar, the pupa and the imago. More
than 300 color photographs embellish
the book, almost all showing living but-
terflies, with some wider shots to evoke
rain forest or mountain meadow. Cater-
pillars and chrysalids are included, and
a few extraordinary micrographs in color
exhibit individual wing scales at high
magnification, the examples glowing like
feather cloaks for some forest king. The
text, studded with maps and drawings,
develops the elements of butterfly life



cycle and behavior and describes the
main families. With a few pages for each
habitat, the text goes on to give an over-
all account of the world’s butterflies of
rain forest and desert, temperate forest
and grassland, mountains and tundra,
oceanic islands, all the regions where
these beauties are found. Within these
pages most of the pictures appear, some
as big spreads but most at modest size,
six or eight to the page. The crux of the
text is in its last chapter, on collecting.
Here the engaged author evokes the bit-
tersweet delight of butterfly collectors
over the centuries, famous Churchill,
gifted Nabokov and Will C. Minor, a
sheepherder from Fruita, Colo. “Minor
was once offered $25 each for pairs of
perfect specimens, but on the day he
and another collector went up to Black
Ridge to get freshly emerged butterflies,
they could only stand helplessly by
and watch the valuable butterflies made
worthless as pugnacious male pairs bat-
tled furiously above the edge of a cliff.”
This book glows with warmth; it explains
as it captures wonder and beauty; in-
deed, it celebrates butterflies with the al-
most hyperbolic skill of the photogra-
phers worldwide and of the Milanese
color printers.

The second book, by two British Mu-
seum experts, with a Smithsonian cura-
tor writing the brief introduction, is a
cool one, equally devoted and as color-
ful. The book is in fact a visual dictio-
nary. About half of its pages display (the
color printers this time are Dutch) some
1,000 forms of winged moth and butter-
fly. No eggs, no caterpillars, no long
shots at all; the aim is identity. Many of
the photographs are made from life, but
a great number are made from the “flaw-
less set specimens” arrayed on pins in
the British Museum.

The rest of the volume is given over
to an alphabetical list of some 2,000
entries, each of which hangs on the mas-
ter peg of the proper binomial identifi-
cation paragraph or two of information
about the insect listed. (Cross-references
are given for hundreds of common
names.) Once again the delight of the
collector is well served. The general text
occupies only a few pages, but the list
and plates of the British book sweep a
much larger net across the fluttering
world. There are some 165,000 known
species of the Lepidoptera; only about
an eighth of them are the generally
showier, benign and day-flying butter-
flies. The rest are moths, large and small,
which receive only the sketchiest of al-
lusions from Emmel but are fully sam-
pled in the other volume.

The fundamental problem for any de-

scriber of the scalewings is that extraor-
dinary plentitude of forms. Between
these two sizable books there is really not
much overlap of species. Only one pub-
lication “attempts to cover the world
fauna of both butterflies and moths™: the
16 volumes (with more to come from
Stuttgart) of A. Seitz’s The Macrolepi-
doptera of the World, a set now costing
$2,200. The general reader will gain
much from either of the present books,
however. One is more like an instructive
album of the theater, the other more
like a well-labeled jewel chest.

Enough of books; a little of the ani-
mals themselves, and of what they have
meant to their students and admirers.
Their very variety is an inexhaustible
lesson in adaptation; even the specific
food plants are still unknown for most
forms. The energy source for most but-
terfly species in adulthood is the nectar
of a blossom, for which payment is usu-
ally made by pollination. Many longer-
lived forms need protein as well, and
some are lured by rotting fruit, bird
droppings or urine-soaked ground. The
long-domesticated forms are moths: the
unremarkable-looking silkworm proper
and the tussore moths, the chief variety
of which is a five-inch orange beauty.
(Silkworms will feed on lettuce or the
osage-orange leaves as well as on mul-
berry.) We look away from the corn
borer, the gypsy moth and the Mexican
jumping-bean moth. The prince of col-
lectors must have been Carl Linnaeus
himself. He named one North American
species of brimstone butterfly Gonep-
teryx eclipsis. Alas, the type insects are
still preserved among his specimens,
and they prove to be familiar European
forms with new wing patterns beauti-
fully painted in by hand. He even cited
as a reference a book where exactly his
hand-painted forms are carefully repre-
sented. Who fooled whom? We do not
know.

\/lxssu.x:s axp Rockets, by Kenneth
+'% Gatland. Illustrated by the John
Wood Studio, principal artist William
Hobson. Macmillan Publishing Co., Inc.
($6.95). From a map of the “Peene-
miinde Rocket Establishment (circa
1943)” to a colorful airbrush rendering
of the external tank of the Space Shuttle
Orbiter, the 80 color plates of this pock-
et-size hardback exhibit the look of the
world’s ballistic missiles, chiefly military,
of course. Here they are, from the V-2
to the shuttle, with some cutaway and
exploded views, with their engines, car-
riers, silos, auxiliary structures such as
telemetry dishes and blockhouses and
with a number of useful maps and ta-
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bles. The text is brief and knowing, an
eyewitness account of visits by the au-
thor to sites worldwide, and a capsule
history (taking a warlike view of political
developments that is implausibly hard-
boiled). The work is scrupulously inter-
national, arising as it does out of the Lon-
don world of aerospace journalism. The
Guiana Space Centre of the French near
Kourou is mapped along with Tyuratam
and Vandenberg, although the Tanega-
shima Space Center of Japan is only de-
scribed, and the Chinese launch center
is merely located on the map of China.

A two-page color spread, in the fa-
miliar style of a carefully rendered, de-
tailed, retouched photograph, shows the
cosmodrome at Tyuratam: the rocket on
the pad, the Soyuz payload high in the
nose, the big hinged support arms drawn
away, the fuel tank cars in place, all mak-
ing ready the manned launch. The es-
cape system and the flight sequence fol-
low. There is no doubt that this presenta-
tion of Russian practice makes more real
to any reader that powerful technology
we too often associate with enigmatic
news reports and an occasional picture
of the parade in Red Square. It is inter-
esting to study the portraits and tables
that recount the uprating of the Russian
ICBM of 1957 from Sputnik to Voskhod
and Soyuz. The Type A launcher grew
more and more powerful upper stages,
but it retained the four strap-on boosters
and the central sustainer, each of these
mounting four thrust chambers employ-
ing liquid oxygen and kerosene. The
general conception of this very reliable
vehicle, like its total thrust, reminds one
of a more powerful and more versatile
Atlas. Salyut or the new Venus landers
use a newer, larger launch vehicle, paint-
ed here provisionally “in the absence
of official Soviet information” much more
like the U.S. Saturn IB or the newly
boosted versions of Titan.

The missile submarines are here with
their solid-fuel rockets, similar enough
whether they are French, British, U.S.
or Russian. Convergence is at work in
this domain of evolution as well as
among marsupial predators. The two su-
perpowers quantitatively dwarf the oth-
er two by about an order of magnitude
in boats and missiles. The Russian Delta-
class nuclear submarine “seems to have
become operational in January, 1973,”
with a missile range of 4,000 nautical
miles, not enough to reach the U.S. from
the Barents Sea. Thus have we justified
our new Tridents and the long-range C-4
missile, its prime contractor Lockheed.
The arms race is given terrifying and
fascinating concreteness in this small
book of reference.
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“Unbelievable”

The Aspen sedan has the look
of a fine European road car.

The Aspen sedan was designed with as
much attention to its outside appearance
as to its inside engineering. The shape of
its classic lines and the high sweep of its
glass give a luxurious look to this finely
engineered automobile.

The Aspen sedan has more total
room than a Cadillac Seville.
There’s plenty of room to seat six people
quite comfortably. And that’'s more than
enough to make an Aspen sedan the envy
of some very expensive cars.

The Aspen sedan is priced lower than

Ford Granada or Mercury Monarch.
Based on manufacturer’s suggested retail
price for Aspen sedan, excluding state and
local taxes, destination charge, and
optional equipment.

The Aspen sedan has a ride
that rivals that of a full-sized car.

The unique Isolated Transverse Suspension
is rubber isolated to reduce noise as well as
vibration transmitted to the passenger
compartment. This gives Aspen the com-
fortable ride you usually find in a much
bigger car.
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The Aspen sedan got up to 27 MPG
on the highway according to EPA
estimated mileage results.

According to EPA estimated mileage
results, the Aspen sedan and coupe got

27 MPG on the highway and 18 city.The
wagon got 30 MPG highway and 18 city.
All were equipped with a 225 Six and
manual transmission. (Your actual mileage
depends on driving habits, condition of
your car, and options. In California, see
your Dealer for mileage results.)

The Aspen sedan offers the important
convenience features of a luxury car.

A long list of options includes everything
from power seats and windows to electric
door locks and automatic speed control.
So you can enjoy the same conveniences
as you would in a big luxury car.

Here’s “The Clincher?”
“For the first 12 months of use, any Chrysler
Corporation Dealer will fix, without charge
for parts or labor, any part of our 1976
passenger cars we supply (except tires)
which proves defective
in normal use, regardless of
mileage.” The owner is
responsible for maintenance Dodge
service such as changing
filters and wiper blades.

The new Dodge Aspen. For a small car at a small price, it’s unbelievable.
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| THE SILVER MARTINI > o=
LE WHO WANT A SIVER LINING WITHOUT THE CLOUD.

' " VER. NINETY POINT FOUR PROOF SMIRNOFF LEAVES YOU BREATHLESS:

R* VODKA, 90.4 PROOF, DISTILLED FROM GRAIN. STE. PIERRE SMIRNOFF FLS, (DIV. OF HEUBLEIN, INC ) HARTFORD. CONN
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