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Rust, rot, fire, decay...old enemies meet new defenses

Today there are new levels of pro-
tection for things animal, vegetable,

mineral, and man-made, through
Me&T's work in chemistry and metal-
lurgy. Take the four examples above.
Teeth have always succumbed to
decay. Less so now because of MsT"
Stannous Fluoride protection.
Wood has long been a lunch for
fungi, microorganisms and marine
organisms, as well. bioMeT" biologi-
cally active chemicals are stopping

that. And controlling disease-and-
odor-causing bacteria, too.

Sooner or later, rust or corrosion
attacks metal. But much later and
less severely now, with protection
from M&T chromium, nickel, copper,
tin and zinc plating processes.

Plastics survive, but only with
built-in protection. Like that which
MeT flame retarders and heat and

M&T Chemicals Inc.
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light stabilizers can give chemically
to vinyl and other plastics.

MeT protects in other ways, too
...with its contributions to time-
defying ceramic glazes; to abuse-ab-
sorbing organic coatings.

There’'s more to tell ... more to
come. Write or phone M&T Chem-
icals Inc., General Offices: Rahway,
New Jersey....Or M&T Products of
Canada Ltd., Hamilton, Ontario.

*Trademark of M&T Chemicals Inc.




“A NEW APPROACH TOWARD PLANT MODERNIZATION"

Familiar sights around chemical and petrochemical plants
and refineries in recent years are titanium and titanium products
being used for vessels, towers, reactors, etc. Management is
becoming increasingly aware of the advantages of this unique
metal which offers marvellous resistance against corrosion,
temperature and pressure.

Kobe Steel has close to two decades of experience in the
research and development of titanium

availability and price . .. exhibit excellent anti-corrosion, high-
heat and pressure properties, enabling processes to operate
with less maintenance, longer life, fewer replacements and
longer periods of time between overhauls.
For the benefit of users Kobe Steel's advanced know-how and
abundant engineering and sales data on the easier handling
of Kobe Titanium and its products are made available.
Why not give your installation the “New

= —— ——— = -}
and titanium products, and as Japan’s Q KOBE STEEL Approach”. Specify Kobe Titanium. .,
e

largest manufacturer and exporter, our
Kobe Titanium and its products . . . subs-
tantiated by stability of raw material

LTD.
GENERAL MACHINERY DIVISION

TOKYO OFFICE: 8th Floor, Yanagiya BIdg . No 2.1, Tori 2 chome. Ninonbashi. Chuo.

NEW YORK OFFICE e 80 Pine
DUESSELDORF OFFICE
PARIS OFFICE: 6, Avenue Ma:

yyyyy
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the maintenance free and long lasting
metal . .. now widely accepted for maxi-
mum performance throughout the world.



PDP-6: A powerful on-line computer s

for science and industry...

Ready now.

By power, we mean a 2-microsecond
cycle time, ability to directly address
262,144 words of memory, a 36-bit word,
7-channel priority interrupt, 363
instructions, FORTRAN, an I-O

system for 128 devices...and much more.

By on-line, we mean time-shared,
multi-user operation. PDP-6 has this
built-in capability now. With its
supervisory control program, monitor,
system programs, and system
subroutines, PDP-6 offers
multi-programming, on-line debugging,
and multiple remote station operation
(batch processing, too) . Programmers
can prepare and debug programs in
“conversational mode.” They get a

MAYNARD, MASSACHUSETTS * WASHINGTON, D.C. * PARSIPPANY, N.J. * LOS ANGELES *

symbolic macro assembler, FORTRAN
compilers, editors, and a library
of utility programs.

In plain terms, PDP-6 is a lot of
computer system for the dollar, and
it’s a bird in the hand.

Call the nearest DEC office listed below.
Or contact DicITAL EQUIPMENT
CoRPORATION, Maynard, Massachusetts
01754. Telephone 617 897-8821.

TWX 710 347-0212. Telex 092-027.
Cable DIGITAL MAYN.

dlilgliltiall

PALO ALTO °* CHICAGO * ANN ARBOR

PITTSBURGH * HUNTSVILLE * ORLANDO * CARLETON PLACE, ONT. * READING, ENGLAND * MUNICH, W. GERMANY * SYDNEY, AUSTRALIA
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ARTICLES

PHOTOGRAPHY BY LASER, by Emmett N. Leith and Juris Upatnieks
A lensless process produces a “hologram” by recording light waves from an object.

HORMONES AND GENES, by Eric H. Davidson
Experiments show that hormones exert their effects by regulating gene activity.

THE MAGNETIC FIELD OF THE CGALAXY, by Glenn L. Berge and
George A. Seielstad Evidently the field helps to hold galactic arms in place.

CHEMICAL FERTILIZERS, by Christopher J. Pratt
In a world that needs more food produced, fertilizers offer the quickest results.

THE FLIGHT MUSCLES OF INSECTS, by David S. Smith
Capable of unusually heavy work, such muscles elucidate muscular function.

CORONA CHEMISTRY, by John A. Coffman and William R. Browne
The bluish glow of a soft electric discharge is a catalyst for organic reactions.

THE COMPOSITION OF THE EARTH’S INTERIOR, by Taro Takahashi
and William A. Bassett  Laboratory studies suggest it is an iron-nickel alloy.

WILLIAM WITHERING AND THE PURPLE FOXGLOVE, by J. Worth
Estes and Paul Dudley White He rediscovered digitalis 200 years ago.
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Here are two of several solid-
state servo strip-chart recorders
from Moseley, leading manufac-
turer of x-y and strip-chart re-
corders.

Model 7100A, 10", 2-pen re-
corder typifies precision Moseley
instruments. Features include 1
megohm input impedance on all
10 ranges; 1 mv sensitivity full
scale (optional); tilt front chart
carriage for notation convenience,
and quick paper change; optional
thermocouple compensation mod-
ules; instant chart speed change;
1/, second balance time; multiple
calibrated spans and continu-
ously variable; remotely con-
trolled “jump’’ speed (optional);
electric pen lift (optional); re-
corder-controller options. Locking
glass door available for industrial
applications. $1800. Model 7101A
1-pen $1390.

STRIP

CHART
RECORDERS

Model 680, 5", compact labora-
tory recorder, features eight chart
speeds, 10 spans, continuous
zero set, zener reference. Also
available with English or metric
scaling, single voltage span,
current, or cold junction compen-
sated temperature ranges. Lock-
ing glass door available for
industrial applications. $625-
$750.

Write for complete catalog. Moseley
Division, 433 N. Fair Oaks Ave., Pasa-
dena, California 91102,

Data subject to change without notice.
Prices f.0.b. factory.

HEWLETT 7=
PACKARD hp MoSELEY
e DIVISION

THE COVER

The photograph on the cover shows a hologram: a photographic record of
a scene that bears no resemblance to the original objects in the scene but
nevertheless contains—in a kind of optical code—all the information about
the scene that would be contained in an ordinary photograph and much
additional information that cannot be recorded by any other photographic
process (see “Photography by Laser,” page 24). The cover photograph was
made by first masking the top and lower right portions of the photographic
plate inside the camera and exposing the lower left portion, which contains
a part of the hologram that has been illuminated from behind with ordinary
incoherent light. The concentric rings are characteristic of holograms but
are purely extraneous: they arise from dust particles and other scatterers in
the optical system used to make the hologram. This portion of the photo-
graphic plate was then masked and the rest of the plate was exposed. A
beam of coherent red light from a laser (top) was directed at the hologram
from behind and interacted with the microscopic interference fringes in the
exposed part of the hologram to produce an image of the original scene
(lower right). The scene is a group of antique chessmen on a chessboard.

THE ILLUSTRATIONS
Cover photograph by William Vandivert

Page Source Page Source
25-26  William Vandivert 82-85  David S. Smith
28-32  James Egleson 90 Sol Mednick
33 William Vandivert 92 Eric Mose
34 Emmett N. Leith 93 Sol Mednick
35 William Vandivert 94-95  Eric Mose
37 George A. Porter, Rita 96 Sol Mednick
Bogoroch and Isidore S. 98 Eric Mose
Edelman 101-102 Irving Geis
38 Joan Starwood and Thom- 103 Irving Geis (top and bot-
as Prentiss tom left); Taro Takahashi
40-41  Joan Starwood and William A. Bassett
42 Sheldon |. Segal and G. P. (bottom right)
Talwar 104-105 Irving Geis (top); Taro
43 Thomas Prentiss (top), Takahashi and William A.
Joan Starwood (bottom) Bassett (bottom)
44 Claus Pelling 106-108 Irving Geis
45 Joan Starwood 110 Bunji Tagawa
47 J. R. Eyerman 111 Boston Medical Library,
48-54  Dan Todd photograph by Roy De-
62-63  John McKinney, The Pro- Carg.va
gressive Farmer 112-113 Bunji Tagawa
64-66  Joan Starwood 114 J. Scott Butterworth
67 John Langley Howard 115 Boston Medical Library,
68-70  Hatti Sauer photograph by Roy De-
71 V-C Chemical Company Carava
79 Hatti Sauer 116 National Museum, Stock-
76 David S. Smith holm
78 Thomas Prentiss 121-122 Charles B. Slackman
79-80  David S. Smith 127 Richard LaFond
81 Thomas Prentiss 129-134 Roger Hayward
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I have been very happy since 1
bought Accutron. Yesterday,
I called a radio station and told
them their clock was wrong.

ardly a day passes that we don’t
hear of another little triumph
by an Accutron owner.

Nice, warm, little victories over
Them.

Those railroad conductors whose
watches are never wrong, for in-
stance. Or the radio that says the
time is exactly 4:52.

The Accutron owner knows the
time is exactly not 4:52 but 4:51
and 19 seconds, and the feeling is
wonderful. You can strike back
against some of the arrogant cer-
tainty in the world.

This new assurance all comes
from a little tuning fork, which

Accutron by B
*Accutron jeweler will adjust timekeeping to this toler

Bulova uses in the Accutron move-
ment instead of a balance wheel.

It splits every second into 360
parts (your watch splits a second
into 5 parts), and the time you keep
is so precise that we guarantee it in
writing.

You'll be right within a minute a
month.*

An average of 2 seconds a day.

In fact, the government (which
isn’t concerned with small victories)
issues Accutron timepieces to X-15
pilots and uses Accutron move-
ments as timing devices in satellites.

But—start small first. Take on a
radio station. The world can wait.

aWatch Co., Inc.
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LOOK WHAT THEY’RE DOING
WIT” DIAMONDS Turning commutators

Natural-diamond tools turn commutators for
fractional-hp. motors at the Singer Co. Con-

People with imagination are using natural and synthetic

industrial diamonds for an astonishing variety of jobs— ventional tool (right) contains a shaped and
everything from straight “muscle” work like cutting quartz polished diamond with 60-degree angle. New

. . . . . “skiving” tool (left) contains shaped diamond
to sectioning biological specimens as thin as 50 angstroms.

with 120-degree angle and 6-degree front clear-
Every operation shown on these pages couldn’t be per- ance. This has advantages in an interrupted

formed without diamonds. Because with diamonds, you cut, encountered in commutator turning.
get the unique combination of excellent cutting or grinding
ability linked with fantastic endurance. Your diamond tools
therefore last longer than any other cutting tool you can
use. Your people spend more time in actual production,
less time changing tools.

If you cut, sharpen or smooth anything in your business,
you can probably use diamonds. Test natural or synthetic
diamonds against the method you’re now using. You'll learn
how efficient—and economical—diamonds can be.

Your wheel and tool manufacturer can prove it. Or write
to this magazine for more information.

De Beers, backed by the facilities of the Diamond
Research Laboratory in Johannesburg, offers a full range
of both natural and De Beers-made synthetic diamonds for
industry. The laboratory is constantly engaged in finding
new and better uses for industrial diamonds.

De Beers World’s leading supplier
of diamonds for industry

Industrial Grit Distributors (Shannon), Ltd.,
Shannon, Ireland
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Sawing quartz

Flat quartz blocks are sawed with 14-
inch metal-bond diamond saw at Amersil
Quartz, Hillside, N. J., a division of Engel-
hard Industries, Inc. Saw contains 60/80-
mesh natural-diamond grit, operates at
5000-7000 sfpm.

Sectioning biological specimens

Diamond knife can cut any known sub-
stance into sections as thin as 50-100
angstroms. In addition to sectioning
biological specimens, the knife is also
used to section such metals as germa-
nium and uranium for the study of their
atomic and molecular structure.

© 1965 SCIENTIFIC AMERICAN, INC
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(PROPER TERMINOLOGY
FOR DESCRIBING
TUNGSTEN FROM

GENERAL ELECTRIC)

Where applications are most severe,
think of tungsten. More and more,
General Electric tungsten is meet-
ing demands other metals or mate-
rials find impossible.

Most high temperatures aren't
enough to make it sweat. Corrosive
environments find tungsten about
as tough as they come.

Explore tungsten. Consider where
you can use this most remarkable
performer:

® Stronger than any other common
metal at temperatures over 3500°F.
Melts at 6170°F. At steel’s melting
point, tungsten enters its most use-
ful strength-to-weight ratio temper-
ature range: 2650°F. to over 5000°F.

® Tungsten's electrical conductivity
is good—34% IACS—much supe-
rior to the conductivity of nickel,
platinum or iron-base alloys.

® Tungsten’'s modulus of elasticity
is an extraordinary 52x10°psi. Gen-
erally speaking, tungsten is about
75% stiffer than tool steels at room
temperature.

m Of commonly available metals,
tungsten possesses the lowest
coefficient of thermal expansion—
2.55x107° in./in./°F.

General Electric makes it easy for
you to apply the capabilities of
tungsten to your most difficult
applications. We supply tungsten
the way you want it—tungsten rod,
coil, wire, fabricated and cut parts,
pressed and sintered forms, foil,
sheet, and plate.

Detailed information on the prop-
erties of tungsten is available on
request. And we'll be glad to help
you apply the problem-solving tal-
ents of tungsten to your projects.
Call or write: General Electric Co.,
Lamp Metals and Components
Dept., 21800 Tungsten Road, Cleve-
land, Ohio 44117. Tel: (216) 265-2970.

Progress s Ovr Most Important Product

GENERAL @D ELECTRIC

LETTERS

I must take exception to your item
“‘Eyeless Vision” Unmasked” [“Science
and the Citizen,” SCIENTIFIC AMERICAN,
March], in which the implication is that
I used only a blindfold on Mrs. Stanley
and did not take adequate precautions
to exclude visual stimuli. As I have
reported (Psychonomic Society, 1963,
1964), because blindfolds are notorious-
ly ineffective Mrs. Stanley put her arms
through holes into a plywood box. She
also had double-thickness heavy black
sleeves tight around each arm. She also
wore a sleep-mask blindfold. The “ab-
solute darkness” your item refers to was
inside the box where Mrs. Stanley’s

| hands were. Outside the box there was

plenty of light for the experimenters to
observe Mrs. Stanley and see whether
she was peeking. In later experiments
with Barnard students, in addition to a
blindfold each subject used a “bib-
screen.” In this device, developed here,
each subject wears a double-thickness
heavy black bib that is extended to
cover a plywood screen under which
she can put her arms.

I share your distrust of the blind-
fold. T have investigated two instances
of people who were reported to be able
to identify colors with their fingers. Both
were mistaken. I was also present as an
observer when a person was investi-
gated who was reported to be able to
read print with her nose or cheek at a
distance of a foot or more. This was
demonstrated to be an instance of (prob-
ably inadvertent) peeking around a
blindfold. (See J. Zubin’s letter in Sci-
ence, February 26.)

Incidentally, your account refers to
people who “read” print or have “skin
vision” with their fingers. I have never
found anyone who could “read” print
with his fingers. Also, the word “vision”
seems to me too strong a term. My work
has been in color sensing and discrimi-
nation.

There are certainly several problems
not yet solved, but I do not believe the
peeking hypothesis is necessarily the
solution. For more than 50 hours of
work during the summer of 1963 Mrs.
Stanley did highly reliable discrimina-
tions of colors. On two later occasions
she did less well, once reliably above
chance and once at chance. Approxi-
mately 10 percent of the students tested
did consistently and reliably a little

© 1965 SCIENTIFIC AMERICAN, INC

above chance on discriminating colors
with their fingers. On grounds of parsi-
mony such explanations as “ESP” have
been rejected. “Telepathy” was exclud-
ed by double-blind experiments. My in-
terest is in finding the dimensions of the
physical stimuli.

My current working hypothesis is in
terms of temperature discrimination, as
described most recently in a report to
the Psychonomic Society (1964). Cer-
tainly more heat (from such sources as
lights and human hands) is absorbed by
dark-colored objects than by light-col-
ored objects of similar composition. On
this assumption, the Barnard students
successful in discriminating colors were
those with the best abilities in tempera-
ture discrimination. Perhaps Mrs. Stan-
ley also has excellent discrimination,
particularly in and around the near
infrared areas of the electromagnetic
spectrum.

But there is a further question that
needs answering. It is: By what physi-
cal stimuli could people identify the
colors of objects with the skin of their
fingers? In this connection I invite your
attention to a few of the findings in the
literature.

As Barnes reported (Science, 1963,
Vol. 140, pages 870-877), human skin
at about 88 degrees Fahrenheit emits
heat in wavelengths from four to 14
microns with a peak at about eight mi-
crons. Also, dark-colored materials ab-

Scientific American, June, 1965; Vol. 212,
No. 6. Published monthly by Scientific American,
Inc., 415 Madison Avenue, New York, N.Y. 10017;
Gerard Piel, president; Dennis Flanagan, vice-
president; Donald H. Miller, Jr., vice-president
and treasurer.

Editorial correspondence should be addressed to
The Editors, ScIENTIFIC AMERICAN, 415 Madison
Avenue, New York, N.Y. 10017. Manuscripts are
submitted at the author’s risk and will not be
returned unless accompanied by postage.

Advertising correspondence should be addressed
to Martin M. Davidson, Advertising Manager,
ScieNTIFIC AMERICAN, 415 Madison Avenue,
New York, N.Y. 10017.

Subscription correspondence should be ad-
dressed to Jerome L. Feldman, Circulation Man-
ager, SCIENTIFIC AMERICAN, 415 Madison Avenue,
New York, N.Y. 10017.

Offprint correspondence and orders should be
addressed to W. H. Freeman and Company,
660 Market Street, San Francisco, Calif. 94104.
For each offprint ordered please enclose 20 cents.

Microfilm correspondence and orders should
be addressed to Department SA, University Micro-
films, Ann Arbor, Mich. 48107.

Subscription rates: one year, $7; two years, $13;
three years, $18. These rates apply throughout
the world. Subscribers in the United Kingdom may
remit to Midland Bank Limited, 69 Pall Mall, Lon-
don SW 1, England, for the account of Scien-
tific American, Inc.: one year, two pounds 11
shillings; two years, four pounds 14 shillings;
three years, six pounds 10 shillings.

Change of address: please notify us four weeks
in advance of change. If available, kindly furnish
an address imprint from a recent issue. Be sure to
give both old and new addresses, including postal
zone numbers, if any.




Corhart develops ZAC 840

for high-wear areas
in your glass furnace

ZAC 840*, a new refractory
made with Alcoa® Alumina,
gives markedly improved resist-
ance to the corrosive penetration
of glass melt and furnace vapors.
Developed by Corhart Refrac-
tories Company for high-wear
areas of glass tanks, ZAC 840
adds durability where it’s most
needed—throat-cover blocks,
melter-facer blocks, bubbler blocks and
adjacent areas, plate blocks, doghouse corner
blocks and sidewall wear zones. Because of its
® = high electrical resistivity, it is ideal for elec-
trode blocks and adjacent areas.

Users report reduced costs and bal-
anced refractory wear when ZAC 840
blocks are used in high-wear areas in
combination with regular ZAC blocks.
According to Corhart, ZAC 840 offers out-

standing resistance to corrosion and erosion,
low exudation and stoning, and low blistering.
The use of high-alumina refractories continues to
grow . . . in both the steel and nonferrous metal indus-
tries . . . in the oil, lime and cement industries . . . and for
boiler setting and firebox construction.
Alcoa does not make refractories, but we do supply the high-grade
aluminas that make modern refractory performance possible. Your ’
! Alcoa representative has the facts. Please call him, or write Aluminum _ 4 \ = -
Company of America, 814-F Alcoa Building, Pittsburgh, Pa. 15219. .
|

| *Trademark of Corhart Refractories Company

CERAMIC ENGINEERS AT CORHART MIX IMAGINATION WITH ALCOA ALUMINAS a ALCDA
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sorb heat more rapidly than light-col-
ored materials. Or, more generally, the
physics of emission, reflection, absorp-
tion and reemission in the electromag-
netic wavelengths indicates that objects
at a lower temperature than some other
object absorb radiation in a manner re-
lated to their color and reemit it at
wavelengths and with patterns of inten-
sities characteristic of their temperature,
composition and color. In the dark box
the hands emit heat and the test ma-
terials absorb some wavelengths and
reemit characteristic wavelengths. (Mrs.
Stanley’s judgments were at chance
when her finger temperature was low-

ered to 75 degrees F. or less.)

How, then, can the skin be sensitive
to these wavelengths? A number of re-
ports are relevant to this problem. That

B wide range of electromagnetic wave-

BeS|deS about $10 a reel?) lengths, including the visible and infra-

red, do penetrate mammalian skin to a
significant depth is shown by various
investigations. (Garcia et al., Science,
1964, Vol. 144, pages 1470-1472; Ga-
nong et al., Journal of Endocrinology,
1963, Vol. 72, pages 962-963; Hardy
and Muschenheim, Journal of Clinical
Investigation, 1936, Vol. 15, pages 1-9.)

An extremely important study has
shown that human skin has different
sensitivity thresholds for different ranges
of electromagnetic wavelengths. As
shown by Oppel and Hardy (Journal of
Clinical Investigation, 1937, Vol. 16,
pages 517-540), the sensitivity thresh-
old, apparently in terms of subjective

All Computer tapes are made alike. “temperature,” is lowest for wavelengths

o ) longer than three microns, as measured

All certified-perfect tapes perform alike — in gram calories per square centimeter

at first per second. For wavelengths .8 micron

‘ to three microns the threshold in the

But how long will they stay perfect, pass ;g;}“;;j;g;gfhjgfpjsznghr;gigj;l And

after pass. Six months? A year? Three years? visible wavelengths, the threshold in

the same terms is still higher, being 2.2

General MOtorS: A.T. &T; Monsant(?, times the threshold value for three mi-
New York Central System, International Latex, crons or greater.

Continental Insurance, Curtis Publishing, _ Al the above results suggest a work-

. . ing hypothesis, capable of experimental

Pennsylvanla Blue Sh|e|d, Xerox COFD., test, that human skin, at least in some

Firestone Tire & Rubber, Prudential Insurance, Feople, may lge}?blei to discriminate dif-

H H ’ erent parts of the electromagnetic spec-

Humble Oi l’ Con_tlnental Can—the world's trum, possibly extending into the visible

leading companies—buy computer tape range. There are many other aspects of

g y P

i i this problem, but my present desire is

from Audio Devices. to measure the difference threshold of

Obviously’ all of them do not human skin for various parts of the elec-

tromagnetic spectrum between .4 mi-

AuB‘ﬂ cron and five microns.
nEVlBES RicHARD P. YouTz
Inc.

INSTRUMENTATION TAPE
COMPUTER TAPE Barnard College

SOUND TAPE
New York, N.Y.

do it just to save $10 a reel.

The Memory Business contains useful information about
modern magnetic recording tape. Write for your copy to
Dept.SA-2, AudioDevices, Inc., 235 E. 42nd St., New York
10017.0fficesinChicago, LosAngelesand Washington,D.C.

10
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DOW CORNING

Materials men

with market engineering minds

Developing new non-metallic materials that meet critical performance require-
ments to help enhance your market/profit position...that’s the daily diet at
Dow Corning. You see, our R & D people believe in keeping closely attuned to
market needs. They dig and develop with purpose ... always having the materials
needs of customers and potential customers foremost in mind.

Example: A new thermosetting molding compound for encapsulating electronic
components that provides truly reliable protection against high temperatures,
water, humidity. Once again, the market defined the need ... we filled it.

Do you receive our bi-monthly magazine, Materials News? You should. ..
if interested in expanding market share, product lines, or profits. It’s free. Write
Dept. 9018, Dow Corning Corporation, Midland, Michigan 48641.

© 1965 SCIENTIFIC AMERICAN, INC



How Amphenol helps

put a 200-phone

switchboard on a desk top

© 1965 SCIENTIFIC AMERICAN, INC

The Bell System reduced the
switchboard to a tenth of its usual
size, then called on Micro-Ribbon®
connectors to simplify desk-top in-
stallations. '

Five Micro-Ribbon connectors
route the 250 circuits Bell needs for
the two-console, 200-phone board—
plus they offer these three impor-
tant advantages:



e
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1. SIZE. Each 50-contact Micro-
Ribbon connector takes little more
space for the connection than the
cable itself.

If your application calls for fewer
circuits, you can gain similar minia-
turization advantages with Amphenol
14, 24 or 36-contact Micro-Ribbons.

2. RELIABILITY. Bell demands
long service life from its equipment

... usually 25 years. To date, Amphe-
nol Micro-Ribbon connectors with
self-cleaning, self-wiping contacts
have been equal to the task. Not one
failure has been reported in over 500
million contacts.

3. COST REDUCTION. Compe-
titive in initial price, Amphenol
Micro-Ribbon connectors helped cut
installation time and maintenance

costs. Estimates on Bell’s savings
range from 20% to 30%.. Equipment
replacement is more simple for Bell,
too. Unplug the old; plug in the new.

For complete information about
Micro-Ribbon or any of the other
36,000 connectors Amphenol makes,
call your Sales Engineer. Or write
Amphenol Connector Division, 1830
S. 54th Ave., Chicago, Illinois 60650.

CONNECTOR DIVISION
®

AMPHENOL-BORG ELECTRONICS CORPORATION
Specify Amphenol . . . the leading name in cable, connectors, assemblies, RF switches, potentiometers, microelectronics
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Get the complete picture of Washington

In making business decisions, you can’t afford to leave anything
out. Every available bit of information must be accumulated and
analyzed. Particularly when your company is/considering a new
location.

Here in the State of Washington, we offer a competent staff of
professional engineering and economic research specialists who are
ready to go to work for you. They’ll prepare a complete report on
the profit potential offered to your particular firm in Washington
State. And in the strictest of confidence.

Write us regarding your specific needs. Or, if you're just in the
thinking stages, let us send you our 40-page booklet,
““THE SURPRISING STATE, WASHINGTON.”” Just drop us a

note on your company letterhead.

Toos A WASHINGTON]

Department of Commerce & Economic Development, General Administralion.Buildlng, Olympia, WashingM
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20 AND 100
YEARS AGO

SCIENTIICAMERICAN

JUNE, 1915: “A deposition by Capt.
Bertram of the Eighth Canadian Battal-
ion states: ‘On Thursday, April 22nd, he
was in a support trench, about 600
yards from the German lines, when he
saw, first of all, a white smoke rising
from the German trenches to a height
of about three feet. Then in front of the
white smoke appeared a greenish cloud,
which drifted along the ground to our
trenches, not rising more than about
seven feet from the ground when it
reached our first trenches. Men in these
trenches were obliged to leave, and a
number of them were killed by the
effects of the gas.””

“Dr. J. S. Haldane, F.R.S., who was
sent out to France to investigate the
effects of the German poison gases and
to report upon the best methods of pro-
tection, states: “The symptoms and the
other facts so far ascertained point to
the use by the German troops of chlo-
rine or bromine for purposes of asphyxi-
ation. There are also facts pointing to
the use in German shells of other irritant
substances, although in some cases at
least these agents are not of the same
brutally barbarous character as the gas
used in the attack on the Canadians.
The effects are not those of any of
the ordinary products of combustion of
explosives. On this point the symptoms
described left not the slightest doubt in
my mind.””

“Thomas A. Edison in a patent No.
1,138,360 presents a method of produc-
ing the illusion of scenes in colors in
moving pictures. An image of all the
elements of a scene of one fundamental
color in that color is momentarily pro-
jected on the screen and thereafter suc-
cessively projecting images which are
superposed upon or registered with the
first image on the retina of the beholder
of those elements of the scene of difter-
ent fundamental colors in their proper
colors respectively. The successive pro-
jections are at such a rate that, in
accordance with persistence of vision,



B. G. Hemmendinger examines one of the
digital circuit packages used in the central
control unit of the new Electronic Switching
System developed at Bell Laboratories. In
these circuits, logic functions such as AND,
OR, and AND-OR are built up with various
combinations of a basic AND-NOT gate. About
27,000 transistors and 90,000 diodes are used
in two duplicated central control units for one
electronic central office.

Report from

BELL
LABORATORIES

Stored-program control—
flexibility for telephone switching systems

Modern systems that switch your telephone calls
use complex control equipment to operate the
switches that make telephone connections. Such
“common control” equipment is time-shared by many
telephone lines. In electromechanical systems, com-
mon control apparatus consists of hardware—an
array of hundreds of relays wired together to do the
switching jobs of a particular telephone exchange.

Memory card, 672 by 1012 inches, used for storing the ESS control
program. Useful information (64 forty-four-bit words) is carried by the
card in the form of magnetized spots (‘‘zero’’) and unmagnetized spots
(“one’”). The random-access memory stores the control program and
cther data on 2048 such cards (131,072 words). The control instructions
themselves require a minimum of 100,000 words.

By contrast, common control in the new Elec-
tronic Switching System (ESS) developed at Bell
Laboratories is exercised by a multitude of general-
purpose digital circuits whose actions are directed
by “software” —programmed sequences of instruc-
tions stored in memory. The operation of ESS, in-
cluding the specific telephone services provided, can
thus be changed merely by changing the magnetiza-
tion pattern of memory cards like that shown at left,
with little or no hardware rearrangement or rewiring.

More specifically, ESS common control consists
of an electronic data processor with a large memory.
The memory contains instructions for processing all
of the different kinds of calls handled by a central
office. Guided by this stored program, the data pro-
cessor receives and interprets dialed digits, sends
signals to appropriate switches, and at the same
time detects and diagnoses circuit malfunctions.

With this flexible common control, combining
hardware and software, ESS can efficiently provide
the various telephone services available today as
well as any new services needed for the future.

Bell Telephone Laboratories

Research and Development Unit of the Bell System

I5
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JArTESS 3
Oelnguent
i ?

If it’s hard to detect, analyze,
measure, pump into or out of a
process in the most exacting
low flow volume control, or
hard to separate from another
gas or liquid . ..

Milton Roy can help you

make money with it, whether
you want to use the fluid

or just get rid of it!

TECHNOLOGY IN FLUIDS

Serving science and industry with:

o Chemical instrumentation systems

« Fluids-control in medicine and research

o Controlled-volume pumps and systems

« Gas generation, monitoring, and analysis systems

Call or write:
MILTON ROY COMPANY

P.0. Box 12169, St. Petersburg, Florida
(813) 527-1181

the preceding images will still be seen
by the beholder until after the last
image of the series has been projected
upon the screen.”

JUNE, 1865: “Buckle, in his learned
History of Civilization, says that all the
great reforms have been the removal of
some obstruction to human freedom.
Such a reform, more radical and thor-
ough in the scope of its operation and
wider in extent than any which pre-
ceded it, has swept over our Southern
states, converting four million of the
inhabitants from simple chattels into
freemen. The most important effect of
this stupendous reform will be experi-
enced by the mass of white inhabitants
of the South, in bestowing upon them
and their children the priceless boon of
education. Among all the inhabitants of
the country those who will be most ben-
efited by the suppression of the rebel-
lion are the rank and file of the Southern
armies, who have been fighting with
such blind desperation to prevent this
result, for they will now enter upon that
path of forethought, economy, advance-
ment and prosperity which is the in-
evitable accompaniment of popular edu-
cation. One of the necessary conse-
quences of the extension of education
will be a far greater variety of industrial
pursuits. Ignorance was essential to the
existence of slavery, and this ignorance
was incompatible with the skill and
intelligence requisite in the construction
and management of machinery, and in
all the mechanical operations. Hence
the devotion of Southern labor to the

| .. .
raising of rice, tobacco, cotton, hemp

and other agricultural products. To
these pursuits the whites as well as the
blacks were mainly devoted. No pre-
tension could be more ridiculous than
that the white men of the South have
scorned to labor; there, as elsewhere,
the great mass of people are poor and
must work or starve. Now all the
obstructions that slavery and its con-
comitants offered to even the rudest
mechanical pursuits are removed, and
no man can estimate the results; he
whose imagination is capable of the
boldest flight will come nearest to the
truth. A vast horde of skilled laborers
from the Northern states and Europe
will pour into the South, and mining,
manufacturing and mechanical industry
will spring at once into life and vigor;
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the ribs of the mountains will be blasted
asunder; the streams will be turned
into millcourses; cities, canals and rail-
roads will be constructed, and wealth
will be accumulated with a rapidity
unparalleled in the entire history of
mankind.”

“The great canal connecting the Red
Sea with the Mediterranean is so far
advanced as to be navigable for small
barges through its whole length, with
the exception of one point where a
large lock is in the process of construc-
tion; a transshipment is required at this
place. The canal when completed will
be about 100 miles long and 330 feet
wide at the waterline, with its bottom
20 feet below the level of the Mediter-
ranean. The projector of the enterprise
is M. F. de Lesseps, a Frenchman, who
obtained a grant in 1854 from the
Egyptian government of the right of
way for 99 years, on condition of paying
15 percent of the net profits to that
government. It is stated that contracts
have been made for the completion of
the several parts of the work by the first
of July, 1868. The distance from New
York to Bombay in India is now, by
the Cape of Good Hope, 18,600 miles;
by the way of the Suez Canal it will
be 11,283 miles, the new route thus
shortening the voyage more than 7,000
miles.”

“We do not often transfer to our
columns the complimentary notices
which are so freely bestowed on this
journal, but we cannot forbear to insert
the following, which we clip from the
Buffalo Advocate:—Of late we have re-
ceived papers which appear to have been
set afloat to rival SCIENTIFIC AMERICAN,
published in New York by Messrs.
Munn and Company. We have no dis-
position to discourage any lawful enter-
prise, especially in the making of
papers, but it does appear to us as weak
as it is foolish for any one to attempt or
even think of bringing out a paper
which will at all compare with the
one noticed above. The proprietors of
SCIENTIFIC AMERICAN are working,
enterprising men and are in possession
of facilities for making a first-class
paper which others could not attain in
a score of years. Besides, the polish,
beauty and exquisite taste which mark
the appearance of each successive issue
of the paper must be attended with a
great outlay, which no new enterprise
could afford to expend. To our citizens
and to all we recommend ScIENTIFIC
AMERICAN.””



We’re Boosters of an Old Roman Idea.

Heating with circulated hot water is as
old as the ancient Roman baths.

Maybe older.

People still use circulated hot water
forheating;only now, itheats entire build-
ings, with the help of circulating pumps.

Probably the best-known name in cir-
culating pumps is the Bell & Gossett
Booster pump. (Over 4,000,000 of these

pumps have already been installed.)

And they also can circulate water for
cooling. An idea which the Romans did
not have.

In a home or a skyscraper, ITT Bell
& Gossett makes life comfortable all
year long. Another division, ITT Nesbitt,
conditions airin schools and institutions.

And a third, ITT Direct Fired Equip-
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ment Division, heats and cools commer-
cial and industrial establishments.

Comfort is our business.

Whether it's heating, cooling or ven-
tilating, chances are that one of these
ITT divisions can do the job.

International Telephone and Tele-
graph Corporation, New York, New York.




IBM announces three new

programming support packages
for scientists and engineers

who will use SYSTEM/360

... Scientific

Subroutine Package/360 to
extend FORTRAN capability
of SYSTEM/360

Over 100 FORTRAN subroutines in sta-
tistics, matrix manipulation and general
mathematics.

Subroutines we know will be useful
to you.

Support that means less of your time
spent programming, more in your own
profession.

You can add to it or modify it to
suit your needs. You can consider it a
collection of input/output-free compu-
tational building blocks which can be
combined with your own input to pro-
duce the exact programs you want.

With the individual subroutines or
with combinations of them, you can
carry out functions like the following:

In statistics:
¢ analysis of variance (factorial design)
e correlation analysis
e multiple linear regression
¢ polynomial regression
e canonical correlation
o factor analysis (principal components,
varimax)
e discriminant analysis (many groups)
e time series analysis
¢ data screening and analysis
® non-parametric tests
e random number generation (uniform,
normal)

In matrix manipulation:
e inversion
s eigenvalues and eigenvectors (real
symmetric case)
e simultaneous linear algebraic equa-
tions
e transposition
e matrix arithmetic (addition, product,
etc.)
e partitioning

e tabulation and sorting of rows or
columns
e elementary operations on rows or
columns

In other mathematical areas:

e integration of given or tabulated func-
tions (Runga-Kutta)

e integration of up to six first order dif-
ferential equations (Runga-Kutta)

¢ Fourier analysis of given or tabulated
functions

¢ Bessel and modified Bessel function
evaluation

e gamma function evaluation

¢ Legendre polynominal evaluation

e elliptic, exponential, sine, cosine,
Fresnel integrals

¢ finding real roots of a given function
¢ finding real and complex roots of real
polynomial equations

¢ polynomial arithmetic (addition, divi-
sion, etc.)

e polynomial evaluation, integration,
differentiation

These new subroutines will help in
every area of industry and science.

Correlation analysis, multiple regres-
sion, factor analysis, and data screen-
ing and analysis are standard tools for
research in medicine, biology, psychol-
ogy and like fields.

In colleges and universities, faculty
members and students will get better
use of their computation center with a
minimum of programming time.

In the process industries, these new
subroutines will speed up analysis of
operating data, quality control, design
of petroleum and chemical units, sim-
ulation of units, plants and processes,
and laboratory analysis.

In the aerospace industry, the pro-
grams will help in system design and
analysis, data reduction and analysis,
data acquisition and control, and sys-
tem simulation and evaluation.

Whatever industry you’re in, your
job becomes a little easier.
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... Mathematical
Programming System/360
gives you powerful
mathematical optimization
capabilities

This new system combines the best
features of current 1BM linear program-
ming systems with significant new
capabilities including MARVEL, a new
language processor for matrix genera-
tion, solution analysis, management re-
porting and file maintenance. Modular
design makes it easy to incorporate new
optimization techniques, as they are de-
veloped, hence the name Mathematical
Programming System/360.

e Maximum problem size of 4,095
TOWS.

e The system utilizes the Revised Sim-
plex (product form of inverse) Method
with bounded variables and range con-
straints.

¢ A highly efficient inversion technique
using a triangularization method per-
mits inversion to be made frequently,
thus increasing the speed of succeeding
iterations and maintaining a high de-
gree of accuracy.

e Multiple pricing method, adjusted for
problem size and amount of available
storage, reduces the amount of file proc-
essing and increases solution speed.

e A “cycle” facility which reduces solu-
tion time for problems containing many
more columns than rows.

¢ Dynamic storage allocation provides
for maximum use of available storage.
e The control language includes condi-
tional control statements which permit
alternate solution strategies to be imple-
mented depending upon the conditions
which arise during solution.

e Interrupt facilities provide the means
for preplanning alternate strategies in
the event of off-normal conditions.



e Simultaneous parametric program-
ming on both the right-hand side and
the objective function may be used.

¢ A single language (MARVEL) is used
to specify the file processing functions
needed for mathematical programming
applications.

e Specialized matrix generators and
report writers can be written in the
MARVEL language.

* Modular design makes it easy to add,
modify, replace or delete functions as
new requirements develop.

The MARVEL language allows you to
prepare printed reports in final form
with easily written programs which may
perform mathematical operations, re-
ordering, selection and analysis while
the report is being prepared. The flex-
ible input and output facilities coupled
with the capacity to communicate di-
rectly with the mathematical program-
ming procedures provide the user with
a powerful management report writing
system.

The MARVEL language also contains
a complete set of operations to produce,
select, and maintain data files associ-
ated with mathematical programming
problems. By using the selection and
maintenance features of the MARVEL
language, the user can produce new
data files (matrix generation) from one
or more data sources. These new data
files may: consist of data to be input
to user programs; be filed as partially
processed data; or, define a new mathe-
matical programming problem.

While unknown only 20 years ago,
linear programming techniques are now
being used to cut costs in applications
like aluminum alloy blending, gasoline
blending, ice cream mixing, meat pack-
ing, electric arc furnace steel making,
blast furnace burdening, production
planning and a whole range of market-
ing problems.

... Project
Management System/360

This advanced, modular program
provides critical path scheduling, PERT,
and PERT/cOST capabilities. Its build-
ing block design under monitor control
insures flexibility for incorporating ad-
ditional functions and adaptability to
special customer requirements, so that
both customers and 1BM can add such
functions at a later date.

Project Management System/360
will consist of a set of modules, each
designed to perform an application
function and to operate efficiently with
particular equipment components and
features. Since each module will be
operationally independent of the other
modules, it is practical to efficiently
support a wide range of processor, in-
put/output devices and storage capaci-
ties. Modular design not only has the
advantage of ease of modification and
maintainability, but also provides
exceptional ability to respond to indi-
vidual needs. Thus the Project Man-
agement System/360 can be readily
tailored to your specific requirements
without expensive reprogramming.

Projects of all types in construction,
special products manufacture, large-
scale rR&D, etc.,, have been growing
increasingly complex. Effective man-
agement requires up-to-date knowledge
of job status and financial performance.
Even more important, management
needs to determine the probable sched-
ule and cost impact of contemplated
changes in plan. Project Management
System/360 provides the scientific
management tools needed for making
better delivery promises, for spotting
out-of-line conditions, for meeting
schedules, for controlling costs.

Project Management System/360
will help plan and control the use of
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valuable resources: men, machines,
money and material.

Some of the major applications for
this network oriented system include:

In manufacturing and distribution:
network techniques have been used to
schedule construction operations, the
use of mining equipment, crude pe-
troleum manufacturing, natural gas
operations, construction repair and
maintenance, pulp mill operations,
paper and paperboard manufacturing,
book preparation and printing, blast
furnace maintenance and meat packing
operations.

In construction and engineering: net-
work techniques to plan, estimate,
schedule manpower and materials, con-
trol, and coordinate sub-contractors.

In service industries: network tech-
niques to schedule freight forwarding
operations, terminal and service facili-
ties, power plant operations, bank clear-
inghouse operations, dividend check
distribution, insurance report prepara-
tion, judicial functions, urban develop-
ment.

In Federal agencies: PERT and PERT/
cosT are used for internal management
control as well as for contractor control.

In research and development: net-
work techniques to schedule aerospace
research and development projects, test
production of biological products, ex-
perimentation with drugs, university
and college curricula and facilities
usage, library operations and farm
planting.

Just three more reasons for choosing
SYSTEM/360 for science & engineering.

IBM.



INJECTION
MOLDING

New Hycar acrylic rubber injection
molds economically, stays resilient
in hot oil.

For the first time, you can now run
acrylic rubber on injection molding
equipment. One-minute cycles mean
fast production and low costs.

Heat reactive Hycar 2121X58 acrylic
rubber needs no sulfur, won’t harden
in hot oil. It is an ideal material for
transmission seals, valve stem seals,
O-rings—anywhere rubber parts meet
hot oil.

Would you like to evaluate this new
unique Hycar acrylic polymer? For
more information and technical data,
write B.F.Goodrich Chemical Com-
pany, Department GA-6, 3135 Euclid
Ave., Cleveland, Ohio
44115. In Canada: ”y«'f
Kitchener, Ontario. Rubbor

B.EGoodrich Chemical Company

a division of The B.F.Goodrich Company

A\ BEGoodrich
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EMMETT N. LEITH and JURIS

| UPATNIEKS (“Photography by Laser”)

are members of the staff of the Institute
of Science and Technology at the Uni-
versity of Michigan. Leith is a research

| engineer and head of the optics group
| of the radar laboratory; Upatnieks is a
| graduate research assistant. Leith was

born in Detroit; in 1950 he was gradu-
ated from Wayne State University, ob-
taining a master’s degree in physics at
the same institution two years later.
Since then he has been at Michigan,
working in radar, microwaves, com-
munication theory, data processing and
coherent optical systems. Upatnieks was
graduated from the University of Akron
in 1960 with a degree in electrical en-
gineering. From 1957 to 1959 he was
an engineer with the Goodyear Aircraft
Corporation; he went to the University
of Michigan in 1960.

ERIC H. DAVIDSON (“Hormones
and Genes”) is a research associate at
the Rockefeller Institute, working in cell
biology. As a high school student in
Nyack, N.Y., he worked summers at the
Marine Biological Laboratory in Woods
Hole, Mass., and was one of the na-
tional winners of the Westinghouse
Science Talent Search. Davidson was
graduated from the University of Penn-
sylvania in 1958, having majored in zo-
ology. For the next five years he was a
graduate fellow at the Rockefeller In-
stitute, obtaining a doctor’s degree there
in 1963. He writes that as a research
fellow at the Institute he is “collaborat-
ing with Alfred E. Mirsky in the study
of gene action in the initiation and con-
trol of embryological development.”

GLENN L. BERGE and GEORGE
A. SEIELSTAD (“The Magnetic Field
of the Galaxy”) are research fellows at
the California Institute of Technology.
Berge is an Iowan who did his under-
graduate work at Luther College and
went to Cal Tech in 1960 as a graduate
student in astronomy. “Since then,” he
writes, “I have worked mainly on two
projects in radio astronomy: the polari-
zation of discrete radio sources and the
nature of Jupiter’s radio emission.”
Seielstad was graduated from Dart-
mouth College in 1959 and obtained a
Ph.D. in physics at Cal Tech four years
later. He spent a year on the faculty
of the University of Alaska before re-
turning to Cal Tech as a research fellow.
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He writes: “My research interests have
been in the neutral hydrogen emission
of external galaxies and the polariza-
tion of radio sources.”

CHRISTOPHER J. PRATT (“Chem-
ical Fertilizers”) is manager of inter-
national agricultural chemical develop-
ment for the Mobil Chemical Company.
He was born and educated in England,
studying industrial chemistry at the
Rutherford College of Technology and
psychology and music at Goldsmiths’
College. For several years before com-
ing to the U.S. in 1953 he was a man-
agement consultant to British companies
in the field of heavy chemical process-
ing. In his spare time he is a free-lance
writer, in which capacity he has written
several articles (including the present
one) on heavy chemicals and on fertiliz-
er production, and he indulges an in-
terest in baroque music by playing the
contrabass—he did so professionally for
several years in England—and the organ.

DAVID S. SMITH (“The Flight Mus-
cles of Insects”) is assistant professor of
biology at the University of Virginia.
He is a native of London and was
graduated from the University of Cam-
bridge in 1955, obtaining a Ph.D. in
zoology there in 1958. His interest in
insect flight began when he set out to
test a hypothesis of Charles Darwin’s
that beetles on some small oceanic
islands had lost the ability to fly as an
evolutionary development designed to
keep them from being blown to sea.
Smith spent three years at the Rocke-
feller Institute and two back at Cam-
bridge as a research fellow before going
to the University of Virginia in 1963 to
set up an electron microscope unit. “I
relieve this work, when possible,” he
writes, “with observing and collecting
insects in the field.”

JOHN A. COFFMAN and WIL-
LIAM R. BROWNE (“Corona Chem-
istry”) are technical managers in the
Advanced Technology Laboratories of
the General Electric Company in Sche-
nectady, N.Y. Coffman is a native of
Virginia who was graduated from Juni-
ata College in 1939 and took a mas-
ter’s degree at Trinity College in Hart-
ford two years later. He has been with
General Electric since then, except for a
year with the Manhattan Engineer Dis-
trict during World War II. Browne is a
native of Massachusetts and obtained
bachelor’s, master’s and doctor’s degrees
at Boston University. He has been with
General Electric since 1956. The au-
thors write that after extensive work



Fresh As The Moment It Was Caught

THROUGH RCA ELECTRON TUBE TECHNOLOGY

Hard to believe, but this “blue” can be kept fresh for
years...stored dry in a conventional airtight container
without refrigeration. This radically new development
in feod preservation is made practical by a unique ap-
plication of electronics.

How? As soon as the fish—or other food—is cleaned,
it's quick-frozen instantly. Then RCA electron tubes
defrost it rapidly in a vacuum to remove virtually all
moisture . . . as much as 90% of its original weight.

The processed food is dry and light as a sponge, yet
retains its original size and shape. It can be shipped
at substantial cost savings because of its greatly re-

duced weight, without refrigeration. Then it can be
kept indefinitely . . . also unrefrigerated . . . anywhere.

Think what this means. You can store almost any
food — fish, meat, vegetables —at room temperature.
Then enjoy it “morning fresh”. . .with all its natural
flavor, texture and color. .. just by adding water and
cooking it to suit your taste.

Helping provide better food —more economically
stored, more efficiently distributed, and more easily
prepared —is another way in which RCA research un-
covers new ways to use electronics...for the ultimate
benefit of all mankind.

RCA ELECTRONIC COMPONENTS AND DEVICES

The Most Trusted Name in Electronics

®
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RCAPOWERTUBES—
similar to those used
by radio and TV sta-
tions to broadcast
programs to your
home—have made it
practical to freeze-
dry foods which can
then be kept unare-
frigerated for years
with their full nutri-
ent value intact.



At top, approx. 1 per cent of transmitted beam is returned

Distance: 25 miles; Pawer 1/251h that of an ardinary Machlights Allgnment: shighily eff beam asis to avaid ovarespoturs

Bright idea for atmospheric studies:
Model 125 laser

Curious to observe the effects of the atmosphere on a laser beam
of extended length; Spectra-Physics scientists recently sent the light
from a Model 125 gas laser on a 50-mile round trip between their
plant and a retro-reflector on Mt. Hamilton, site of the James Lick
Observatory. Emerging from the laser in a 14¢” diameter beam, the
intense, highly coherent light was sent through a 4” transmitting
telescope and aimed at the reflecting target on the mountain.

At Mt. Hamilton, the arriving beam had enlarged to approximately
3 times its 2-foot calculated diameter, and cast shimmering, hori-
zontally-striated patterns on the base of the observatory. For the
observer looking directly down the blindingly brilliant beam, it was
hard to believe that the power was only about %sth that of a 2-cell
flashlight. And though only a small percentage of the arriving beam
was reflected back to the source, the dancing spot of light from
Mt. Hamilton was easily the brightest thing in the sky.

Key to the experiment was the intense coherent light from the
Model 125 cw gas laser, by far the most powerful (50 mw) uniphase
helium-neon laser available today. If you need uniphase coherent
light for such purposes as atmospheric studies, optical data proc-
essing, tracking and ranging, data display systems, or laboratory
experimentation, you should have data on the Model 125 and other
Spectra-Physics precision lasers. Write us today at 1255 Terra
Bella, Mountain View, California.

Model 125 helium-neon cw gas laser produces E Spectl’a-PhYSiCS
50 mw of diffraction-limited power at 6328A.

Power at other wavelengths: 6118A, 5 mw;
1.08 microns, 5 mw; 1.15 microns, 20 mw. Resonator length 1.8 meters. Price, with exciter, $8500.
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Phaolo taken of besm “an targel** 8t the retro.rellecior sppron:
lmates size, but not brilllance, seen by the naked eye.

Small-angle forward scatter from atmospheric particles makes
from retro-reflector. Note back-scatter from transmitted beam.  the beam brightly visible at the transmitting end.

with electricity they concluded that “it
would be fun and perhaps profitable to
try to shape corona, a form of elec-
trical breakdown, into a versatile chem-
ical-process tool.”

TARO TAKAHASHI and WILLTAM
A. BASSETT (“The Composition of the
Earth’s Interior”) are assistant profes-
sors in the department of geology and
geography at the University of Roches-
ter. Takahashi was graduated from the
University of Tokyo in 1953, taking a
Ph.D. in geology at Columbia Univer-
sity four years later. He was on the staff
of Columbia’s Lamont Geological Ob-
servatory and was a member of the fac-
ulty of the New York State College of
Ceramics before going to the University
of Rochester in 1962. Bassett was grad-
uvated from Amherst College in 1954
and obtained master’s and doctor’s de-
grees at Columbia. In addition to his
work at Rochester he is involved in re-
search at Columbia and at the Brook-
haven National Laboratory.

J. WORTH ESTES and PAUL DUD-
LEY WHITE (“William Withering and
the Purple Foxglove”) are respectively
an intern in pathology at the Massa-
chusetts General Hospital and the well-
known heart specialist. Their collabora-
tion came about because Estes wrote a
paper on digitalis during the summer
of his freshman year at Harvard Col-
lege and White, who many years earlier
had done experiments with digitalis
and had written about them, proposed a
joint paper on the history of the plant
as a medicine. Estes, after being gradu-
ated from Harvard in 1955, went to
Boston University, where he obtained a
master’s degree in pharmacology and a
medical degree. In July he will begin
a clinical fellowship in hematology at
the Massachusetts Memorial Hospitals.
White was graduated from Harvard
College in 1908 and the Harvard Med-
ical School in 1911. He writes: “In 1916
I persuaded several of my young col-
leagues who were interns and residents
at the Massachusetts General Hospi-
tal to take large doses of digitalis to
see what the drug would do to the
electrocardiogram.” The experiments
showed that the drug can have a toxic
effect. White adds: “I can still taste the
digitalis that poisoned me, without any
permanent harm, nearly 50 years ago.”

PAUL BOHANNAN, who in this is-
sue reviews A Profile of the Negro
American, by Thomas F. Pettigrew, is
professor of anthropology at Northwest-
ern University.



United Air Lines’ 727 jetliner, first commercial aircraft equipped to automatically report altitude to ground stations.

United Air Lines introduces
automatic altitude reporters on jets

...ground radar gains a third dimension in airplane tracking

United, the first airline to offer you weather radar on
every flight, unveils the newest advance in air safety de-
vices—a system that automatically reports an airplane’s al-
titude at the command of a traffic controller on the ground.

When the command is received, electronic signals trig-
gered are converted by computer into readable informa-
tion on the traffic controller’s radar scope.

The system thus provides radar with three dimensions

instead of two—altitude as well as speed and direction.
The airplane’s identification also appears on the scope.
Automatic altitude reporters have already been in-
stalled aboard every United 727 and DC-8F. They will be

aboard the remainder of our jet fleet at an early date.
Engineering innovations such as this—and comfort
innovations like our Red, White & Blue service—all stem
from United’s attitude of extra care. Welcome aboard!
Copyright 1965 United Air Lines, Inc.

o
UNITED 7+HE EXTRA CARE AIRLINE

®
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Photography by Laser

The highly coherent light produced by the laser is used in a novel

photographic process, in which the light-sensitive film, instead

of recording an image, in effect records the light waves themselves

by Emmett N. Leith and Juris Upatnieks

photographic techniques and the

invention of new photographic ma-
terials, the optical aspects of photogra-
phy have changed little over the past
100 years. Reduced to its essential ele-
ments the photographic process consists
of recording an illuminated three-dimen-
sional scene as a two-dimensional image
on a light-sensitive surface. The light
reflected from the objects in the scene
is focused on the sensitive surface by
some kind of image-forming device,
which can be a complex series of lenses
or simply a pinhole in an opaque screen
[see upper illustration on page 28].

This article deals with a radically
different concept in photographic optics.
Invented less than 20 years ago, this
process, which can be called photogra-
phy by wave-front reconstruction, does
not record an image of the object being
photographed but rather records the
reflected light waves themselves. The
photographic record, a hodgepodge of
specks, blobs and whorls, is called a
hologram; it bears no resemblance to
the original object but nevertheless con-
tains—in a kind of optical code—all the
information about the object that would
be contained in an ordinary photograph
and much additional information that
cannot be recorded by any other pho-
tographic process.

The creation of an intelligible image
from the hologram is known as the re-
construction process. In this stage the
captured waves are in effect released

In spite of the steady refinement of
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from the hologram record, whereupon
they proceed onward, oblivious to the
time lapse in their history. The recon-
structed waves are indistinguishable
from the original waves and are capable
of all the phenomena that characterize
the original waves. For example, they
can be passed through a lens and
brought to a focus, thereby forming
an image of the original object—even
though the object has long since been
removed! If the reconstructed waves
are intercepted by the eye of an observ-
er, the effect is exactly as if the original
waves had been observed: the observer
sees what to all appearances is the
original object itself in full three-dimen-
sional form, complete with parallax (the
apparent displacement of an object
when seen from different directions)
and many other effects that occur in the
normal “seeing” process.

The wave-front reconstruction proc-
ess was discovered in 1947 by Dennis
Gabor of the Imperial College of Sci-
ence and Technology in London. Dur-
ing the next few years Gabor developed
the method systematically, emphasizing
particularly its applications to electron
microscopy. Many other workers
throughout the world have since made
significant contributions—notably Hus-
sein M. A. El-Sum and Paul Kirkpatrick
of Stanford University—but their efforts
were hampered by the lack of an ade-
quate source of coherent light, that is,
light whose waves are all in phase. The
invention of the laser in 1960 opened the
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way to new advances in wave-front re-
construction photography. Using a gas
laser as a source of coherent light, as
well as several other previously untried
techniques, we have been able to ob-
tain high-quality, three-dimensional hol-
ogram images in our laboratory at the
University of Michigan. Partly as a re-
sult of our work and partly as a result
of the largely unexplored potential of
the laser as a source of coherent light,
there has been a widespread resurgence
of interest in the possible uses of this
intriguing photographic process.

he basic optics of wave-front recon-

struction photography differ from
those of ordinary photography in three
main respects. As in ordinary photogra-
phy, the object is illuminated and a
photographic plate is positioned so as
to receive light reflected from the ob-
ject. Unlike ordinary photography, how-
ever, no lens or other image-forming
device is used and consequently no im-
age is formed. Instead each point on
the object reflects light to the entire
photographic plate; conversely, each
point on the plate receives light from
the entire object [see top illustration on
page 29]. The second departure from
ordinary photography is the use of co-
herent light for illuminating the object,
and the third is the use of a mirror to
beam a portion of the coherent light di-
rectly to the plate, bypassing the object.
This beam is called the reference beam,
and it produces, by means of interfer-



ence effects, a visible display of the
wave pattern of the light impinging on
the plate from the object; what is re-
corded on the plate is the resulting in-
terference pattern.

Reflected light waves, like any other
waves, are described by their amplitude
(or intensity) and by their phase (or
frequency). In the case of a point scat-
terer of light, the reflected waves travel
outward from their origin in a series of
ever expanding spherical shells, called
wave fronts, that are concentric around
the point of origin. These spherical
waves are the three-dimensional ana-
logue of the circular waves that appear
on the surface of a still pond when
a stone is dropped into the water. If the
reflecting object is not a single point but ORDINARY PHOTOGRAPH was made by illuminating a chesshoard and a group of
a complex object, it can then be regard- chessmen with normally incoherent light and recording a two-dimensional image of the
ed as a collection of a large number of ~ scene on photographic film. Light reflected from chessmen is focused on film by camera lens.

points, and the resulting wave pattern
reflected from the surface of the object
can be regarded as the sum of many
such sets of spherical waves, each set
concentric about its point of origin [see
top illustration on page 30]. The exact
form of the wave pattern reflected from
an extended and irregular object is
highly complex and cannot be described
in detail here.

The central problem of wave-front
reconstruction photography is to record
this complex, signal-bearing pattern as
it exists at a given plane at some in-
stant of time. Such a record can be
thought of as a “freezing” of the wave
pattern; the pattern remains frozen un-
til such time as one chooses to reactivate
the process, Whereupon the waves are HOLOGRAM RECORDING of the scene shown in photograph at top of page was made in
“read out” of the recording medium. To the first stage of the process of wave-front reconstruction photography. The visible struc-
capture the wave pattern completely ture o.f the hol‘ogram bears no resemblance to the orig.inal scene but. nevertheless contains
both the amplitude and the phase of — more mformanofl ab(?ut th'e scene than would be contal.ned in an ordm'ary Photogra?h.. The
holograms used in this article were made by Albert Friesen of the University of Michigan.

the waves must be recorded at each
point on the recording surface. Record-
ing the amplitude portion of the waves
poses no serious problem: ordinary pho-
tographic film records amplitude by
converting it to corresponding variations
in the opacity of the photographic emul-
sion. The emulsion is entirely insensitive
to phase relations, however, and one
must assemble some appropriate appa-
ratus that can convert these phase rela-
tions into a form in which they can be
recorded photographically.

In wave-front reconstruction photog-

raphy the phase relations are ren-
dered visible to the photographic plate
through the technique of interferometry,
a standard and long-established way of
converting phase relations into corre-
sponding amplitude relations. We shall  RECONSTRUCTED IMAGE was made by directing a laser beam through the hologram.

first consider how this is done in the  The reconstructed waves were then passed through a lens and brought to a focus, thereby
comparatively simple case in which two  forming an image of original scene, even though chessmen had long since been removed.
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PHOTOGRAPHIC EQUIPMENT used in the first stage of the
wave-front reconstruction process was photographed in the au-
thors’ laboratory at the University of Michigan. The laser beam
enters from right at top and immediately passes through two par-
tially reflecting and partially transmitting glass plates. The reflected
parts of the beam are again reflected from two mirrors (bottom
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left and right) before being used to illuminate the chessboard
(center). The transmitted part of the beam, called the reference
beam, is reflected from another mirror (top left) and then impinges
directly on the hologram plate (sandwich-like object at bottom
center). Each beam passes through a microscope lens, which broad-
ens the beam but has no effect on its valuable coherence properties.
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collimated light beams, whose wave
fronts are successive planes perpendicu-
lar to the direction of the beams, inter-
act to form a characteristic interference
pattern; in terms of the shape of their
wave fronts such waves are referred to
as plane waves.

If two plane waves derived from a
common source impinge at different
angles of obliquity on an opaque sur-
face, they will produce a set of uniform,
parallel interference fringes on the sur-
face. The spacing of the fringes will de-
pend solely on the angle between the
waves. At some places on the surface
the waves will arrive in phase and their
amplitudes will add to produce a re-
sultant light intensity greater than
would be produced by either wave act-
ing alone. This process is called con-
structive interference and is responsible
for the light fringes in the interference
pattern. At other places the waves will
arrive out of phase and will tend to can-
cel each other, the cancellation being
complete if the two waves are of equal
amplitude. This process is called de-
structive interference and is responsible
for the dark fringes in the interference
pattern. Where the waves are neither
in nor out of phase, the resultant light
intensity and corresponding fringe tone
are intermediate between these two
extremes.

A photographic recording of such a
fringe pattern will yield a grating-like
structure that can be regarded as a
two-dimensional analogue of the sinus-
oidal wave produced by an electric
oscillator. The important point of this
analogy is that just as an electric wave
can be modulated to serve as a carrier
of information (about sound, say), so
can the interferometrically produced
wave pattern be modulated to serve as
a carrier of information about the light
waves that produced it.

Modulation of any kind of carrier
wave can be accomplished in various
ways, but the best-known and most
commonly used methods are amplitude
modulation (AM) and frequency modu-
lation (FM). In amplitude modulation
information is imposed on the carrier
wave by causing the wave’s amplitude to
vary in accordance with some lower-
frequency wave [see illustration on page
31]. In frequency modulation the ampli-
tude of the carrier wave remains con-
stant but the spacing between the vari-
ous cycles is altered. The effect can be
described as a change in frequency: at
some positions the cycles are com-
pressed and the frequency is correspond-
ingly increased, whereas at other posi-
tions the cycles are expanded and the

frequency is decreased. This kind of
modulation can alternatively be de-
scribed as phase modulation, since at
any given time the phase, or the rela-
tive positions of the wave crests and
troughs with respect to some stationary
point, is different from what it would be
in the absence of the modulation. (Al-
though frequency modulation and phase
modulation are not quite identical, the
technical distinctions are not important
here and will be disregarded.)

When the irregular wave pattern re-
flected from a complex object is made
to interfere with a plane wave, the re-
sulting interference pattern, instead of
being uniform, has an irregularity that
is related to the irregularity of the im-
pinging wave fronts. At places where
the signal-bearing waves have their
greatest amplitude the interference
fringes have the greatest contrast,
whereas at places of low signal-wave
amplitude the fringe contrast is low.
Thus variations in the amplitude of the
waves reflected from the object produce
corresponding variations in the contrast
of the recorded fringe pattern.

As we have noted, the spacing of the
fringes is related to the angle between
the signal-bearing waves and the refer-
ence waves. At places where the signal-
bearing waves make a large angle with
the reference waves the resulting fringe
pattern is comparatively fine; at places
where the waves meet at lesser angles
the fringe pattern is coarser. Therefore
the variations in the phase of the signal-
bearing waves produce corresponding
variations in the spacing of the fringes
on the photographic record.

In brief, we have made two signifi-
cant observations: both the amplitude
and the phase of the signal-bearing
waves can be preserved respectively as
modulations in the contrast and spacing
of the recorded interference fringes. All
the information that can be carried by
the light waves reflected from the object
can be recorded on the interference
grating produced by making these
waves interfere with an obliquely im-
pinging plane wave.

A hologram made in the manner just

described has many of the proper-
ties of a grating produced on a ruling
engine, but there are several important
differences, the most important of which
is the nonuniformity of the hologram
grating slits as opposed to the precise
uniformity attained in high-quality
ruled gratings. Whereas the inadver-
tently produced irregularities in an im-
perfectly ruled grating give rise to
false spectral lines, called “ghosts,” the
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deliberately induced irregularities in a
hologram give rise, in the reconstruction
process, to a complete, well-defined
image.

When a grating consisting of uniform-
ly spaced opaque and transparent slits
is illuminated with a collimated beam
of monochromatic light, a number of
plane waves are generated by the in-
teraction of the light with the grating
structure [see right side of top illustra-
tion on page 32]. These plane waves are
radiated at various angles, which are de-
termined by the spacing of the slits in
the grating. The “zero order” wave
propagates in the same direction as the
incident wave and can be regarded as an
attenuated version of the incident wave.
In addition, there are the two “first or-
der” diffracted waves, one on each side
of the zero-order wave. Beyond these
occur the second-, third- and higher-
order diffracted waves.

The generation of these diffracted
waves can readily be explained by re-
garding the transparent slits as origi-
nal sources, each radiating cylindrical
waves. These elemental waves reinforce
each other in certain directions, thereby
giving rise to the various diffracted or-
ders. The directions of reinforcement
are obtained by drawing tangent lines
to the various elemental wave fronts.
The zero-order wave is formed by com-
bining all the wave fronts that origi-
nated from the slits at the same time
and are therefore all equidistant from
the surface of the grating. By drawing a
line tangent to all these corresponding
cylindrical wave fronts the zero-order
wave is obtained. This wave is parallel
to the grating surface. One of the first-
order diffracted waves is constructed by
combining an elemental wave front from
one slit with the previous wave front
from the adjacent slit, then combining
that with a still more previous wave
front from the next adjacent slit, and
so on. The other first-order diffracted
wave is constructed in a similar way
but in the opposite direction. The sec-
ond-order diffracted waves are con-
structed by combining, from adjacent
slits, wave fronts that are two wave-
lengths apart, and so on. From this con-
struction method it is apparent that the
closer the spacing of the grating lines,
the greater the angle of diffraction.

When the spacing, or phase, of the
grating slits is irregular, with some re-
gions having closer line spacings than
other regions, the localized variations
in spacing give rise to corresponding
local variations in the direction of the
diffracted waves. Similarly, local varia-
tions in the contrast, or amplitude, of
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the fringes produce local variations in
the amplitude, or intensity, of the dif-
fracted wave. Thus the diffracted wave
front is perturbed in a way that is re-
lated in a simple and predictable man-
ner to the irregularities, both in spacing
and contrast, of the hologram fringe
pattern.

The reader will recall, however, that
these fringe irregularities were pro-
duced by local variations in the ampli-
tude and direction of the signal-bearing
wave fronts that impinged on the holo-
gram plate when the hologram was re-
corded. There is a kind of reversibility
here: the distortions of the diffracted
wave fronts by the fringe irregularities
are precisely those distortions on the
original wave front that gave rise to the
fringe irregularities. For example, it was
pointed out in the discussion of holo-

PHOTOGRAPHIC PLATE

N\

LIGHT SOURCE

DIFFERENCES between ordinary photography and photography
by wave-front reconstruction are illustrated schematically on these
two pages. Ordinary photography consists of recording an illumi-
nated three-dimensional object as a two-dimensional image on a
light-sensitive surface (top left). The light reflected from the ob-
ject is focused on the surface by some kind of image-forming de-
vice, which may be simply a pinhole in an opaque screen. When
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gram construction that places where the
signal-bearing wave fronts made the
greatest angle with the reference wave
front corresponded to the most closely
spaced fringes. These areas of the holo-
gram grating in turn diffract light at
greater angles.

Indeed, the manner of constructing
the diffracted orders from the hologram
diffraction grating is essentially the in-
verse of the process of constructing the
interference pattern that is recorded on
the hologram. The similarity of the two
processes is true on a much more rigor-
ous basis than we have described here
and is the key concept underlying the
wave-front reconstruction process. The
two sets of first-order diffracted waves
produced by the hologram are each an
exact replica of the waves that issued
from the original object. These waves

PINHOLE LENS

|
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PHOTOGRAPHIC TRANSPARENCY

propagate outward from the hologram,
behaving in all respects as the original
waves would have done had they not
been interrupted by the photographic
plate placed in their path. A lens placed
in the path of the diffracted waves can
bring them to a focus, thereby forming
an image of the original object, even
though the original object is no longer
present.

The two first-order waves differ from
each other in one important respect.
One diffracted order consists of waves
that, when projected back toward the
illuminating source, seem to emanate
from an apparent object located where
the original object was located. We say
that these waves produce a virtual
image, similar to the virtual images seen
in a mirror. The other first-order dif-
fracted waves are also accurate replicas

LENS

ordinary incoherent light is shone through the photographic trans-
parency (bottom left), the eye sees only a static, two-dimensional
image of the original object. In the recording stage of wave-front
reconstruction photography (top right) no lens or other image-
forming device is used and consequently no image is formed. In-
stead each point on the object reflects light to the entire hologram;
conversely, each point of the hologram receives light from the en-



HOLOGRAM i ]

LASER

HOLOGRAM

tire object. The reference beam produces, by means of interference
effects, a visible display of the wave pattern of the light impinging
on the hologram from the object. In the reproduction stage
(bottom right) the hologram is illuminated with a collimated beam
of monochromatic light and two images are produced by the “first
order” diffracted waves emerging from the hologram interference
grating. One diffracted order consists of waves that, when pro-

<—— REFERENCE BEAM

TE "‘\jl‘

PHOTOGRAPHIC

jected back toward the illuminating source, seem to emanate from
an apparent object located at the position where the original
object was located. These waves are said to produce a virtual
image. The other first-order diffracted waves have conjugate, or
reversed, curvature. These waves produce a real image, which
can be photographed directly, without the need for a lens, by
simply placing a photographic plate at the position of the image.

29

© 1965 SCIENTIFIC AMERICAN, INC



1 i . '
LIGHT WAVES ARE REFLECTED from a point scatterer (top) in a series of ever
expanding spherical shells, called wave fronts, that are concentric about the point of origin.
If the reflecting object is complex (bottom), it can then be regarded as a collection of a
large number of points, and the resulting wave pattern reflected from the surface of the
object can be regarded as the sum of many such sets of spherical waves, each set
concentric about its point of origin. The central problem of wave-front reconstruction
photography is to record this pattern as it exists at a given plane at some instant of time.

TWO KINDS OF INTERFERENCE of light waves are depicted. 1f two light waves of dif-
ferent amplitudes arrive at the recording surface in phase (top), their amplitudes will add
to produce a resultant light intensity (colored curve at top) greater than would be pro-
duced by either wave acting alone. This process is called constructive interference and is
responsible for the light fringes in the interference pattern. If the light waves arrive out of
phase (bottom), their amplitudes will tend to cancel one another. This process is called
destructive interference and is responsible for the dark fringes in the interference pattern.
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of the original waves, except that they
have conjugate, or reversed, curvature:
originally diverging spherical waves
from an object point are converted into
converging spherical waves. These
waves produce a real image, which can
be photographed directly, without a
lens, by placing a photographic plate at
the image position.

],]olograms and the images they pro-
- duce have many curious and fasci-
nating properties. The hologram on
page 25, for example, is quite unintel-
ligible and gives no hint of the image
embodied within it. A cursory examina-
tion of it tempts one to identify the
visible structures (concentric rings,
specks and the like) with portions of the
subject. Such an identification would be
quite incorrect. The visible structure is
purely extraneous and arises from dust
particles and other scatterers on the
mirror that supplies the reference beam.
The pertinent information recorded on
the hologram film can be seen only
under magnification and consists of
highly irregular fringes that bear no
apparent relation to the subject. It is
quite unlikely that one could learn to
interpret a hologram visually without
actually reconstructing the image.

When the hologram is placed in a
beam of coherent light, however, the
images embodied in it are suddenly re-
vealed. The identity between the recon-
structed waves and the original waves
that impinged on the plate when the
hologram was made implies that the
image produced by the hologram should
be indistinguishable in appearance from
the original object. This identity is in
fact realized. The virtual image, for in-
stance, which is seen by looking through
the hologram as if it were a window,
appears in complete, three-dimensional
form, and this three-dimensional eflect
is achieved entirely without the use of
stereo pairs of photographs and without
the need for such devices as stereo
viewers.

The image has additional features of
realism that do not even occur in con-
ventional stereo-photographic imaging.
For example, as the observer changes
his viewing position the perspective of
the picture changes, just as it would if
the observer were viewing the original
scene. Parallax effects are evident Dbe-
tween near and far objects in the scene:
if an object in the foreground lies in
front of something else, the observer
can move his head and look around the
obstructing object, thereby seeing the
previously hidden object. Moreover, one
must refocus one’s eyes when the ob-



servation is changed from a near to a
more distant object in the scene. In
short, the reconstruction has all the
visual properties of the original scene,
and we know of no visual test one can
make to distinguish the two.

Similarly, the real image can be
viewed by an observer, who will find
it suspended in space between himself
and the plate. This image has all the
aforementioned properties, but it is
somewhat more difficult to view, for
reasons we shall not discuss here.

A hologram made in the manner just

described has several interesting
properties in addition to those having
to do with the three-dimensional nature
of its reconstruction. As an example,
each part of the hologram, no matter
how small, can reproduce the entire
image; thus the hologram can be broken
into small fragments, each of which can
be used to construct a complete image.
As the pieces become smaller, resolution
is lost, since resolution is a function of
the aperture of the imaging system.
This curious property is explained on
the basis of an observation made above:
each point on the hologram receives
light from all parts of the subject and
therefore contains, in an encoded form,
the entire image.

A second curious property of the
wave-front reconstruction process is that
it does not produce negatives. The holo-
gram itself would normally be regarded
as a negative, but the image it produces
is a positive. If the hologram were
copied by contact printing, the holo-
gram would be reversed in the sense
that opaque areas would now become
transparent and vice versa. The image
reconstructed from the copy, however,
would remain a positive and would be
indistinguishable from the image pro-
duced by the original except for the
small degradation in quality that nor-
mally occurs in photographic copying.
This curious property arises because the
information is recorded on the film in
the form of a modulated spatial carrier.
Contact printing of the film results in
only a reversal in the polarity of the
carrier, and polarity reversals of a car-
rier do not affect the signal data con-
tained on the carrier, a fact well known
to electronic engineers. The reason for
this insensitivity to polarity can be un-
derstood by recalling that the informa-
tion on the grating carrier is embodied
in the fringe contrast and in the fringe
spacings; neither of these is altered by
the reversal of polarity.

Another interesting property of wave-
front reconstruction photography is that

———————— g ——

WAVES CARRY INFORMATION in various ways, but the best-known and most commonly
used methods are amplitude modulation (AM) and frequency, or phase, modulation (FM).
In amplitude modulation (c) information is modulated onto the carrier wave (a) by causing
its amplitude to vary according to some lower-frequency wave (b). In frequency modulation
(d) the amplitude of carrier wave remains constant but spacing between cycles is altered.

the reconstructed image has very nearly
the same contrast rendition as the origi-
nal object, regardless of the contrast
properties of the photographic emulsion.
Thus high-contrast plates, which in or-
dinary photography would be useful
only for such objects as line drawings,
can be used without losing any of the
tonal properties of the object. The
photographic plate containing the holo-
gram may be capable of registering
only two levels of density—transparent
and opaque—but the tonal rendition of
the reconstruction does not suffer. This
mysterious property of wave-front re-
construction photography is not easily
explained, but it is again related to the
use of a carrier and also to the fact that
each point on the object is recorded not
on a single point of the hologram but
on the entire hologram. Under these
circumstances it can be shown that the
failure to preserve a proper gray scale
produces, as its main effect, higher-
order diffracted waves. The first-order
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diffracted waves, which produce the re-
constructed images, are to a first ap-
proximation unaffected by the distortion
of the gray scale.

Still another interesting property of
holograms is that several images can be
superimposed on a single plate on suc-
cessive exposures, and each image can
be recovered without being affected by
the other images. This is done by using
a different spatial-frequency carrier for
each picture, just as many radio mes-
sages can be transmitted between two
sites simultaneously by the use of dif-
ferent carrier frequencies. The grating
carriers can be of different frequencies,
as in radio communication; moreover,
since the film is two-dimensional there
is still another degree of freedom, that
of angle. Thus the grating carrier is
specified both by the fringe spacing and
by the fringe orientation. The fringe
pattern can be vertical for one exposure,
for example, and horizontal for another.
In the reconstruction process the various
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ZERO-
ORDER
WAVES

UNIFORM, PARALLEL FRINGES are produced by the interfer-
ence of two plane waves derived from a common source and im-
pinging at different angles of obliquity on an opaque surface (left).
The spacing of the fringes depends solely on the angle between the
waves. When the grating is illuminated with a beam of coherent

MODULATED FRINGES are produced by the interference of a
plane wave and an irregular wave, in this case a cylindrical wave
(left). Where the angle between the plane and the distorted wave
fronts is large the fringe pattern is fine; where the angle is small
the fringe pattern is coarse. When illuminated with a beam of co-

light (right), a number of plane waves are generated by the inter-
action of the light with the grating. The “zero order” wave prop-
agates in the same direction as the incident wave and can be re-
garded as an attenuated version of the incident wave. Beyond the
two first-order waves occur second-, third- and higher-order waves.

herent light, the modulated fringe pattern acts like an imperfect
diffraction grating, producing diffracted waves that are distorted
(right). The diverging first-order diffracted wave is responsible for
the virtual image of the original object; the converging first-order
diffracted wave is responsible for the real image of the object.

reconstructed waves will be diffracted
in different directions and the recon-
structed images will form in different
locations.

Wave-front reconstruction photog-
raphy, although appearing to offer
exciting possibilities, has in the past
been confined to the laboratory and for
some time at least will remain so. The
major reason for this is the strict coher-
ence requirements for the light source
used in the process. Ordinary light lacks
this coherence property, and sources of
coherent light are comparatively expen-
sive and inconvenient to use.
There are two kinds of coherence—
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temporal and spatial-both of which are
required for wave-front reconstruction
photography. Temporal coherence, or
monochromaticity, is required because
the fringe pattern generated by the in-
terference process is a function of the
wavelength of the illumination. If the
spectrum of the light is broad, each
wavelength component produces its
own separate pattern, and the resultant
of all the wavelength components acting
at once is to average out the fringes to
a smooth distribution. A limited number
of spectral components can be superim-
posed, however, as when three mono-
chromatic waves, comprising the three
primary colors, are used to achieve
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wave-front reconstruction imaging in
color. The relaxation of the monochro-
maticity requirement cannot be carried
very far, and each of the three color
components must cover a quite narrow
spectral band.

The other coherence requirement—
spatial coherence—means that the light
has been derived from a point source or
that the light is capable of being imaged
to a small spot or point. If the source
lacks spatial coherence (that is, if it is
broad), then each element of the source
produces interference fringes that are
displaced from those of other elements;
the sum of many such sets of fringes
averages to some very nearly uniform



value, and the fringe pattern is absent.

It is possible to meet both coherence
requirements using traditional sources,
such as a mercury-arc lamp. Mono-
chromaticity is obtained by passing the
light through an optical device, such as
a monochromator or a narrow-band
color filter. This process discards all
spectral components except those in a
narrow band. Spatial coherence is ob-
tained by focusing the light onto a pin-
hole. Since only a small fraction of the
total light output of the lamp can be
focused onto the pinhole, the traditional
source is quite inefficient, and only an
extremely small fraction of the total
light emission is available for illumina-
tion of the object.

The light produced by a laser, on the
other hand, is highly monochromatic
and has extraordinary spatial coherence,
thus making the wasteful processes de-
scribed above unnecessary. The avail-
able light is several orders of magnitude
greater than the monochromatic, spa-
tially coherent light available from other
sources. Hence the laser is greatly su-
perior to all other known sources for
wave-front reconstruction photography
and is certainly in large part responsible
for the interesting results that have al-
ready been achieved.

With a high-quality technique for

producing fascinating and unusual
images fully demonstrated, questions
naturally arise as to what applications
are to be found for it. Since its dis-
covery by Gabor, many uses for the
wave-front reconstruction process have
been suggested, and more recently the
number of proposed applications has
grown rapidly.

Two applications that come to mind
immediately are in television and mo-
tion pictures. It is possible in principle
to produce a hologram television sys-
tem, since a hologram can be recorded
on the photosensitive surface of a tele-
vision camera just as readily as on a
photographic emulsion. Moreover, the
hologram data can be transmitted and
reconstructed in a receiver. Such a sys-
tem would produce virtually the ulti-
mate realism.

When the required system and com-
ponent specifications are examined,
however, it is found that they greatly
exceed the present state of the art.
Transmission bandwidths exceeding
present television bandwidths by factors
of several hundred are required, unless
design compromises are made that re-
sult in a partial loss of the dramatic
results attainable from holograms. Cam-

PARALLAX EFFECT is evident in these three virtual-image photographs, all made from
the same hologram. The apparent displacement of the chessmen resulted from moving the
hologram slightly. The same effect could have been obtained by keeping the hologram
stationary and moving the camera or by keeping both stationary and moving the laser.
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THREE INTERFERENCE PATTERNS show the effects of ampli-
tude and phase modulation of a spatial carrier wave. The fringe
pattern at left was formed by two plane waves impinging on a
photographic plate at a slight angle to each other. One of the waves
responsible for the pattern at center has been modulated to a small
degree, producing slight variations in fringe contrast and irregu-

larities in the shape of the fringe contours; the pattern is an en-
larged section of a hologram of a comparatively simple photograph-
ic transparency. The interference pattern at right is an enlargement
of section of a hologram of a diffusely reflecting, three-dimensional
object. The degree of modulation is so great that the interference
fringes have lost continuity and are no longer identifiable as fringes.

eras, picture tubes and associated com-
ponents must also be much better than
present-day equipment. In addition, the
objects would have to be illuminated by
laser light, and the receiver similarly
would have to contain a laser; present
lasers are inadequate for these tasks
and would require improvement. The
potential is great but the price is still
quite high. Methods are being sought
for reducing the stringent requirements
on system bandwidths, with some initial
success, but much remains to be done.
For hologram motion pictures the prob-
lems are similar and even more severe.

As laser sources improve, wave-front
reconstruction photography may emerge
from the laboratory and become,
through its remarkable three-dimension-
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al imaging properties, an important
photographic method for simulation and
training devices and for applications in
which a highly exact reproduction of
the object is required.

Historically microscopy has been the
primary area of application for the
wave-front reconstruction method; Ga-
bor’s original applications were in this
area. By the use of divergent beams of
radiation Gabor, as well as El-Sum
and Albert V. Baez at Stanford, have
demonstrated that great magnification
can be achieved with wave-front recon-
struction, entirely without the use of
lenses. Moreover, the hologram can be
made with radiation of one wavelength
and the reconstruction with another.
Gabor proposed to produce a hologram
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with electron waves in an electron mi-
croscope and to make the reconstruction
using visible light. By this means the
highly developed methods of optical
imagery can be applied to image for-
mation in the domain of electron waves,
where lens technique is less perfectly
developed. Similarly, El-Sum and Baez
have made holograms with an X-ray
microscope and the reconstructions
in visible light. This application holds
much promise, because X rays can be
focused only crudely and with extreme
difficulty. The resolution achieved in
X-ray microscopy falls several orders of
magnitude short of what is theoretical-
ly possible, a condition that can be
remedied by wave-front reconstruc-
tion methods. Technical difficulties have



hampered progress in this area, but the
difficulties—primarily the lack of X-ray
sources of suitable intensity, monochro-
maticity and spatial coherence—do not
appear insurmountable.

In an application developed by two
of the authors’ colleagues, Robert Pow-
ell and Karl Stetson, the vibratory mo-
tion of a complicated object can be
measured with ease by the wave-front
reconstruction method. The light reflect-
ed from such a vibrating object loses its
coherence in a predictable manner. Con-
sequently the image reconstructed from
a hologram has superimposed on it a
contour pattern of the vibrational am-
plitude; from this reconstruction the
amplitude of vibration for each point
on the object can be obtained at once
by simple inspection of the hologram
image.

Brian Thompson, George Parrent and
their co-workers at Technical Opera-
tions, Inc., have developed an applica-
tion that has a remarkable simplicity.
They were faced with the problem of
measuring the distribution by size and
other properties of floating, foglike par-
ticles in a sample volume. Such particles
generally do not remain stationary long
enough for the observer to focus on
them. In addition, it is often desirable
to photograph all the particles in the
volume at a given time. The wave-front
reconstruction method offers an ideal
solution to the problem. A hologram is
made by illuminating the volume with
a pulsed laser and photographically
recording the transmitted light. A short-
pulse laser is used to “freeze” the mo-
tion of the particles. In the reconstruc-
tion an image of the entire volume is
produced, and the particle size, dis-
tribution and cross-sectional geometry
can be measured by microscopic exami-
nation. (Although Thompson and Par-
rent have exploited both the three-
dimensional imaging capabilities of the
hologram process and the extraordinary
coherence properties of the laser, their
efforts are unrelated to ours and have
developed the original ideas of Gabor
along quite different lines.)

Additional applications should devel-
op in time, particularly as advancing
technology provides new devices that
can facilitate the wave-front reconstruc-
tion method. In particular, high-power
pulsed lasers with excellent coherence
properties should bring about significant
advances. It seems safe to predict that
most future applications will center on
the three-dimensional, highly realistic
imagery that the method produces and
that is unmatched in this respect by
other photographic methods.

ENTIRE IMAGE of the original scene is reproduced by any part of the hologram, however
small. At top the unbroadened laser beam, about a half-millimeter in diameter, is directed
at the hologram (faint rectangle in foreground of each photograph). Since photographic
resolution is a function of the aperture of the imaging system, the image appears blotchy
and ill-defined at this aperture. As successively larger parts of the hologram are illuminated
(middle and bottom) resolution is improved, but the depth of field of the image decreases.

35

© 1965 SCIENTIFIC AMERICAN, INC



HORMONES AND GENES

One of the traditional questions of biology 1s: How do hormones

exert their powerful effects on cells? Evidence 1s accumulating

that many of these effects are due to the activation of genes

proceed under the direction of the

genes. In a many-celled organism
the cells are marshaled in tissues, and
in order for each tissue to perform its
role its cells must function in a coopera-
tive manner. For more than a century
biologists have studied the ways in
which tissue functions are controlled,
providing the organism with the flexi-
bility it needs to adapt to a changing
environment. Gradually it has become
clear that among the primary controllers
are the hormones. Thus whereas the
genes control the activities of individu-
al cells, these same cells constitute the
tissues that respond to the influence of
hormones.

New experimental evidence is now
making it possible to complete this syl-
logism: it is being found that hormones
can affect the activity of genes. Hor-
mones of the most diverse sources, mo-
lecular structure and physiological influ-
ence appear able to rapidly alter the
pattern of genetic activity in the cells
responsive to them. The establishment
of a link between hormones and gene
action completes a conceptual bridge
stretching from the molecular level to
ecology and animal behavior.

In order to understand the nature of
the link between hormones and genes
it will be useful to review briefly what
is known of how genes function in dif-
ferentiated, or specialized, cells. One
of the most striking examples of cell
specialization in animals is the red
blood cell, the protein content of which
can be more than 90 percent hemoglo-
bin. It has been shown that in man the
ability to manufacture a given type of
hemoglobin is inherited; this provides a
clear case of a differentiated-cell func-
tion under genetic control. Hemoglobin
also furnishes an example of another

In the living cell the activities of life

36

by Eric H. Davidson

principle that is fundamental to the
study of differentiation: the specialized
character of a cell depends on the type
and quantity of proteins in it, and there-
fore the process of differentiation is ba-
sically the process of developing a spe-
cific pattern of protein synthesis. Some
cells, such as red blood cells and the
cells of the pancreas that produce di-
gestive enzymes, specialize in synthe-
sizing one kind of protein; other cells
specialize in synthesizing an entire set
of protein enzymes to manufacture non-
protein end products, for example gly-
cogen, or animal starch (which is made
by liver cells), and steroid hormones
(which are made by cells of the adrenal
cortex).

If one understood the means by
which the type and quantity of protein
made by cells was controlled, one would
have taken a long step toward under-
standing the nature of the differentiated
cell. Part of this objective has been at-
tained: we now know something of how
genes act and how proteins are synthe-
sized. A protein owes its properties to
the sequence of amino acid subunits in
its chainlike molecule. The genes of
most organisms consist of deoxyribonu-
cleic acid (DNA), the chainlike mole-
cules of which are made up of nu-
cleotide subunits. The sequence of
nucleotides in a single gene determines
the sequence of amino acids in a single
protein.

The protein is not assembled directly
on the gene; instead the cell copies the
sequence of nucleotides in the gene by
synthesizing a molecule of ribonucleic
acid (RNA). This “messenger” RNA
moves away from the gene to the small
bodies called ribosomes. On the ribo-
somes, which contain their own unique
kind of RNA, the amino acids are as-
sembled into protein. In the assembly
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process each molecule of amino acid is
identified and moved into position
through its attachment to a specific
molecule of a third kind of RNA: “trans-
fer” RNA. It can therefore be said that
the characteristics of the cell are deter-
mined at the level of “gene transcrip-
tion”—the synthesis of messenger and
ribosomal RNA.

Each differentiated cell in a many-
celled organism contains a complete set
of the organism’s genes. It is obvious,
however, that in such a cell only a small
fraction of the genes are actually func-
tioning; the gene for hemoglobin is not
active in a skin cell and the assortment
of genes active in a liver cell is not the
same as the assortment active in an adre-
nal cell. The active genes release their
information in the form of messenger
RNA and the inactive genes do not.
Exactly how the inactive genes are re-
pressed is not clearly understood, but
the repression seems to involve a chemi-
cal combination between DNA and the
proteins called histones; it has been
shown that histones inhibit the synthesis
of messenger RNA in the isolated nuclei
of calf-thymus cells, and similar results
have been obtained with the nuclei of
other kinds of cell. In any case it is clear
that the characteristics of the cell are
the result of variable gene activity. The
prime question becomes: How are the
genes selectively turned on or selective-
ly repressed during the life of the cell?

Gene action is often closely linked to
cell function in terms of time. It
has been demonstrated that genes can
exercise immediate control over the ac-
tivities of differentiated cells—particu-
larly very active or growing cells—and
over cells that are going through some
change of state. In many specialized
cells at least part of the messenger RNA



HORMONE IS LOCALIZED IN NUCLEI of cells in this radio- administered to a preparation of toad bladder tissue. When the tis-

autograph made by George A. Porter, Rita Bogoroch and Isidore S. sue was radioautographed, the hormone revealed its presence by
Edelman of the University of California School of Medicine (San black dots. The dots appear predominantly in the nuclei (dark gray
Francisco). The hormone aldosterone was radioactively labeled and areas) of the cells rather than in the cytoplasm (light gray areas).

ANOTHER HORMONE IS NOT LOCALIZED in the nuclei in this was progesterone, and it too was labeled and administered to toad
radioautograph made by the same investigators. Here the hormone bladder tissue. The dots are distributed more or less at random.
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HORMONE

ECDYSONE

GLUCOCORTICOIDS
(CORTISONE)

INSULIN

ESTROGEN

ALDOSTERONE

l

SOURCE

INSECT
PROTHORACIC
GLAND

ADRENAL CORTEX

PANCREAS (ISLETS
OF LANGERHANS)

OVARY

ADRENAL CORTEX

| CHEMICAL NATURE

STERQOID

STEROID

FUNCTION

Causes molting, initiation of adult development
and puparium formation.

Causes glycogen synthesisin liver.

| Causes redistribution of fat throughout organism.

POLYPEPTIDE

STEROID

STEROID

Alters nitrogen balance.
Causes complete revision of white blood

cell type frequencies.
Is required for muscle function.
Alters central nervous system excitation threshold.
Affects connective tissue differentiation.
Promotes healing.
Induces appearance of new enzymes in liver.
Affects almost all tissues.

Affects entry rate of carbohydrates, amino acids,
cations and fatty acids into cells.

| Promotes protein synthesis.
| Affects glycogen synthetic activity.

Stimulates fat synthesis.
Stimulates acid mucopolysaccharide synthesis.
Affects almost all tissues.

Promotes appearance of secondary sexual
characteristics.

Increases synthesis of contractile and other
proteins in uterus.

Increases synthesis of yolk proteins in fowl liver.

Increases synthesis of polysaccharides.

Affects rates of glycolysis, respiration and
substrate uptake into cells.

Probably affects almost all tissues.

Controls sodium and potassium excretion and
cation flux acrossmanyinternal bodymembranes.

______f= Stimulates glucocorticoid synthesis by
T = adrenal cortex. _ )
PITUITARY ACTH é#{)\ETRAI%S( {_// ) POLYPEPTIDE StéTuuégL%suap(i;ir;ai protein synthesis and
b a? Inhibits protein sy.nthesis in adipose tissue.
| Stimulates fat breakdown.
i
|
! Stimulates all anabolic processes.
e Affects nitrogen balance, water balance, growth
ANTERIOR S ( | rate and all aspects of protein metabolism.
PITUITARY GH PITUITARY b | PROTEIN Stimulates amino acid uptake and acid
g | mucopolysaccharide synthesis.
Affects fat metabolism.
'| Probably affects all tissues.
S - ' ! —_— - "
Affects metabolic rate, growth, water
\ &) | and ion excretion. N
) A4 Promotes protein synthesis.
THYROXIN THYROID ( I g?gﬁg}‘wg Is required for normal muscle function
h S / Affects carbohydrate levels, transport
e | and synthesis.
Probably affects all tissues.

HORMONES DISCUSSED IN THIS ARTICLE are listed accord-
ing to their source, their chemical nature and their effects, which
are usually quite diverse. Pituitary GH is the pituitary growth hor-

mone. The steroid hormones share a basic molecular skeleton con-
sisting of adjvining four-ring structures. The polypeptide hormones
and the protein hormones consist of chains of amino acid subunits.
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produced by the active genes decays in
a matter of hours, and therefore the
genes must be continuously active for
protein synthesis to continue normally.
Other differentiated cells display the op-
posite characteristic, in that gene ac-
tivity occurs at a time relatively remote
from the time at which the messenger
RNA acts. The very existence of this
time element in gene control of cell
function indicates how extensive that
control is. Furthermore, certain genes
can be alternately active and inactive
over a short period; for example, if a
leaf is bleached by being kept in the
dark and is then exposed to light, it im-
mediately begins to manufacture mes-
senger RNA for the synthesis of chloro-
phyll

The sum of such observations is that
the patterns of gene activity in the liv-
ing cell are in a state of continuous
flux. For a cell in a many-celled orga-
nism, however, it is essential that the
genetic apparatus be responsive to ex-
ternal conditions. The cell must be able
to meet changing situations with altered
metabolism, and if all the cells in a tis-
sue are to alter their metabolism in a
coordinated way, some kind of orga-
nized external control is needed. Evi-
dence obtained from experiments with a
number of biological systems suggests
that such control is obtained by exter-
nally modulating the highly variable ac-
tivity of the cellular genetic apparatus.
The studies that will be reviewed here
are cases of this general proposition; in
these cases the external agents that alter
the pattern of gene activity are hor-
mones.

Many efforts have been made to ex-
plain the basis of hormone action. It has
been suggested that hormones are co-
enzymes (that is, cofactors in enzymatic
reactions), that they activate key en-
zymes, that they modify the outer mem-
brane of cells and that they directly
affect the physical state of structures
within the cell. For each hypothesis
there is evidence from studies of one or
several hormones. As an example, ex-
periments with the pituitary hormone
vasopressin, which causes blood vessels
to constrict and decreases the excretion
of urine by the kidney, strongly support
the conclusion that the hormone at-
taches itself to the outer membrane of
the cells on which it acts.

To these hypotheses has been added
the new one that hormones act by regu-
lating the genetic apparatus, and many
investigators have undertaken to study
the effects of hormones on gene activity.
It turns out that the gene-regulation

hypothesis is more successful than the
others in explaining some of the most
puzzling features of hormone activity,
such as the time lag between the ad-
ministration of some hormones and the
initial appearance of their effects, and
also the astonishing variety of these ef-
fects [see illustration on opposite page].
There can be no doubt that some hor-
mone action is independent of gene ac-
tivity, but it has now been shown that
a wide variety of hormones can affect
such activity. This conclusion is strongly
supported by the fact that each of these
same hormones is powerless to exert
some or all of its characteristic effects
when the genes of the cells on which it
acts are prevented from functioning.

The genes can be blocked by the re-
markably specific action of the anti-
biotic actinomycin D. The antibiotic
penetrates the cell and forms a complex
with the cell's DNA; once this has hap-
pened the DNA cannot participate in
the synthesis of messenger RNA. The
specificity of actinomycin is indicated
by the fact that it does not affect other
activities of the cell: protein synthesis,
respiration and so on. These activities
continue until the cellular machinery
stops because it is starved for messen-
ger RNA. In high concentrations actino-
mycin totally suppresses the synthesis of
messenger RNA; in lower concentra-
tions it depresses this synthesis and ap-
pears to prevent it from developing at
new sites.

So far the greatest number of studies

of the effects of hormones on genes
have been concerned with the steroid
hormones, particularly the estrogens
produced by the ovaries. This work has
been carried forward by many investi-
gators in many laboratories. It has been
found that when the ovaries are re-
moved from an experimental animal and
then estrogen is administered to the ani-
mal at a later date, the synthesis of pro-
tein by cells in the uterus of the animal
increases by as much as 300 percent.
The increase is detected by measuring
the incorporation of radioactively la-
beled amino acids into uterine protein,
or by testing the capacity for protein
synthesis of homogenized uterine tis-
sue removed from the animal at various
times after the administration of estro-
gen. Added proof that these observa-
tions have to do with the synthesis
of protein is provided by the fact that
the stimulating effects of estrogen are
blocked by the antibiotic puromycin,
which specifically inhibits protein syn-
thesis.
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In these experiments the principal
rise in protein synthesis is first observed
between two and four hours after estro-
gen treatment. Less than 30 minutes
after the treatment, however, there is a
dramatic increase in the rate of RNA
synthesis. When actinomycin is used
to block the rise in RNA synthesis, the
administration of estrogen has no effect
on protein synthesis! What this means
is that since the diverse metabolic
changes brought about in uterine cells
by estrogen are all mediated by protein
enzymes, none of the changes can occur
unless the estrogen has induced gene
action. Among the changes are the in-
creased synthesis of amino acids from
glucose, the increased evolution of car-
bon dioxide and the increased synthesis
of the fatty lipids and phospholipids. It
is not surprising to find that none of
these metabolic changes in uterine cells
can be detected when estrogen is ad-
ministered to an animal that has first
been treated with actinomycin.

The effect of estrogen on the synthe-
sis of RNA is not limited to messenger
RNA. There is also an increase in the
manufacture of the other two kinds
of RNA: transfer RNA and ribosomal
RNA. The administration of estrogen
first stimulates the production of mes-
senger RNA and transfer RNA. The
genes responsible for the synthesis of
ribosomal RNA become active some-
what later, and the number of ribo-
somes per cell increases. One of the
earliest changes brought about by estro-
gen, however, is an increase in the ac-
tivity of the enzyme RNA-DNA polym-
erase. This enzyme appears to be re-
sponsible for all RNA synthesis in such
cells.

Two main conclusions can be drawn
from these various observations. First,
there can be no reasonable doubt that
treatment with estrogenic hormones re-
sults in activation at the gene level, and
that many of the well-known effects of
estrogen on uterine cells result from this
gene activation. Second, it is clear that
a considerable number of genes must
be activated in order to account for
the many different responses of the cells
to estrogen. Consider only the fact that
estrogen stimulates the production of
three different kinds of RNA. At least
two different genes are known to be
associated with the synthesis of ribo-
somal RNA, and each cell needs to
manufacture perhaps as many as 60
species of transfer RNA. As for mes-
senger RNA, the variety of the changes
induced by estrogen implies that under
such influences it too must be produced
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ANTIBIOTIC ACTINOMYCIN D has a complex chemical structure. The antibiotic blocks
the participation of the genetic material in the synthesis of ribonucleic acid (RNA) ; thus it
can be used in studies to determine whether or not a given hormone stimulates gene activity.

in a number of molecular species. We
are therefore confronted with a major
mystery of gene regulation: How can a
single hormone activate an entire set of
functionally related but otherwise quite
separate genes, and activate them in a
specific sequence and to a specific de-
gree?

The question can be sharpened some-
what by considering the effect of estro-
gen not on uterine cells but on the cells
of the liver. When an egg is being
formed in a hen, the estrogen produced
by the hen’s ovaries stimulates its liver
to produce the yolk proteins lipovitellin
and phosvitin. Obviously a rooster does
not need to synthesize these proteins,
but if it is treated with estrogen, its
liver will make them in large amounts!
A more unequivocal example of the

40

selective activation of repressed genes
by a hormone could scarcely be imag-
ined. What is more, experiments by
E. N. Carlsen and his co-workers at the
University of California School of Medi-
cine (Los Angeles) have demonstrated
that this gene-activating effect of estro-
gen is remarkably specific. Phosvitin is
an unusual protein in that nearly half
of its subunits are of one kind: they are
residues of the amino acid serine. Carl-
sen and his colleagues found that estro-
gen most strongly stimulates liver cells
to produce the particular species of
transfer RNA that is associated with the
incorporation of this amino acid into
protein.

The effect of estrogen on liver cells is
thus quite different from its effect on
uterine cells. Indeed, it has long been
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recognized that hormonal specificity re-
sides less in the hormone than in the
“target” cell. We are now, however,
able to ask new questions: How are the
sets of genes that are activated by a
given hormone selected? Are these
genes somehow preset for hormonal ac-
tivation? How does the hormone inter-
act not only with the gene itself but
also with the cell's entire system of
genetic regulation?

he male hormone testosterone has

also been shown to operate by gene
activation. Like the estrogens, the male
sex hormones can give rise to dramatic
increases of RNA synthesis in various
cells. In experiments on male and fe-
male rats it has been found that the
effect of testosterone on the liver cells
of a female is somewhat different from
that on the liver cells of a castrated
male. In both cases the hormone causes
an increase in the amount of messenger
RNA produced, but in the female it
also brings about the synthesis of a new
variety of messenger RNA. This effect,
like the ability of estrogen to stimulate
a rooster’s liver cells to produce egg-
yolk proteins, provides a new approach
for examining the whole question of
sexual differentiation.

Apart from the sex hormones, the
principal steroids in mammals are those
secreted by the adrenal cortex. One
group of adrenocortical hormones is
typified by cortisone; this hormone and
its relatives are known for their quite
different effects in different tissues.
Only a fraction of these effects have
been studied from the standpoint of
gene activation, and there is much evi-
dence to indicate that some of them are
not mediated by the genes. Some re-
sponses to cortisone, however, do ap-
pear to be the consequence of gene
activation.

If the adrenal glands are removed
from an experimental animal and cor-
tisone is administered later, the hor-
mone induces in the liver cells of the
animal the production of a number of
new proteins. Among these proteins are
enzymes required for the synthesis of
glucose (but not the bieakdown of glu-
cose) and enzymes involved in the me-
tabolism of amino acids. Moreover, cor-
tisone steps up the total production of
protein by the liver cells. The effect of
cortisone on the synthesis of messenger
RNA is apparent as soon as five minutes
after the hormone has been adminis-
tered; within 30 minutes the amount of
RNA produced has increased two to
three times and probably includes not
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GENETIC ACTIVITY OF SEVERAL HORMONES is indicated by
measurements made by Chev Kidson and K. S. Kirby of the Chester
Beatty Research Institute in London. Their basic technique was
first to administer to rats radioactively labeled orotic acid, which is
a precursor of RNA. The tissues of the rat then incorporated the ra-
dioactive label into new RINA. Next liver tissue was removed from
the rat and the species of RNA called “messenger” RNA was ex-
tracted from its cells. When the messenger RNA was analyzed by
the method of countercurrent distribution, it gave rise to a charac-
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teristic curve (black “Control” curve in each graph); “Transfer
number” refers to a stage of transfer in the countercurrent-distribu-
tion process and “Counts per minute” to the radioactivity of the so-
lution at that point. Then, in separate measurements, rats were first
given one of a number of hormones (top left of each graph) and
shortly thereafter radioactively labeled orotic acid. The curves
(color) of the messenger RNA obtained from such rats were entirely
different, depending on the time that had elapsed before the admin-
istration of the orotic acid or on the sex of the animal (top right).
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EFFECT OF ESTROGEN ON CELLS in the uterus of rats is dem- with estrogen; the layer of cells at the surface of the tissue is rela-

onstrated in these photomicrographs made by Sheldon J. Segal and tively thin. The photomicrograph at bottom shows uterine cells
G. P. Talwar of the Rockefeller Institute. The photomicrograph from a rat that had been treated with the hormone; the layer of cells
at top shows uterine cells from a rat that had not been treated is much thicker. The effect involves enhanced synthesis of protein.
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only messenger RNA but also ribosomal
RNA. These events are followed by the
increase in enzyme activity. Olga Green-
gard and George Acs of the Institute
for Muscle Disease in New York have
shown that if the animal is treated with
actinomycin before cortisone is admin-
istered, the new enzymes fail to appear
in its liver cells.

Another clear case of the activation
of genes by an adrenocortical hormone
has been demonstrated by Isidore S.
Edelman, Rita Bogoroch and George A.
Porter of the University of California
School of Medicine (San Francisco).
They employed the hormone aldoste-
rone, which regulates the passage
through the cell membrane of sodium
and potassium ions. Tracer studies
with radioactively labeled aldosterone
showed that when the bladder cells of
a toad were exposed to the hormone,
the molecules of hormone penetrated all
the way into the nuclei of the cells [see
illustrations on page 37]. About an hour
and a half after the aldosterone has
reached its peak concentration within
the cells the movement of sodium ions
across the cell membrane increases. It
appears that this facilitation of sodium
transport is brought about by proteins
the cell is induced to make, because it
will not occur if the cells have been
treated beforehand with puromycin, the
drug that blocks the synthesis of pro-
tein. Moreover, treatment of the cells
with actinomycin will block the aldoste-
rone-induced increase in sodium trans-
port through the membrane. Thus the
experiments indicate that aldosterone
activates genes in the nucleus and gives
rise to proteins—that is, enzymes—that
speed up the passage of sodium ions
across the membrane.

Ecdysone, a steroid hormone of in-

sects, is also believed to be a gene
activator. The evidence for this conclu-
sion has been provided by Wolfgang
Beermann and his colleagues at the Max
Planck Institute for Biology in Tiibingen
[see “Chromosome Puffs,” by Wolfgang
Beermann and Ulrich Clever; Scien-
TIFIC AMERICAN, April, 1964]. If the
larva of an insect lacks ecdysone, the
development of the larva is indefinitely
arrested at a stage preceding its meta-
morphosis into a pupa. Only when, in
the course of normal development, the
concentration of ecdysone in the tissues
of the larva begins to rise does further
differentiation take place; the larva then
advances to metamorphosis. Ecdysone
has been of especial interest to cell
biologists because it has been observed

ROOSTER TREATED WITH ESTROGEN (bottom) is compared with a normal rooster
(top). The signs of femaleness induced by estrogen include changes in comb and plumage.

PHOSVITIN

ALBUMIN

CONCENTRATION OF PROTEINS

N

A i
BOTTOM

|

TOP

ULTRACENTRIFUGE TUBE
ULTRACENTRIFUGE PATTERNS show that phosvitin, a yolk protein found only in hens,
is present in serum extracted from a bird that had been injected with estrogen (colored

curve) but not in serum from a bird used as a control (black curve). Each curve gives
the concentration of proteins as they are separated out of a mixture by an ultracentrifuge.
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to cause startling changes in the chro-
mosomes within the nuclei of the cells
affected by it. Studies of this kind are
possible in insects because the cells of
certain insect tissues have giant chromo-
somes that can easily be examined in
the microscope. These “polytene” chro-
mosomes develop in many kinds of dif-
ferentiated cell by means of a process
in which the chromosomes repeatedly
replicate but do not separate.

In some polytene chromosomes ge-
netic loci, or specific regions, have a
distended, diffuse appearance [see illus-
tration below]. Biologists regard these
regions, which have been named

“puffs,” as sites of intense gene activity.
Evidence for this conclusion is provided
by radioautograph studies, which show
that the puffs are localized sites of in-
tense RNA synthesis. In such studies a
molecular precursor of RNA is radio-

» .

“PUFF” ON A GIANT CHROMOSOME from the salivary gland of the midge Chironomus
tentans appears after administration of the insect hormone ecdysone. In the radioautograph
at left the round area at top center is a puff. The black dots result from the fact that the
midge was given radioactively labeled uridine, which is a precursor of RNA. The concentra-
tion of dots in the puff indicates that it is actively synthesizing RNA. In the radioautograph
at right is a chromosome from a fly that had been treated with actinomycin before receiving
ecdysone. No puff has occurred and RNA synthesis appears to be muted. The radioauto-
graphs were made by Claus Pelling of the Max Planck Institute for Biology in Tiibingen.
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actively labeled and after it has been
incorporated into RNA reveals its pres-
ence as a black dot in the emulsion of
the radioautograph. According to the
view of differentiation presented in this
article, different genes should be active
in different types of cell, and this ap-
pears to be the case in insect cells with
polytene chromosomes. In many differ-
ent kinds of cell-salivary-gland cells,
rectal-gland cells and excretory-tubule
cells—the giant chromosomes have a
different constellation of puffs; this sug-
gests that different sets of genes are
active, a given gene being active in one
cell and quiescent in another.

On the polytene chromosomes of in-
sect salivary-gland cells new puffs de-
velop as metamorphosis begins. This is
where ecdysone comes into the picture:
the hormone seems to be capable of
inducing the appearance of specific new
puffs. When a minute amount of ecdy-
sone is injected into an insect larva, a
specific puff appears on one of its sali-
vary-gland chromosomes; when a slight-
ly larger amount of ecdysone is injected,
a second puff materializes at a different
chromosomal location. In the normal
course of events the concentration of
ecdysone increases as the larva nears
metamorphosis; therefore there exists a
mechanism whereby the more sensitive
genetic locus can be aroused first. This
example of hormone action at the gene
level, which is directly visible to the in-
vestigator, seems to have provided some
of the strongest evidence for the regula-
tion of gene action by hormones. The
effect of ecdysone, which is clearly
needed for differentiation, appears to be
to arouse quiescent genes to visible
states of activity. In this way the specific
patterns of gene activity required for
differentiation are provided.

hat about nonsteroid hormones?

Here the overall picture is not as
clearcut. The effects of some hormones
are quite evidently due to gene activa-
tion, and yet other effects of the same
hormones are not blocked by the admin-
istration of actinomycin; a small sample
of these effects is listed in the illustra-
tion on the opposite page. As for the
hormonal effects that are quite definitely
not genetic, they fall into one of the
following categories.

(1) Some hormones act on specific
enzymes; for example, the thyroid hor-
mone thyroxin promotes the dissociation
of the enzyme glutamic dehydrogenase.
(2) Other hormones, for instance insulin
and vasopressin, act on systems that
transport things through cell mem-



EVIDENCE FOR HORMONAL ACTION

HORMONE

BY GENE ACTIVATION.

EVIDENCE THAT HORMONAL ACTION
IS CLEARLY INDEPENDENT
OF IMMEDIATE GENE ACTIVATION.

General stimulation of protein synthesis.
Stimulation of rates of synthesis of ribosomal

PITUITARY GROWTH HORMONE

RNA, transfer RNA and messenger RNA

within 90 minutes in liver.
Effect blocked with actinomycin.

Stimulates adrenal protein synthesis.

PITUITARY ACTH

Messenger RNA and total RNA synthesis

stimulated.

Promotes new messenger RNA synthesis
within 10 to 15 minutes of administration,
[ promotes stimulation of all classes of RNA

THYROXIN '

by 60 minutes.

Promotes increase in RNA-DNA polymerase
at 10 hours, later promotes general increase
| in protein synthesis.

Promotes 100 percent increase in rate of RNA
synthesis.

Causes striking change in messenger RNA
profile within 15 minutes of administration

INSULIN

to rat diaphragm,; effect blocked with

actinomycin.
Actinomycin-sensitive induction of
glucokinase activity.

VASOPRESSIN

SUMMARY OF EXPERIMENTAL EVIDENCE is given in table.

Facts indicating that hormones activate the genes (middle column)

branes; indeed, it is believed that both
of these hormones attach themselves
directly to the membranes whose func-
tion they affect. (3) Still other hormones
rapidly activate a particular enzyme;
phosphorylase, a key enzyme in deter-
mining the overall rate at which glyco-
gen is broken down, is converted from
an inactive form by several hormones,
including epinephrine, glucagon and
ACTH.

This does not alter the fact that many
nonsteroid hormones operate at the gene
level. Some of the best evidence for this
statement is provided by studies of sev-
eral hormones made by Chev Kidson
and K. S. Kirby of the Chester Beatty
Research Institute of the Royal Cancer
Hospital in London. They separately
injected rats with thyroxin, testosterone,
cortisone and insulin and then mea-

sured the synthesis of messenger RNA
by the rats’ liver cells [see illustra-
tion on page 41]. The most strik-
ing aspect of their measurements is
the extremely short time lag between the
administration of the hormone and the
change in the pattern of gene activity.
The activation of genes in the nuclei
of the affected cells occurs so quickly
that one is tempted to assume that it is
an initial effect of the hormone.

Here, however, we come face to face
with a basic problem that must be
solved in any attempt to explain the
exact molecular mechanism of hormone
action. The problem is simply that of
identifying the initial site of reaction in
a cell exposed to a hormone. Does a
hormone move directly to the chromo-
some and exert its effect, so to speak,
“in person”? As we have seen, aldoste-
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Steroid synthesis in isolated adrenal sections
is independent of RNA synthesis and is
insensitive to actinomycin D.

Causes isolated, purified glutamic
dehydrogenase to dissociate to the inactive
form.

Affects isolated mitochondria in vitro.

Actinomycin-insensitive increase in ATP
synthesis and in glucose transport into cells;
mechanism appears to involve insulin
binding to cell membrane, occurs at
0 degrees C.

Actinomycin-insensitive promotion of water
transport in isolated bladder preparation
under same conditions in which
aldosterone action is blocked by
actinomycin.

are compared with facts suggesting that hormonal action does not
entail the immediate activation of the genes (column at right).

rone does appear to enter the nucleus,
but there is little real evidence that
other hormones do so.

For many years biologists have been
looking for the “receptor” substance of
various hormones. The discovery that
hormones ultimately act on genes makes
this search all the more interesting. The
evidence presented here only goes as
far as to prove that an early stage in
the operation of many hormones is the
selective stimulation of genetic activity
in the target cell. The molecules of the
hormones range in size and structure
from the tiny molecule of thyroxin to
the unique multi-ring molecule of a
steroid and the giant molecule of a
protein; how these various molecules
similarly affect the genetic apparatus of
their target cells remains an intriguing
mystery.
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The Magnetic Field of the Galaxy

Its role may be to stiffen the arms of the galaxy and hold them

in place. etermining the polarization of incoming radiation
pl By det 2 the pol t . g radiat

radio telescopes have shown how the field is oriented in space

by Glenn L. Berge and George A. Seielstad

stronomers have recently begun to
A suspect that large-scale magnetic
fields play a major role in de-
termining the structure and evolution of
galaxies. Although these fields are ex-
ceedingly weak by terrestrial standards,
their presence may explain how the
arms of a spiral galaxy such as our own
can remain extended in space through
billions of years while the galaxy as a
whole makes many revolutions—perhaps
50 in the 10 billion years since it was
formed. Without the support of mag-
netic fields, or some other force, to
make them somewhat stiff the spiral
arms would be wrapped into a tight
knot after only a few revolutions of the
galaxy. Following clues first provided
more than a decade ago by optical tele-
scopes, radio telescopes have recently
traced out a highly oriented magnetic
field in our galactic neighborhood that
may provide the “backbone” of the
spiral arm in which the sun and its
planets are embedded.

The sun is situated about 30,000
light-years from the center of a galaxy
that has a radius of some 50,000 light-
years. If the sun had happened to be
located in the galactic nucleus, astrono-
mers might have faced a difficult task
in trying to decipher the galaxy’s struc-
ture. As it is the difficulties are great
enough. Vast clouds of interstellar dust
make it impossible to use optical tele-
scopes to map the detailed structure in
the plane of the galaxy much beyond a
few thousand light-years. Radio waves,
however, are not blocked by dust; hence
radio instruments have made it possible
to obtain a rather good general picture
of the galaxy’s structure. From these
studies and from photographs of other
galaxies that undoubtedly resemble our
own, our galaxy appears to be a fairly
typical “open” spiral with arms that
curve gently outward from the nucleus
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and make two or three turns before they
trail off into intergalactic space.

The first definite evidence for a ga-
lactic magnetic field was presented in
1949 by W. A. Hiltner of the Yerkes
and McDonald observatories and John
S. Hall of the U.S. Naval Observatory.
They reported independently that the
light from a number of stars exhibits a
high degree of linear polarization. This
means that if these stars are observed
through a polarizing filter—not unlike
the polarizing material in some sun-
glasses—the light will dim when the
filter is rotated to a certain angle. Hiltner
and Hall observed that the light from
stars near the plane of the galaxy was
usually polarized in a direction parallel
to this plane. (Electromagnetic radiation
consists of two mutually perpendicular
components, represented by an electric
vector and a magnetic vector, and is
propagated at right angles to these com-
ponents. In discussions of polarization
the direction of the electric vector is
used to specify the plane of polariza-
tion.) Hiltner and Hall made one other
important observation. They found that
whenever they detected stars with high-
ly polarized light, the light in the blue
portion of the spectrum had invariably
been filtered out by interstellar dust. It
was therefore almost certain that the
polarization they were observing was
due not to some property of the stars
themselves but to something lying in
the path taken by the light in reaching
the earth.

Two hypotheses were soon proposed
to explain the observations, one by Ly-
man Spitzer, Jr., and John W. Tukey of
Princeton University and the other by
Leverett Davis, Jr., and Jesse L. Green-
stein of the California Institute of Tech-
nology. Both hypotheses suggested that
the starlight is absorbed and scattered
by tiny but elongated interstellar parti-
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cles that are aligned by a magnetic field.
The mechanism of alignment and the
final results, however, are different in
the two hypotheses. In the Davis-Green-
stein picture, which is now generally
favored, each particle (containing a few
percent of iron) spins rapidly around its
short axis, which is aligned parallel to
the lines of force in the magnetic field
by the mechanism called paramagnetic
relaxation.

Before reaching these spinning parti-
cles the starlight is presumably un-
polarized. For purposes of visualizing
what happens, one can imagine that the
light consists of two independent and
equal components that are linearly po-
larized at right angles to each other. A
spinning elongated particle scatters and
absorbs the incident light in such a
way that it weakens the component of
the light whose electric vector is parallel
to the particle’s long axis. Hence the
light is polarized with its electric vector
parallel to the lines of force in the mag-
netic field [see top illustration on page
48]. Davis and Greenstein concluded
that the lines of force in the magnetic
field in the vicinity of the sun are paral-
lel to the galactic plane and have a fair-
ly uniform direction that might agree
roughly with the direction of the local
spiral arm. They estimated that the ob-
served amount of polarization would re-
quire a magnetic-field strength of per-
haps 10 to 100 microgauss in the vicinity
of the sun. A microgauss is a millionth
of a gauss, or about a millionth of the
earth’s magnetic-field strength near the
magnetic poles.

In 1953 Subrahmanyan Chandrase-
khar and Enrico Fermi of the University
of Chicago tried to determine the
strength of the galactic magnetic field
by two different methods. One method,
previously suggested by Davis, was to
find the field strength that would be



consistent with the observed differences
in the direction of polarization for stars
near the galactic plane. The other meth-
od involved a calculation of the mag-
netic-field strength needed to maintain
a spiral arm against the forces tending
to dissipate it. Both methods gave a
field strength that was slightly less than
10 microgauss, or just under the range
given by Davis and Greenstein.

Some further measurements of star-
light polarization were made, but no
important new results were provided by
optical methods. It was now up to the
newly emerging discipline of radio as-
tronomy to make its contribution to the
understanding of the galaxy’s magnetic
field.

Rldio astronomy offers one method of

directly measuring a magnetic field
as small as that expected for the galaxy.
The method involves the Zeeman ef-
fect, which occurs when a single emis-
sion line or absorption line of the elec-
tromagnetic spectrum is produced in
the presence of a magnetic field. The
Zeeman eftect will usually split the line
into three components: one unshifted in
frequency, one shifted slightly higher
in frequency and one shifted slightly

TWIN RADIO TELESCOPES, 90 feet in diameter, are the chief
instruments of the Owens Valley Radio Observatory operated
by the California Institute of Technology. The telescopes can be

lower. If the line originates in a mag-
netic field whose lines of force are di-
rected toward or away from the observ-
er, the line is split into two components
whose electric vectors rotate in opposite
senses. Such components are said to be
circularly polarized.

In 1957 John G. Bolton and J. P.
Wild, then working at Cal Tech, sug-
gested that Zeeman splitting might be
observed in the radio waves emitted
by hydrogen atoms in the interstellar
gas. This emission takes the form of
a narrow line with a frequency of 1,420
megacycles per second, equivalent to
a wavelength of 21 centimeters. The
amount of Zeeman splitting is propor-
tional to the strength of the magnetic
field. If the hydrogen line were emitted
in a field of 10 microgauss, the two
shifted components would differ in fre-
quency by about 30 cycles per second,
or one part in 50 million of the natural
line frequency.

The line emitted by interstellar hy-
drogen is usually far too broad for Zee-
man splitting to be detected. The rea-
son is that interstellar gas is generally in
disorderly motion, with the result that
the Doppler effect shifts the frequency
of emitted radiation upward and down-
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ward far more than the amount of Zee-
man splitting. Some hydrogen clouds,
however, that stand between us and cer-
tain strong celestial radio sources have
relatively small internal motions. The
hydrogen atoms in these clouds absorb
21-centimeter waves and give rise to ab-
sorption lines that have a width as nar-
row as 10,600 cycles per second. This is
still about 300 times greater than the
shift that would be produced by a 10-
microgauss magnetic field, but a useful
measurement of the Zeeman effect can
just barely be made. The technique is to
compare the radiation in each of the
two states of circular polarization at
the edge of an absorption line. If there
is any difference between the amount of
radiation polarized clockwise and that
polarized counterclockwise, it can be in-
terpreted as Zeeman splitting.

The experiment has now been carried
out in the U.S. and Britain with some-
what inconclusive results. The work
suggests that the general galactic field
has a strength of no more than a few
microgauss. It is possible, however, that
the magnetic field in the particular gas
clouds studied is not representative of
the general field in our local galactic
arm. Be that as it may, Zeeman splitting

moved on tracks to provide a variable-spacing interferometer. They
have been used by the authors to study the polarization of cosmic
radio waves and to obtain evidence on magnetic fields in the galaxy.
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POLARIZATION OF STARLIGHT is believed to occur because
stellar radiation impinges on tiny elongated particles that are
aligned by an interstellar magnetic field. The top illustration shows
the particles spinning with their short axes parallel to the field.
The bottom illustration shows the average orientation of the
grains as viewed by the observer. The plane of polarization of

FINAL ELECTRIC VECTOR

FARADAY ROTATION is produced when polarized radiation
passes through a medium containing a magnetic field and an ion-
ized gas (a gas containing electrically charged particles). Faraday
rotation will occur to some extent whenever the lines of magnetic
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5 6
starlight, assumed to be random initially, is represented by two
electric vectors (black arrows) at right angles to each other. When
the observer looks parallel to the magnetic lines of force, both
vectors are equally dimmed. When he looks at right angles to the
field, the particles dim the vertical component preferentially
so that the starlight appears to be polarized in a horizontal plane.

SYNCHROTRON
EMISSION

VUUUVUV

\%

force and the radiation intersect at any angle except a right angle.
If the field is directed away from the observer, the rotation is clock-
wise. Here the polarized radiation is synchrotron emission, which
is created when an electron spirals around a magnetic line of force.
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offers the only direct means of measur-
ing the strength of the magnetic field.
The other techniques for studying the
magnetic field, which we shall describe,
require certain special assumptions in
order to determine its strength.

]N/Iuch of the radiation observed by

radio astronomers is generated by
the synchrotron mechanism. When an
electron traveling at a speed close to the
speed of light describes its characteristic
helical motion around a line of force
in a magnetic field, it emits synchrotron
radiation. The radiation is sharply
beamed in the direction of the electron’s
motion, and it has a high degree of
linear polarization: the electric vector
is perpendicular to the magnetic line of
force [see bottom illustration on op-
posite page]. The frequency spectrum
of the radiation depends on the field
strength and the electron’s energy. The
synchrotron process is thought to be
responsible for the phenomenal amount
of power emitted by radio galaxies; it is
also believed to account for radio emis-
sion by the remnants of supernovae in
our own galaxy and for much of the
background radiation of the galaxy as a
whole.

It has now been established by radio
surveys that our galaxy has a large
“halo” in which synchrotron radiation
is generated, and that synchrotron ra-
diation is strongest in the plane of the
galactic disk. By using a rough estimate
of the energies of galactic electrons
(based on the energies of cosmic rays
impinging on the earth) it is possible
to calculate the magnetic-field strength
necessary to produce the observed ra-
diation. The calculated values are a few
microgauss for the radiation from the
halo and a few tens of microgauss for
the radiation from the disk. This meth-
od does not yield much information,
however, about the orientation of the
field.

The remaining methods we shall de-
scribe for studying the galactic magnetic
field depend on the polarization of
synchrotron radiation and what happens
to it between the time the radiation is
generated and the time it reaches radio
telescopes on earth. It is known that
when certain materials are placed in
the path of an electromagnetic wave,
the polarization characteristics of the
wave are altered. The particular case
that concerns us here is the Faraday
effect.

When a wave polarized in a given
plane passes through a region contain-
ing both an ionized gas (a gas contain-
ing electrically charged particles) and a
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WAVELENGTH SQUARED

DEPOLARIZING MECHANISMS reduce the amount of polarization that might otherwise
be observed in radiation produced by synchrotron emission. All involve the addition of
several electric vectors of different orientations. Synchrotron emission is characteristically
polarized with its electric vector (black arrows) perpendicular to the magnetic field (red
arrows) at its origin. In a the orientation of this magnetic field varies along the observer’s
line of sight. There is no Faraday rotation, however, because the fields are parallel to the
plane of the sky, hence perpendicular to the direction in which the radiation is traveling.
In b the magnetic-field direction, although constant, is not parallel to the plane of the sky,
so that there is a longitudinal component (Z) that produces more Faraday rotation in the
far emission than in the near emission. Diagram c illustrates that the electric vectors may
differ across the small patch of sky that is included within the beam of the antenna. Finally,
if the angle of rotation increases with wavelength, as in d, a receiver of wide bandwidth
will add together electric vectors of different orientations. Nothing can be done about the de-
polarization represented by a and b, but the effects represented by ¢ and d can be mitigated.
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VARIATION IN POLARIZATION WITH WAVELENGTH is shown for five strong radio
sources, as designated in the Third Cambridge Catalogue. 3C 273 and 3C 286 are power-
ful emitters known as quasars. Since the measurements refer to the rotation of a line the
maximum rotation that can be observed is 180 degrees. Rotations that increase with wave-

length in the counterclockwise direction are
rotations are shown in color. The slope of the

magnetic field in which the lines of force
are parallel to the direction in which the
wave is traveling, the plane of polari-
zation is rotated. The angle through
which the electric vector is rotated is
equal to the square of the wavelength
times a quantity that depends on the
medium that is causing the rotation.
This quantity is called the rotation mea-
sure; it is expressed in units of radians
per meter squared. If the magnetic field
and the density of negative electric
charges (electrons) are uniform along
the line of sight within the medium,
then the rotation measure is propor-
tional to the product of the line-of-sight
component of the field, the density of
electrons and the distance through the
medium. The rotation is positive when
the lines of force in the field are pointed
toward the observer and negative when
they are pointed away from the observer.
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positive and are shown in black; negative
line in each case is the “rotation measure.”

One expects the Faraday effect to occur
in interstellar space because, as we have
seen, this space contains a magnetic
field and ionized gas (mainly ionized
hydrogen). In fact, the observations
verify this expectation [sce illustration
above].

Since most of the galactic background
radiation, up to a frequency of at least
1,000 megacycles per second, is due
to the synchrotron mechanism, it was
no great surprise when attempts to
measure the polarization of the radia-
tion in the late 1950’s met with some
success. What is surprising, on first con-
sideration, is that the degree of polariza-
tion is so low. Whereas one would
expect synchrotron radiation to be gen-
erated with a linear polarization of 60
or 70 percent, the observations at a few
hundred megacycles per second indicate
no more than about 8 percent and much
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less in most regions of the galaxy. The
explanation is that there are several ef-
fects that tend to depolarize the radia-
tion.

The illustration on the preceding page
shows four ways in which depolariza-
tion can take place. In each case it oc-
curs because the observer adds together
samples of radiation that differ in the
orientation of their electric vectors. In
general, astronomical radio signals are
depolarized by a combination of all
these effects. In considering the linear
polarization of the galactic background
radiation it is the second effect—Fara-
day depolarization—that is of principal
interest.

Erge-scale surveys of the galactic
background polarization have been
conducted by three groups of radio as-
tronomers: the first at Leiden in the
Netherlands, the second at the Universi-
ty of Cambridge in England and the
third at the Radiophysics Laboratory in
Australia. Most of their observations
have been at a wavelength of 75 centi-
meters. They have found that over most
of the galaxy there is little polarized radi-
ation, and that the plane of polarization
is seemingly random. There are, how-
ever, a few spots where this is not true,
indicating less Faraday depolarization.

The Australian group, whose survey
includes parts of the galaxy not ac-
cessible to northern observatories, has
combined the results of the various
surveys and finds that 90 percent of
the polarized radiation comes from with-
in 25 degrees of the great circle that
passes through the galactic poles and
cuts the galactic plane at longitudes
of 160 degrees and 340 degrees. They
conclude that there is a large-scale mag-
netic field perpendicular to this great
circle; the field therefore cuts the galac-
tic plane at longitudes of 70 degrees and
250 degrees [sec top illustration on op-
posite pagel. This is in striking agree-
ment with the results obtained by ex-
amining the polarization of starlight
with optical telescopes.

The orientation of this magnetic axis
coincides very closely with the orienta-
tion of the spiral arm in which our
sun and solar system are presumed to
be embedded. In the coordinate sys-
tem used by astronomers the center of
the galaxy lies at zero degrees longi-
tude. If the galactic arm containing the
sun were not a spiral but simply a tube
concentric with the center of the galaxy,
it would form a 90-degree angle with
the line of zero longitude. Since the
arm is presumably spiraling outward
from the center, however, it would be



SYSTEM OF GALACTIC COORDINATES places the sun at the
center of a sphere. The direction to the center of the galaxy is
taken to be zero degrees longitude. Here the sphere is divided into
four quadrants keyed to the sense of rotation measures observed
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SENSE OF ROTATION MEASURES for 41 distant radio sources
is plotted with black dots to show positive rotation measures and
colored dots to show negative measures. Although not all the dots
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for distant radio sources. Color indicates the directions in which
the measures are predominantly negative; absence of color signi-
fies that the rotation measures are positive. The same color scheme
is repeated below in a flat representation of the galactic sphere.
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in each quadrant exhibit the same sense of rotation, the deviants
are generally near the boundaries. Most of the measurements
were made by David Morris, V. Radhakrishnan and the authors.
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MAGNETIC-FIELD CONFIGURATIONS that are consistent with a magnetic axis that
intercepts the galactic longitudes of 70 and 250 degrees might take any of these forms. The
view is a cross section through the galactic plane. In a the lines of force run in both direc-
tions at random. In b and c all the lines run one way. In the configuration actually observed
(d) the field above the plane runs predominantly opposite to that below the plane.
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expected to cut the zero-longitude line
at something less than a 90-degree
angle, and this agrees nicely with the
70-degree figure observed for the mag-
netic axis.

\V/Te shall now describe the method

that we have employed at Cal
Tech for examining the galactic mag-
netic field. This method confirms the
existence of a 70-to-250-degree mag-
netic axis and provides additional—and
surprising—information about the polar-
ity of the field. One would like to know,
for example, whether the field is “point-
ing” toward the 250-degree end of the
magnetic axis or toward the 70-degree
end.

In our studies, which have been con-
ducted in collaboration with David
Morris and V. Radhakrishnan, we have
used the twin 90-foot parabolic an-
tennas at the Cal Tech Owens Valley
Radio Observatory. Our objective has
been to measure the polarization of dis-
tant radio sources—chiefly extragalactic
sources—and to determine the Faraday
rotation produced when their radiation
passes through the medium of our own
galaxy. The observations are made at
wavelengths ranging from a few centi-
meters to a few tens of centimeters.

There is, of course, no way to de-
termine where Faraday rotation, if it
is detected, actually takes place. It
can occur in the source itself, in the
region between the galaxies, within our
galaxy or in all three places. The rel-
ative importance of the first two pos-
sibilities is almost unknown. Some ro-
tation is certain to occur in the source,
but its magnitude and sense may well
vary from point to point over the sur-
face of the source, so that there is little
rotation for the source as a whole. The
effect of the intergalactic medium is
uncertain because no one knows if it
contains either electrons or magnetic
fields. There is good reason to believe,
however, that the Faraday rotation ob-
served in our studies is produced almost
entirely within our own galaxy, and
chiefly within a few thousand light-
years of the sun.

In 1962 F. F. Gardner and ]. B.
Whiteoak of the Radiophysics Labora-
tory in Australia reported an apparent
correlation between galactic latitude
and the Faraday-rotation measures of
strong radio sources. In general, sources
at high latitudes exhibit a lower rota-
tion measure than sources at low lat-
itudes. The Cal Tech results show a
similar correlation. This was the first
evidence that our galaxy might be pro-
ducing a Faraday rotation in the radia-



tion arriving from distant sources. At
the time the number of sources observed
was not large enough to determine if
there was also a correlation with galac-
tic longitude.

Early last year, on the basis of a
much larger sample of rotation mea-
sures, our colleague Morris noted that
there was indeed a convincing correla-
tion with galactic longitude as well as
with latitude. Let us first consider the
sense (positive or negative) of the ro-
tation measures. The bottom illustration
on page 51 is a plot, in galactic coor-
dinates, of the sense of the available
measures. The most important feature
is that the sign of the rotation measures
changes at the galactic plane and also
at the longitudes of 160 degrees and
340 degrees. Thus the galactic sphere is
divided into four regions, two with posi-
tive rotations and two with negative.
Most of the sources whose sense of ro-
tation does not follow this rule are near
the boundaries of the regions.

The fact that the sense of Faraday
rotation changes at the great circle that
passes through longitudes 160 degrees
and 340 degrees coincides nicely with
the earlier observation that polarized
galactic radiation reaches a maximum
along such a circle. The change in di-
rection implies that the magnetic field
itself runs along a 70-to-250-degree axis
(as previously surmised) and that the
line-of-sight component of the field
changes its apparent direction at the
great circle that cuts 160 degrees and
340 degrees.

The change of sign at the galactic
plane is a completely unexpected result
and indicates that the field points in one
direction above the plane and in the
opposite direction below the plane. Be-
fore this finding one might have ex-
pected the field to point the same way
both above and below the plane. Or one
might have imagined a tangled field
consisting of a mixture of lines pointing
in opposite directions [see illustration
on opposite page].

We have sought to develop a simple

model for the structure of the mag-
netic field in the vicinity of the sun to
see if it would yield the rotation mea-
sures we have observed. In this model
all the Faraday rotation is assumed to
take place within two flat unbounded
disks, one above the other, whose top
and bottom surfaces are parallel to the
plane of the galaxy [see top illustra-
tion on this page]. The region of con-
tact between the two disks is near the
galactic plane but does not necessarily
coincide with it, nor with the plane

NORTH GALACTIC POLE

SOUTH GALACTIC POLE

GALACTIC DEPENDENCE OF ROTATION MEASURES can be represented by a model
consisting of two unbounded disks whose flat surfaces are parallel to the galactic plane. The
sun is located on the vertical axis at or near the center of the model. Within each disk the
magnetic field and electron density are assumed to be constant; rotation measures thus con-
form to the geometry of the disks and the direction of the magnetic field (colored arrows).

LOCATION OF THE SUN IN THE GALAXY is indicated in this highly schematic
diagram. The flattened cylinder represents the model shown in the illustration above. Since
it is unbounded the diameter shown here is arbitrary. The sun, which is contained within
the model, is approximately 30,000 light-years from the galactic center. It is thought that the
magnetic field (colored arrows) follows spiral arms of galaxy and helps to keep them rigid.
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ROTATION MEASURE NORMALIZED (RADIANS PER METER SQUARED)
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GALACTIC LATITUDE (DEGREES)
DEPENDENCE OF ROTATION MEASURES ON GALACTIC LATITUDE is plotted for
41 strong radio sources. The values have been adjusted to eliminate a consistent difference in
the amount of rotation exhibited by sources in the northern galactic hemisphere compared

with those in the southern hemisphere and to eliminate the predicted dependence on lon-
gitude. The continuous curve is the latitude dependence predicted by the authors’ model.
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ROTATION MEASURE NORMALIZED (RADIANS PER METER SQUARED)

160 100 40 340 280
GALACTIC LONGITUDE (DEGREES)

DEPENDENCE OF ROTATION MEASURES ON GALACTIC LONGITUDE is plotted for
the same 41 radio sources shown in the illustration at the top of the page. Again the values
have been adjusted to account for a consistent difference between rotation measures in the
northern and southern hemispheres and, in this case, to eliminate the predicted dependence
on latitude. The continuous curve is the dependence on longitude predicted by the authors’
model. Open circles represent radio sources within 10 degrees of the galactic plane;
solid dots represent sources that are more than 10 degrees away from the galactic plane.
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containing the sun. Within each disk
the magnetic field and electron den-
sity are assumed to be constant. In
the upper disk the field is directed to-
ward longitude 250 degrees; in the low-
er disk it is directed toward longitude
70 degrees. The model must ultimately
take into account the fact that rotation
measures at negative latitudes are sys-
tematically about 1.2 times larger than
those at positive latitudes. It is not ex-
pected that the model will be valid at
low galactic latitudes, where the radia-
tion passes through other spiral arms be-
fore reaching our telescopes.

With this model one can show that
the rotation experienced by linearly
polarized radiation depends on the path
it takes in reaching the earth. According
to the model the line-of-sight component
of the magnetic field depends in a
simple way on both galactic coordinates;
the path length through the disk de-
pends in a simple way on the galactic
latitude. Therefore the rotation measure
for a given source will have a direct
dependence on both its latitude and
longitude. The two illustrations at the
left show separately the latitude and
longitude dependence of the rotation
measures for 41 radio sources. The
solid curve in each plot is based on pre-
dictions made by the model.

I lmv successful are the model’s pre-

dictions? In general one sees that
the rotation measures exhibit the direc-
tional dependence expected for the
model. In particular the first plot indi-
cates that the rotation does occur in a
flattened structure. If the structure were
spherical, for example, the latitude
dependence would be much less pro-
nounced. It is obvious, however, that
there is a large scatter in the plotted
points. Some of it is no doubt due to
observational errors, and some of it may
be due to Faraday rotation in the
sources themselves and perhaps in inter-
galactic space. Some of the discrepan-
cies, on the other hand, must be real
and must represent the failure of a
simple model to include small-scale de-
viations in the magnetic field.

We see, then, how a variety of tech-
niques have helped to demonstrate the
reality of a magnetic field within a few
thousand light-years of the sun. Al-
though there is uncertainty about the
strength of the field, its general con-
figuration is reasonably well established.
The configuration is consistent with a
galactic structure in which the spiral
arms contain—and perhaps are sup-
ported by—a magnetic field that runs
parallel to their axes.
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an informative view in the viewfinder . . . autoradiographic emulsions for biology . ..
the proper way to make connections . . . magnetic advertising

For communication by color slides

There are many millions of amateur photographers, many
thousands of professional photographers, and ever-growing
numbers of other persons who need to use a camera profes-
sionally for communication with assemblies of colleagues.
Best current choice for the latter category is the Kobak

You see this needle center itself between
the brackets to indicate when your finger
has twirled exposure-setting ring to right
place for the light and the film.

Red signal appears here if you try to
set lens and shutter for combination that
does not fit exposure conditions.

Beneath the view you read what lens
aperture and shutter speed you are using.
If at the last moment you change setting
for either depth-of-field or stop-motion
considerations, the other parameter is
automatically compensated and you see
the new light-equivalent combination in
the little window.

RETINA Reflex TV Camera. It’s a pretty camera, but since you
are not likely to admit even to yourself that you could be in-
terested in it for its looks, we shall let you wait to see it and
manipulate it at your camera shop. Instead we devote the
illustration here to what is seen through the viewfinder.l

Diagonally split rangefinder field lets
you focus on either vertical or horizontal
macroscopic object without rotating cam-
era.

Over entire area of bright ground glass
you see focus of everything that will be
included in final mounted transparency—
no more, no less. (Focuses to 2 feet un-
adorned, 6 inches with close-up lenses,
and as close as the limits of optical
microscopy with microscope adapter kit.)

1 Assuming you are in the Chiriqui Province of the Republic of Panama and have
just spotted on a barbed wire fence man’s fellow-farmer, the mycophagous ant Ac-
romyrmex octospinosus going about its business of preparing the medium in which it
grows pure cultures of the vegetative stage of a presumed basidiomycete. The little
beast was moving fast enough to call for all the speed resources of the shutter.

Too perishable, too steep, too essential

Some products we are more pleased to sell than other products.
The pitifully perishable character and steep price per cubic
centimeter of liquid Kopak Nuclear Track Emulsions make a
wicked combination. Too bad they have turned out so essen-
tial to the conduct of fundamental research in the life sciences.
Originally, some decades ago, we thought the physicists were
going to be the principal customers for photographic materials
designed to pick up tracks of ionizing particles, but we were
wrong. Turned out that bubble chambers of liquid hydrogen
and spark chambers are much, much better for particle physics.
Sheer joy it is for us to furnish the film on which these bubble
tracks and sparks are imaged by lenses.

But biological scientists, who have a bit less need than high-energy
physicists to cluster together in huge establishments with huge budgets
and huge, highly specialized purchasing departments, are invited to
speak right up on their own for their requirements in autoradiographic
emulsions to Eastman Kodak Company, Special Applications, Roch-
ester, N. Y. 14650. We even have a new pamphlet for them.

Artwork for electronics

The following information will strike some as dull, some as
confusing, and some as useful enough to make partial amends
for often afflicting the reader with windy pseudo-intellectual
irrelevancies:

We have worked out the proper way to prepare “artwork”
economically for printed circuits connecting pad locations on
some standardized grid configuration. It employs KODAGRAPH
AvurtoposITIVE Film, Estar Thick Base, EA7, a product which

disposes for good and all of any lingering question about
dimensional stability.

First you prepare a single master negative that carries the
circuit-board outline, terminals, register and identification
marks, and all possible circuit pads. From this, working in
ordinary room light, you print photographically a stock of
artwork blanks. Whenever you want to make a new set of con-
nections, you take one of your blanks and lay down in tape or
ink on the matte back of the film blank whatever connections
you want. You see all the circuit pads as light blue, but the
camera that will reduce the circuit to its real size will see only
the pads you color red. No light table required. No register
problem because the whole layout, including the grid of pads,
is on the same piece of film.

All is spelled out in fine detail—even the formula for making up the
etch bath that leaves emulsion on the film base only where wanted—in
a pamphlet we call “Instant Artwork.” Free from Eastman Kodak
Company, Reprography Products Division, Rochester, N. Y. 14650.
Actually the method is not limited to printed circuits. It is useful for
all kinds of standardized charts. *‘Imagination is the main factor in its
versatility,” says our pamphlet. Whoever wishes to lift this unexcep-
tionable sentiment and apply it to his own product should feel free.

Truth on tape

“Some plain talk from Kodak about sound recording tape” is
the title of an item of propaganda obtainable free of charge
from Department 8, Eastman Kodak Company, Rochester,
N. Y. 14650. Learned readers who have dedicated more than
their leisure to magnetic tape may find the talk even a little
too plain. Others of a less critical disposition will learn much
about tape they didn’t know before, all of it true.

This is another attempt by Eastman Kodak Company to probe at random for mutual
interests and occasionally a little revenue from those whose work has something to do with science
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End of the Explosion?

major “demographic transition”
to lower birthrates is under way
in some high-fertility countries,
according to Ronald Freedman of the
University of Michigan Population
Studies Center. In his presidential ad-
dress in April to the Population Associ-
ation of America, Freedman went so
far as to predict that “a majority of the
world’s population will be living i
countries with declining fertility with-
in the next five to 10 years.” He said
the decline would not occur without
“organized and vigorous efforts” but
suggested that “fundamental social con-
ditions will bring forth the necessary
effort.” He also pointed out that none
of the previous fertility declines in the
West or Japan were studied in detail
as they occurred, nor has there ever
been an opportunity to learn how large-
scale planned programs can accelerate
the decline of the birthrate. He urged
his colleagues to enter on a broad pro-
gram of research to “study the condi-
tions and processes of the decline with
all the tools of modern social science.”
Reviewing the assumptions on which
his predictions were based, Freedman
said he would expect birthrates to de-
cline most rapidly in those high-fertility
areas where significant social changes
have occurred, where mortality has de-
creased, where people are trying to
limit the size of their families, where
there are social networks through which
new ideas can be disseminated, where
there are organized efforts to promote
family planning and where new contra-
ceptive methods are available. In Tai-
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wan, Korea and Hong Kong, he said,
these conditions are reasonably well ful-
filled; all three are experiencing fertility
declines of major proportions acceler-
ated by organized social efforts, and he
predicted large declines for each in the
near future (see “A Study in Fertility
Control,” by Bernard Berelson and Ron-
ald Freedman; SCIENTIFIC AMERICAN,
May, 1964).

As for other high-fertility parts of
the world, Freedman said that in Africa
conditions are not yet favorable and the
outlook for an overall decline is poor.
In Latin America as a whole a moderate
decline seems likely. In at least parts
of India and Pakistan conditions are
favorable, making moderate national
declines foreseeable within 10 years.
In the case of mainland China, Freed-
man said, speculation is “perilous, fool-
hardy and necessary,” since “we are
talking about 20 to 25 percent of the
world’s population”; evidence of an im-
proved public health network and of
government interest in family limitation
indicates a moderate decline there too.

Whether or not his predictions turn
out to be correct in every particular,
Freedman said, it is clear that signifi-
cant changes in fertility will be occur-
ring within the next generation under
varying conditions in different countries.
It is important to study the social
and demographic processes of fertility
changes. In fertility control, he noted,
large-scale experimental studies are both
feasible and ethical, and he called for
cooperation between social demogra-
phers and family-planning “activists” to
combine research with action programs.

The Three-Base Code Confirmed

For the first time synthetic molecules

of deoxyribonucleic acid (DNA) have
been employed to guide the test-tube
synthesis of polypeptide molecules. In
the living cell polypeptides, which are
built up from amino acid molecules,
form the principal chains in the struc-
ture of proteins. The plan of each poly-
peptide chain is embodied in a linear
sequence of the units known as bases
in a giant molecule of DNA. Each of the
20 kinds of amino acid molecule is rep-
resented in DNA by a specific sequence
of bases. The cell-free test-tube experi-
ments were carried out by H. Gobind



THE CITIZEN

Khorana and his associates at the Uni-
versity of Wisconsin; the results were
reported at the recent annual meeting
of the Federation of American Societies
for Experimental Biology.

The work of Khorana’s group supplies
definitive answers to three questions
about the way the DNA code is trans-
lated into a polypeptide chain. It is now
shown that each amino acid is repre-
sented in DNA by a sequence of three
bases, that the three-base code is strictly
sequential and does not overlap and
finally that there is no “punctuation”
between three-base code “words.” There
was considerable evidence prior to the
Wisconsin work that the code had this
form, but other possibilities had not
been ruled out. For example, one could
imagine a complex coding system made
up of a mixture of two-base and three-
base code words, or even systems in
which the last base of one code word
was the first base of the next. Khorana’s
experiments do not bar the possibility,
however, that the code includes some
kind of “period,” or full stop, to indi-
cate the completion of one polypeptide
chain and the beginning of another.
Some such punctuation would seem to
be needed, because each DNA molecule
in a living cell normally embodies the
instructions for many different polypep-
tide chains.

Khorana’s associates in developing the
experimental techniques were David S.
Jones, T. M. Jacob, Susuma Nishimura
and R. D. Wells. In studies of poly-
peptide synthesis this group was aug-
mented by Rolf Lohman, Dieter Soell,
Eiko Ohtsuka and Hikoya Hayatsu.

Ultimate Prohibition

A belief widely held and frequently
put into medical practice is that
a modest dose of ethyl alcohol (“grain”
alcohol) will cause the blood vessels to
dilate, thus lowering the work load of
the heart. On investigation this com-
forting idea appears to be totally un-
true. Within the past few months two
separate studies have been completed
that indicate that the effect of ethyl
alcohol is to increase the work load of
the heart.
The first to draw this unhappy con-
clusion were Watts R. Webb of the Uni-
versity of Texas Southwestern Medical
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School and 1. U. Degerli of the Uni-
versity of Mississippi School of Medi-
cine. They had tested the effect of or-
dinary laboratory ethyl alcohol and
bonded bourbon on the circulatory sys-
tems of a group of dogs. They found
that in all the dogs, even those receiving
slight doses of alcohol, coronary flow de-
creased. In those animals receiving large
doses, blood pressure increased signifi-
cantly and the work involved in each
heartbeat almost doubled. The type of
ethyl alcohol administered did not alter
the effects.

The results of a similar study made
with human subjects were reported at a
recent meeting of the American Associa-
tion of Physicians. Timothy J. Regan,
spokesman for a group of investigators
at the New Jersey College of Medicine
in Jersey City, described experiments in
which the consumption of six or seven
shots of whisky over a period of two
hours resulted in a 25 percent decrease
in the force of contraction of the heart.
Regan also described evidence indicat-
ing that the hearts of human alcoholics
tend to pump less forcefully and adjust
to extra work loads less efficiently than
the hearts of nonalcoholics.

Last Whales

he whaling industry’s inability to at-

tain its own quota of kills in the
current season lends ominous weight to
predictions by marine biologists that
the whale populations of the world are
in danger of imminent extinction. The
blue whale, largest of all animals and
long the mainstay of the whaling fleets,
has greatly diminished in numbers in
recent years; it is now nominally under
full protection, but the annual catch
of the world’s three whaling nations is
still reported in “blue whale units.” One
such unit is made up of smaller whales,
for example two fin whales or six sei
whales.

Last year, ignoring the recommenda-
tion of scientific advisers to the United
Nations” International Whaling Com-
mission that the season’s catch be cut
to 4,000 blue whale units, Norway, the
U.S.S.R. and Japan instead set them-
selves a combined quota of “not more
than” 8,000 units. Although their 15
fleets combed the southern oceans from
December, 1964, to April, 1965, the
total kill was no more than 7,065 units,
consisting of 7,000 fin whales and more
than 20,000 sei whales. In comparison
the kill in 1960-1961 had included
27,000 fin whales and 4,000 of the less
desirable sei whales.

It is estimated that only 36,000 fin
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whales and 47,000 sei whales now re-
main; the number of surviving blue
whales is unknown. Marine biologists
predict that, unless an annual quota of
no more than 2,000 units is promptly
established, these declining whale popu-
lations will soon follow the overhunted
passenger pigeon along the irreversible
road to extinction. They also agree that
the whaling industry will not be in-
fluenced by their prediction.

The Spin of Mercury

]{udio astronomy continues not only to
explore the far reaches of the uni-
verse but also to provide new informa-
tion about objects near at hand. Recent
observations with the 1,000-foot fixed
radio telescope in Puerto Rico show
that, contrary to what had been thought,
the planet Mercury rotates at a rate
different from its rate of revolution
around the sun. When both rates are
synchronous—as in the case of the
moon’s 28-day rotation and revolution
around the earth—a smaller body or-
biting around a larger one always pre-
sents the same side to the larger body.
Measuring Doppler shifts in radio
echoes from Mercury, Gordon H. Pet-
tingill and Rolf H. Dyce of Cornell
University found that the planet rotates
once every 59 (plus or minus five) days.
Mercury orbits the sun once every 88
days; a full day on the planet—corre-
sponding to 24 hours on earth—is there-
fore completed every 180 days or in a
little more than two of its years. Mer-
cury’s rotation, like that of most planets
in the solar system, is counterclockwise
with respect to a view from above its
north pole; the exception, as other ra-
dio astronomy studies have shown, is
Venus, which rotates slowly in a clock-
wise direction.

Still-earlier Life

ero hydrocarbon molecules that are

synthesized only by living organisms
have been identified in rock specimens
from a geological formation no less than
2.5 Dbillion and possibly three billion
years old. The discovery, involving the
use of refined microchemical techniques
by a group headed by Melvin Calvin at
the Lawrence Radiation Laboratory of
the University of California at Berkeley,
extends the history of life on earth by
at least half a billion years.

The members of the Berkeley group
report in Nature that they have extract-
ed pristane and phytane, two hydrocar-
bons that retain their characteristic
chemical structure even after prolonged

© 1965 SCIENTIFIC AMERICAN, INC

exposure to heat and pressure, from the
carbon-rich rock of the Soudan Forma-
tion in Minnesota. Phytane is a deriva-
tive of phytol, one of the components of
chlorophyll. The history of pristane is
less clear-cut: it is a common constituent
of modern marine organisms but may
also be a breakdown product of chloro-
phyll. Although none of the organisms
that produced these hydrocarbons are
preserved as fossils in the rock, the
Berkeley investigators speculate that
they may have been plants rather like
today’s primitive blue-green aquatic al-
gae. The earth’s earliest known fossils
are similar alga-like organisms preserved
in the two-billion-year-old Gunflint
cherts of Ontario.

The same pair of biological markers
may soon prove that life arose on earth
in the even more distant past: Calvin
and his associates plan to search for
pristane and phytane in South African
rocks that were formed 3.4 billion years

ago.
Death by Radiation

rI“he first known industrial accident in-
+ volving lethal exposure to a burst
of ionizing radiation occurred in a
Rhode Island uranium-recovery plant in
July of last year; clinical details were
published recently in The New England
Journal of Medicine by Joseph S. Karas
and John B. Stanbury. A worker who
had improvised a batch method for pre-
cipitating small amounts of uranium
from atomic-plant waste solutions un-
wittingly emptied a solution of uranium
highly enriched with U-235 into a tank
two feet in diameter. As the tank filled,
the configuration necessary for a self-
sustaining fission reaction was reached;
the solution boiled up violently, emitting
a massive shower of neutrons and gam-
ma radiation and also splashing the
worker. He received an instantaneous
whole-body dose of radiation estimated
at 8,800 rads (one rad equals 100 ergs
of radiation energy per gram of tissue),
or from 10 to 20 times lethal dosage.
On arriving at a hospital two hours
later the victim was running a low fever
and complained of severe abdominal
cramps, headache and thirst. Gamma-
ray spectrometer analyses of blood and
urine specimens showed that the neu-
trons had induced radioactivity in some
of the sodium and phosphorus content
of his body. Blood pressure, vision and
reflexes were normal. Four hours after
admission the patient’s blood pressure
dropped severely and medication was
required to restore it to a functional
level. At the end of eight hours, al-
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though his temperature had reached
102 degrees Fahrenheit and his left
hand and forearm—the parts of his body
that had been nearest the tank—were
swollen and red, the patient was alert
and reported that he felt well.

Thirty-six hours after the accident
redness and swelling had extended to
the patient’s upper left arm and face,
his pulse rate had risen and medication
to maintain blood pressure was proving
decreasingly effective. A specimen of
bone marrow taken at this time showed
disruption of the cells; a rise in uric
acid and decay products in the blood
provided evidence of additional cell
destruction in the body. Eight hours
later the patient’s blood pressure could
no longer be maintained; he died 49
hours after the accident. The immediate
cause of death was failure of circula-
tion, apparently induced by the toxic
by-products of radiation-destroyed cells
throughout the body. The victim was
the fifth known peacetime casualty from
massive exposure to radiation; three of
the first four accidents occurred in Atom-
ic Energy Commission facilities and the
fourth in a Yugoslavian laboratory.

The Cable of Collagen

he detailed three-dimensional archi-

tecture of collagen, the most abun-
dant protein in the human body, has
been mapped in the laboratory of Alan
J. Hodge of the California Institute of
Technology. The results of this study
help to explain why collagen fibers are
so strong. Collagen forms a tough mesh
in skin, provides resilient cables in ten-
dons and acts as reinforcing rods in
bone.

The Cal Tech work reveals that the
collagen molecule resembles a three-
strand rope in which each strand con-
sists of a polypeptide chain, a struc-
ture whose building blocks dre amino
acid molecules. Each strand is in the
form of a left-handed helix, and the
three together are wrapped into a right-
handed superhelix. The strands are held
side by side along their length by hydro-
gen bonds.

The polypeptide chains in the colla-
gen molecule are of two types. Two of
the chains consist of five subunits linked
end to end; the third consists of seven
shorter subunits. The lengths of the
subunits are such that seven of the
shorter subunits have the same total
length as five of the longer subunits.
In fact, the molecule is defined as a
stretch of collagen fiber that embodies
this five-seven module in a helix of 35
turns. The shorter subunits are built up

from about 150 amino acid molecules
and the longer subunits from about 210.
The sequence of specific amino acid
units in each kind of subunit has not
been determined, but the longer sub-
units are chemically very similar, if not
identical; the shorter subunit is distinct-
ly different. In both kinds of subunit,
however, glycine—the smallest of the
20 varieties of amino acid molecule—
appears in every third position. As a re-
sult of this periodicity the three strands
of the molecule fit snugly together.

The precision of architecture extends
to the way in which individual collagen
fibers, consisting of many molecules
joined end to end, are aligned side by
side in skin or in other connective tissue.
The neighboring fibers are systematical-
ly displaced to form an offset pattern
like that in a brick wall. In addition
there is a small space (about a seventh
of the length of a collagen molecule) be-
tween adjacent fibers. In bone this space
is filled with calcium phosphate, which
acts like the concrete in reinforced con-
crete.

An important technique in unravel-
ing the molecule’s architecture was de-
vised several years ago in the laboratory
of Francis O. Schmitt of the Massachu-
setts Institute of Technology. Schmitt
and Hodge, who was then at M.LT.,
discovered that if a tissue made up of
collagen fibers was dissociated, the fi-
bers could be induced to re-form in
alignment rather than in overlapped
fashion. When they are so aligned, the
molecular features are in register and
show up clearly as cross-striations in
electron micrographs. In his recent work
Hodge was assisted by Allen J. Bailey,
John H. Fessler and John A. Petruska..

Coherent Matter Waves

Al ingenious but simple experiment

has recently confirmed in a new
way what physicists have long suspect-
ed: there is a basic similarity between
the superconductivity observed in cer-
tain metals near absolute zero and the
superfluidity that occurs in liquid heli-
um below 2.19 degrees Kelvin (degrees
centigrade above absolute zero). Super-
conductivity represents the frictionless
flow of electric charge; superfluidity
represents the frictionless flow of mat-
ter. Both are thought to be macroscopic
evidence for the existence of matter
waves, which are postulated by quan-
tum mechanics to explain the behavior
of matter on the atomic and subatomic
scale. Recent theories suggest that in a
superconducting metal and in super-
fluid helium these matter waves become
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coherent in a large volume of material,
that is, they have the same frequency,
amplitude, phase relation and direction.
Thus they produce effects observable on
a comparatively large scale.

In 1962 B. D. Josephson of the Uni-
versity of Cambridge pointed out that
the matter waves in a mpewonductox
should oscillate at a frequency related
to the voltage of the direct current it
carried. This could be tested, he pro-
posed, if two superconductors held at
different voltages were connected by a
weakly superconducting bridge, in
which case there should appear in the
bridge an oscillating current whose fre-
quency was related to the oscillations in
the adjoining superconductors. Since
the effect would be weak, Josephson
proposed that it might be observed by
a trick: if an oscillating electromagnetic
signal were applied to the bridge, the
properties of the bridge would change
abruptly when the frequency of the
impressed signal exactly matched the
frequency created by the matter waves
in the two superconductors. Using this
stratagem, S. Shapiro, who was then
working at Arthur D. Little, Incorpo-
rated, was able to observe the Josephson
effect.

The analogue of the Josephson effect
in superfluid helium has now been ob-
served at the Bell Telephone Labora-
tories by Paul L. Richards and Philip
W. Anderson. In their experiment liquid
helium is allowed to flow from a high-
level reservoir into a low-level reservoir
through a pinhole orifice in the bottom
of the second reservoir. Theory pre-
dicts that the matter waves in the two
reservoirs will oscillate at different fre-
quencies proportional to the head of
liquid helium in each. It is further pre-
dicted, in analogy with the Josephson
effect, that the flow through the orifice
will contain an alternating component
related to the difference in heads.

In order to detect the alternating
component, Richards and Anderson
placed a small ultrasonic vibrator below
the orifice in the low-head reservoir.
The vibrator generated another alter-
nating flow of liquid helium through
the orifice. This impressed oscillation
could be expected to interfere in a pre-
dictable way with the superfluid flow
through the orifice. In fulfillment of this
prediction the flow through the orifice
was observed to halt at intervals, pro-
ducing a flow curve with a series of reg-
ularly spaced steps. Richards and An-
derson interpret this result as showing
that the matter-wave fields in the two
reservoirs are coupled in phase and are
therefore coherent.
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CHEMICAL FERTILIZERS

In a world that is obliged to produce more food, enriching the soil

with elements that are needed for plant growth 1S a major concern.

What are these elements and how can they be artificially supplied?

hatever estimate one accepts
of the increase of the human
population in the finite future,

or whatever estimate of how long it will
take to bring this increase under con-
trol, it is clear that the present rate of
increase is alarmingly high. Three cen-
turies ago the number of people in the
world was probably about 500 million;
now it is more than three billion, and
if the current rate of increase holds, it
will be six billion by the end of the cen-
tury and millennium. In some underde-
veloped areas, where the rate is highest,
the Malthusian prediction that popula-
tion would eventually outrun food sup-
plies seems close to reality.

Clearly mankind faces a formidable
problem in making certain that future
populations have enough to eat. Doubt-
less a partial solution lies in improved
technology, which has already done so
much to keep the food supply abreast of
population, and in the spread of existing
technology from the developed to the
underdeveloped countries. It should also
be possible to bring some new areas
under cultivation or grazing, but the
opportunities in that direction appear to
be limited. Even though only about 2.4
billion acres, or approximately 7 percent
of the earth’s land area, are used for
crop production in any one year, most
of the unused land is too dry or too
cold for agriculture or is in some other
way unsuitable. Neither extensive clear-
ing of forests nor large-scale cultiva-
tion of tropical lands offers as much
promise as one might think, because
much of the soil in such regions is
lateritic and turns hard as the result of
an oxidizing effect when it is put to the
plow [see “Lateritic Soils,” by Mary
McNeil; ScienTiFic AMERICAN, Novem-
ber, 1964].

With huge amounts of capital and
carefully planned projects it would be
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possible to create much new cropland by
vast undertakings of irrigation, drain-
age and other kinds of reclamation.
Even if such projects were launched,
however, they would take decades to
complete. It seems more feasible to look
to shorter-range ventures, particularly
in those developing areas where famine
is an imminent threat.

Of all the short-range factors capable
of increasing agricultural production
readily—factors including pesticides, im-
proved plant varieties and mechaniza-
tion—the largest yields and the most
substantial returns on invested capital
come from chemical fertilizers. The ap-
plication of these substances to under-
fertilized soils can have dramatic re-
sults. In a typical situation the ratio of
the extra weight of grain produced per
unit weight of nutrients applied can be
as high as 10 to 1. To put it another
way, an investment of this kind alone
can quickly produce increases in crop
yields of 100 to 200 percent.

Today some 30 million tons of the so-
called primary nutrients—nitrogen, phos-
phorus and potassium—are annually sup-
plied to world agriculture by chemical
fertilizers. This amount is hardly ade-
quate, for reasons I shall discuss. More-
over, crop yields diminish in propor-
tion to the amount of fertilizer applied.
Therefore it can be estimated that a
population of six billion in the year 2000
will require at least 120 million tons of
primary nutrients. An increase of 90
million tons of nutrients for three billion
more people means that 60 pounds of
primary nutrients will be needed to help
sustain each additional person for a
year. This is equivalent to about one
100-pound bag of modern high-analysis
chemical fertilizer.

Stated in such a way, the amount of
effort required to supply the additional
fertilizer may seem modest. Actually
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the expansion of capacity required is
enormous; achieving it may well become
a major preoccupation of technology.
Fortunately processes for manufactur-
ing the needed substances are already
well established on a large scale and are
capable of rapid expansion, provided

CHEMICAL FERTILIZER is meticulously
placed on a field in Oklahoma by a spreader



that enough capital is made available
and the necessary priorities are given.
Considering all these factors, it is ap-
propriate to review briefly the fertilizer
situation: how plants utilize nutrients,
how chemical fertilizers came into use,
how they are manufactured, how they
are best applied and how the increasing
demand for them can be met by chemi-
cal technology.

Plants and Nutrients

A growing plant requires most or all
of 16 nutrients, nine in large amounts
and seven in small. The former are
sometimes called macronutrients, the
latter micronutrients. Most plants obtain
three of the macronutrients—carbon, hy-
drogen and oxygen—from the air and
all the other nutrients from the soil. (A
few species, such as clover, are able to
fill their nitrogen needs from the air.)
The primary soil macronutrients—nitro-
gen, phosphorus and potassium—are the
N, P and K often seen on bags of fertil-

N
a |

skt ol e of
”M-;q.-'-"""

‘ 3

i

’ MM.‘
——

i

LR

34 feet wide. The spreader is of the “drill” type, meaning that it
lays fertilizer in precise rows instead of broadcasting it generally

izer; they are also the substances repre-
sented by the set of three figures, such
as 10-12-8, that normally designates the
nutrient content of a fertilizer. Usually
these figures respectively denote the
percentage in the fertilizer of total ni-
trogen (N), of phosphorus pentoxide
(P»Oj, often called phosphoric acid or
phosphate) in a form available for use
by plants and of water-soluble potassium
oxide (K,O, usually called potash).
The three other soil macronutrients—
calcium, magnesium and sulfur—are of-
ten called secondary. Agricultural lime,
limestone and dolomite, which are used
to correct soil acidity, also serve as
sources of calcium and magnesium. Sul-
fur deficiencies can be remedied by cer-
tain commercial fertilizers. The seven
micronutrients, which are sometimes
added in traces to fertilizers provid-
ing one or more of the primary nu-
trients, are boron, copper, iron, man-
ganese, zinc, molybdenum and chlorine.
The growth of plants is a highly com-
plicated process that is far from fully

understood. For the purposes of this
article it is enough to say that the usual
path of mineral nutrients from the soil
to the plant is from the solid particles
of soil to the water in the soil and
thence into the root. The actual transfer
of nutrients from soil to root involves
the movement of mineral ions. These
ions are contained mostly in the soil
water, but some of them are adsorbed
on solid soil particles.

It follows that nutrients must be in
ionic form or capable of transformation
to ionic form by soil processes if they
are to be of any value to the plant.
Hence it is not necessarily a lack of
minerals in a soil that causes plants to
show signs of nutrient deficiency; the
problem can also be that tne nutrients
are not in a form readily available to
the plant. For example, it is quite pos-
sible for crops to starve in soils that are
amply supplied with phosphorus and
potassium if these nutrients are insol-
uble in water or plant juices. Essentially
what the chemical fertilizer industry
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over the field as would be done by other types of spreaders. Care-
ful placing is often important for economic or nutritional reasons.

63



does, in addition to converting inert
nitrogen from the air into soluble salts,
is employ processes to “open” the mole-
cules containing the vital nutrients so
that these molecules form soluble salts
that plants can assimilate readily.

One can best grasp the need for min-
eral nutrients in agriculture by taking
account of the nutrients that are re-
moved from the soil by cropping and
grazing. A ton of wheat grain is equiva-
lent to about 40 pounds of nitrogen,
eight pounds of phosphorus and nine
pounds of potassium. If the straw,
husks, roots and other agricultural
wastes of such a crop are not returned
to the soil, they represent additional
large losses of nutrients. A ton of fat
cattle corresponds to a depletion of
about 54 pounds of nitrogen, 15 pounds
of phosphorus, three pounds of potas-
sium and 26 pounds of calcium. Such
rates of removal will quickly exhaust a
typical soil unless the losses are made
up by regular additions of suitable
fertilizer.

[ ] No DATA
LESS THAN 25

| 25-150

B 000

B VORE THAN 300

USE OF CHEMICAL FERTILIZERS is shown according to data
assembled by the Food and Agriculture Organization of the United
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Equivalent additions of fertilizer,
however, are not really enough. There
are other factors to be taken into ac-
count, and they explain why the present
consumption of fertilizers is barely ade-
quate. Nutrients are leached from soils
by the flow of water; moreover, they are
fixed in forms not readily available to
plants. As a result of such losses the
proportion of soil nitrogen and phos-
phorus utilized by a crop is rarely more
than 75 percent. In some instances the
utilization of phosphorus is as low as
10 percent.

Even allowing for losses, the in-
creased crop value resulting from the
proper application of fertilizer can be
substantial. On a poor soil the gain can
approach 10 times the cost of the ma-
terial applied. Where the soil is good
and the crop yields are high the gain
from fertilizing is more likely to be
three to five times the cost of the fer-
tilizer. Because of this diminishing re-
turn there eventually comes a point at
which the additional yield no longer
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justifies the cost of the corresponding
extra fertilizer. There is also an agro-
nomic reason for avoiding the overappli-
cation of fertilizer: ultimately a point
can be reached at which the high con-
centration of nutrient salts in the soil
can damage the plants.

The Evolution of Fertilizers

Long before men began to write his-
tory they knew about the effects of
organic, or natural, fertilizers on grow-
ing plants. The effects must surely have
been evident in the relatively lush
growth induced by animal droppings
and carcasses. Eventually farmers began
to collect dung and apply it to crops.
The first English settlers in North Amer-
ica reported that the Indians substan-
tially increased their yield of maize by
burying a fish with each seed they plant-
ed. In medieval times farmers in Europe
had commonly undertaken to grow ni-
trogen-converting legumes such as clo-
ver and to rotate crops in order to

Nations. Figures give average consumption of fertilizer in metric
tons per 1,000 hectares of arable land, defined as land planted to



maintain soil fertility. By the early 19th
century the use of farm manure, blood,
bones, animal wastes and Peruvian
guano became widespread, particularly
in England, where the Industrial Revo-
lution had brought about a rapid expan-
sion of population and a simultaneous
movement of workers from the land to
the manufacturing towns. For a time it
appeared that the limited supply of or-
ganic fertilizer would be insufficient to
meet the rising demand for food in the
industrializing countries; it is said that
even human bones from the battlefields
of Europe were recovered, crushed and
used as plant foods.

Although the use of organic fertilizers
was well established by the 19th cen-
tury, the basic reasons for their effec-
tiveness were not understood. This lack
of knowledge hampered the discovery
of alternative substances that could re-
lieve the pressure on the limited supply
of organic matter. Another obstacle was
the passionate belief held by many that
organic materials had special fertiliz-

crops, in temporary use as meadow for mow-
ing or pasture, or temporarily lying fallow.

ing properties not shared by inorganic
substances. Even after the Swiss chem-
ist Nicolas de Saussure demonstrated in
1804 that plants can grow luxuriantly
on carbon and oxygen from the air and
mineral nutrients from the soil, strong
feelings about organic fertilizers per-
sisted. (Today the view is still some-
times expressed that organic fertilizers
possess inexplicable virtues unrelated to
their content of primary nutrient. Such
materials—manure, sewage sludge, com-
post and the like—are indeed valuable
as conditioners of soil and as minor con-
tributors of plant nutrients, but there is
not nearly enough organic material to
meet present needs, let alone those of
the future.)

Gradually the advances of chemistry
revealed the processes of plant nutri-
tion and pointed the way toward the
substitution of chemical fertilizers for
organic fertilizers. In some instances the
process was very slow. Nitrogen, for
example, was recognized as an impor-
tant plant nutrient in manures and other
organic matter long before anybody un-
derstood the complex cycle by which
unreactive atmospheric nitrogen is con-
verted by legumes and soil bacteria into
ammonia and soluble nitrogen salts. By
the time the process was understood,
early in this century, conditions were
ripe for a rapid evolution of industrial
replacements for organic nitrogen in fer-
tilizer. For one thing, ammonia in the
form of ammonium sulfate had become
available as a by-product of coal-gas
works. For another, mine operators in
Chile had begun large-scale production
and export of sodium nitrate for use in
explosives and other chemicals. As a re-
sult of their availability these salts rapid-
ly overtook organic nitrogen as an in-
gredient of fertilizer. The speed of the
transformation is indicated by the fact
that the proportion of organic nitrogen
materials in fertilizers used in the U.S.
fell from 91 percent in 1900 to 40 per-
cent in 1913.

Chilean nitrate was not to hold its
position for long. A prolonged effort
to synthesize ammonia by combining ni-
trogen with hydrogen succeeded at last
in 1910, when the German chemist Fritz
Haber found that the reaction would
proceed at high pressure (at least 3,000
pounds per square inch) and in the pres-
ence of osmium as a catalyst. The
achievement gave rise to a revolution in
chemical fertilizer technology. In 1913
Haber and Karl Bosch, having worked
out many difficult engineering problems,
designed a commercial plant that soon
produced 20 tons of ammonia a day.
The requirements of the two world wars
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made ammonia available on a large
scale, together with such derivatives as
ammonium nitrate and urea. These com-
pounds in time largely replaced Chilean
nitrate as a source of nitrogen and also
reduced the proportion of fertilizers
containing organic nitrogen to a few
percent of total fertilizer consumption.

Phosphorus moved from the organic
to the chemical stage in fertilizer sooner
than nitrogen but by a similarly slow
process. The first association of phos-
phorus with bones was made by the
Swedish mineralogist and chemist Johan
Gottlieb Gahn in 1769. It took until
1840, however, for chemistry to ad-
vance to the stage where it was possible
to recognize that phosphorus was the
key ingredient in the bone manure that
had come into wide use. In that same
year the great German chemist Justus
von Liebig, who is regarded by many
scholars as the founder of agricultural
chemistry, put forward the thesis that
the action of sulfuric acid on bones
would make the phosphorus in the
bones more readily available to plants.

This idea was promptly developed in
England, where the need for additional
sources of fertilizer was acute. In 1842
John Bennet Lawes, a wealthy farmer
and industrialist who spent many years
Conducting agricultuml experiments on
his estate at Rothamsted, obtained a
patent covering the treatment of bones
and bone ash with sulfuric acid to make
an improved phosphorus-containing fer-
tilizer. Significantly he included “other
phosphoritic substances” in his patent,
indicating that he foresaw the role of
minerals as sources of phosphate. With-
in 20 years the production in Britain of
“chemical manures” made from sulfuric
acid, local coprolites (fossil manures)
and various phosphatic minerals had
risen to a level of 200,000 tons a year.
The phosphate fertilizer industry, thus
firmly established, spread rapidly to
other countries. Toward the end of the
19th century slag removed during the
production of iron and steel from high-
phosphate ores became another major
source of phosphorus for agricultural
purposes in Britain and Europe, where
even now several million tons of “basic
slag” are used annually as a phosphate
fertilizer.

As for potassium, the benefits of add-
ing wood ashes (“pot ash”) to the soil
must have been recognized in ancient
times. By early in the 19th century the
progress of chemistry was sufficient for
a start to be made in the use of potas-
sium chloride deposits in Germany and
France as sources of potassium in fer-
tilizer. The first factory producing pot-
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ash from these deposits was built in
1861. Germany and France continued to
be the principal sources of potash until
rather recently, when major deposits
were developed in the U.S., Israel, the
U.S.S.R. and Canada.

Modern Fertilizer Production

Today a farmer can buy a wide va-
riety of chemical fertilizers. If he wants
only one nutrient, he can find a fer-
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NUTRIENT DEFICIENCIES appearing in various parts of the U.S.
mainland are indicated. The findings, based on work done by K. C.
Berger of the University of Wisconsin, pertain to several “micro-
nutrients,” meaning minerals needed by plants in small but im-
portant amounts. “Macronutrients” such as nitrogen, phosphorus
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tilizer that provides it; he can also find
fertilizers that contain almost any com-
bination of nitrogen, phosphorus, po-
tassium and the micronutrients. The in-
dustry that produces them is enormous,
having a worldwide output, according
to a recent estimate by the Food and
Agriculture Organization, of more than
33 million tons a year. I shall briefly
describe the processes now involved in
producing the primary nutrients.
Synthetic ammonia is firmly estab-

MANGANESE

MOLYBDENUM
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lished as the principal source of nitrogen
in fertilizer. Ammonia synthesis remains
unchanged in principle from the tech-
nique developed by Haber and Bosch.
Large-scale production often presents
additional problems, however, because
of the need to obtain huge supplies of
pure gaseous nitrogen and hydrogen at
low cost. Pure nitrogen can be produced
in quantity with relative ease by remov-
ing oxygen and other gases from air
through liquefaction or combustion. Hy-

and potassium are needed by plants in large amounts and usually
must be supplied wherever commercial crops are grown. The colors
indicate the degree of deficiency from modest (light) to severe
(dark) as based on reports of the number of crops affected. The ab-
sence of color means that the state has not reported a deficiency.



drogen is another matter. Some early
ammonia plants used hydrogen made by
electrolysis, but the prohibitive cost led
to a search for cheaper sources. Meth-
ods for producing hydrogen from solid
fuels such as coal and lignite were de-
veloped in Europe. In the U.S., where
natural gas is plentiful, the simpler cata-
lytic re-forming of methane has proved
an ideal way of making hydrogen. More
recently the catalytic re-forming of light
petroleum fractions such as naphtha
with the aid of steam and the partial
oxidation of heavy oil with oxygen have
been widely used in countries that lack
natural gas.

Although there is a strong trend, par-
ticularly in the U.S., toward injecting
ammonia directly into the soil in the
form of anhydrous ammonia or aqueous
solutions, most agricultural ammonia is
still converted into solid derivatives.
Ammonium nitrate is a form popular
among manufacturers, since the nitric
acid needed to produce it is also made
from ammonia. Similarly, large amounts
of urea are produced by combining am-
monia with carbon dioxide derived from
oxidation of the raw material used to
produce the hydrogen. Ammonium sul-
fate is also made on a large scale by
reacting ammonia with sulfuric acid. In
the Far East substantial quantities of
ammonium chloride are made from am-
monia and salt or hydrochloric acid.
Ammonium phosphates and nitrophos-
phates are additional fertilizers derived
from ammonia. A principal advantage
of most solid forms of ammonia is the
ease with which they can be transported
and applied to the soil. The high nitro-
gen content of urea (46 percent) and
ammonium nitrate (33.5 percent) make
them particularly advantageous.

Most phosphate fertilizers now come
from mineral deposits, chiefly those in
Florida, the western U.S., North Africa
and parts of the U.S.S.R. Although both
igneous and sedimentary phosphate de-
posits exist, about 90 percent of the
world’s fertilizer needs are supplied
from the sedimentary sources because
they are more plentiful than the igneous
minerals and also easier to mine and
process. The origin of sedimentary phos-
phates has generated much speculation
among geologists. Some of them believe
that the minerals were precipitated from
seawater after it had been saturated
with phosphate and fluorine ions de-
rived from the contact of the water with
igneous rocks and gases. It is also pos-
sible that these phosphates resulted to
some extent from the replacement of
calcium carbonate with calcium phos-

HEALTHY LEAF
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CORN-LEAF VARIATIONS directly or indirectly related to the amount of nutrients and
water available to the plant are depicted. Gray represents green; the other colors are ap-
proximately as they appear in nature. Helminthosporium blight is a common fungus disease
to which poorly nourished plants are vulnerable. Signs of potassium deficiency usually
appear at the tips and along the edges of the lower leaves; of nitrogen deficiency, at the
leaf tip, and of phosphorus, on young plants. Water shortage makes leaves a grayish-green.
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SOURCES

PROCESS

PRODUCT

GRIND TO ABOUT 1 MILLIMETER

GROUND PHOSPHATE ROCK

PHOSPHATE ROCK . 2 o
LFUR
SV AL:R " | CATALYTIC OXIDATION - SULFURIC ACID
T
T [ AND HYDRATION
AalOSAALES OIS . REACT AND CURE & SINGLE SUPERPHOSPHATE
= (0-20-0)
SULFURIC ACID P
—
PHOSPHATE ROCK -— SO AN HITEE PHOSPHORIC ACID
SULFURIC ACID -— e GYPSUM
FRRSRRATLE FRECIN ? REACT AND CURE - TRIPLE SUPERPHOSPHATE
-
PHOSPHORIC ACID - (0-48:0)
HYDROCARBONS
—— ' | RE-FORM TO HYDROGEN - AMMONIA
AR N | SYNTHESIZE S (82-0-0)
- NITROGEN FROM AIR
AMMONIA -—
REACT AND CRYSTALLIZE = AMMONIUM SULFATE
-
SULFURIC ACID S— (g )
AMMONIA -—
REACT AND CRYSTALLIZE - AMMONIUM PHOSPHATE
SESEMERE ACTD OR GRANULATE (18-46-0)
AMMONIA
. |  CATALYTIC OXIDATION -
AIR o T ABSORPTION > NITRIC ACID
WATER —
PHOSPHATE ROCK . EABE ALGRALS T > NITROPHOSPHATES (20-20-0)
NITRIC ACID | FILTER
AMMONIA - L — > CALCIUM NITRATE (15-0-0)
AMMONIA i
REACT AND CRYSTALLIZE = AMMONIUM NITRATE
-
NS QD OR MAKE INTO PELLETS (33-0-0)
AMMONIA —
© REACT AND CRYSTALLIZE < UREA
-
CAREON DIOXIDE _ OR MAKE INTO PELLETS (46-0-0)
AMMONIA
CARBON DIOXIDE | CARBONATE AND FILTER rz SODIUM CARBONATE
ST | AMMONIATE  © | AMMONIUM CHLORIDE (23-0-0)
COAL
LIMESTONE = | FUSE IN ARC FURNACE CALCIUM CYANAMIDE
N 5% | NITRIFY (24-0-0)

BASIC PROCESSES used in manufacturing the major kinds of
chemical fertilizers are charted. Each horizontal line shows the
flow of the ingredient listed at left opposite the line. A vertical
line shows a combining of ingredients. Numbers in parentheses
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show respectively the typical percentage of nitrogen, phosphorus
and potassium materials used as fertilizer. For example, 0-35-0
means no nitrogen, 35 percent phosphorus pentoxide and no
potassium oxide. Figures thus show amounts of primary nutrients.



phate in particles of the mineral arago-
nite on the ocean floor, a slow process
that may still be taking place. Marine
deposits of this nature may well become
future sources of phosphate.

In any event, most of the primary
deposits of sedimentary phosphate were
laid down on ocean floor that subse-
quently became dry land. In time the
weathering of such areas removed ce-
menting substances such as calcium car-
bonate and magnesium carbonate, leav-
ing extensive deposits of phosphate in
the form of small pellets. Some of these
deposits were later moved by surface
water and redeposited elsewhere. Be-
cause of this extensive redeposition, and
because pellet phosphates are insoluble
in water, few minerals are found more
widely scattered. By the same token,
few have been formed over a longer
span of time; phosphate minerals were
laid down over the 400 million years
from the Ordovician period to the Ter-
tiary period and even later.

Often the phosphate pellets are cov-
ered by several feet of sand, clay or
leached ore that must be taken off by
scrapers or draglines before the phos-
phate matrix can be removed. In the
extensive operations in Florida the ma-
trix is excavated, dropped into sumps,
slurried with powerful jets of water and
then pumped to the processing plants.
The material thus obtained may be only
about 15 percent phosphate because of
the large amounts of sand and clay in
the matrix. Much of the sand and clay
is removed by various processes to yield
concentrates containing 30 to 36 per-
cent phosphate. These concentrates are
then blended and dried before further
processing or shipment. Somewhat dif-
ferent methods are used in North Africa;
there large tonnages of high-grade phos-
phate rock are mined by underground
methods. Often they are only crushed,
screened and dried before shipment.

Several types of fertilizer are made
from the phosphate rock processed by
the methods I have described. The sim-
plest type consists of high-grade rock
ground to particles less than .1 milli-
meter in size. This type is used directly
on acid soils, which slowly attack the
water-insoluble phosphate to make it
available to plants. Next in simplicity
is superphosphate, made by mixing
ground phosphate rock with sulfuric
acid to form a slurry that quickly hard-
ens in a curing pile. After several weeks
the hardened superphosphate is exca-
vated and pulverized; often the powder
is formed into granules. The pulverized
or granulated material is marketed ei-
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CHANGED TECHNOLOGY of U.S. agriculture over the past 30 years is reflected in a com-
parison of current inputs with those of 1935 through 1939. The changes are expressed as
percentages of the average input in each category for the five-year base period. Concurrent
with these changes of input has been a steady rise in the nation’s agricultural output.

ther alone, as a phosphate fertilizer con-
taining about 18 percent water-soluble
phosphorus pentoxide, or in conjunction
with other fertilizer materials. The vari-
ous processing steps convert insoluble
tricalcium phosphate to water-soluble
monocalcium phosphate and gypsum.

Gypsum, however, is of little use in
soil except when deficiencies in calcium
or sulfur exist or when salinity is exces-
sive. It also has a diluting effect on the
phosphorus pentoxide content. There-
fore it was a substantial advance when
methods were devised for producing
monocalcium phosphate without gyp-
sum. The technique is to dissolve phos-
phate rock in a mixture of sulfuric and
phosphoric acid to form gypsum and
additional phosphoric acid, which can
be separated by filtration. Thereafter the
gypsum is usually discarded; the phos-
phoric acid is concentrated and mixed
with finely ground phosphate rock to
form a slurry that soon hardens into a
product known as triple superphos-
phate. Its content of water-soluble phos-
phorus pentoxide is about 48 percent.
Moreover, the product is cheaper to
transport and to apply per unit of phos-
phorus pentoxide than ordinary super-
phosphate.
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Substantial tonnages of phosphate
fertilizers are also made by treating
phosphate rock with nitric acid and am-
monia to yield a range of materials that
contain nitrogen as well as phosphorus.
Potash can be added to form high-anal-
ysis fertilizers with a content of primary
nutrients as high as 60 percent, as for
example in a 20-20-20 grade. Another
popular fertilizer is diammonium phos-
phate, which is made by neutralizing
phosphoric acid with ammonia to yield
a material containing about 20 percent
nitrogen and 50 percent water-soluble
phosphorus pentoxide. Potash can be
added to this product to make another
high-analysis mixture containing all the
primary nutrients.

Potassium exists in enormous quanti-
ties in the rocks and soils of the world.
Often, however, it is in the form of in-
soluble minerals unsuitable for agricul-
ture. Fortunately large deposits of sol-
uble potassium chloride are available,
mostly as sylvite and sylvinite or, in
conjunction with magnesium, as carnal-
lite and langbeinite. Such deposits are
often mixed with sodium chloride in the
form of halite, which is toxic to many
crops and must be removed.

Extensive supplies of sylvite and
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AVAILABILITY OF NUTRIENTS to plants is affected by the condition of the soil. The
more soluble a nutrient is under a particular condition of soil acidity or alkalinity, the
thicker is the horizontal band representing the nutrient. Solubility in turn is directly re-
lated to the availability of the nutrient in an ionic form that is assimilable by the plant.

carnallite were found first in Germany
and later in France, the western U.S.
and many other countries. Most of these
deposits resulted from the evaporation
of ancient seas during the Permian pe-
riod (about 230 to 280 million years
ago). In the Canadian province of Sas-
katchewan huge quantities of sylvite
and carnallite were more recently found
at depths of 3,000 to 4,000 feet, in the
upper portion of a Devonian halite for-
mation. Although these deposits are
considerably deeper than U.S. and Eu-
ropean potash sources, mining difficul-
ties have now been overcome and the
production of several million tons annu-
ally of Canadian potash will be of great
benefit to world agriculture. Another
Canadian development of growing im-
portance is the large-scale production
of potash by solution mining, which in-
volves pumping water into the potash
beds and bringing the resulting solution
to the surface for evaporation and the
recovery of potash in solid form.

After solid potash minerals are mined
they are sometimes crushed and sepa-
rated from their impurities by washing
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and froth-flotation, in which treatment
with amine salts and air causes the
sylvite particles to float away from the
unwanted substances. In other cases pot-
ash is recovered by solution and crys-
tallization. The relatively pure product
is dried, treated with an amine anticak-
ing agent and sold for agricultural pur-
poses as muriate of potash containing 60
to 62 percent of potassium oxide. Most
potash is used in conjunction with nitro-
gen and phosphorus compounds. Potas-
sium sulfate and potassium nitrate are
also used to a limited extent in agricul-
tural situations where the chloride ions
of potash would be hannful, as they are
to tobacco.

Agronomic Considerations

Tt is appropriate now to consider the
role of nutrients in plant growth, to-
gether with some other factors that must
be taken into account in the use of
fertilizers. As anyone experienced in
agronomy or gardening knows, it is
wasteful and sometimes even harmful
to broadcast fertilizer indiscriminately.
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The grower must know the condition of
his soil and treat it accordingly. In most
cases he must apply the bulk of the
treatment before sowing, because as a
rule most of the nutrient needed by a
plant is taken up in the early stages of
its growth. The correct nutrient balance
is additionally important because a de-
ficiency of any one plant food in the soil
will reduce the effect of others, even if
they are in oversupply.

A deficiency of nitrogen usually ap-
pears in plants as a yellowing of the
leaves, accompanied by shriveling that
proceeds upward from the lower leaves.
The principal effects of nitrogen on
plants include accelerated growth and
increased yield of leaf, fruit and seed.
Nitrogen also promotes the activity of
soil bacteria. Nitrate nitrogen is quickly
available to root systems, but it may
therefore make the plants grow too
rapidly. Moreover, nitrate is easily lost
by leaching. Ammoniacal nitrogen, on
the other hand, is immediately fixed in
the soil by ion-exchange reactions and
is released to the plants over a longer
period than nitrate nitrogen. For these
reasons it is sometimes the practice to
inject free ammonia in anhydrous or
aqueous form a few inches below the
surface of a moist soil. With many crops
optimum results are obtained by the
proper combination of nitrate nitrogen
and ammoniacal nitrogen in either solid
or liquid form.

Phosphorus deficiency is often repre-
sented by purplish leaves and stems,
slow growth and low yields. Phosphorus
stimulates the germination of seedlings
and encourages early root formation.
Since these results are less evident than
those induced by applications of nitro-
gen, many farmers, particularly in the
Far East, use insufficient quantities of
phosphate fertilizer.

Potassium deficiency can often be de-
tected by a spotting or curling of lower
leaves. Additional symptoms are weak
stalks and stems, a condition that can
cause heavy crop losses in strong winds
and heavy rains. The application of po-
tassium improves the yield of grain and
seed, and it enhances the formation of
starches, sugars and plant oils. It also
contributes to the plant’s vigor and its
resistance to frost and disease.

As for deficiencies of secondary nutri-
ents, a lack of magnesium may cause a
general loss of color, weak stalks and
white bands across the leaves in corn
and certain other plants. A calcium de-
ficiency may give rise to the premature
death of young leaves and poor forma-
tion of seed. An inadequate supply of
sulfur frequently leads to pale leaves,



stunted growth and immature fruit.

Typical examples of micronutrient de-
ficiency are heart rot in vegetables and
fruits as a result of a shortage of boron
and stunted growth of vegetables and
citrus plants resulting from insufficient
manganese and molybdenum. Micronu-
trient deficiencies may be hard to detect
and even harder to rectify, because the
balance between enough of a micronu-
trient and a toxic oversupply can be
delicate.

An important consideration in the use
of fertilizers is the acidity of the soil,
which considerably influences the avail-
ability of many nutrients to the plant
[see illustration on opposite page]. To
complicate matters, nitrogen fertilizers
such as ammonia, urea ammonium ni-
trate and other ammonia derivatives can

Gl

TREATMENT PLANT of the V-C Chemical Company in Florida
removes organic material and some carbon dioxide from phosphate
rock to provide a raw material for making phosphoric acid, which
is used in the manufacture of such chemical fertilizers as triple

themselves raise the acidity of soils, by
means of complex ion-exchange reac-
tions. In most cases the acidity of a soil
can be controlled by adding appropri-
ate amounts of lime, ground limestone
or other forms of calcium carbonate.
Soil tilth, or structure, is also im-
portant. For example, the richer cherno-
zem soils found in the middle of the
North American continent and in the
Ukraine are in many cases well supplied
with organic humus and lime salts and
need only regular supplies of plant nu-
trients to replace those removed by agri-
culture and leaching. On the other
hand, the podzol soils that cover the
northeastern U.S., most of Britain and
much of central Europe have been in-
tensively leached by centuries of farm-
ing and exposure; they need not only

liberal supplies of plant nutrients but
also lime and organic humus. Desert
soils may be rich in certain minerals and
yet lacking in available nutrients and in
the organic matter usually necessary to
retain moisture and to provide good
tilth. Such soils can be made productive,
however, as has been amply demon-
strated in Israel.

Prospective Developments

In spite of the many improvements
made in chemical fertilizers during the
past 50 years, several problems still
confront the fertilizer industry. One
major concern is achieving the con-
trolled release of nutrients so that waste
and also damage to young plants can be
avoided. Methods now being tested in-
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superphosphate and diammonium phosphate. Piles of phosphate
rock as brought from the mine are at top right. Horizontal tube in
foreground is a calcine kiln in which rock is given thermal treat-
ment. Treated rock is stored in tanks behind kiln until shipped.
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FERTILIZER ECONOMICS are indicated by the curve of yield compared with applications
of fertilizer. This curve is based on a crop of irrigated corn grown in the state of Washing-
ton. With nitrogen as with other fertilizers, crop yields diminish with increasing appli-
cations of nutrients. In time additional increments of fertilizer become uneconomical.

APPROXIMATE
SUBSTANCE POUNDS
PER ACRE
NITROGEN 310
120 (PHOSPHATE)
PHOSPHOR
OSPHORUS | 5 (PHOSPHORUS)
245 (POTASH)
POTASSIUM 205 (POTASSIUM)
CALCIUM 58
MAGNESIUM 50
SULFUR 33
IRON 3
MANGANESE 45
BORON 10
ZINC TRACE
COPPER TRACE
MOLYBDENUM TRACE
OXYGEN 10,200
CARBON 7,800
3205 TO
WATER 4,175 TONS

SUPPLIED BY

1,200 POUNDS OF 25-10-20 FERTILIZER

APPROXIMATELY 150 POUNDS OF
AGRICULTURAL LIMESTONE

APPROXIMATELY 275 POUNDS OF
EPSOM SALT, OR 550 POUNDS
SULFATE OF POTASH-MAGNESIA

33 POUNDS OF SULFUR
15 POUNDS OF IRON SULFATE

APPROXIMATELY 1.3 POUNDS OF
MANGANESE SULFATE

APPROXIMATELY 1 POUND OF BORAX

SMALL AMOUNT OF ZINC SULFATE

SMALL AMOUNT OF CCPPER
SULFATE OR OXIDE

VERY SMALL AMOUI\TT- OF SOI-D-\LH-\/l
OR AMMONIUM MOLYBDATE

AIR

AIR

29 TO 36 INCHES OF RAIN

NUTRIENTS REQUIRED to produce 150 bushels of corn are indicated. Most plants take all
their nutrients from the soil except carbon, oxygen and hydrogen, obtained from the air.
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clude the use of slowly decomposing
inorganic materials such as magnesium
ammonium phosphate and synthetic or-
ganic compounds such as formamide
and oxamide. Another technique being
studied is the encapsulation of fertilizer
particles with sulfur or plastic. Investi-
gators are also exploring the possibilities
of producing chemical fertilizers in
which a plant nutrient would be “se-
questered” in molecules of the chelate
type. Chelation involves a tight molecu-
lar bonding that would protect the nu-
trient against rapid attack. In this way
the desired plant food would be re-
leased slowly and in a prescribed man-
ner by chemical reactions in the soil. An
ultimate possibility is the production of
“packaged” granules, each containing a
seed and whatever substances are need-
ed during the lifetime of the plant.
They would be released in the proper
amounts and sequence.

A new agricultural technique already
in use on a small scale is “chemical
plowing” Instead of turning stubble
and cover crops into the ground me-
chanically, the farmer kills them by
spraying them with the appropriate her-
bicides. Eventually the dead plant ma-
terials become sources of humus and
plant nutrient. Any excess of herbicide
is rendered harmless by the action of soil
colloids. New seeds and fertilizer are
drilled directly through the dead cover
material, which also gives protection
against erosion, frost and drought.

Efforts are also under way to reduce
the cost of transporting fertilizers and
their raw materials. The approach here
is to try to produce them in highly con-
centrated liquid or solid form. They are
then appropriately diluted or combined
at the point of use.

Perhaps the most vital work is the
education of farmers—particularly farm-
ers in the developing countries—in mod-
ern agricultural methods, including the
use of chemical fertilizers. In addition
the developing nations must establish
low-cost credit plans so that impover-
ished farmers can buy adequate supplies
of fertilizer. Similarly, credit must be
extended by the developed nations to
the less developed ones on an even big-
ger scale than at present in order to
help the less developed nations obtain
the materials, equipment and expert ad-
vice they need to build their own chem-
ical fertilizer plants. Until these steps
are taken to spread modern agricultural
technology, the developing nations will
fall far short of the contribution they
could make to the intensifying problem
of producing enough food for the
world’s growing population.
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Put a nozzle on a hose, and a shape-
less flow becomes controllable.

Put a newtype of tiny, bright lamp
in a special new reflector, and /ight
becomes directional. That's what the
scientists of a GT&E subsidiary have
made possible—using the “Super Q"
iodine quartz lamp.

No bigger than a peanut, the
“Super Q" generates intense light,
from a uniquely compact filament.

730 THIRD AVE.N.Y.10017 » GT&E SUBSIDIARIES: General Telephone Operating Cos. in 33 states « GT&E L

A BRIGHT NEW WAY TO TRULY DIRECTIONAL LIGHT
(Suddenly light can be as controllable as water from a nozzle)

A reflector—with a shape designed
by a computer—could accurately
direct this concentrated light.
Together, the reflector and lamp
produce light about twice as bright
as conventional incandescent lamps.
What could you do with directional
light? Visualize a wall painting light-
ed by a shaped beam—so that no
light spills over the edge. Imagine a
bright display that seems to float

FROM THE LABORATORIES OF

GENERALTELEPHONE & ELECTRONICS '/

softly in air without any support!

Exciting new ideas become practi-
cal possibilities, in the GT&E family
of companies. We make advanced
thinking lead to better products—in
lighting, communications, electron-
ics, chemistry, metallurgy, atomic
energy. Research, nurtured by a cli-
mate of innovation, is our solid base
for future growth. General Telephone
& Electronics, Inc.
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This is Polaroid color.

You've been seeing it
all your Iife.

There’s nothing original about the colors
you see here. These scarlets and pinks and
greens and saffrons and lemony yellows
have been around a long time. But this is
precisely what makes Polacolor film so
original (aside, of course, from its remark-
able ability to develop and print the picture
in one minute). It renders colors the way
you see them.

The story behind these real, rich, and
subtle colors is an interesting one. To give
you color pictures in one minute we had to
come up with an almost wholly new kind
of color process. This gave us the chance
to aim for new color results as well. We
had good reason to believe you didn’t want
a color film that would exaggerate color—
make gaudy picture postcards out of lovely
landscapes, or do a ‘“glamorizing” job on
delicate skin tones. After all, natural color
is beautiful to begin with (take another
good look at this still life by Marie Cosin-
das). Why try to help it?

So naturalness became our criterion.
Getting a natural color balance of reds and
greens and blues and yellows, however,
was no mean feat. It required exhaustive
tests of dyes and dye combinations (unlike
conventional color films, completely formed
dyes are right in the Polacolor film nega-
tive). We went through thousands of these
tests before achieving the balance we were
after.

And now you have a color film that gives
you truly lifelike color, with superb sharp-
ness and consistency of tone and texture,

{ with the depth and purity you’ve been see-

ing all your life. When you use Polacolor
film you’ll see how well we succeeded. We
think you’ll be impressed.

Polaroid Corporation

**Polaroid’’ and **Polacolor’’ ®
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The Flight Muscles of Insects

The wings of some insects beat hundreds of times per second.

The two kinds of muscle that power insect flight give clues

to the operation of muscle throughout the animal kingdom

r I Yhe voluntary muscles of almost all

animals have an important feature

in common: a single nerve im-
pulse gives rise to a single response from
a muscle. A significant exception is
apparent in the flight of certain insects:
their wings can beat many times faster
than the most rapid rate at which a
muscle responding to a series of nerve
impulses can alternately contract and
relax. Weight for weight the flight mus-
cle of such insects generates more ener-
gy than any other tissue in the animal
kingdom, and numerous investigators
have attempted to find out how it does
so. Before I relate some recent develop-
ments in the field the reader may find
it helpful to have a few pertinent facts
about the evolution of insects and about
the study of muscle in general.

Some 350 million years ago—during
the Devonian period or perhaps the
early Carboniferous—the distant ances-
tors of today’s insects made their first
evolutionary experiments with flight. So
far the fossil record has not revealed
what type of insects these were nor
what they looked like, but most students
of the matter agree that the first ad-
vance was probably the appearance in
some insects of stationary horizontal
fins that enabled them to glide through
the air. These gliding insects were su-
perseded by the true winged insects,
whose fins were larger and could be

FLIGHT MUSCLE of a damselfly is shown
enlarged 9,000 diameters in the electron
micrograph on the opposite page. The cells
are seen end on; the individual fibrils in
which contraction takes place form a radial
array (light areas). Between them are mito-
chondria (dark areas) that furnish the
required power. Oblong fibrils are typical
of primitive synchronous muscle, the less
energetic of the two kinds of flight muscle.

by David S. Smith

moved up and down around the point
at which they joined the body.

Insects of course have an external
skeleton, and they move by means of
muscles that act on jointed parts of this
more or less rigid shell. As insects
evolved movable wings they also had to
develop muscles to power them; it is
believed that at first certain muscles of
the legs and body wall were called into
service. Insects, however, are highly
diversified, and the various orders of
flying insects exhibit many different
mechanisms of flight. Everyone is famil-
iar with the differences represented
by the dancing flight of a butterfly,
the hovering flight of a dragonfly and the
remarkably maneuverable flight of the
housefly and the honeybee.

It is insects of the last kind—the
housefly and the honeybee—that are
among those whose wings beat at a high
rate. This can readily be perceived, but
it was not until 1949 that the flight
muscle of such insects was recognized
as being physiologically unique. In that
year J. W. S. Pringle, who was then at
the University of Cambridge, was study-
ing the main flight muscles of the blow-
fly. He observed that nerve impulses
arrived in the muscles at a rate that was
similar to the rate of nerve impulses ar-
riving in other muscles, but that this
rate was much slower than the rate at
which the insect’s wings beat. Earlier
workers had found that cutting off por-
tions of flies” wings had the effect of
speeding up the beat; Pringle suggested
that the rate of beat was determined
not by the nerve impulses but by the
load—in terms of wing area—imposed on
a natural rhythm that was produced
within the flight muscles themselves.

Later studies by Pringle, by Edward
G. Boettiger of the University of Con-
necticut and by Kenneth D. Roeder
of Tufts University showed that flight
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muscles of this kind are found in insects
of only four of the 30 or so recognized
insect orders: the beetles (Coleoptera);
the wasps and bees (Hymenoptera); the
flies, mosquitoes and similar forms (Dip-
tera), and certain true bugs (Hemip-
tera), including the aphids. Because
such muscle contracts and relaxes at a
much higher rate than the nerve signals
it receives it is called asynchronous mus-
cle; the flight muscle of other insects
contracts and relaxes in exact response
to nerve signals (as do the skeletal mus-
cles of vertebrates) and is therefore
called synchronous.

A few examples will make clear just
how extraordinary the performance
of asynchronous muscle is. O. Sotavalta
of the University of Helsinki has mea-
sured the wingbeats of many insects;
the wings of the swallowtail butterfly,
for instance, oscillate through five cycles
per second and those of the dragonfly
through 35 cycles per second. Both in-
sects have synchronous flight muscles;
indeed, these frequencies are within the
range of performance of vertebrate skel-
etal muscles. Among the insects with
asynchronous flight muscles, beetles
beat their wings at frequencies between
55 and 175 cycles per second, the honey-
bee at frequencies between 208 and 247
cycles and the mosquito at frequencies
as high as 587 cycles. One midge (For-
cipomyia) attains the almost incredible
rate of 1,046 cycles per second. The
special tissue that powers this sort of
performance has been of great impor-
tance in the evolution of body shape
and wing size in the insects that pos-
sess it; synchronous muscle can drive
the large, lightly loaded wings of the
butterfly but would be quite unable to
lift the relatively bulky, small-winged
body of a fly or bee.
Toward the end of the 19th century,
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SYNCHRONOUS FLIGHT MUSCLE distinguishes all but four or-
ders of insects; illustrated is a damselfly of the genus Enallagma.
As the first thorax section shows (middle), contraction of an inner
pair of muscles, applying force to a lever-like portion of the wing
base, raises the wings. Then a more robust outer pair of muscles
contracts to provide the downward power stroke (bottom). The
muscles are called synchronous because each contraction is in
response to a separate stimulus from the central nervous system.

S

ASYNCHRONOUS FLIGHT MUSCLE has evolved among bees
and wasps, flies and mosquitoes, beetles and some bugs; shown here
is a wasp of the genus Polistes. The muscle arrangement is antago-
nistic: the outer bundles contract vertically and the inner ones hori-
zontally. Both do so alternately and in an oscillatory fashion. The
contractions deform the wasp’s thorax so that the wings are driven
up (middle) and then down (bottom). This cycle is much faster
than the nerve-signal rate, hence the muscle is called asynchronous.

when ideas about the structure of mus-
cle almost equaled the number of in-
vestigators interested in the matter, it
was realized that vertebrate skeletal
muscle, in contrast to “smooth” muscle
such as that of the vertebrate intestine,
is “striated.” This is to say that each
of the many fibers, or cylindrical cells,
comprising such muscle appears regular-
ly striped or banded when it is viewed
in the light microscope. These striations
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are present whether the fiber is living
or has been fixed and sectioned; more-
over, their pattern changes during the
cycle of contraction and relaxation.
There were various interpretations of
what the striations meant. Some investi-
gators thought they were part of a con-
tractile network embedded in a gelat-
inous ground substance; others held
that the ground substance alone was
able to contract.
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At that time insect muscles were
widely examined in the microscope as a
convenient tissue for the study of mus-
cle. The German anatomist Anton Kol-
liker showed in 1888 that the individual
cells of some insect flight muscles could
be teased apart into tiny fibrils, or cy-
lindrical subunits, each with a diameter
of about two microns (.002 millimeter).
The fibrils too were banded; when they
were lined up side by side, they pre-



sented the characteristic striped appear-
ance of the whole fiber. Kolliker also
observed small spherical objects in the
sarcoplasm: the fluid-filled space be-
tween the individual fibrils of the mus-
cle cell. These spherical bodies, named
sarcosomes, took up stains and dyes in
the same way another cellular subunit
did; this was the rodlike mitochondrion,
which microscopists were then discov-
ering in many types of cells. The two
later proved to be identical.

These early observations with light

microscopes go a fair way toward
providing a basic model of striated mus-
cle. Whether the muscle is vertebrate
or invertebrate, each cell is a cylinder
containing contractile fibrils in a sarco-
plasmic matrix. In recent years, how-
ever—particularly during the past dec-
ade—Dbiologists have been able to refine
the model by using the electron micro-
scope, which of course provides far
higher magnification and resolution than
the light microscope. Electron micros-
copy has made it possible to describe
the structures within the muscle cell in
considerable detail and has contributed
much to modern theories of muscle con-
traction and relaxation and of the proc-
esses by which energy is supplied to
the contractile mechanism.

On the basis of electron-micrograph
studies H. E. Huxley of the University
of Cambridge and Jean Hanson of
King’s College have developed the now
generally accepted model of vertebrate
muscle-fibril structure and function [see
“The Contraction of Muscle,” by H. E.
Huxley; ScieNTIFic AMERICAN, Novem-
ber, 1958]. They found that the fibril
subunit was itself composed of subunits;
cross-sectional micrographs looking, as
it were, at the fibrils from the side re-
veal that each fibril is made up of two
overlapping sets of filaments. The fila-
ments of one set are thick and those of
the other are thin; cross-sectional micro-
graphs looking at the filaments from the
end show that they lie together in a
hexagonal array [see illustration on this
page]. The thick filaments are made up
of the protein myosin; the thin ones, of
the protein actin. Huxley and Hanson
propose that a muscle fibril contracts
and relaxes not by any change in the
length of its constituent filaments but
by the fact that two sets of filaments
slide past each other. The energy re-
quired for the sliding process is pro-
vided by adenosine triphosphate (ATP),
and the utilization of this molecule with-
in the fibrils during contraction requires
the presence of calcium ions.

The contraction of a muscle cell is

preceded by a chain of events, the first
of which is the arrival of a nerve im-
pulse at one or more localized regions
where the endings of motor nerves are
quite close to the muscle cell’s thin sur-
face membrane. A transmitter substance
is released from the nerve ending into
the narrow gap between the membranes
of nerve and muscle; it initiates a wave
of electrical activity—a loss of electrical
polarity by the muscle membrane—that
spreads over the whole fiber. A few
milliseconds after the nerve impulse has
arrived at the surface of the muscle cell
the cell starts to contract.

This is only part of the story, and yet
even this part presents an acute prob-
lem. Some 15 years ago A. V. Hill of
the University of Cambridge pointed
out a paradox: the response to electrical
depolarization is so swift that even the
fibrils farthest from the surface of the
muscle cell begin to contract before it
seems possible for any substance to have
diffused inward from the depolarized
surface membrane. The solution to this
paradox was to remain unknown for
more than a decade.

As I have indicated, in vertebrate
muscle each nerve impulse gives rise to
a single contractile event. In “fast” mus-
cles (muscles that are able to contract
and relax quickly) the event is a dis-
crete twitch; in “slow” muscles succes-
sive impulses advance the contraction
in a stepwise manner. A fast-muscle cell
has only one junction with a nerve fiber;
a slow-muscle cell has several junctions.

With these facts as background, the
similarities and differences between
vertebrate and insect muscle can now
be examined. All insect muscle fibers re-
semble the “slow” fibers of vertebrates
in having several nerve-muscle junc-
tions rather than one. Electron micro-
graphs of insect muscle show that the
structure of these synapses between
nerve and muscle is similar to that in
vertebrates: the end of the axon—the
elongated portion of the nerve cell—is in
close contact with the membrane of the
muscle cell and contains concentrations
of vesicles, or minute sacs. Bernhard
Katz of University College London and
his co-workers have advanced the hy-
pothesis that these synaptic vesicles
hold “packets” of a transmitter sub-
stance that in the case of vertebrate syn-
apses has been identified as acetylcho-
line. Although it is not definitely known
what the insect transmitter substance is,
it seems safe to infer that insect and ver-
tebrate nerve endings have a common
mechanism of transmitter-substance re-
lease.
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The damselfly Enallagma—a familiar
fluttering insect of streams and lake-
sides—provides an example of synchro-
nous insect flight muscle in action. The
insect’s thorax, or mid-body, is divided
into three segments; its flight apparatus
consists of two pairs of wings, one pair
mounted on the middle thoracic seg-
ment and the other on the rear segment.
The segments are almost completely
filled with the muscles that beat the
wings [see illustration at left on oppo-
site page]. Each muscle is made up of
many separate fibers packed tightly to-
gether; each fiber is between 20 and 30
microns in diameter, a size common in
vertebrate muscle. A low-power electron

FIBRIL SUBUNITS lie in a geometric ar-
ray; the large dots are filaments of the pro-
tein myosin, the small are actin. These
fibrils, seen end on and enlarged 50,000
diameters, are from dragonfly flight muscle.
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SYNCHRONOUS MUSCLE, seen in longitudinal section enlarged 40,000 diameters, shows
the subunits of muscle cells along their long axes, bounded at each end by dark transverse
“Z lines.” These lines are flanked on both sides by narrow, light “I zones,” whereas the bulk
of each subunit is composed of a wide, medium-density “A band.” One of the tubules com-
prising the “transverse” system of ducts is labeled T'; SR identifies the chains of vesicles
making up the sarcoplasmic reticulum that separates fibril from adjacent mitochondrion.
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ASYNCHRONOUS MUSCLE, also in longitudinal section but enlarged only 16,000 diam-
eters, contains subunits similarly bounded by dark Z lines flanked by narrow I zones.
Each broad 4 band, however, is bisected by an “H zone” that is precisely aligned with the
tubules of the transverse duct system (most clearly visible among the mitochondria at
center and right). One major difference between this and synchronous flight muscle is
the virtual absence of sarcoplasmic reticulum vesicles (see illustration on opposite page).

80

© 1965 SCIENTIFIC AMERICAN, INC

micrograph of these fibers in transverse
section shows the striking arrangement
of their contents: the sheetlike con-
tractile fibrils form a radial array and
alternate with dense mitochondria [see
illustration on page 76]. At higher mag-
nification the fibril structure is further
resolved into its thick and thin filaments
of myosin and actin, arranged in a hex-
agonal lattice. The radial arrangement
of the sheetlike fibrils in damselfly
flight muscle is typical of the leg and
body muscles of insects in general,
which are also synchronous.

here is a correlation between the

metabolic activity of a muscle fiber
and the number of mitochondria within
it; these bodies house the enzymes that
manufacture the ATP molecules neces-
sary for muscular contraction [see “The
Mitochondrion,” by David E. Green;
SCIENTIFIC AMERICAN, January, 1964].
One of the characteristic features of in-
sect flight muscle, which is metabolical-
ly the most active insect tissue, is that
it contains large numbers of mitochon-
dria. As an example, although the dam-
selfly has preserved in its flight muscle
the primitive radial pattern of fibrils
evolved in leg and body muscle, there is
a great difference between the two kinds
of tissue: to cope with higher metabolic
demand the flight muscles have been
much more abundantly endowed with
mitochondria. Whether synchronous or
asynchronous, however, most insect
flight muscle has departed from the
radial pattern of fibril organization; in-
stead the contractile part of the fiber is
divided into fibrils that are circular
when seen in transverse section. Butter-
fly flight muscle, for example, contains
cylindrical fibrils about which large
mitochondria are wrapped [see bottom
illustration on page 82].

One of the contrasts between insect
and vertebrate muscle involves their
provision for the supply of oxygen (and
the removal of carbon dioxide). In ver-
tebrates oxygen reaches all the organs
in chemical combination with hemo-
globin, the respiratory pigment of the
red blood cells; in vertebrate muscles
blood capillaries are located between
the fibers. In insects the situation is dif-
ferent: the fluid hemolymph in the
insect’s body cavity contains no respira-
tory pigment. Instead atmospheric oxy-
gen diffuses to the cells throughout the
insect’s body by way of a branching
system of tubes—the tracheae—that are
open to the exterior. The finest branches
of this ramifying system are called tra-
cheoles; they are present most abun-



dantly in the organs that have the high-
est oxygen requirement—notably the
flight muscles. Insect leg muscles (and
flight muscles such as those of the dam-
selfly, in which the diameter of the mus-
cle fiber is rather small) are equipped
with tracheoles that pass between the

fibers as the capillaries in vertebrate
muscle do; the oxygen simply diffuses
inward from the surface of the fiber. In
most insect flight muscles, however, the
tracheolar system brings the oxygen
much closer to the mitochondria by
passing deep into the fibers, rather like

fingers pushed into a toy balloon. (The
tracheoles do not actually penetrate the
muscle fiber; they are sheathed in the
muscle cell’s thin external membrane.)
The result of this arrangement is that
oxygen does not have to diffuse across
the entire radius of the flight muscle

B L ST RV

THREE KINDS OF MUSCLE are compared schematically at the
level of fibril structure. At left is a vertebrate fibril; in center, an
insect synchronous fibril; at right, an insect asynchronous fibril.
The forward face of the cube above each of the longitudinal sec-
tions shows the hexagonal pattern formed by the filaments of myo-
sin and actin when viewed in transverse section. The zones and
lines that give muscle fiber its characteristic striated appearance

are labeled at left. Asynchronous muscle is structurally different
from the other kinds in two major respects. The tapering ends of
its myosin filaments appear to reach almost to the Z line; actin
filaments alone occupy the I zones bordering the Z line in other
relaxed muscles. Although asynchronous muscle contains T-system
tubules (color) as do other muscles, the membrane linked to fibril
relaxation, the sarcoplasmic reticulum (tint), is greatly reduced.
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fiber but only across a much shorter dis-
tance—on the average about five mi-
crons.

The existence of this network for oxy-
gen supply hints at the solution to Hill’s
paradox concerning surface excitation
and interior response. Could there not
be some structure, similar to the struc-
ture for oxygen transport, that would
channel excitatory signals deep into the
muscle cell? If so, the signal would have
to travel only a micron or so to influence
the innermost fibrils. As has only re-
cently been made clear, such a structure
does exist. Called the T (for transverse)
system, it extends deep into muscle fiber
in association with a separate system of
ducts and cavities known as the sarco-
plasmic reticulum [see “The Sarcoplas-
mic Reticulum,” by Keith R. Porter and
Clara Franzini-Armstrong; SCIENTIFIC
AMERICAN, March].
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Even after electron microscopy had

revealed the T system of vertebrate
muscle in detail, it was uncertain that
its component tubules actually commu-
nicated with the exterior of the muscle
PRIMITIVE SYNCHRONOUS MUSCLE is characteristic of the dragonfly and damselfly; ~ cell. By means of a simple but elegant
the platelike fibril structure is very much like that of insect leg and body muscle in general  experiment Huxley has shown that the
but the flight muscles are far more abundantly equipped with energy-supplying mitochon- system is indeed open to the exterior.
dria. This is a transverse section of a damselfly flight muscle, enlarged 70,000 diameters. e soaked fibers of frog muscle in a

g

P

solution of ferritin, a protein that con-
tains iron partic]es .011 micron in
diameter. These particles are readily
recognized in electron micrographs, and
in examining thin sections of soaked
muscle Huxley found the iron in the
tubules of the T system. The particles
were never found in any of the cavities
of the sarcoplasmic reticulum. Clearly
the T system is an extension of extra-
cellular space throughout the muscle
cell. If very large molecules such as
ferritin can diffuse freely through this
system, it scarcely presents a barrier to
the diffusion of ions and of molecules
of a transmitter substance. Thus Hill’s
paradox is solved; a path is open so that

Y excitation both at the surface and in
Sy .: X the interior of the muscle fiber can be

37 LS . L . . virtually simultaneous.
Ny w- \

: AR 5T N .
VL et S AT S X . : :
) ] SR E e b g N R, _ In insect muscle—except 'f01' asyn-

L PR T P B A ey - : chronous muscle—the organization of

IR o POt LIS Nk ol TR TR : - : the T system is quite as clear-cut as it

2

L e e Sl S D T i N & is in vertebrate muscle. The two sys-
N Q,’-“,'.‘." e yd A w'" .:.' .." f . ? ; “ tems are not identical, however. The
! 2 Wy A "-“l" 2P AL ., . striations of striated muscle consist of a

' repeating pattern of “Z lines” and “A

s S 1)) L bands.” The light region between each

—— S ' Z line and A band is the “I zone”; the A

ADVANCED SYNCHRONOUS MUSCLE has its fibrils distributed in cylindrical rather ~Dand is also bisected by an “H zone.” In
than platelike structures; the mitochondria are wrapped around these cylinders. This is vertebrate muscle the T system lies at
butterfly flight muscle in transverse section, enlarged 70,000 diameters. The tube at the top right angles to the long axis of the mus-
is a tracheole, part of the system that carries oxygen to and carbon dioxide from the tissues. cle fiber, either in the plane of the Z
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One of a series briefly deseribing GM’s research in depth

Tales of Restless Nuclei

The molecules in a solid may be tumbling, rotating, or
jumping. Or just quietly vibrating. What they do can
affect the characteristics of bulk matter. This is not news
.. . but the way we can relate specific motions to
physical properties is.

Physicists at GM Research are using Nuclear Magnetic
Resonance (NMR) to study molecular motion as
temperature or composition is changed. This new branch
of spectroscopy uses magnetic nuclei to probe many
phenomena on a molecular scale. From it, for example, our
NMR physicists are developing new knowledge of electron
densities, molecular configurations, and the basic nature
of that strange squishy state of matter—the plastic crystal.

In addition, they are associating specific molecular
motions with the macroscopic properties of polymers. And
they’re learning to predict properties for the engineer.

Take neoprene, for instance. Engineers wanted to know
what plasticizers might keep it flexible at low
temperatures . . . without having to run physical

tests on a number of samples.

NMR found out. How? By detecting changes in molecular
motion. A hard, solid polymer allows molecules only
limited movement. Addition of a plasticizer, or an
increase in temperature, allows more complex motions as
the rigid structure relaxes. The increased motions cause
narrowing of the NMR spectral line which can be
correlated with flexibility.

The motions of the nuclei tell the tale . . . and help
General Motors find a better way.

General Motors Research Laboratories

Warren, Michigan

—T
|

NMR Spectral Line Width, Gauss

]
i |
0| I | } T |
-0 %0 -0 -0 - 6 -4
Temperature, °C

Effects of plasticizers on NMR spectrum of neoprene. The
best plasticizer produces spectral line narrowing (due to
increased molecular motion) at lowest temperature.
—From a recently published GMR paper.
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APHID FLIGHT MUSCLE, seen in longitudinal section and enlarged 16,000 diameters, is
somewhat less regularly organized than the flight muscle of a wasp, although it is also asyn-
chronous. The fibril (left) shows orderly banding, but the tubules of the T system (light
areas at top left, center and top right) are neither uniform in shape nor aligned with the
fibril bands. The indented diagonal structure is one of the tubes of the tracheolar system.

line or in the plane at the junction of
the A band and the I zone [see illustra-
tion on page 81]. In insect muscle the T
system lies instead in a plane midway
between the Z line and the H zone.
This arrangement is shown in longi-
tudinal section in the top illustration on
page 80 and in transverse section in the
illustration on page 79.

The sarcoplasmic reticulum is at right
angles to the T system; that is, it is
oriented along the long axis of the mus-
cle fiber. Its function is probably to pro-
vide regions of concentration for cal-
cium ions in resting muscle fiber; the
arrival of an excitation in the tubules
of the T system evidently triggers the
release of these ions from the sarco-
plasmic reticulum, thus initiating the
breakdown of ATP that powers the
contraction of the fibrils. The sarco-
plasmic reticulum then recaptures the
activating ions, thereby halting the
breakdown of ATP within the fibrils
and allowing them to relax.

Although this picture of calcium ions
being rapidly shuttled into and out of
the fibrils has been put together on the
strength of experiments with vertebrate

muscle, the synchronous flight muscles
of insects have an equally well-devel-
oped sarcoplasmic reticulum. In damsel-
fly muscle fibers the sarcoplasmic re-
ticulum almost fills the sarcoplasm
between the elements of the T system;
in butterfly muscle the sarcoplasmic
reticulum is seen as chains of vesicles
around transversely sectioned fibrils.
Hence it appears that physiologically
similar muscles in organisms as widely
separated in the evolutionary scheme of
things as insects and mammals are con-
structed on the same plan. The muscles
contain not only the specialized array
of protein filaments whose movements
enable the muscle to do work but also
the intricately related internal mem-
branes that ensure that the muscle
fibers give correctly timed responses to
the directions issuing from the central
nervous system.

In what ways has insect evolution

modified normal synchronous striated
muscle and enabled it to work in asyn-
chronous fashion? The paper wasp
Polistes will serve as an example of an
insect whose wing mechanism is driven
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this way
every day

The way to the moon and back
is already familiar to us. For we
have made the journey many
times via scratch pads, black-
boards and computers. We'll do
it many times more, too, be-
cause our assignment is doing
systems engineering for the
National Aeronauticsand Space
Administration's manned space
flight effort.
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engineering, flight mechanics,
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1100 17th St., N.W., Washington,
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portunity employer.
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by these evolutionarily advanced fibers.
Its bulky middle thoracic segment is al-
most filled with horizontal and vertical
blocks of flight muscle. They serve to
drive both pairs of wings, which are
coupled together and work as one. The

| two sets of muscles, aligned at right

angles to each other, contract alternate-
ly; each action slightly deforms the
shape of the thorax, and this in turn
operates a delicate lever mechanism at
the base of each wing. Contraction of
the horizontal fibers lowers the wings
and contraction of the vertical fibers
raises them; they click up and down in
time with the oscillatory shortening of
the two antagonistic sets of muscles.

Electron micrographs immediately re-
veal one structural difference between
asynchronous and synchronous muscle.
This is in the way the myosin and
actin filaments are fitted together at the
ends of each repeating unit of striations.
In relaxed synchronous muscle the I
zones contain only filaments of actin;
during contraction the ends of the myo-
sin filaments are thought to slide into
this region. In asynchronous muscle,
however, the myosin filaments have
tapered ends that seem to reach the
central Z line. There they meet the actin
filaments in a complicated arrangement;
this has been shown by the work of
J. Auber and R. Couteaux of the Uni-
versity of Paris.

When an asynchronous muscle con-
tracts, it shortens much less than a
synchronous one, but this fact has shed
no light on how the myosin filaments of
asynchronous muscle move in the vicin-
ity of the Z line. Although the sliding of
overlapping filaments—along the lines
of Huxley and Hanson’s proposed model
—may well occur here, there are still
only a few hints as to how these mus-
cles achieve their characteristic high-
frequency oscillation. In any case it is
certain that the fibrils of asynchronous
muscle are able to utilize ATP. Experi-
ments I have carried out in collabora-
tion with Lois Tice of Columbia Uni-
versity show that a calcium-activated
enzyme that splits ATP is present in the
A bands of blowfly flight muscle and
that the sites of this enzymatic activity
are at the periphery of the myosin
filaments.

The most striking difference of all
between synchronous and asynchronous
muscle fiber is found in the arrangement
of the membranes situated between the
fibrils. Electron micrographs make it
clear that T-system tubules are present
throughout asynchronous fiber just as
they are in other muscle. In the wasp



Another RD and E
capability report from
ALLIS-CHALMERS

First 28-volt fuel-cell system to pass 500-hour test at NASA!

056

Successful completion of this test demonstrated
Allis-Chalmers capability to respond to RD & E challenges.
The challenge was to fabricate and assemble two 28-volt,
1.8kw fuel-cell systems — subject one system to a

400-hour verification test and deliver the second system to
NASA’s Manned Spacecraft Center, Houston, Texas, within
TWO AND ONE-HALF MONTHS after contract go-ahead!

The challenge was met on schedule. On arrival at MSC, the
second system was successfully run by NASA personnel
with assistance from Allis-Chalmers for 200 hours.

Next, NASA personnel took over and ran the system without
assistance — through the four-segment load profile as
specified — for 300 hours. Test time totaled 500 hours
of operation under load, exceeding contract

requirements and still operating within an acceptable
performance range. Tests are continuing.

The test load profile varied from 480 to 1800 watts, a
considerably more severe profile than would be expected
during actual missions or qualification demonstrations.

Achieving design performance as predicted
represents years of work . . . a result of constantly
advancing fuel-cell capability:

e First fuel cells in a land vehicle, 15-kw tractor,
applied in 1959.

e First fuel cells to successfully pass zero gravity tests,
Wright Patterson AFB, in 1962.

e First fuel cells “qualified for space” with the
Air Force, in March, 1964.

e First fuel cells to power an underwater vehicle —
Electric Boat Division, General Dynamics Star |
submarine, in July, 1964,

e First 28-volt fuel-cell system to pass
500-hour test at NASA.

May we discuss your aerospace and defense fuel-cell
application? Write: Market Development, Space and
Defense Science Department, ALLIS-CHALMERS,

Box 512, Milwaukee, Wisconsin 53201.

FUEL-CELL design for Aerospace and Hydrospace applications is but
one of the opportunities open today for qualified scientists and
engineers at Allis-Chalmers. For information concerning employment
write to: Manager of Professional Placement, Allis-Chalmers,
Milwaukee, Wisconsin 53201.

An Equal Opportunity Employer
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Allis-Chalmers 28-volt, fuel-cell system is the
first to successfully pass 500-hour test at NASA.

Chart shows Allis-Chalmers fuel-cell technology has
improved by an order of magnitude since 1958.
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RESERVED ?

The desk is . . . but not the atmosphere. The desk is reserved for the man
who wishes to participate in long-term research and development pro-
grams or to develop data systems for all applications. The atmosphere is
unreserved. Our Burlingame, California and Sierra Vista, Arizona research
centers offer the facilities, the stability (14 years of successful perform-
ance), and the working environment necessary for productive research.

Are you currently engaged in research, development or implementation
in any of the following areas?

Fluid dynamics e Soil and structural mechanics ¢ Nuclear and thermal
radiation e Explosion technology e Vulnerability analysis ® Mathemati-
cal and statistical modeling ¢ Computer simulation e Logistics ¢ Man-
agement information systems e Computer programming aids, languages
and applications.

If your experience and interests parallel ours, please send us a resume.

TRS
|

CORPORATION
1811 Trousdale Drive, Burlingame, California

*Still known to some of our older friends as Broadview (BRC), United Research Services (URS), and various
other aliases reflecting a spirit of experimentation
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NEEDED: SOMEONE WHO CARES

SA-6-5

It would be very easy to give a moment of
your interest...or some change from your
pocket ... to this child. It would be very easy
—for us, too—to settle for this kind of help.
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But it just isn’t enough. For a child who has |
to eat, not just once, but every day. Who |
needs shoes this month, and six months from
now, and next year, too. Who needs books, 1
schooling, shelter. Who needs ... most of all 1
...someone who really cares. i
1
I
I
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Will you be that someone? Will you care
enough NOW to send off your first month’s
check for $12.507 And help a child by help-
ing his family help itself to a better life?

The child you help will thank you by personal
letter (and snapshot). Will write to you regu-
larly. Will let you know how wonderful it |
feels to have someone who cares.
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Founded 1932

SAVETHE CHILDREN FEDERATION |
Norwalk, Connecticut 06852 1

I would like to sponsor a child in: OJ Italy I
[ Greece [] Korea []American Indian 1
[JLlebanon [JAfrica [J Latin America 1
[ Wherever the need is greatest 1
Enclosed is my first payment of: 1
[1$12.50 monthly  [J$ 75.00 semi-annually |
[ $37.50 quarterly  [J $150.00 annually |
| can’t sponsor a child, but I'm enclosing a con- |
tribution of $ i
Name l
Address i
I

|

i

City State Zip#
Contributions are U.S. income tax deductible.
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they are aligned with the H zone, in
register with the middle of each repeat-
ing unit of striation [see bottom illustra-
tion on page 80]. Presumably the T sys-
tem in asynchronous muscle fulfills the
same role of transmitting excitatory sig-
nals that it does in other muscles. Al-
though the frequency of oscillation in
asynchronous muscle is much higher
than the frequency of nerve impulses, a
succession of excitations is necessary to
maintain activity. In asynchronous mus-
cle, however, there is almost no trace of
the other membranous system so evident
in synchronous muscle—the sarcoplas-
mic reticulum.

Jt is most interesting that the very
- structure that is believed to control
the contraction-relaxation sequence in
synchronous insect and vertebrate mus-
cle is virtually absent from asynchronous
muscle. Rather than alter our interpre-
tation of the role of the sarcoplasmic
reticulum, it is tempting to conclude
that the flies, wasps, beetles and bugs
have evolved a variety of muscle excep-
tional enough to prove the rule. Quite
recently, however, Pringle and two of
his colleagues at the University of Ox-
ford, B. R. Jewell and J. C. Riiegg,
have conducted experiments that may
help to clarify at least one aspect of the
function of asynchronous muscle. They
took muscle cells of this type from two
species of giant water bug and treated
them with glycerine, a process that
leaves the filaments of the fibrils intact
but removes the sarcoplasm. When the
treated muscle cells were placed in a
medium containing calcium and ATP,
they contracted and relaxed in an oscil-
latory fashion!

This result makes it clear that the
mechanism that enables asynchronous
muscle to oscillate resides within the
contractile system of protein filaments
that compose the fibrils. This being the
case, perhaps it is no longer surpris-
ing to find that asynchronous muscle
is poorly supplied with sarcoplasmic re-
ticulum; the calcium ion give-and-take
that operates synchronous muscle may
not even occur in these specialized cells.
In any case, when the details are fully
elucidated of how the filaments in these
muscles are organized, how they move
with respect to one another and what
chemical events are involved in their
movement, we shall have not only an
overall picture of the function of the
most spectacularly active tissue that
animals have evolved but also further
insight into the mechanism of muscle
in general.
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The new long-playing battery

New Mallory Duracell® batteries
outperform all others. For instance,
slip this Mallory Duracell battery into
your transistor radio, and you’ll enjoy
far more hours of listening between
battery changes. Use other size
Duracell batteries in your flash
camera for firepower that won’t fade
over the months. Great for movie

cameras and tape recorders, too.

Duracell batteries last as much as
four times longer than conventional
cells of the same size. Deliver steady,
fade-free power throughout their
long life. Hold full power in storage
two years or more, while other bat-
teries begin losing energy the minute
they’re made.

Mallory builds extra values into
every product, whether a capacitor
for computercircuits, a powder metal
gear for a lawn tractor, or a timer
for a washing machine. These values
pay dividends to manufacturers and
consumers alike. Value-building is a
Mallory specialty. P. R. Mallory &
Co. Inc., Indianapolis, Indiana 46206
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CORONA CHEMISTRY

The electric diseharge that results from the incomplete breakdown

of a gas can be put to work as a chemical catalyst. The corona acts

by creating numerous free radicals that mediate chemaical reactions

I

=

)

ases are ordinarily good electrical
‘ insulators, but in a strong enough

electric field a gas “breaks down”;
that is, its molecules become ionized
and it conducts electricity. There is a
sudden electric discharge, which usual-
ly develops into an arc: lightning strikes
from a thundercloud to earth or a spark
flashes between two electrodes in the
laboratory. If a solid dielectric, or in-
sulating, barrier is placed between the
electrodes, however, no arc develops.
The barrier interrupts the conductive
path and allows only an incomplete
breakdown of the gas; instead of a hot,
localized arc there is a cooler, diffuse
glow between the electrodes.

This soft, bluish discharge indicating
the incomplete breakdown of a gas at
or near atmospheric pressure is called
corona. In electrical technology corona
is usually a sign of trouble; for example,
when a glow appears along a high-
voltage power line in bad weather, it
means that power is being lost. Corona
also has its uses. At the Advanced
Technology Laboratories of the General
Electric Company we are learning how
to employ it as a versatile chemical
catalyst.

Associated with any electrical break-
down of a gas there is intense chemical
activity. A thunderstorm dumps on the
ground tons of nitric acid—the product
of a reaction involving nitrogen, oxygen
and water vapor in the air. The reac-

CORONA is visible as a deep-blue band in
a liquid-gas corona research reactor (oppo-
site page) in the authors’ laboratory. The
liquid, a vegetable oil that is being hydro-
genated, is in a shallow beaker between
two electrodes. The corona is established
in hydrogen just above the surface of the
oil (see bottom illustration on page 94).

tion is brought about by lightning; in
other words, electricity can be a chem-
ical catalyst. It is hardly surprising that
this should be so, since the bonds
that tie atoms together are electrical
in nature.

In an inorganic salt the bonds are
ionic: the atoms of the substance either
lack one or more electrons or have an
excess of electrons, and these oppositely
charged atoms attract one another. Such
salts can be dissociated by electrolysis,
which transports the ions to different
electrodes. In most other compounds the
bonds are covalent: adjacent atoms in a
molecule “share” two orbiting electrons.
In quantum-mechanical terms the waves
associated with two electrons of opposite
spin “spread” themselves over two nu-
clei; it is as if the electrons wrapped the
two nuclei together. Covalent bonds
join two hydrogen or two oxygen atoms
to make molecules of hydrogen (H.) or
oxygen (O.); they also bind the organic
molecules with which the industrial
chemist usually deals. It takes more en-
ergy to break most covalent bonds than
to break an ionic bond, but the energy
required is still low in electrical terms;
a few electron volts will do. Reactions
that seem quite hard to bring off with
conventional chemical methods may
yield readily to a few electrons delivered
at the right place at the right energy
level.

"T'he idea of utilizing corona dis-

charges for chemical catalysis goes
back some 100 years. Early experiment-
ers with high-voltage electricity learned
how to establish a corona in a chemical
reactor, preventing the development of
an arc by placing a glass or other in-
sulating barrier in the path of the gas
breakdown. Corona was not an easy
tool to master, however. The interaction
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- John A. Coffman and William R. Browne

of high-voltage electricity with matter
seemed baffling; there were widely fluc-
tuating yields; electrical equipment was
undependable. The only commercially
significant development of the early
corona work was the process for mak-
ing ozone (O;) by subjecting oxygen to
corona in an “ozonizer.”

After World War II advances in tech-
nology made corona chemistry a more
promising field. High-frequency power
could be generated at a reasonable
cost. Improved electronic components
and circuitry made it easier to tune, con-
trol and measure corona power. Materi-
als such as fused quartz, alumina and
mica mat became available as dielec-
trics. Still, most people who might have
worked with corona directed their atten-
tion instead to such exciting new tools
of chemical activation as electron
beams, electrical plasmas and nuclear
radiation. Only within the past few
years have a number of laboratories
turned again to corona chemistry, armed
with new information on the mecha-
nisms of corona reactions. This infor-
mation had flowed largely from post-
war research in radiation chemistry: the
effects of radiation on chemical reac-
tions.

The knowledge of radiation chemistry
is relevant to corona research because
both deal with “free radicals” formed by
electron impact. A radical is a molecular
fragment that functions as a unit. A sin-
gle hydrogen atom is a radical; so are
a methyl group (CH,), an amino group
(NH,) and an acetyl group (CH,CO).
Ordinarily radicals are linked to other
atoms by covalent bonds to form mole-
cules. When a bond is broken, the radi-
cal is left with one or more unshared
electrons. In this condition it is very
ready to combine with another atom or
group of atoms; it is so extremely re-
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EFFECT OF CORONA on hydrogen is to create positive ions and free radicals. An
impacting electron can knock out of a hydrogen molecule one of the two electrons orbiting
the two nuclei (top), producing a free electron and an electron-deficient, or positive, ion.
Or the impacting electron can raise the energy level of an orbiting electron (bottom),
creating an excited molecule (H,*) that dissociates to form two atoms, or free radicals (H).
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OZONE SYNTHESIS is a simple corona process. In the top drawing, as indicated by the
oscilloscope trace (right), a voltage half-cycle is beginning. An electron and an ion from
the previous corona burst move through the oxygen molecules toward the positive and
negative electrodes respectively. In the middle drawing the corona is established. There are
electrons and ions and also excited molecules that dissociate to form “free radicals” (the
oxygen atoms). In the bottom drawing the electrons and ions at the electrodes have damped
the corona. Most of the atoms have combined with O, molecules to form ozone (0,).
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active that it usually exists as a free
radical for a fraction of a second at
most. The business of both radiation and
corona chemistry is to create free radi-
cals in an environment in which they
have a good chance of reacting to form
some desired product.

The difference between radiation
chemistry and corona chemistry is one
of electron energy. The radiation chem-
ist starts with high-energy radiation—
gamma rays from radioisotopes, X rays
or an electron beam—with energies on
the order of a million electron volts;
the actual chemical work, however, is
done by “secondary” electrons with en-
ergies of 10 to 25 electron volts, formed
from the primary radiation by a series
of energy-damping steps. Corona elec-
trons, on the other hand, are accelerated
by the applied voltage up to the re-
quired 10 to 25 electron volts; in other
words, they are given no more energy
than they need to do the job. This makes
corona energy less expensive than any
other form of electron activation now
available. It can be delivered to the re-
action site for one to three cents per
kilowatt-hour. Comparable costs for
high-energy electron beams range up-
ward from 35 cents per kilowatt-hour;
for nuclear radiation from isotopes the
cost is $1 to $10 per kilowatt-hour.
High-energy radiation does have the
property, which is sometimes advanta-
geous, of penetrating deep into liquids
or solids. Corona is purely a gas-phase
phenomenon and it produces free radi-
cals only in a gas or mixture of gases.
In addition to reacting in the gas phase,
however, the radicals can interact with
molecules of a liquid or of a finely di-
vided solid that is subsequently exposed
to them.

The phenomenon of corona starts with

the few stray electrons that are al-
ways present in a gas because of cosmic
rays or other background radiation. If
a high voltage (some 10,000 to 15,000
volts) is applied, creating a strong elec-
tric field, the electrons are accelerat-
ed toward the positive electrode. They
strike gas molecules in their path, from
which they rebound with little loss of
energy because of the great disparity in
mass—like a ping-pong ball rebounding
from a bowling ball. Then they acceler-
ate again. Occasionally, by chance, a
long enough path opens up for an elec-
tron so that when it finally hits a gas
molecule it has acquired enough energy
to penetrate the molecule’s shield of or-
biting electrons. Then one of two things
can happen. The impacting electron



may knock an orbital electron out of the
molecule, leaving a positive ion and
another free electron that can go on to
strike another molecule. More often the
impacting electron lifts an orbiting elec-
tron to an unstable, higher-energy orbit,
creating an “excited” molecule. Soon the
gas is full of electrons, positive ions, ex-
cited molecules, heat and light—in other
words, corona. The excited molecules
are unstable; they decompose spontane-
ously into free radicals. The whole proc-
ess of corona buildup takes only about
a ten-millionth of a second, and it is
repeated every time the electric field
reverses.

The synthesis of ozone from oxygen
is a typical three-step corona reaction
[see Dbottom illustration on opposite
page]. Impacting electrons create posi-
tive ions and excited molecules of oxy-
gen. Excited molecules dissociate to
form free radicals: oxygen atoms. The
highly reactive oxygen atoms combine
with the remaining oxygen molecules to
form the desired product, ozone.

There are several generalizations
about corona processes that can be
made on the basis of ozone synthesis.
First, ozone is “uphill” energetically
from oxygen; it is more reactive, a
stronger oxidizer, even explosive at
times. Products of higher energy, great-
er reactivity and less stability than the
starting materials are often made with
corona—something contrary to the usual
course of chemical reactions. Second,
the efficiency of ozone production drops
rapidly as ozone accumulates, because
ozone is more susceptible to corona
attack than oxygen is. The same thing
is true of many corona products com-
pared with starting materials, so the
product must be removed quickly from
the reaction zone. Finally, the oxygen or
air fed into an ozonizer must be dry; if
water vapor is present, the electrons
and radicals will attack water molecules
rather than oxygen molecules. In gen-
eral, because corona attacks the most
vulnerable molecules, starting materials
must be kept quite pure so that corona
energy is not soaked up in wasteful side
reactions.

I Iaving described what corona is and

what it does chemically, let us now
see how it is applied to practical chem-
ical processes. One of the primary tasks
in corona technology is the designing
of corona cells, or reactors. The simplest
situation is one in which both the start-
ing materials and the products are gases.  GLOW OF CORONA illuminates an all-gas reactor composed of a bank of tube electrodes
In this case the reactor can consist sim-  jnside a glass cylinder. Oxygen fed into one end of the cylinder passes among the electrodes
ply of an assemb]y of closely spaced and emerges enriched in ozone. This reactor is diagrammed at the top of the next page.
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GROUND
TRODE

BARRIER

TUBE ELECTRODES of a gas reactor, seen from the side in the photograph on the pre-
ceding page, are shown end on in detail (left) and arrayed in a reactor (right). Conductive
coatings inside the glass tubes are the actual electrodes; tubing forms dielectric barriers.
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LIQUID-GASREACTOR shown in the photograph on page 90 delivers corona power at the
surface of a liquid that is held in a beaker placed between two electrodes. The dielectric
barrier of quartz covers the face of the high-voltage electrode and prevents arc formation.
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insulated-plate or insulated-tube elec-
trodes, between which the corona is
generated and the gases pass [see illus-
trations on preceding page and at left].
The product molecules are continuously
removed from the mixture of gases that
flows out of the reactor and the starting
gas is recycled so that further conver-
sion can take place.

When one of the reactants is a liquid,
provision must be made for maintaining
a two-phase system between the elec-
trodes so that the radicals generated in
the gas can reach molecules in the
liquid. In one design, appropriate for
research but probably inefficient for pro-
duction, the corona is established di-
rectly above a pool of the liquid into
which the radicals diffuse [see bottom
illustration on this page]. For efficiency
it is better to stir things up a bit. One
way to do this is to make one of the elec-
trodes a rotating disk that carries a thin
film of the liquid into the corona region
[see illustration on opposite page]. It
should be possible also to churn the liq-
uid with a blade-shaped electrode or
even to establish a corona discharge in
bubbles of the reactant gas moving
through the liquid.

Finely divided solids can be exposed
to corona either by making a slurry that
can be handled in a liquid reactor, by
stirring or tumbling the particles be-
tween electrodes along with the reac-
tant gas or by allowing the gas passing
between the electrodes to entrain and
“fluidize” the particles. At the Advanced
Technology Laboratories we have de-
vised techniques for generating corona
in all-gas systems, liquid-gas systems
and reactors handling powdered solids
and gas. We generally work with a po-
tential of 10,000 to 15,000 volts. The
current is on the order of 50 or 100
milliamperes per square foot of corona
area and the power level is about one
kilowatt per square foot. These values
apply when the frequency of the alter-
nating voltage is 10,000 cycles per sec-
ond, and they are proportionately high-
er or lower for other frequencies.

The importance of frequency stems
from the mechanism of corona forma-
tion. The burst of corona activity begins
as the voltage rises on each half-cycle
[see bottom illustration on page 92]. As
the electrons and positive ions become
concentrated at the opposite electrodes
they build up a space charge that neu-
tralizes the electric field and chokes off
the corona. When the field is reversed,
the space charge is dissipated and an-
other corona burst can occur. The num-
ber of bursts, the current drawn, the



power level and the rate of chemical re-
action are all therefore approximately
proportional to the frequency. Although
the amount of chemical product does in-
crease with frequency, higher frequen-
cies are more expensive to generate. The
best compromise between low produc-
tivity and high cost seems to be 10,000
cycles, and that is the frequency we
generally use.

A number of investigators have com-
piled data indicating that certain fre-
quencies are “preferred” for certain re-
actions, and some of them have evolved
rather elaborate theories relating these
preferred frequencies to such charac-
teristics of the particular molecules in-
volved as bond length and molecular
vibration. We are skeptical of such re-
sults; we attribute the reported varia-
tions in efficiency with frequency to
technical difficulties or to the standard
chemical laws governing reaction rates.
We may be quite wrong, however; it is
dangerous to be dogmatic about an un-

folding technology.

Norona is effective in a wide variety

A of chemical reactions. The long-
standing example of ozone synthesis im-
mediately suggests a number of similar
reactions in which simple molecules are
converted into more complex ones with
higher energy. Hydrogen peroxide,
which is generally made by low-voltage
electrolysis, is a likely candidate for
corona synthesis; German chemists al-
most perfected a commercially feasible
process before World War II. The re-
action is straightforward: in a water-
vapor corona a molecule of water de-
composes into a free hydroxyl (OH)
radical and a hydrogen atom; two hy-
droxyls combine to form hydrogen per-
oxide (H.O.). Another likely product is
hydrazine, the nitrogen analogue of hy-
drogen peroxide, which is an important
rocket fuel and might have other appli-
cations if it could be manufactured
more inexpensively. In our laboratory
we establish a corona discharge in am-
monia gas; an excited ammonia mole-
cule (NHjy) is dissociated into an amino
radical (NHs) and a hydrogen radical,
the latter makes another amino radical
by pulling a hydrogen atom out of a
second ammonia molecule; two amino
radicals then combine to form hydra-
zine (N,H,). Corona can also mimic in
the laboratory the synthesis of nitric
acid by lightning.

Corona has special virtues as the syn-
thesizer of highly reactive compounds.
There are a number of oxygen fluorides,
for example, that are so unstable that

they break down at the very tempera-
tures required for their synthesis by
conventional methods. A research group
at Temple University was able to syn-
thesize such fluorides with corona by
operating at low temperatures; this does
not inhibit corona formation or the crea-
tion of free radicals but does prevent the
breakdown of the products formed
when the radicals couple. Recently the
Temple workers have accomplished
corona synthesis of even more unusual
compounds, in which the noble gases
xenon and krypton are linked with fluo-
rine or oxygen difluoride.

Although these exotic compounds are
interesting, the low cost of corona pow-
er suggests that it should have its widest
application in the processing of large
volumes of material. We have investi-
gated a number of such potential ap-

plications, including water purification,
polymerization and the cracking of pe-
troleum and coal.

Corona has been playing an indirect

role in water purification for some
time because ozone synthesized by co-
rona has long been used, particularly in
Europe, to treat drinking water. Ozone’s
effectiveness stems from its power as
an oxidizer; the direct action of corona
on water apparently brings about many
of the same chemical and bacteriologi-
cal changes as ozone but seems to be
even more potent. Corona playing on
water forms hydroxyl and hydroperoxy
(HOO) radicals at the surface. These
diffuse into the water, where they kill
bacteria by interfering with metabolic
processes. The radicals also react with
any organic impurities they meet, start-
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ROTATING-DISK CELL is another liquid-gas reactor. The ground electrode is a metal disk
that transports a film of liquid or suspended solids from a sump into the corona. The
reactant gas enters at top left and leaves at top right, carrying product molecules with it.
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SCALED-UP VERSION of the rotating-disk reactor has six ground electrodes. They rotate
between parallel high-voltage electrodes made of stainless sheet steel insulated by lami-
nated mica mat. The photograph shows the inner elements of the reactor; the containing
vessel for the gas has been removed. This reactor developed five kilowatts of power.

ing a process of oxidation that continues
until the organic material—including the
dead bacteria and the most refractory
pesticides and detergents—is converted
entirely into innocuous molecules such
as carbon dioxide and water.

In behalf of the Taft Sanitary En-
gineering Center in Cincinnati we are
currently investigating the effectiveness
of corona in reducing what is called the
biochemical oxygen demand of the efflu-
ent from sewage-treatment plants, that
is, the extent to which organic wastes
in the effluent will deplete the dissolved-
oxygen content of the river or bay into
which the effluent flows and so reduce
the water’s ability to support aquatic
life. The hope is that corona can provide
a “polishing” treatment for waste water
just before it is discharged, or even pu-
rify the effluent enough to permit its
reentry into the municipal water sup-
ply. We have found several corona
reactors suitable for water treatment,
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including the rotating-disk model and a
tube-shaped reactor in which water and
air or oxygen are swirled turbulently be-
tween concentric electrodes. Much de-
velopment work remains to be done in
order to find the reactor design and
conditions that will most efficiently
transport radicals from corona to water,
but judging by what we have seen to
date water treatment is one of the most
promising fields for corona technology.
Corona should be effective not only for
purifying municipal water supplies but
also for very different purposes; it may,
for example, be a good substitute for
pasteurization in the case of bottled
beer, with a less detrimental effect on
the taste of the beer.

h/[any early corona researchers were

bothered by unexpected semisolid
deposits that encrusted their equipment.
Before the era of plastics the goals
of organic chemistry were clean, easily
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characterizable compounds, and the for-
mation of such residues was something
to be avoided. Now it is clear that those
gummy deposits were polymers: sub-
stances composed of long-chain mole-
cules made by the repetitive linking of
free-radical monomers created by the
corona. Polymerization is one of the
basic operations of industrial chemistry
and it seems likely to be one of the
most successful applications of corona
technology. One attractive prospect is
the use of corona to lay down a thin film
of polymer as a coating on sheets of
metal, plastic or cloth.

We feed the material to be coated
into a corona reactor along with the
appropriate monomer in the form of a
gas or vapor. Radicals and ions formed
by the corona start to polymerize, con-
dense on the material and continue to
polymerize there under the influence of
their own radical content and further
bombardment by corona electrons. The
coating that is formed adheres well and
is uniform in thickness. Its properties
can be controlled, since they are func-
tions of the particular monomer chosen,
the rate of flow of the gas, the corona
power level, temperature and other vari-
ables. The coatings may be tacky or, if
the molecules are cross-linked by nu-
merous bonds, they may be hard, in-
soluble and practically impermeable.
The great advantage of corona polymer-
ization is its ability to produce a finished
coating from an inexpensive monomer
in one step. It is also possible to apply
such coatings with a “glow discharge,”
an electrical breakdown that occurs at
lower voltages in gases at low pressure.
The British Iron and Steel Research
Association, for example, has developed
coating processes for sheet steel based
on low-pressure glow discharges. We
have concentrated on the corona meth-
od at atmospheric pressure because it
makes the problem of feeding the ma-
terial to be coated through the reactor
so much simpler.

One of the basic operations in petro-
leum refining and petrochemistry is
cracking, by which large molecules in
coal or oil are broken into smaller, more
volatile molecules. Cracking is based on
free-radical chemistry and would seem
to be made to order for corona. The
trouble is that gasoline is so cheap (be-
fore taxes!) that the cost of production
must be kept low; corona has not yet
become economical for petroleum refin-
ing. The situation may be very different
in the case of specific petrochemical
processes that turn out to be susceptible
to corona. Under contract to the U.S.



THE MERCEDES-BENZ 220. PURE AUTOMOTIVE DESIGN—FROM THE INSIDE OUT.

Mercedes-Benz advocates the wide-open door policy.

The most dramatic opening of this
or any other season: the big, big
doors of the Mercedes-Benz.

Lets the ladies be lady-like, step-
ping in or stepping out, and you
can see (above) how they love it.

The Mercedes wide-open door
policy is based on a simple view of
automotive design. You start with
the passengers—their comfort,
safety, the space they’'ll need.

And then you build the motor-
car around these considerations.

From the inside out.

This is design logic. It lets you
have graceful entrances, graceful

exits, and graceful interiors. And you
may have real wood, real leather
combined in the Mercedes-Benz
living room for lasting luxury.
You ride a little higher in a
Mercedes—in spirit and in fact.
And you ride a lot safer in a
Mercedes. You'll appreciate the
padded dash and steering wheel;
the pliable window handles and the
recessed handles on the doors.
This is whatdesign logic leads to :
safety, comfort, quiet elegance.
Your own logic will lead you,
sooner or later, to step up and into
a Mercedes. Maybe sooner.
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Lubrication . . . Need a good lubricant for
bearings, gears, and other mechanisms
under rolling or sliding friction conditions,
over temperature ranges from —100°F to
+450°F? G-E Versilube® provides a wide
choice of lubricating greases...and they
won’t evaporate, won’t hleed and won’t
washout.

Electrical Insulation . .. Need protection
against contamination and environmental
extremes for electrical insulating, sealing,
and heat transfer applications? G.E. has
Insulgrease® and Insulgel® dielectric com-
pounds that are water repellent and guard
against solid particle deposits, with a use-
ful temperature range from —65°F to
+300°F.

General Purpose . . . Need a general pur-
pose compound for any number of water
repellent and general sealing applications
where you can’t afford evaporation or
bleeding? G.E. has compounds for use as
corrosion inhibitors, non-curing seals, anti-
seize compounds, and for specialty release
applications.

As a matter of fact, G.E. has so many
excellent silicone greases for so many ap-
plications, we’ve written a book about it.
It’s a 20-page Technical Data Book loaded
with information such as physical and elec-
trical properties and applications. And it’s
yours for the asking.

®Registered Trademarks of General Electric Company

Send now for your FREE copy of
G-E Silicone Greases Technical
Data Book S-21

|
Write to Section U615], Silicone Products Dept.,
General Electric Co., Waterford, New York.
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attempting to “desulfurize” heavy fuel
oil with corona, since sulfur in fuel oil
is a serious source of air pollution. In
the course of a previous investigation
into corona processing of coal we had
found that hydrogen sulfide was always
one of the early products of corona
attack on coal. In coal (and, we expect,
in oil) the sulfur bonds appear to be
cleaved by corona more readily than
any other bonds.

The original objective of the coal
project, which was sponsored by the
U.S. Department of the Interior’s Office
of Coal Research, was to convert a sub-
stantial part of the coal molecule into
liquid and gaseous fuel, at the same
time putting the residual charcoal to
work as a fuel to generate the corona
power. German chemists had managed
to make gasoline and oil from coal by
hydrogenation (adding hydrogen to
crack molecules) during both world
wars, but the process was not economi-
cal in peacetime. We set out to reduce
the cost by working at atmospheric
pressure with corona and at the same
time to increase the value of the prod-
uct by generating higher-octane gaso-

ACTIVATED
ETHYLENE ETHYLENE
 ELECTRON © c reon

line. We used the rotating-disk reactor,
among others; the disk carried a film of
coal slurry or tar up into the corona
zone, where it was cracked by electrons
and radicals from a stream of hydrogen
or methane gas.

The products we obtained included
a wide range of volatile hydrocarbons,
including valuable “aromatic,” or ring-
shaped, molecules such as benzene,
xylene and toluene. The electrical effi-
ciency was not satisfactory, however.
The condensed-ring molecular structure
of coal seems to be able to soak up great
quantities of electrical energy and, in-
stead of cracking, to “shimmy” a little
and then give the energy back as heat.
(Indeed, the oils used as moderators in
some nuclear reactors are effective in
absorbing energy because they have a
similar molecular structure.) We con-
cluded that although corona processing
may be appropriate for deriving chemi-
cals from coal, it is not now an economi-
cal technique for converting coal to
liquid fuel. Further research could very
well change that assessment, however.
As a matter of fact, at this early stage
in corona research no such judgment
can be considered final.

2e8:

POLYETHYLENE

@ HYDROGEN

POLYMERIZATION of monomers is catalyzed by corona. An electron striking the double

| bond in ethylene (left) opens the bond to form activated ethylene,

a “diradical” with two

free bonds. The radicals link to form the long-chain polyethylene molecule (right).
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4+ BENZENE

| MOLECULES OF COAL can be cracked by corona. Hydrogen atoms formed in a corona

strike a bond in a typical coal molecule, a corner of which is illustrated. One atom combines
with the coal molecule; the other binds to the split-off ring to form a benzene molecule.
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If you use

or plan to get a
desk-top photocopier,
it will pay you
to read this...now.

1. There are a great many brands of
desk-top copiers on the market today.

2. Between them, they have caused
something of a revolution in office
procedures. Photocopying is sensible,
convenient, time- and money-saving.

3. Because of claims and counter-
claims of alleged superiorities by in-
dividual photocopying manufacturers,
the buyer (renter or leasor) can only
be tremendously confused. One ma-
chine will do a little thing that another
one doesn't, and, while this may be an
“exclusive,” it is very frequently an
unimportant one. Most machines on
the market have such a claim to
make. Usually it's blown up out of all
proportion to its usefulness.

SCM ELECTROSTATIC COPIERS

gﬂd SCM CORPORATION

archant® Calculators, Photocopiers, Adding Machines, Data Pr ng System

Think ahead
«..think SCM

Makers of Smith-Corona® Typewriters, M

4. Most photocopy machines do a good
job, but the one standard complaint
is that they break down frequently un-
less handled carefully. When you
come to rely on a photocopier, this is
hard to take.

5. The SCM 44™ photocopier does
what other copiers do — it makes
clean, fast, readable copies. Like the
others, it has some small exclusives,
but we won't bore you with them. It
has one outstanding advantage — a
much better record than any other
machine for “time on” instead of
“time off.” In short, it's a real work-
horse. Anyone can use it, and it'll keep
going hour after hour, day after day.

6. Sooner or later, you will want a

.
s

© 1965 SCIENTIFIC AMERICAN, INC

photocopier. When you do, investigate
them all — or as many as you want to.
Include the SCM 44 in your investiga-
tion. If you have a machine now, but
are having trouble, try ours. The
record proves the SCM 44 keeps on
working — regardless of whether you
use it for a few copies at a time or run
it all day long.

7. If you're happy with the photocopier
you have now — good! We want more
people to use photocopiers, because
we'll get our share of the business.

SCM Corporation, Dept. SA-6

410 Park Avenue, New York, N. Y. 10022
O Please send information.

O I'd like to see a demonstration.

Name
Title & Firm
Address

City State

In Canada, address requests to: SCM Limited,
29 Gervais Drive, Don Mills, Ontario.
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The Composition of the Earth’s Interior

There is little likelihood that the core of the earth will ever
be examined at first hand, but recent studies of solids at high

pressures support the idea that it is made of iron and nickel

by

eophysicists have inferred from
‘ seismic (earthquake) waves that
the solid earth consists of three
principal concentric zones: (1) a thin
crust varying from five to 50 kilometers
in thickness; (2) a mantle about 2,900
kilometers thick and (3) a large core,
divided into an inner and outer region,
that accounts for about half of the
earth’s diameter and nearly a third (31.5
percent) of its mass. The composition of
the crust varies from granite in con-
tinental areas to basalt in ocean basins.
It is generally accepted that the mantle
is made up of denser silicate minerals,
which are rich in magnesium and iron.

Although it seems quite unlikely that
a sample of the core can ever be ex-
amined at first hand, there is consider-
able evidence that it is composed chief-
ly of iron. Whether or not any other
elements are present, and if present
which elements they are, is a much de-
bated subject. We believe experiments
in our laboratory at the University of
Rochester have cast some fresh light
on the matter.

Heretofore hypotheses about the com-
position of the earth’s core have been
based primarily on two lines of reason-
ing. The first involves seismic and other
geophysical measurements that indicate
that the core has a density consistent
with that of metallic iron. The second
involves an appeal to the composition
of certain kinds of meteorites that are
believed to be fragments of a shattered
planet. Since these objects consist most-
ly of iron-nickel alloys, they suggest that
the earth’s core may have a similar com-
position.

Within the past 15 years still an-
other approach to the understanding of
the earth’s interior has been actively
explored. In this approach one attempts
to reproduce conditions of temperature

100

and pressure resembling those inside the
earth and to observe under these condi-
tions the changes that take place in the
properties of various substances. One
means of achieving such conditions is
to use explosives; this method has re-
cently been employed by workers at the
Los Alamos Scientific Laboratory, who
have devised ingenious recording in-
struments to measure ﬂeeting changes
in the properties of samples subjected
to explosive shock waves.

In our laboratory we have chosen to
study samples that have been placed in
a small but powerful press. This press
is so designed that we can use X-ray
diffraction to determine the effects of
pressure and temperature on the ar-
rangement of atoms and the density of
the material under examination. From
our measurements it has been possible
to obtain information that is pertinent to
questions about the composition of the
core.

Our investigations grew out of some
interesting findings made by the Los
Alamos group on the effects of pres-
sure on the density of iron. They found
that at pressures comparable to those
in the earth’s interior the density of
pure iron is 10 to 15 percent greater
than the density of the earth’s core as
determined by geophysical measure-
ments. This implied that the core could
not be composed of pure iron; if it
were, the core should be 10 to 15 per-
cent denser than it is found to be.

Could the discrepancy be explained
by supposing lighter elements, such as
silicon, are alloyed with iron in the core?
That seemed unlikely, because no such
alloys have been found in iron-nickel
meteorites. Nickel itself should presum-
ably make the alloy denser, since it is
heavier than iron. These problems led
us to initiate a series of studies of iron
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and its alloys with our high-pressure
equipment.

The father of all modern high-pressure

studies was the late Percy W. Bridg-
man of Harvard University. He devel-
oped equipment that was capable of
subjecting small samples of matter to
very high pressures—up to 100 kilobars.
(One bar is approximately one atmo-
sphere; a kilobar is about 1,000 atmo-
spheres, or 14,500 pounds per square
inch, and 100 kilobars is 1,450,000
pounds per square inch.) Bridgman in-
vestigated the effects of high pressure
on many elements and compounds, mea-
suring particularly the changes in den-
sity and in electrical resistance of the
compressed samples.

Two kinds of change in density take
place with increasing pressure. One is
simple compression, which gradually
reduces the distance between atoms and
thereby increases the density of the
solid. The other type of change, called
polymorphism, is an abrupt transforma-
tion, through either a sharp decrease in
the size of atoms or a radical rearrange-
ment of their geometry. The effect of
temperature, on the other hand, is usu-
ally to increase the distance between
atoms, resulting in expansion. A change
in temperature, however, can also give
rise to polymorphism. In other words,
the atoms of a substance always tend to
arrange themselves in the configuration
that will be most stable under given
conditions of pressure and temperature.

It is such changes in configuration
that can be examined by X-ray diffrac-
tion. When a beam of X rays is directed
through a crystal, the rays are reflected
from the layers of atoms, and these rays
form a pattern that indicates the spac-
ing and arrangement of the atoms [see
illustration on page 102]. Caught on



photographic film, the reflected rays
form a set of diffraction rings; from
the diameter of the rings one can cal-
culate the distance between the layers
of atoms in the crystal. With simple
crystals this is usually enough informa-
tion for obtaining the arrangement of the
atoms as well as the distances between
them.

The use of X rays to examine sub-
stances under pressure was first suc-

cessfully introduced in 1937 by R. B.
Jacobs, who was then working at Har-
vard University. To admit the X-ray
beam into the pressure chamber Jacobs
used a window of beryllium. There are
materials other than beryllium that are
transparent to X rays and also strong
enough to serve as windows of a high-
pressure chamber; among them are
diamond, boron and lithium hydride.
In recent years a number of workers

MANTLE
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INTERIOR OF THE EARTH is divided into crust, mantle, outer
core and inner core. The illustration shows how pressure increases
with depth. A kilobar is 14,500 pounds per square inch; thus the
pressure of 3,400 kilobars at the center of the earth is equivalent
to almost 50 million pounds per square inch. The diamond-anvil
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have developed effective designs for
studying samples under extremely high
pressure, both by X-ray diffraction and
with the microscope; with the aid of a
grant from the National Science Foun-
dation we have built such an instru-
ment [see top illustration on page 103].
A. Van Valkenburg and C. E. Weir of
the National Bureau of Standards pro-
vided valuable technical advice.

Our instrument employs as anvils for

press used by the authors can exert a pressure of 300 kilobars,
equal to that found at a depth of 880 kilometers in the earth’s in-
terior. The temperature of the mantle probably ranges from 600 to
2,500 degrees centigrade; the core, from 2,500 to 3,500 degrees. The
outer core is believed to be liquid; the inner core may be solid.
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STRUCTURE OF CRYSTALS can be studied by sending a beam of X rays of uniform wave-
length through a powdered crystalline sample. When the X rays are diffracted by the
planes of atoms in the crystals, the waves of radiation reinforce each other in certain diree-
tions and cancel in others. Thus crystals produce an X-ray “glitter” only if they are properly
oriented with respect to the X-ray beam. The glitter from a randomly oriented sample of
crystals produces one or more concentric rings on a photographic plate. The size of the
rings varies inversely with the spacing between the atomic planes in the crystal. Here the
crystals at the bottom have the narrower spacing and therefore produce the larger rings.
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compressing the sample two gem dia-
monds with working faces half a milli-
meter (a fiftieth of an inch) in diameter.
The diamonds are mounted at the ends
of two pistons, which are driven to-
gether by a lever-and-spring arrange-
ment that can exert pressures up to 300
kilobars (4,350,000 pounds per square
inch). As the sample, which is originally
in the form of a powder, is squeezed,
part of it is extruded at the edges of the
diamond faces, but its escape is limited
by friction and some of it is retained
between the faces. The pressure is
greatest at the center and falls off rapid-
ly toward the edges, where it may be no
more than one bar. If the sample under-
goes a change of phase at a particular
pressure, the transformation will appear
first in the central area as a different
color or brightness. As the pressure is
increased there may be successive phase
transformations; these will reveal them-
selves as a series of concentric rings,
each of which represents a phase
change at a particular pressure.

Such changes can be observed both
by X-ray diffraction and with the light
microscope. A thin beam of X rays of a
single wavelength is directed through
one of the diamond anvils to the sample.
Rays reflected from the sample pass out
through the other diamond and are re-
corded on photographic film. The appa-
ratus also allows us to look at the sam-
ple through holes in the pistons with a
microscope employing either transmit-
ted or reflected light [see illustration at
bottom left on opposite page]. Among
other things, the microscope enables
us to pick out particular areas of the
sample for X-ray examination.

\V Tith this apparatus we have studied

'V the changes in various materials at
pressures up to 300 kilobars and tem-
peratures up to 300 degrees centigrade.
A substance that nicely exemplifies the
phase changes that can be brought
about by pressure is silver iodide. At
ordinary atmospheric pressure and room
temperature silver iodide is a lemon-
yellow powder. Under a pressure of
three kilobars it changes to a different
phase; at four kilobars it undergoes a
second transformation, and above 100
kilobars it has still another form. The
three polymorphs, or phases, are dis-
tinctly visible in photomicrographs of
a sample in the pressure apparatus [see
illustration at bottom right on opposite
page]. Thus silver iodide dramatically
demonstrates that, depending on pres-
sure and temperature, a single substance
can exist in various structural forms,
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HIGH-PRESSURE X-RAY CAMERA built by the authors can
make X-ray diffraction photographs of crystalline samples under
pressures as high as 300 kilobars (4.5 million pounds per square
inch). The sample is compressed between diamond anvils (see de-
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DIAMOND ANVILS of gem quality are mounted so that X rays or
an ordinary light beam can be passed through the compressed
sample. If light is used, the sample can be examined by microscope.

tail at left below), with force being applied by a lever-and-spring
arrangement. The curved surface in the X-ray beam serves the same
purpose as a prism in a light beam: it fans out rays of different
wavelengths so that a narrow band of wavelengths can be selected.

PHOTOMICROGRAPH OF SILVER IODIDE shows three crystal-
line phases. The center is at about 10 kilobars, the ring is at three
to four kilobars, the outer portion is at less than three kilobars.
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each possessing characteristic physical
and chemical properties.

Now let us proceed to the experi-
ments with iron and iron-nickel alloys.
It was known that at ordinary pressure
iron has three phases depending on
temperature. At temperatures up to 906
degrees C. it has the form called alpha,
in which the atoms in the crystal are
arranged in a “body-centered” cubic
structure; between 906 and 1,401 de-
grees it favors the gamma phase, char-
acterized by a “face-centered” cubic
structure, and between 1,401 and 1,530
degrees (the melting point of iron) it
returns to a phase called delta, in which
the structure is again body-centered
cubic [see illustration at top of these
two pages].

In order to explore the effects of pres-
sure alone, we subjected iron samples to
various pressures while keeping the
temperature constant at 25 degrees C.
(77 degrees Fahrenheit). When the pres-
sure reached 130 kilobars, the iron be-
gan to exhibit a visible change of phase
from the normal alpha form: it became
brighter [see illustration at bottom left
on this page]. When we examined our
compressed samples by X-ray diffrac-
tion, we found that the iron had indeed
been transformed into a new structure:
a more compact hexagonal arrangement.
We named this new phase epsilon.

PHOTOMICROGRAPH OF IRON shows the epsilon phase formed
at pressures above 130 kilobars as a bright region in the center.
This region is surrounded by iron in the less dense alpha phase.
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From the X-ray studies we were able
to calculate how the density of iron
responded to increasing pressure [see
top illustration on page 106]. At or-
dinary temperature and pressure the
density of iron is 7.86 grams per cubic
centimeter. At pressures up to 130 kilo-
bars compression reduced the distances
between atoms, so that the density rose
steadily to 8.46 grams per cubic centi-
meter. But at 130 kilobars, where the
iron changed to the epsilon phase, the
density abruptly jumped to 8.81 grams
per cubic centimeter. Thereafter, as
the pressure was increased further, the
density increased at a uniform rate.
At 300 kilobars, the limit of our equip-
ment, the density of pure iron was 9.49
grams per cubic centimeter.

We then tested an alloy consisting of
95 percent iron and 5 percent nickel.
Like iron itself, the alloy normally crys-
tallizes in the alpha phase, or body-
centered cubic arrangement. Up to 115
kilobars it increased in density at al-
most the same rate as iron. Then it
changed to the epsilon phase and its
density jumped from 8.40 grams per
cubic centimeter to 8.87. As we raised
the pressure higher, however, the alloy
behaved differently from pure iron. To
our surprise it showed substantially
lower compressibility at high pressure
than pure iron did; that is, its density

© 1965 SCIENTIFIC AMERICAN, INC

IRON CRYSTALS assume different atomic
arrangements at different pressures and
temperatures. The common low-temperature

rose at a slower rate. Whereas the al-
loy was denser than pure iron at a pres-
sure of 115 kilobars, at 230 kilobars
the density of both became equal, and
at 300 kilobars the iron-nickel alloy was
actually 1 percent lighter than pure
iron!

The final experiment was performed

X-RAY PATTERNS OF IRON show how the crystal structure of
iron varies with pressure. To provide a means for estimating pres-
sure sodium chloride is mixed with the iron powder. At room



form is a “body-centered” cubic crystal (left) called alpha iron. One
high-temperature form, delta iron, has the same structure. A form
found at intermediate temperatures, gamma iron, has a “face-

with an alloy of 90 percent iron and
10 percent nickel. This is the composi-
tion of the average iron-nickel meteorite.
The 90:10 alloy again showed the same
property of being less compressible than
pure iron at high pressures. Extrapolat-
ing to pressures above the limit attain-
able with our instrument, we calculated

pressure and temperature (left) iron is in the alpha form. At 130
kilobars and room temperature (middle) a new line just outside
the strongest alpha line signals the first appearance of the epsilon

that under the conditions in the earth’s
core (1,500 to 3,500 kilobars and 3,000
degrees C.) the iron-nickel alloy would
be approximately 10 percent lighter
than pure iron.

On the basis of various experiments
it is possible to plot the joint effects
of temperature and pressure within the

© 1965 SCIENTIFIC AMERICAN, INC

centered” cubic structure (middle). Epsilon iron (right), which
appears only at pressures above 130 kilobars, exhibits hexago-
nal close-packing. It was discovered in the authors’ laboratory.

limits of conditions attainable in the
laboratory [see bottom illustration on
next page]. The iron or iron-nickel alloy
in the core cannot be in the alpha
phase, because that phase cannot exist
at a temperature higher than 906 de-
grees or a pressure higher than 130 kilo-
bars. Under the conditions in the core,

phase. At 200 kilobars and room temperature (right) the diffraction
lines of the alpha phase have entirely disappeared and only those
of the epsilon phase remain. Sodium chloride lines are also present.
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DENSITY (GRAMS PER CUBIC CENTIMETER)

50 100 150 200 250 300 350
PRESSURE (KILOBARS)

EFFECT OF PRESSURE ON DENSITY of pureiron and iron-nickel alloys has been deter-
mined with the authors’ high-pressure X-ray camera. In all three samples the density in-
creases smoothly until there is an abrupt change in crystal structure between 110 and 130
kilobars, after which the density again increases smoothly. The significant finding here is
that the two nickel alloys are less dense than pure iron at 300 kilobars. It is proposed that
these alloys may resemble the material in the earth’s core, which is less dense than pure iron.
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therefore, the metal must be in either
the gamma phase or the epsilon phase.
Which is more likely? One can only
try to extrapolate from the laboratory
results to higher levels of the pressure-
temperature curve governing the transi-
tion from the gamma to the epsilon
phase.

F. P. Bundy of the General Electric
Research Laboratory has experimentally
determined that the temperature re-
quired for the transformation of iron
from the gamma to the epsilon phase
goes up by 2.8 degrees C. with each
increase of one kilobar in pressure. Our
calculations indicate that for a 90:10
iron-nickel alloy the requirement is 7
degrees per kilobar. An extrapolation
to the temperature-pressure conditions
in the earth’s core leads to the conclu-
sion that the metal there is most likely
in the epsilon phase. The conclusion is
supported by the studies that have sub-
jected iron to high temperatures and
pressures by means of explosives [see
upper illustration on page 108].

bservations of seismic waves that

have traveled through the core sug-
gest that the outer portion of the core—
between 2,900 and 5,000 kilometers
below the earth’s surface—is fluid, be-
cause that region does not transmit
shear waves as a solid usually does.
Reflections from a surface within the
core have led geophysicists to conclude,
however, that there may be a solid in-
ner core. In any case we can reasonably
assume that, whether the metal of the
core is in the molten or the solid state,
its atoms are arranged in closely packed
configurations; molten or solid, the den-
sity of the metal is about the same.

The present information on the prob-
able composition of the earth’s core can
be summed up in a single chart [see
lower illustration on page 108]. This
shows first of all the density of pure
iron at very high pressures, as deter-
mined in independent shock-wave ex-
periments by R. G. McQueen and S. P.
Marsh at Los Alamos and by L. V.
ATl'tschuler and his associates at the In-
stitute of High Pressure Physics in the
U.S.S.R. The chart also shows the re-
sults of our experiments with the 90:10
iron-nickel alloy and extrapolations from
these results that indicate that under the
assumed high pressures and tempera-
tures of the earth’s core the density of
the alloy is about 10 percent less than
that of pure iron. Our density values
for this alloy agree with the density of
the core, as estimated by K. E. Bullen
of the University of Sydney and Francis
Birch of Harvard University on the



Please don’t drink the suspension system...

Not good for you: we had to add
dye to the alcohol-and-water mix in
order to avoid paying a liquor tax on
every MG Sports Sedan we import.

Besides, there are greater kicks
to be had from our new Hydrolastic®
Suspension. Teamed with front wheel
drive, it gives our five-passenger
economy sedan the handling
qualities of an expensive sports car.
Permanently sealed-in fluid replaces
metal springs and shock absorbers.
You corner flat, ride level and

hold firm to the road. Most
intoxicating, whether you motor for
fun or family.

The Sports Sedan earns its name
in other ways, as well. MG’s 1100 c.c.
twin-carburetor power plant
hastens you on your way. The big
fade-free disc brakes impose control
seldom experienced off the race
course. The bucket seats and 4-speed
stick shift add to the sport.

And it's all yours at a price
usually referred to as laughably low.
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Want a drink? See your favorite
bartender.

Want the sporting life in a family
car? See your MG dealer.

In either case . . . cheers.

FOR OVERSEAS DELIVERY AND OTHER
INFORMATION, WRITE: THE BRITISH
MOTOR CORP./HAMBRO, INC., DEPT.
SA-2, 734 GRAND AVENUE, RIDGE-
FIELD, NEW JERSEY
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The day American
President Lines
made land-locked
Kalamazoo
a port of call

The day had its beginning months
previouslyin Singapore. There, APL
ships take on cargoes of crude rub-
ber formed into large blocks.

During transit to the U.S., the
combination of tropical heat and
weight pressure on certain grades
of rubber sometimes fused the
blocks into one great mass in the
holds.

Unloading was slow because the
grappling hooks that pulled the
blocks often tore loose.

As a safety precaution and to
check rising costs, APL went to the
expert in releasing problems—KVP
Sutherland Paper Company in Kal-
amazoo. Its technicians developed
a special releasing paper that was
used to interleave the rubber
blocks; despite heat and pressure,
the blocks released instantly at the
unloading dock. Injuries and un-
loading costs were reduced.

Versatile KVP Sutherland releas-
ing papers solve sticky problems
daily in the rubber, plastics, preci-
sion machinery, food processing,
packaging, and defense industries.
May we solve your sticky problems?

KVP SUTHERLAND
PAPER COMPANY

KALAMAZOO,
MICHIGAN

. Please send me more information

. Name

- Campany
* Address
City.
: Zip Code

likelihood the inner core is solid and
crystalline, with the atoms of the alloy
packed in a hexagonal arrangement, and
the outer part of the core is fluid, with
the atoms closely packed but in a less
orderly configuration.

basis of seismic data, the moment of
inertia and the earth’s mass.

We conclude, therefore, that the
earth’s core probably consists of iron-
nickel alloys and is similar in composi-
tion to the iron-nickel meteorites. In all
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EXTENSION OF PRESSURE-TEMPERATURE DIAGRAM shows the type of iron alloy
that may exist in the earth’s core. The colored curve shows pressure-temperature conditions
produced by shock waves in iron samples subjected to explosive blasts. The break in slope
at 130 kilobars is produced by the transition from alpha iron to epsilon iron. The absence
of further breaks in the curve shows that the epsilon phase is probably the stable phase
of solid iron up to pressures of at least 2,000 kilobars, or well into the earth’s core.
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DENSITY OF MATERIAL WITHIN THE EARTH as inferred from geophysical measure-
ments (A4) can be compared with extrapolations from laboratory experiments (B, C, D).
Values plotted in A are those calculated by Francis Birch of Harvard University and Sir
Edward Bullard of the University of Cambridge; shaded areas represent uncertainty.
Line B shows the density of a 90-percent-iron-10-percent-nickel alloy extrapolated to 3,500
kilobars and 3,500 degrees C. from the authors’ data. Line C shows the densities of pure iron
as determined by the shock-wave technique developed by R.G.McQueen and S.P.Marsh of
the Los Alamos Scientific Laboratory. Line D shows the density of pure iron as determined
by L. V. Al'tschuler of the U.S.S.R., who also used a shock-wave technique. The agreement

. | between 4 and B speaks for a core composed of 90 percent iron and 10 percent nickel.
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WHO'S AFRAID OF THE ONE-EYED JACK?

THIS JACKRABBIT is a small part of an NUS program at San Onofre, California.
He is one of the fauna and flora examined in a program developed by NUS to establish base levels of
radioactivity before initial operation of the reactor plant under construction there for the Southern
California Edison Company. Y He contributes, willy-nilly, to one of NUS's varied complex of programs—
test facility planning and design, the NERVA Nuclear Rocket tests al Jackass Flats, Nevada, SNAP
projects, the Surveyor Lunar Roving Vehicle, and others. § But NUS habitually stretches far beyond
its basic nuclear disciplines as a leading consultant-engineering firm—into applied research, operations
research, systems analysis and design, and other fields. The question is apt and answerable: NUS's
multi-discipline stalf does not fear the one-eyed jack (-ass, -rabbit, or card), the unexpected variable,
in problems of many diverse kinds

nus % nuclear utility services, inc.
——— \ 1730 M Streel, North West » Washinglon, D.C. 20036 » Telephone: 296-8850 » Cable: nuswash

A new booklet titled “Who's Alraid of the One-Eyed Jack?" published by NUS, tells you how far NUS can strelch. Ask
us for a copy. I you stretch beyond your basic disciplines, send resume. NUS challenges you to meel ils criteria
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William Withering
and the Purple Foxglove

The foxglove yields the invaluable heart drug digitalis. Discovered

at least as early as the 16th century, the drug fell into disrepute

but was reinstated by the careful studies of an English physician

by J. Worth Estes and Paul Dudley White

igitalis, an extract of the leaves
D of the plant called the pur-
ple foxglove, is currently used
to treat almost every type of heart dis-
ease. It causes heart muscle to contract
quickly and forcefully and thus works
against cardiac insufficiency. In speed-
ing up contraction it gives the heart
more time to rest between beats. In
strengthening contraction it enables the
heart to deliver blood to the rest of the
body at higher pressure; this tends to
keep fluid from leaking out of the cap-
illaries and to encourage the kidney to
excrete it. The most active constituent
of digitalis is the glycoside digitoxin,
the molecular structure of which was
determined a decade ago. Exactly how
digitalis produces its effects in the heart
muscle, however, remains unclear.
Men have been interested in digitalis

and its effects for centuries; even the
discovery of its medical usefulness was
a historical process rather than a single
event. Written records indicate that as
early as the 16th century physicians
were praising the medicinal properties
of the purple foxglove. As so often hap-
pened in past epochs of medical prac-
tice, however, the practitioners did not
systematically compile or transmit their
clinical experience. Foxglove would be
used successfully in one case and then
unsuccessfully—even fatally—in another.
Apparently by 1745 the failures of the
drug had come to outweigh the suc-
cesses; in that year it was dropped from
the influential London Pharmacopoeia.
It was not readmitted to the Pharmaco-
poeia until the end of the 18th century,
when an English physician named Wil-
liam Withering published his Account

O
_

DIGITOXIN, the principal active constituent of digitalis, was isolated more than 100 years
ago, but its molecular structure was determined only about a decade ago. Its glycoside mole-
cule has two components: a sugar (three rings at left) and a steroid (five rings at right).
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of the Foxglove and some of its Medical
Uses: with Practical Remarks on Dropsy
and Other Diseases. This book de-
scribed extensive tests of the applica-
bility of digitalis in treating various
ailments. If we consider Withering’s
contribution in the context of several
centuries of discussion of digitalis, we
begin to see that rigorous and sys-
tematic observation can do more to ad-
vance medicine than the most accurate
insight that is not accompanied by ex-
perimentation.

ew aspects of the history of digi-

talis can be set forth simply and un-
ambiguously. It is difficult to determine
who first wrote about the medical uses
of the foxglove, and there are even two
versions of how the word originated. It
has been suggested that “foxglove” is a
corruption of “folk glove”; “folk” here
refers to “little folk,” or fairies. The sec-
ond version is that the word derives
from the Anglo-Saxon foxes-glew, or
“fox music,” which refers to an ancient
musical instrument that consisted of
bells hung on an arched support. When
we examine equivalents of the word in
other languages, we find that they sup-
port both notions; for example, the Nor-
wegian revlecka means “fox music,”
whereas the Welsh menygellydon means
“elves’ gloves.” The synonymous term in
Latin—Digitalis purpurea—is less trou-
blesome because it was explained by its
originator, a 16th-century Bavarian
physician named Leonhard Fuchs.
Fuchs derived “digitalis” from the Ger-
man word for the plant: fingerhut, or
“thimble,” which refers to the shape of
the flower.

Foxglove is native to Europe, where



it is widespread and common; it was
imported to America. Here it was first
used late in the 18th century by Hall
Jackson, a physician of Portsmouth,
N.H. Jackson obtained foxglove seeds
and instructions for administering the
drug from Withering himself, who had
been an acquaintance of Jackson’s stu-
dent years at the University of Edin-
burgh. In the US. today the foxglove
is cultivated as a medicinal herb (a more
economical way of producing digitalis
than synthesizing it) and frequently as
an ornamental flowering plant. Propa-
gated by seed and sown in a hotbed in
early spring, it is transplanted to fields
after a late frost. The first year’s growth
is a rosette of oval leaves. In the sec-
ond year the stem rises a yard or more
and bears long, pointed leaves. It is
topped by purple flowers that are
spotted on the inside and are about an
inch and a half long. Although the
plant does not flower until its second
year, the leaves are collected in both
the first and second years. If the leaves
are gathered before the plant flowers,
they contain maximum amounts of the
active digitalis glycosides. After the
leaves are dried all that remains to be
done is to remove the stalk and midribs;
the powdered leaves can be taken oral-
ly. Today, however, digitalis is normally
administered in solution or by tablet.

The variety of names for the foxglove
and its vague resemblance to other
plants complicate the task of identifying
the first description of its medicinal
properties. There is an apparent refer-
ence to the foxglove in the Grete
Herball (Great Herbal) published by
Peter Treveris in 1526; the book in-
cludes a plate showing a plant that
resembles the foxglove and that is also
recommended for “feebleness of the
heart.” It has recently been proved,
however, that Treveris was discussing
another plant.

Just as Treveris, a botanist, com-
mented on the medicinal properties of
the plants he described, so his con-
temporary Fuchs, a professor of medi-
cine at Tiibingen, compiled a herbal as
his contribution to medical literature.
In De historia stirpium, published in
1542, Fuchs described digitalis as a
purgative and an emetic. He may even
have observed that it can cure dropsy,
but this hangs on the debatable trans-
lation of a sentence. Dropsy is a con-
sequence of many diseases, including
certain kinds of heart trouble in which
the heart muscle does not contract
forcefully enough to propel the blood
through the circulatory system and back
to the heart; as a result fluid col-
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PURPLE FOXGLOVE, the plant whose leaves yield digitalis, is depicted in the frontispiece
of William Withering’s Account of the Foxglove. The plant grows more than three feet high.
Its flowers are purple, about an inch and a half long and spotted inside. The leaves of the
plant contain a maximum amount of drug’s glycoside constituents before the plant flowers.
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LUNG

BODY
CAPILLARIES

EFFECT OF DAMAGED HEART is out-
lined in this highly schematic diagram of
the circulatory system. Blood pumped from
the damaged heart returns to it at low pres-
sure. The drop in pressure allows fluid to
leak out of the capillaries into tissues, which
then swell. It also prevents the kidney from
functioning at the level of efficiency neces-
sary to excrete the fluid. The retention of
fluid resulting from congestive heart failure
was at one time customarily termed dropsy.
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lects in the lungs, the liver, the legs,
the abdomen and even in the pleural
cavity, causing edema in these areas.
In his herbal Fuchs concludes: “This
plant is usually very effective in its ac-
tion to thin, to dry up, to purge, and
to free of obstructions.” We interpret
this passage as indicating that Fuchs
probably knew the drug could remove
fluid from people in whom it had ac-
cumulated abnormally, including those
with dropsy.

In the medical literature of the 16th
century other herbalists mentioned digi-
talis, usually as an emetic or an oint-
ment for open wounds. Andrea Cesal-
pino, who first suggested the circulation
of the blood, recommended digitalis for
the treatment of “malignous tumors.”
Since the word “tumor” properly refers
to any swelling, this may have been a
reference to the swelling caused by
dropsy. As the reputation of the plant
grew it was described in many herbals,
and more powers were ascribed to it.
By 1661, the year of its first inclusion in
the London Pharmacopoeia, foxglove
was being recommended for epilepsy
and as a sedative. It was also admin-
istered for consumption, later known as
tuberculosis. Here it should be recalled
that heart failure frequently affects the
lungs, and that it may have been diffi-
cult for physicians to distinguish con-
sumption from heart failure. At any
rate, digitalis was being recommended
as a treatment for a disease it could not
alleviate.

The drug had its wise advocates, but

even they did not often moderate
their tone. William Salmon, an English
physician who rarely made exaggerated
claims, wrote: “This medicine has re-
stored (where the patient has been past
all cure) beyond all Expectation.... It
opens the Brest and Lungs, frees them
from tough Flegm, cleanses the Ulcer.
... Persons in deep consumption, and
given over by all Physicians, have been
strangely recovered as to grow fat again.
I commend it as a Secret, and it ought
to be kept a Treasure. These few lines
concerning this Medicament are worth
ten times the Price of the whole Book.”
In one of Salmon’s several works on
medicinal plants he mentions dropsy as
a disease for which digitalis provides
therapy. He also made the astute ob-
servation that it should be used in small
doses because large ones elicit violent
reactions.

Such recommendations went unheed-
ed, and digitalis gained a reputation for
toxicity. Hermann Boerhaave, who in
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the 18th century founded physiology as
a separate discipline, regarded the drug
as a poison and cautioned against its
use. Others ceased to recommend it.
Such discredit culminated in a widely
publicized pseudoscientific experiment.
A French physician named Salerne, ex-
hibiting unusual bias and ignorance,
stuffed some foxglove leaves down the
throats of two turkeys. Both birds be-
came violently ill; one died of the over-
dose. An autopsy revealed that the
birds’ intestines were shrunken and dry.
Saleme reported his findings to the
French Academy of Sciences, arbiter of
European medicine at the time, and
they were published in the annals of
the Academy for 1748. After that no
physician dared to use such a toxic
drug in treating human beings. What
acceptance digitalis had attained dur-
ing the preceding century was now com-
pletely dissipated. The scattered and
incidental comments made by many
physicians in praise of the drug pro-
vided no guidelines for its safe and
efficient use and so could not serve to
restore its reputation. Digitalis was as-
sumed to be more harmful than help-
ful—until Withering undertook to study
it in exhaustive detail.

he man whom modern physicians

should thank for assuring the place
of digitalis in medicine was born in
Wellington in England in 1741 and re-
ceived his degree as a doctor of medi-
cine from the University of Edinburgh
in 1766. He practiced in Shropshire for
a while and then, at the suggestion of
Erasmus Darwin (Charles Darwin’s
grandfather), moved to Birmingham.
There he founded a clinic for the poor
in which he treated some 3,000 pa-
tients a year. In 1776 he published
A Botanical Arrangement of All the
Vegetables Naturally Growing in Great
Britain According to the System of the
Celebrated Linnaeus, the first complete
text on the plants of the British Isles to
be written in English. He became in-
terested in this project while gathering
flowers to amuse one of his patients,
who later became his wife. In his botan-
ical text Withering’s only reference to
the medicinal properties of the foxglove
was: “A dram of it taken inwardly ex-
cites violent vomiting. It is certainly a
very active medicine and merits more
attention than modern practice bestows
upon it.” Considering that he had al-
ready spent a year studying the effects
of the foxglove, this understatement in-
dicates the caution that characterizes
his work.



Withering had first concerned him-
self with the foxglove when, as he ex-
plained in his Account, his opinion was
asked “concerning a family receipt for
the cure of the dropsy... kept a secret
by an old woman in Shropshire.” He
immediately realized that foxglove was
the active component in the woman’s
mixture of herbs, and he assumed that
its effect was to encourage the excre-
tion of excess fluid; today this effect
would be called diuresis. For the next
10 years, during which he studied the
plant and its curative properties, he
continued to think of diuresis as its
chief effect and to regard dropsy—
rather than the malfunctioning heart
often responsible for it—as the disease
against which digitalis primarily acts.
Withering did comment, in a conclud-
ing section of his Account entitled “In-
ferences,” that digitalis “has a power
over the motion of the heart, to a
degree yet unobserved in any other
medicine, and that this power may be
converted to salutary ends.” Withering
did not, however, follow up this idea
of a primary effect on the heart, and it
is not clear whether or not he thought
of dropsy as being related in some way
to the malfunctioning of the heart. In
a few of his case reports he recorded
the drop in pulse rate, but that would
seem to be the extent of the attention
he paid to cardiac function.

Digitalis, Withering realized, had no
diuretic effect on people who were not
suffering from dropsical retention of
fluid. He also learned that diuresis need
not be accompanied by such side effects
as nausea and vomiting, and he con-
trolled these side effects by admin-
istering opium along with digitalis.
Withering recognized that the chemical
techniques of his time were not ade-
quate for further study of digitalis, and
so he considered other methods for in-
vestigating the drug. He suggested that
fruitful results would come from study-
ing its effects on insects and higher ani-
mals, from comparing its effects with
those of other diuretics and from em-
pirical application to human patients.
He favored the last method, which
would of course be unacceptable today
unless the drug had first been investi-
gated by other means.

Withering’s Account discusses, in var-
ying degrees of detail, 158 patients who
took digitalis on his prescription. Of
these, 101 experienced relief follow-
ing administration of the drug. Analysis
of the individual case reports suggests
that many of the 57 others—for ex-
ample those with pulmonary tubercu-
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EFFECT OF DIGITALIS on the heart is illustrated by cross sections of lower chambers.
Contraction of normal heart (top) involves a marked change in the size of the left ven-
tricle as it pumps blood to the aorta (and thence to rest of the body). Weak heart (middle)
is characterized by decreased contraction of the ventricle as blood is pumped. Effect of digi-
talis (bottom) is to increase the force of contraction and raise the pumping pressure.

losis—did not suffer from diseases that
are amenable to treatment with digitalis.
Withering himself recognized the role
such considerations might be playing
in his results and warned against gen-
eralizing on his cases. He also noted,
along with his description of several
digitalis preparations and a general for-
mula for determining proper dosage,
that schedules of dosage should be var-
ied with individual patients. He warned
that “the more we multiply the form of
any medicine, the longer we shall be in
ascertaining its real dose.” The warning
is still well taken.

dward W. Pelikan of the Department

of Pharmacology at the Boston Uni-
versity School of Medicine has joined
us in analyzing the data represented by
Withering’s clinical record. The results
we obtain [see illustrations on page 119]
show that for their time Withering’s
observations were remarkably thorough.
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He tested the available preparations of
the drug and determined that dried and
powdered foxglove leaves were signifi-
cantly more potent than an extract made
by soaking the leaves in water. He also
found that, although an extract made
by soaking the leaves in alcohol was
as effective as powdered leaves, it had
a larger number of undesirable side
effects. These results are consistent with
our modern knowledge of the various
preparations. We also know that With-
ering was able to arrive at the optimum
quantity of the drug to be administered
as a single dose: the amount of digitalis
he prescribed had only slightly less ac-
tivity than the standardized tablet used
in contemporary practice. By plotting
Withering’s data in chronological order,
Pelikan has demonstrated that the in-
cidence of side effects declined as the
physician gained experience with the
drug. It appears that the overall inci-
dence of side effects attributable to

I3



digitalis in Withering’s patients approx-
imates the incidence recorded by phy-
sicians today. One could learn to use
digitalis effectively and safely if one
had no other text than Withering’s
Account.

A sense of Withering’s medical and
literary style can best be conveyed by
considering an individual case report in
his Account:

“July 25th (1776). Mrs. H... of A...,
near N..., between forty and fifty years
of age, a few weeks ago, after some
previous indisposition, was attacked by
a severe cold shivering fit, succeeded
by fever; great pain in her left side,
shortness of breath, perpetual cough,
and, after some days, copious expectora-

tion. On the 4th of June, Dr. Darwin
was called to her. I have heard what
was then done for her, but, between the
15th of June, and the 25th of July, the
Doctor, at his different visits, gave her
various medicines of the deobstruent,
tonic, antispasmodic, diuretic, and evac-
uant kinds. . ..

“She had experienced no relief from
any means that had been used.... In
this situation I knew of nothing likely
to avail us, except the Digitalis: but this
I hesitated to propose, from an appre-
hension that little could be expected
from anything; that an unfavourable
termination would tend to discredit a
medicine which promised to be of great
benefit to mankind, and I might be cen-

ELECTROCARDIOGRAM of a normal heartbeat is characterized by .16- to .20-second
interval between wave P and wave R (each small square of the grid is .04 second) and the
orientation of wave T. The interval between P and T indicates the relationship of activity
in the atria, or upper chambers of the heart, to activity in the ventricles, or lower chambers.
The three closely spaced waves at right center are for calibrating the electrocardiogram.

ATRIAL FIBRILLATION, a type of heart failure, is recorded in this electrocardiogram.
Rapid atrial impulses (irregular heavy line) precede ventricular impulses (sharp peaks).

EFFECT OF DIGITALIS appears on electrocardiogram in two obvious ways. The interval
between P and R waves is prolonged (.28 second), and the T wave goes down instead of up.
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sured for a prescription which could
not be countenanced by the experience
of any other regular practitioner. But
these considerations soon gave way to
the desire of preserving the life of this
valuable woman, and accordingly I pro-
posed the Digitalis to be tried; adding,
that I sometimes had found it to suc-
ceed when other, even the most judi-
cious, methods had failed. Dr. Darwin,
very politely, acceeded immediately to
my proposition, and, as he had never
seen it given, left the preparation and
the dose to my direction. ...

“The patient took five of these
draughts, which made her very sick,
and acted very powerfully upon the kid-
neys, for within the first twenty-four
hours she made upwards of eight quarts
of water. The sense of fulness and op-
pression across her stomach was greatly
diminished, her breath was eased, her
pulse became more full and more regu-
lar, and swellings of her legs sub-
sided. ...

“It is now almost nine years since the
Digitalis was first prescribed for this
lady, and notwithstanding I have tried
every preventive method I could devise,
the dropsy still continues to recur at
times; but it is never allowed to increase
so as to cause much distress, for she oc-
casionally takes the infusion and relieves
herself whenever she chooses. Since the
first exhibition of that medicine, very
small doses have been always found
sufficient. ...

“I have been more particular in the
narrative of this case, partly because
Dr. Darwin has related it rather imper-
fectly...trusting, I imagine, to mem-
ory, and partly because it was a case
which gave rise to a very general use of
the medicine in that part of Shropshire.”

hen one analyzes the case in the

light of current knowledge, it be-
comes apparent that the primary reason
for the success of Withering’s use of
digitalis lies in the reduction of the
heart rate during the irregular and rapid
heart action that we now call atrial
fibrillation—not only on the first occasion
but repeatedly thereafter. Today the
continuous administration of digitalis to
such a patient would also tend to pre-
vent the recurrence of dropsy.

The last paragraph of the report re-
fers to an embarrassing episode in the
history of the foxglove. Erasmus Darwin
had publicly taken credit for the intro-
duction of digitalis into the medical rep-
ertory, omitting any mention of Wither-
ing in a case on which he had sought
and successfully applied Withering’s
advice. Withering was naturally upset



about this flagrant omission, but he
could not openly rebuke the man who
had helped to establish him in practice.
When he wrote his Account, he inserted
a paragraph to set the record straight.

Withering achieved a considerable
reputation in his own lifetime. He cal-
culated that in 1785, the year the Ac-
count was published, he was called on
to participate in consultations that en-
tailed 6,300 miles of travel in Britain
and on the Continent. He became a
member of the Lunar Society of Bir-
mingham, to which the most distin-
guished intellectuals of 18th-century
England Dbelonged, including James
Watt, Matthew Boulton and Joseph
Priestley. He wrote not only on medicine
and botany but also on anthropology
and mineralogy; he discovered a min-
eral later named witherite. He was par-
ticularly concerned not only with dropsy
but also with sore throat and scarlet
fever. His Account of the Foxglove
ultimately brought him a fellowship in
the Royal Society of London. Shortly
after the publication of the book his
already delicate health had begun to
decline; in 1799 he died of consump-
tion, a disease he, like his predecessors,
had tried to cure with foxglove.

In spite of Withering’s illustrious
reputation, his advice was ignored or
contradicted for some time after the
Account was published. Digitalis was
used almost with abandon; physicians
prescribed it for all kinds of diseases,
and in extravagant dosages. It appeared
that the historical process that had led
digitalis into disrepute would repeat it-
self. Physicians began to notice that
digitalis had not cured a single case of
consumption. Those who made this ob-
servation advanced the idea that the
drug actually was dangerous to the pa-
tient, since whatever effect it might
have was not a helpful one. This hard-
headed school finally disappeared and a
new generation of medical investigators
came to the fore. They revived Wither-
ing’s work and showed that the drug
was not at all dangerous if his directions
were followed. They then asked new
questions about how digitalis acts, about
its chemical constitution and about the
heart and its connection with dropsy.

In 1799 John Ferriar suggested that
“the power of reducing the pulse is
the true characteristic” of digitalis. Be-
cause of this comment Ferriar has been
credited with the first realization that
the primary site of action for digitalis
is the heart. It seems to be true that he
was the first to recognize that diuresis
is not the primary effect of digitalis, but
his observation does not mean that he
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LEONHARD FUCHS, a professor of medicine at the University of Tiibingen in Bavaria,
included this self-portrait in his herbal De historia stirpium, published in 1542. The book is
actually a medical text with comments on the curative properties of various plants; in it
the Latin name for foxglove, Digitalis purpurea, first appeared. Fuchs accompanied his
drawing of the foxglove with a comment suggesting its effectiveness as a cure for dropsy.

had perceived the site of action. Ferriar
probably knew little more than Wither-
ing, and he did not pursue his idea.

In the same year Thomas Beddoes
wrote that digitalis “increases the organ-
ic action of the contractile fibers,” an
observation that is essentially in accord
with our modern understanding of how
the drug acts. Beddoes also found that
digitalis gave relief to patients with lung
disease only when the disease was not
limited to the lung, that is, when it was
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secondary to heart disease. (Beddoes did
not, however, grasp any pathological
connection between the two organs.)
The problem of dropsy resulting from
the failure of the heart muscle was elu-
cidated at the beginning of the 20th
century by Arthur Cushny of the Uni-
versity of London, by the Scottish phy-
sician James Mackenzie and by Karl
Wenckebach, resident physician at an
old people’s home (a good place for the
study of heart disease) in Holland. They
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we need engineers
as well as ocean-

ographers for our

research program...

Exploiting “'inner space’’ means new
and broadened opportunities for
engineers able to design, develop,
test, and evaluate electronic, me-
chanical and optical instruments and
systems . . . as well as for scientists
traditionally associated with ocean-
ography and meteorology. So, when
we — meaning the Naval Ocean-
ographic Office—speak of a long-
range technical & scientific research
program, we mean a massive effort
over the years in these areas:

1/General Oceanography—the phys-
ical, biological, chemical and geo-
logical makeup of the oceans and
ocean floor. (Waves, sea ice, tides,
currents . . . propagation of sound &
sonar . . . analysis of sediments . . .
marine vegetation, animal life, and
organisms.)

2/Geophysical & Geodetic Surveys
— analyses and measurements of
gravity and magnetic fields for site
positioning of missile range stations,
air & navigation aids, etc.
3/Bathymetry — precision electronic
depth and location techniques to
portray accurately the ocean floor,
even in the deepest regions.

4 /Instrumentation—using electronics,
optics, and nucleonics, to initiate and
carry out contractual systems pro-
grams with industry . . . perform
hydrodynamic studies leading to
component design.

5/Information Processing — pro-
gramming statistical, scientific &
technical data (Loran tables & survey
coordinates . . . sea water densities
.. . underwater sound velocities, etc.)
6/Cartography — making optimum
use of aerial photography and photo-
grammetric equipment.

As you can see, oceanography
today and in the future offers a
new horizon of opportunity for
talents not normally thought of as
related. Graduate Mathemati-
cians, Physicists, Chemists, Mete-
orologists, Cartographers, Geo-
physicists . . . and Engineers of all
kinds . . may find openings
ranging from $8,945 through
$13,335, and full Career Civil
Service benefits.

You must have your degree and U.S.
citizenship. You should be able to
offer an applied research capability
in your specialty, sufficient versatility
to handle new kinds of problems, and
a willingness to spend a reasonable
amount of time on field work. Please
write to Mr. W. H. Wheatley, Em-
ployment Officer. (An SF-57, avail-
able at any Post Office, will expedite
consideration.)

U. S. Naval
Oceanographic Office
Suitland, Maryland
(7 milessoutheastof the White House)
An Equal Opportunity Employer
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| WILLIAM WITHERING, the English physician whose painstaking research restored
digitalis to the medical repertory, was the subject of this portrait painted by Carl Frederick
von Breda in 1792, The painting now hangs in the Swedish National Museum in Stockholm.
The plant Withering holds is the foxglove; the open volume is his Account of its properties.

found that a disturbance of rhythm
affects the muscles of the heart and
gives rise to atrial fibrillation, a conflict
of many waves of contraction originat-
ing from various sites in the atria, or
auricles. The excessively fast heart rate
induced by fibrillation weakens the
heart and diminishes its output; the
result is a diminished excretion of urine
by the kidneys and the leaking of body
fluids into the tissues of the thorax and
the extremities.

By the time one of us (White) was
a medical student and hospital intern
in the years 1908 to 1913, the use of
digitalis had become almost as rational
on the basis of sound physiological
knowledge as it is today. One major de-
fect in the use of the drug remained:
the practice of giving it in courses last-
ing only a week or two at a time. Per-
haps this practice was related in some
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way to the earlier reputation of digitalis
for toxicity. In any event it was standard
procedure to stop administering digitalis
as soon as the symptoms of cardiac
insufficiency had lessened. The result
would almost invariably be that in an-
other few weeks or months the symp-
toms would all return and the patient
would be rehospitalized in more or less
of an emergency. The practice of short-
term administration of digitalis was
finally abandoned at the urging of sev-
eral astute physicians (including Joseph
H. Pratt and Henry Jackson, both of
the Harvard Medical School), who es-
tablished the principle of continued ad-
ministration of digitalis, if necessary for
many years.

The story of digitalis is important to
the history of medicine because it
exemplifies the value of an able physi-
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Basic Research at Honeywell

Research Center
Hopkins, Minnesota

The Problem of Second

Breakdown 1in Transistors

The use of transistors is limited by second breakdown,
where there is an abrupt reduction in the collector
voltage at levels of current below the rated value. In
certain cases this can cause destruction of the tran-
sistor. New research indicates there are both thermal
and electrical causes and some opportunities to push
second breakdown limits considerably higher.

Transistors have a characteristic which
is not completely understood and which
puts undesirable limits on their use.

In all transistors as the collector-to-
emitter voltage (Vce) is increased the tran-
sistor will reach a point where the collector
current I increases rapidly. (See Fig. 1)

Vce with I,=0
Fig.1

This occurs at first breakdown and as cur-

rent increases further, voltage will decrease
to a sustaining value. This sustaining value
is considered the maximum operating value
of the transistor.

As current is further increased, the tran-
sistor enters a new mode of operation where
voltage decreases rapidly. This is termed
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the second breakdown region. (See Fig. 1)
Obviously, this phenomenon puts an even

lower limit on the device and one that if

exceeded is potentially destructive.

Many theories have been proposed to ex-
plain this second breakdown but none have
been found completely satisfactory.

Honeywell scientists in earlier work on
first breakdown developed a technique that
is useful in studying second breakdown.
They experimentally studied the collector
junction, or the interface between the P
and N regions, to observe whether break-
down occurs in a uniform manner over the
entire collector junction or in localized hot
spots at random in the junction.

By introducing a variable transverse base
current they literally obtained a “contour
map” of the breakdown voltages over the
entire collector junction surface. These
“maps” show that breakdown voltage is
not uniform.

An infrared sensor was used to confirm
the non-uniform characteristic. It was ob-
served that the infrared emission was not
uniform and in fact at breakdown there was
a point of intense local heating.

The results of the mapping technique
supported by the infrared observations have
led to the development of a model with
which to analyze second breakdown.

The model treats a transistor as if it
were two discrete devices operated in par-
allel: one device where second breakdown
occurs and one where it has not occurred.
It is then possible to compare the devices
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and come to some conclusions as to what
the mechanism is that causes breakdown
and triggers the negative resistance phe-
nomena. In general, both electrical and
thermal effects are important, with the
dominant mechanism determined by the
transistor design, mode of operation and
imperfections present.

Honeywell scientists have concluded that
second breakdown in transistors originates
in majority carrier current ( electron current
in a PNP transistor) from the breakdown
spot. These majority carriers are generated
by the process of avalanche multiplication.
During multiplication at the breakdown
spot an equal number of electrons and holes
are produced. In a PNP transistor the holes
enter the collector and the electrons flow
through the base region to recombine with
holes lost by the emitter. This electron flow
has a transverse component which causes
a voltage drop which concentrates the emit-
ter current in the vicinity of the breakdown
spot. The higher emitter current to the
breakdown spot results in a higher electron
current through the base. Thus the cycle is
regenerative and if the process continues,
it will result in the hot spot mentioned
earlier.

Continuing work should lead to a com-
puter program to solve equations to predict
where and when breakdown will occur and
whether by electrical or thermal mecha-
nisms.

The result, it is hoped, would be the
ability to design transistors to minimize
thermal effects and to eliminate or mini-
mize the electrical effects.

If you are engaged in research on second
breakdown you are invited to correspond
with Mr. Harold Josephs, Honeywell Re-
search Center, Hopkins, Minnesota. If you
are interested in a career at Honeywell’s
Research Center and hold an advanced de-
gree, write to Dr. John Dempsey,
Director of Research at this same

address.

Honeywell



cian’s experience. We can trace the ca-  chemical explanation of its action on the |
reer of the foxglove through its con- muscle cells of the heart to provide a
fused and sometimes mistaken use in  satisfying conclusion; we expect that
the 16th century to its rational pre- this will come. Even as matters stand
scription in modern times and the quite we could wish we were as well ac-
recent description of its action in physio-  quainted with the other drugs on our
logical terms. We now need a complete  shelves as we are with foxglove. ‘
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MATHEMATICAL GAMES

Some diversions and problems

from Mr. O°’Gara, the postman

by Martin Gardner

I'm seen in the country, I'm seen
in the town,

I'm servant of all from pauper
to crown.

Take one letter from me, and still
my good name

In spite of your action continues
the same.

Take from me two letters, then three
and then four,

My name will continue the same
as before.

In fact, you can take all the letters
I've got

And my name you will not have altered
one jot!

opened envelopes on my desk, look-

ing for unusual foreign postage
stamps, when a bright red sticker
caught my eye. It said: “Please notify
P. O. immediately if this gummed label
has fallen off in transit.”

This had such an unmistakable flavor
of an “Irish bull” (the essence of which
is logical contradiction) that I was not
surprised to discover that “P. O.” stood
not for “Post Office” but for the sender,
one Patrick O’Gara of Brooklyn. His let-
ter began with the charade above,
which he said a grandfather in Ireland
had clipped from an English newspaper
half a century ago. O’Gara was a post-
man by profession but a recreational

I was leafing through a stack of un-

mathematician by avocation. He enter-
tained himself on his daily rounds,
he said, by creating unusual puzzles.
Would I be interested in discussing
some of them with him?

The intersection set of all people in-
terviewed in this department and the
set of all existing individuals is, I must
confess, empty. This, however, has nev-
er discouraged me from further inter-
views. Moreover, I was psychologically
prepared for meeting a remarkable mail-
man, having recently reread one of my
favorite Father Brown stories, “The In-
visible Man.” In this G. K. Chesterton
murder mystery four witnesses swear
that no one has entered or left a certain
building because they all take the post-
man so much for granted that they do
not consider him worth mentioning.
“Nobody ever notices postmen, some-
how,” as Father Brown put it, “yet they
have passions like other men....”

Although O’Gara’s major passion was
recreational mathematics, he minored in
philately. He turned out to be a young,
athletically built chap with sandy hair
and a face heavily freckled by the sun.
His education had not gone beyond
high school, but the small study in his
bachelor apartment in Brooklyn Heights
overflowed with old and new books on
mathematical puzzles, and after a few
minutes of conversation it was obvious
that he was well informed in the field.

“Are you a stamp collector?” he
asked.

“No,” I replied, “but my 10-year-old
son has just started an album.”

“Encourage him to specialize,” said

Serbian and U.S. stamps that reveal hidden pictures when turned upside down
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O’Gara. “The big thing now, you know,
is what is called thematic or topical
collecting. Nobody collects miscellane-
ously anymore. Let me show you some
of my topicals.”

His largest collection concerned
mathematics. I was amazed by the num-
ber of eminent mathematicians whose
portraits had appeared on these little
engravings ever since Germany, in 1926,
had issued the first mathematical stamp:
a 40-pfennig violet with the head of
Leibniz. O’Gara had French stamps
honoring Descartes, Pascal, Buffon, Car-
not, Laplace, Poincaré and many others;
Italian stamps showing scenes from the
life of Galileo; Dutch stamps with faces
of Huygens, Lorentz and others; Rus-
sian stamps honoring such notables as
Euler, Chebyshév and Lobachevski. A
striking set of four Norwegian stamps
commemorated the centenary in 1929
of Abel’s death. Two stamps issued by
the Irish Free State in 1943 bore por-
traits of Hamilton to celebrate the cen-
tenary of his discovery of quaternions.
Gauss appeared on a German stamp in
1955. A Romanian mathematics journal,
Gazeta Matematica, was honored on its
50th birthday with a pair of stamps,
and in 1955 Greece commemorated the
2,500th anniversary of the Pythagorean
school by putting a 3-4-5 right triangle
on four stamps.

“Has the United States ever honored
a mathematician with a commemora-
tive stamp?” I asked.

O’Gara shook his head. “Neither has
England, but of course England has an
excuse. She limits her stamp portraits
to members of the royal family.”

One of O’Gara’s most amusing topical
collections contained what he called
“science goofers”—stamps on which
someone had made a whopping scien-
tific mistake. The British colony Saint
Kitts-Nevis issued a stamp in 1903
showing Columbus, on deck, searching
for land with a telescope, which had
not yet been invented. A 1932 Jamaican
stamp has a banana tree on which the
fruit grows down instead of up. A skier’s
ears, on a 1934 Austrian stamp, are up-
side down. The constellation of the
Southern Cross somehow got reversed
when it appeared on a 1940 Brazilian
stamp. A U.S. Transcontinental Railroad
commemorative of 1944 shows smoke
from a locomotive billowing to one side
and a flag blowing the other way.

Another unusual thematic collection
consisted of “hidden pictures.” In 1904
Serbia issued a famous “death mask”
stamp: the profiles of Karageorge and
Peter I Karageorgevich, upside down,
merge to form a death mask of the



Serbian king Alexander I Obrenovich—
who had been murdered the year before
by Karageorgevich’ supporters. On a
1932 U.S. three-cent, the tie and shirt-
front of Daniel Webster turn into the
face of Fu Manchu when viewed up-
side down [see illustration on opposite
page]. A range of mountains on a 1934
U.S. National Parks issue becomes a
man’s profile when rotated 90 degrees.
A 1935 Boulder Dam stamp, inverted,
looks like the Liberty Bell. On a West
German 50-pfennig of 1964 a tiny face
of Hitler is concealed in some tree foli-
age. O’Gara had scores of others.

When a postman goes on a holiday,
the fictional detective Charlie Chan
used to say, he takes long walks. During
a vacation in Europe a few years ago
O’Gara had actually made, he told me,
a special trip to the Baltic seaport of
Kaliningrad (formerly Konigsberg, the
capital of East Prussia) for the sole
purpose of tramping over the famous
seven bridges of Konigsberg in one con-
tinuous path without going over any
bridge twice. He was able to do this,
he explained, because an eighth bridge
had been built across the Pregel River
since Leonhard Euler first proved that
the original problem was unsolvable.
On a day off last winter, fortified by
some Irish whisky, O’Gara had con-
ducted extensive investigations of ran-
dom-walk problems in a large open
field of snow somewhere in Brooklyn.

“I'm very good at visualizing geo-
metric patterns,” he told me. “Used to
play a lot of blindfold chess as a boy.
So I work on my graph puzzles in my
head while I'm making my rounds. For
instance...”

He paused to sketch for me an aer-
ial view of a housing development
where he had at one time delivered mail
[see illustration on this page]. There
were houses in every second block, and
each house required a delivery, as
shown on the map. “It’s easy to apply
Euler’s rules here,” said O’Gara. “They
show that it’s not possible to make mail
deliveries along all eight streets without
walking some of the blocks more than
once.” (To trace a network in an un-
broken path, without going over any
part twice, there must be either no in-
tersections where an odd number of
paths meet or exactly two such intersec-
tions.) “But how short can the path be?
I soon convinced myself it couldnt be
less than 27 blocks. Every day for
months I tried to find new 27-block
paths that would meet various restraints.
For example, I found all sorts of ways to
cover the eight streets in a 27-block path
without ever making a left turn [see up-

W hat is the best route for delivering to each house?

per illustration on next page]. Finally 1
hit on two pretty problems your readers
might like.”

The first problem, O’Gara explained,
is to find a path that covers all the
streets in the minimal length of 27
blocks and that also has the minimal
number of turns. The path in the upper
illustration on the next page, for in-
stance, has 19 turns—far more than
necessary. A “turn” occurs at any point
where the path changes direction; turns
may be left or right, and the path may
be open at the ends or “reentrant” (with
ends joined). The second problem is to
find a 27-block path with the maximum
number of turns. In both problems the
entire length of each of the eight streets
must be traversed. Answers will be giv-
en next month.

“When I get bored looking for best
paths,” O’Gara went on, “I like to look
for worst ones. For example, I used to
deliver mail to 10 houses that were
spaced at equal distances along one
side of a street. What’s the longest path
a postman can take if he starts at any
house, walks straight to another, then to
a third and so on until he’s gone once
to each house?”

He made the sketch shown in the
lower illustration on the next page to
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show how he had first tried it: from
house 1 to house 6 along a path of 45
unit intervals. “And there are paths
worse than that?” I asked.

O’Gara nodded. “You might ask your
readers to see if they can find the worst
one. If they like this kind of combina-
torial puzzle, they can try the harder
problem of finding a formula for the
longest path as a function of n houses.”

“Splendid,” T said, scribbling in my
notebook. “But I don’t want to overload
this interview with route problems.
Have you invented any good puzzles
involving other things? House num-
bers, for instance?”

O’Gara pulled open a drawer in
which he seemed to have hundreds of
problems neatly recorded on file cards.
Here is the best one he showed me.

A long street runs east and west, with
houses on both sides. Houses on one
side have odd numbers in serial order,
starting with 1. Houses on the other
side have even numbers starting with
2. On each side there are more than 50
houses and fewer than 500. Smith lives
on the odd side. The sum of all the
odd house numbers east of him exactly
equals the sum of all the odd numbers
west of him. The same situation holds
for Jones, who lives on the even side:
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the house numbers west of him, on his
side of the street, have the same sum
as all the house numbers east of him.
What are the house numbers of Smith
and Jones?

“Have you ever mentioned in your
department,” asked O’Gara, “the old
problem of the person who writes n let-
ters, addresses n envelopes and then in-
serts the letters into the envelopes at
random?”

“Yes,” I replied, “although I gave it in
terms of simultaneously dealing two
decks of shuffled cards. As I recall, as n
increases, the probability that no let-
ters and envelopes will match ap-
proaches the limit of 1/e.”

“Right,” said O’Gara. “With only four
letters it’s easy to show that the prob-
ability that one letter or more gets
mailed to the right person is 5/8, and

the probability that exactly one letter
goes to the right person is 1/3.”

“T'll take your word for it,” I said.

“Can you tell me,” he continued,
smiling faintly, “the probability that ex-
actly one of the four letters is mailed
incorrectly?”

I started to jot down a list of all
the permutations of A, B, C, D but
O’Gara seized my wrist. “You have to
do it in your head,” he said, “and in
less than 10 seconds.”

I was startled for a moment, but then I
broke into a laugh. Does the reader see
why?

I had walked from the subway to
O’Gara’s apartment in a heavy down-
pour. When I took my leave, it was still
raining. “Well,” I said as we pumped
hands, “you’ll observe that neither snow
nor rain, nor heat, nor night can stay

— e S ——
— - ~
e st iy :
T 4 il i b7
= b
" 3 -
1 - = 7 :
¥ s o ¥ [
p -
" \
g &
. M by - 5
Ky ERIRIE 4 ity 42 2 ’ %,
] g . | 4
.J' \ “4 e ":' b é}
- - g
va ‘i” L ¥ A5 1y i
| )
pus & R ¥ ¥ -
i B X ? b Bt -
x o Al
al b 1
|| B3 B AL
P i3 : Sl
. 2 G b’ - o
ia ; L el i iy - ?‘
L] B

B

A “worst route” problem
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this courier from the swift completion of
his appointed rounds.”

“Ah, yes,” he said, wincing. “Most
everybody, I suppose, knows that state-
ment youre paraphrasing so badly. But
can you tell me who first said it?”

I could not, and I leave O’Gara’s
parting remark as my parting question.

Est month’s problems are answered
as follows:

A line from 0,0 on the lattice of in-
tegers, with a slope of V27/\/3, will
pass through an infinity of lattice points.
Because V27 =v3 X 9= 3\/3, the
fraction \/27//3 reduces to 3/1, a ra-
tional fraction. The first lattice point on
this slopeisy = 3, x = 1.

On a rectangular lattice with even
sides, a ball leaving the origin at a 45-
degree angle will travel through lattice
points separated (along coordinate lines)
by a distance equal to twice the greatest
common divisor (g.c.d.) of the sides. If
we mark these points with spots as
in the upper illustration at the left on
page 124, we see that only one of the
three possible terminal corners receives
a spot, and it therefore must be the cor-
ner the ball will hit. To determine which
corner this will be, we divide each side
by the g.c.d. If both results are odd, the
ball strikes the corner diagonally oppo-
site the origin. If one result is even
(both cannot be even), the ball strikes
the corner on that side and adjacent to
the origin. For rules govcrning the more
general case, when the ball’s path may
be at any angle with a rational slope,
see M. S. Klamkin’s solution to his prob-
lem No. 116 in the Pi Mu Epsilon Jour-
nal, Spring, 1963.

Formulas for the length of the ball’s
path and the number of rebounds are
intuitively evident in the lower illus-
tration at the left on page 124, which is
adapted from Hugo Steinhaus’ Mathe-
matical Snapshots. Whatever the inte-
gral dimensions of a rectangle, a square
can always be formed by placing a finite
number of replicas of the rectangle side
by side as shown at the top in the illus-
tration. The smallest square formed in
this way will have a side that is the
lowest common multiple of the rec-
tangle’s two sides.

Think of each rectangle as a mirror
reflection of each rectangle adjacent to
it. The diagonal line from A, where the
ball starts its 45-degree path, to the op-
posite corner will then be the “unfold-
ed” path, so to speak, of the ball as it
rebounds from side to side. If we cut
out just those rectangles that contain
the path (lower left), fold them along
the broken lines and then hold the
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packet up to a strong light, the diagonal
line will trace the actual path of the ball
around the rectangle (lower right).
Since the diagonal line AD, on the
large square, is the hypotenuse of a
right isosceles triangle with a side equal
to the lowest common multiple of the
sides of the rectangle, we see at once

1 ’E}
7 |
6 .
5 |
2
3 4 ) 6

Solution to the “even-even” problem

| 4____~; A . D
Finding the length of the ball’s path

124

that the length of the path is this lowest
common multiple times V2.

The spots shown along the diagonal,
minus the end spots, represent points
of rebound. It is easy to see that the
number of such rebounds must be

where a and b are the sides of the origi-
nal rectangle and g.c.d. is their greatest
common divisor.

The upper illustration at the right
shows the only way to draw the T-
polygon on a square lattice so that
there are 12 points on the border and
five inside: an area of 10 square units.

he sliding-block puzzle given in

March can be solved in 30 moves.
I had hoped that this month I could list
the names of all readers who found a
30-move solution, but the letters kept
coming until there were far too many
names for the available space. All to-
gether readers found 10 different 30-
movers. They are shown paired in the
lower illustration at the right because,
as many readers pointed out, each so-
lution has its inverse, obtained by sub-
stituting for each digit its difference
from 9 and taking the digits in re-
verse order. Note that of the four possi-
ble two-move openings, only 3,6 does
not lead to a minimum-move solution.
Solutions 2a and 3D proved to be the
easiest to find; by April 10, 40 readers
had sent the first, 39 readers the second.
The most elusive solution, 5a, was dis-
covered by only eight readers. No one
found all 10 without the help of a com-
puter. Norman Taylor came closest, with
eight solutions. Frank S. Kmetz of
Clarkston, Mich., R. Vincent Kron of
La Grange Park, Ill, and Wilfred H.
Shepherd of Manchester, England,
found six. Fourteen readers each found
four solutions.

Donald Michie of the University of
Edinburgh has been using this eight-
block puzzle in his work on game-learn-
ing machines. His colleague Peter Scho-
field, of the university’s computer unit,
had written a program for determining
minimum solutions for all patterns that
begin and end with the hole in the
center. With the aid of this program
Schofield was able to find all 10 solu-
tions, but this did not rule out the pos-
sibility of others, or even of a shorter
solution. The matter was first laid to
rest by William F. Dempster, a com-
puter programmer at the Lawrence
Radiation Laboratory of the University
of California at Berkeley, with a pro-
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The T-polygon solution

1a. 34785
1b. 12587

21743
43125

74863
87431

86521
63152

47865
65287

21478
41256

2a. 34785
2b. 14587

21785
53653

21785
41653

64385
41287

64364
41287

21458
41256

3a. 34521
3b. 14314

54354
25873

78214
16312

78638
58712

62147
54654

58658
87456

d4a. 34521
4b. 34587

57643
51346

57682
51328

17684
71324

35684
65324

21456
87456

5a. 12587
5b. 14785

48528
24786

31825
38652

74316
47186

31257
17415

41258
21478

Minimum-move sliding-block solutions

gram for an IBM 7094. It first ran off
all solutions of 30 moves or fewer, print-
ing out the 10 solutions in 2% minutes.
A second run, for all solutions of 34
moves or fewer, took 15 minutes. It
produced 112 solutions of 32 moves and
512 solutions of 34 moves. There are
therefore 634 solutions superior to the
36-mover given by Henry Ernest Dude-
ney, who first posed the problem. The
10 30-movers were later confirmed by
Richard F. Smiley, a senior mathematics
student at Carleton College, who used
the smaller IBM 1620; by Duncan
Ewing of the Illinois Institute of Tech-
nology’s IIT Research Institute in Chi-
cago, who used a Raytheon 440, and by
Jay Emerson Vinton of Chevy Chase,
Md., who used a Honeywell 800.

Schofield’s program proved that no
problem starting and ending with the
hole in the center requires more than
26 moves. Since two moves will transfer
a corner hole to the center, it follows
that 30 moves are enough for any prob-
lem that starts and finishes with the
hole in the same corner. The problem
given by Dudeney is therefore among
the “worst” possible problems with the
eight-puzzle; that is, it is a problem with
the largest minimum solution.



RODCERS 36-E
CUSTOM THEATRE ORGAN

“Allen-Bradley ferrite cores
have made an important
contribution to our

electronic organ”
—Rodgers Organ Company

M Since the permeability of Allen-Bradley Type W-03 ferrite
material remains constant over a practical working range of
flux values, this enabled the Rodgers Organ Company engineers
to design stable inductors for use in a simplified tone generator
that “stays on frequency’’ —one of the basic requirements of an
electronic organ. In addition, proper grinding of the center air
gap surfaces of the cup core and matching cover assembly
permits the inductance and the resulting frequency to be adjusted
by simply rotating the cover.

Allen-Bradley ferrite materials offer a wide choice of character-
istics to meet the design requirements of such applications as:
TV flyback transformers
Broad band transformers
TV deflection yokes
Transistorized inverter power supplies
Pulse transformers
Ultrasonic frequency transformers

IS

Allen-Bradley engineers will be pleased to work with you in the
selection and application of a ferrite with the exact properties to
fit your design requirements. Write: Allen-Bradley Co., 1204 S.
Third St., Milwaukee, Wis. 53204. In Canada: Allen-Bradley
Canada Ltd., Galt, Ontario. Export Office: 630 Third Ave., New
York, New York, U.S.A. 10017.

P R Rt R T W

Rear view of Rodgers organ with panel doors open showing exteﬁsive use of Typical Allen-Bradley ferrite cup core and cover. These
Allen-Bradley Type W-03 ferrite material in the form of cup cores and covers are available in sizes from 0.368" to 2.400" in diameter.

for tone generators.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS
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Conducted by C. L. Stong

n 1951 Ernst Hadorn, who is now
I rector of the University of Zurich,

and Herschel K. Mitchell of the
California Institute of Technology con-
ducted an interesting experiment in-
volving the genes responsible for eye
color in the fruit fly Drosophila. The
experiment showed that the genes also
control the production of a family of
compounds that in effect serve to label
the flies by genetic type. The com-
pounds were isolated by the analytical
procedure of paper chromatography.
Hadorn and Mitchell crushed anesthe-
tized flies or a piece of filter paper, one
edge of which was subsequently im-
mersed in a solvent. As the solvent mi-
grated through the fibers of the paper it
washed the compounds from the spot
made by crushing the flies. When the
paper was viewed under an ultraviolet
lamp, the compounds appeared as a
series of fluorescing bands spaced ac-
cording to the solubility of the com-
pounds and to differences in their affin-
ity for the paper [see “Fractionating the
Fruit Fly,” by Ernst Hadorn; ScIENTIF-
1C AMERICAN, April, 1962]. Subsequent-
ly the compounds were identified as
pteridines, a name that comes from
pteron, the Greek word for “wing”; the
first compounds of the family were
found in the wings of butterflies.

A modified version of the experiment
that can be done at home has now been
worked out by Richard LaFond of
Monson, Mass. Although LaFond’s ap-
paratus is largely assembled from scrap
materials and presents a deceptively
simple appearance, it provides the ex-
perimenter with a powerful means for
delving into an exciting aspect of ge-
netics. LaFond writes:

“The eye of Drosophila has been
found to contain two genetically con-
trolled pigment systems, one brown and

126

How to study the genetics of fruit flies with

chromatograms viewed by ultraviolet lamp

the other red. These systems were first
revealed by their different solubilities.
The red pigment is water-soluble but
the brown is not. During the fly’s early
development the brown pigment ap-
pears first; the red, some hours later.
The normal eye color of flies of the
“wild” type, such as Oregon-R, is brick
red, caused by the presence of both
pigments. This eye color appears when
all genes are working normally.

“In the case of mutant flies that have
eyes of abnormal color, such as scarlet,
a gene suppresses the formation of
brown pigment. Accordingly the eyes
are red. Mutants with brown eyes, on
the other hand, have a gene that sup-
presses the formation of red pigment.
A cross between a mutant with scarlet
eyes and one with brown eyes produces
a hybrid with white eyes. In effect the
pigment systems cancel out.

“It is the red pigments and other
brightly fluorescing compounds that
comprise the pteridines. These com-
pounds are situated not only in the eyes
of the fly but also in the ovaries and
testes and in the Malpighian tubules,
which act as a kidney. The relative
amounts present in a specimen tend to
differ at each stage of the life cycle
as well as between mutants and their
hybrid offspring. For this reason experi-
ments having to do with the pteridines
are open to almost limitless variation.

“One must, of course, have a stock
of flies in order to conduct experiments.
An easy way to collect Drosophila is to
leave outdoors in a shaded area a cul-
ture bottle containing a special food
rich in yeast. By careful inbreeding it
is possible to develop a number of mu-
tant strains from the wild stock. Speci-
mens of all types also can be bought
from suppliers. My initial flies were
obtained from the Curator of Stocks,
Division of Chemotherapy, The Insti-
tute for Cancer Research, 7701 Bur-
holme Avenue, Philadelphia, Pa. 19111.

“Having acquired a small initial stock
by capture or purchase, the experimen-
ter then perpetuates the stock by cul-
turing techniques. The live specimens
come in small vials. Adults are promptly
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transferred to a culture bottle, but the
vials are not discarded immediately.
Eggs have been laid in the food from
which young flies will soon hatch.

“I use half-pint milk bottles as cul-
ture vessels. Before transferring flies to
these containers each bottle is sterilized
and equipped with a supply of food. A
number of food preparations have been
developed for culturing Drosophila. 1
use the recipe devised by Boris Spassky
of the Rockefeller Institute. This nu-
trient is made by adding 194 milliliters
of tap water to 29 milliliters of unsul-
fured molasses (Grandma’s brand) and
bringing the mixture to a boil in a pan.
To the boiling solution are added 26
grams of regular Cream of Wheat and
two grams of uniodized salt. The mix-
ture must be stirred constantly and
cooked for about five minutes. The pan
is then removed from the stove. Two
milliliters of a 10 percent solution of
Tegosept M, a brand of methyl-p-hy-
droxybenzoate, are stirred into the mix-
ture as a preservative. The 10 percent
solution is made by diluting 10 grams of
the compound in 100 milliliters of 95
percent ethyl alcohol.

“To milk bottles that have been
thoroughly washed and boiled in water
add the food mixture to a depth of
about half an inch by means of a funnel
that prevents food from spattering on
the glass. Wipe any condensed water
from the inner wall of the bottle. Plug
the opening of each bottle with an un-
waxed paper cap or a tuft of cotton
covered with a piece of cheesecloth.
Place the bottles in a pressure cooker
containing about 100 milliliters of wa-
ter and boil for 30 minutes at a pres-
sure of 15 pounds per square inch.

“After sterilization stand the capped
bottles on a convenient wooden shelf or
table until any large drops of water
adhering to the inner wall evaporate.
This step is important because in an
excessively moist bottle the flies may
get stuck in the food medium and
drown. Excessive moisture can be re-
moved with a sterilized paper towel.
When the interior of the bottle is dry,
fold a piece of sterilized paper toweling



Drosophila chromatograms (from left): heads of “wild” type, male bodies, heads of sepia mutants, heads of clawless mutants
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Change is negligible when making the transition from the aca-
demic world to Argonne National Laboratory.

Between Argonne and numerous academic and research insti-
tutions there flows a steady interchange of provocative thought,
which comprehends nothing less than the whole spectrum of
atomic investigation. Staffed, oriented and equipped to provide
a climate of the widest ranging initiative in both basic and
applied atomic research, Argonne is a unique creative complex.
Its products are the ideas generated by its staff members.
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11 inches long and 2% inches wide into
quarters, so that the folded sheet mea-
sures 2% by 2% inches, and push one end
below the surface of the food medium.
The paper strip provides a place on
which Drosophila larvae can pupate.
Drosophila thrive on a fermenting me-
dium. This is provided by sprinkling a
pinch of Fleischmann’s active dry yeast
over the surface of the food. Each bot-
tle is then carefully labeled with the
name of the type of fly it will house and
the date.

“Cultures of Drosophila should not be
kept more than 20 days because they
may become infected with mites, which
markedly decreases their abundance.
Mites are minute members of the class
Arachnida; an effective agent against
them is benzyl benzoate. Make up a
solution of this compound and mineral
oil in equal proportions. Shake the solu-
tion well and spread it on the shelves
supporting the culture bottles. Maintain
a temperature of 72 degrees Fahrenheit
in the storage room. A new generation
of flies will appear in 12 to 14 days.
When discarding an old culture, always
wash the used bottles thoroughly in hot
water and any convenient detergent
and then boil them in fresh water to
destroy mold spores.

“Before you count or handle individ-
ual flies you must anesthetize them. The
anesthetizing apparatus consists of a
peanut butter jar closed with a large
cork through which the spout of a small
funnel is inserted. A small sponge in the
bottom of the jar is moistened with a
few drops of ether. A miniature cage
for holding the flies is made from the
larger section of a No. 000 gelatin cap-
sule (manufactured by Eli Lilly and
Company) by perforating the gelatin
about six times with a hot sewing nee-
dle. The open end of the capsule is
slipped partway into or over the end
of the funnel and, if it does not make a
snug fit, taped in place. Flies are trans-
ferred to the anesthetizing cage by plac-
ing the mouth of the open culture bottle
tightly against that of the funnel, ori-
enting the assembly so that the bottle
containing the ether is on the bottom
and tapping the culture bottle. The
flies will fall down through the funnel
into the anesthetizing cage. I use Merck
motor ether. The container in which the
ether is stored must be tightly closed
when not in use.

“The flies must be counted as one
step in nearly all experiments. It is also
often necessary to separate them by
sex, type, age and so on. During such
steps the anesthetized specimens are
manipulated by means of a small

n'x 2% paper toweling
sterilized, folded twice and
pushed under food medium
to provide a place for larvae

L
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Anesthetizing apparatus

camel's-hair brush, preferably on a
smooth white surface such as white
glass or a sheet of clear glass that rests
on white paper. The sex of specimens
is easily determined by examining in-
verted flies under a five-power magni-
fying glass. The distinguishing sexual
features appear in the accompanying
illustration [below].

“Normally flies remain anesthetized
for five to 10 minutes. Some individuals
revive sooner than others. These can
be anesthetized again by inverting over
them a Petri dish or other shallow con-

tainer into which is fastened a small
piece of paper toweling moistened with
a few drops of ether. Remove speci-
mens from the ether promptly when
they stop moving. Overexposure will
kill them.

“After a culture has been maintained
for 20 days transfer all adults to a fresh
culture bottle. Recap the old bottle and
48 hours later transfer the young flies
that have hatched during the interval
to a fresh culture bottle. The old flies
can be used to start new cultures. De-
velop scrupulously clean work habits
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Ventral view of fruit flies: female (left) and male (right)
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in order to avoid contaminating or mix-
ing cultures. Specimen types can be
mixed accidentally, for example, by
transferring a soiled glass rod or other
implement to which an egg adheres
from one bottle to another.

“For separating the pteridines I use
a chromatographic apparatus of the de-
scending-paper type. Essentially it con-
sists of a closed glass box that houses
an elevated container of solvent in
which the upper end of the paper is
immersed. The dimensions of the ap-
paratus are shown in the accompanying
illustration [below]. A square inch of
glass is cut from one corner of the close-
fitting cover to provide access for trans-
ferring the solvent to the container.
This opening is sealed with a thick sheet
of paraffin in which a round hole about
half an inch in diameter is made. The

22"x 4" filter |)| \
paper -

sides and A )
bottom i /
assernbled with l /
epoxy cement |/
LA/

glass rod
to keep ]

filter paper— -
from touching |
case

|~

paper clips ‘

hole is then fitted with a removable
stopper, which is also made of paraffin.
The container for the solvent, which
rests on the top platform of a remov-
able framework, can be any convenient
shallow vessel about seven inches long
and an inch or two deep. I use an
aluminum pan that rests on a frame-
work made of parts from an old Erec-
tor set.

“Brackets of wire and paraffin, at-
tached to one edge of the pan, support
a slender glass rod 10 inches long over
which a piece of moist filter paper is
draped. In addition to serving as a
support for the paper, the rod prevents
a siphoning action that would cause
the solvent to flow; the only kind of
flow should be that due to capillary ac-
tion. The upper edge of the paper strip
is weighted against the bottom of the

7.

—rplastic funnel

and tube for

introducing
solvent

20} x 5% X 3%’
stand
.i—)

- 25'x 10%4'x 62"
| 8lass case

2-0z. jars for
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solution

pan

lglass bottom
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Dimensions and parts of the chromatograph
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solvent container by a glass butter dish
filled with sand held in place by a layer
of melted paraffin. A second glass rod,
attached about halfway down the
framework, serves as a stop to keep
the paper away from the glass housing.

“Two glass jars of about 50-milliliter
capacity are placed on the lower plat-
form of the framework. These each con-
tain 30 milliliters of a solution that by
evaporation brings about an equilibri-
um between the atmosphere of the
chamber and the vapor content of the
filter paper. One can make a 100-milli-
liter stock of this solution by diluting
25.9 milliliters of 27 percent ammonium
hydroxide with distilled water. The en-
tire apparatus must be carefully leveled
before use so that the surface of the
solvent in the container makes a right
angle with respect to the center line of
the paper strip.

“Chromatograms are made on strips
of Whatman No. 1 chromatography pa-
per cut four inches wide and 22 inches
long. My paper was bought from Howe
and French, 99 Broad Street, Boston,
Mass. 02110. It comes in sheets 18%
inches long by 22% inches wide. As an
aid in placing specimens uniformly on
the paper I draw a light pencil line
squarely across each strip at a distance
of 6% inches from one end and divide
the line into five equal intervals by four
light pencil dots. The material to be
analyzed is placed on these dots.

“To prepare for the analysis of adult
flies first anesthetize selected specimens
of the same age. Age is an important
factor because the concentration of
pteridines in the flies varies during the
life cycle. The concentration also differs
substantially between the head and the
body. Moreover, the chromatograms of
males differ from those of females.

“One begins a typical experiment by
severing the heads of 10 flies with a
razor blade and squashing the material
onto the paper with the end of a glass
rod. I always reserve the right-hand dot
for the control specimen, which is pre-
pared by applying to the dot the heads
of 10 Oregon-R wild-type flies. If the
control specimen fails to separate as
anticipated, the chromatogram is dis-
carded. The control also provides a con-
venient cross-check for estimating the
amounts of pteridines in other speci-
mens in relation to those naturally pres-
ent in the wild type.

“When one is making chromatograms
of fly bodies rather than heads, one must
take care to separate all head tissue
cleanly. A small amount of head tis-
sue can contain more pteridines than a
whole body, hence even a tiny frag-
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AUTOMOTIVE
SAFETY RESEARCH

Ford Motor Company scientists program computers to produce crash simulations
that can be photographed and studied in slow motion.

Experimental automobile crashes, involving the use of
complex manikins, elaborate instrumentation and high-
speed photography, have been used by Ford Motor Com-
pany in its extensive safety research programs.

Some of the useful data obtained in the experimental
crashes have been used in programming computers to pro-
duce simulated crashes. Computerized crash simulations
permit a rapid survey of a great variety of crash conditions,
but the advantage of direct slow-motion viewing is ordi-
narily lost. Ford Motor Company scientists, however,
now are able to program man-vehicle dynamics for a
computer solution that takes the form of an outline of
driver and proximate vehicle components plotted on the
cathode ray tube of the computer. A single outline draw-
ing or scene is produced in about five seconds as the
equations of motion are solved by the computer. Each
scene is photographed individually. By photographing
each plot as a single frame, the computer system produces
an animated motion picture of the crash.

The speed of the resulting motion picture can be con-
trolled by specifying the time interval used in the
numerical solution of the differential equations. Thus,
any degree of slow motion can be produced. Because a
crash into a fixed barrier occurs within 150 milliseconds,
it has been found convenient to use problem spacing of
one millisecond or less.

Inputs to the system can be deceleration waveforms

measured in real crashes or arbitrary waveforms which
correspond to different amounts of energy absorption in
the structure.

Computerized visual crash simulations make it possible
to expedite the interpretation of data. At the same time,
they provide insight into crash dynamics since any con-
tact force which affects the motion of the occupant can
be observed in the movie as a deceleration. The new sys-
tem promises to be of considerable value to Ford Motor
Company’s continuing efforts to develop vehicle designs

that will help minimize crash injuries.

This is a segment of the film photographed directly from the oscilloscope of the
computer. The position of the driver outline is the solution to equations of
motion which describe the time-histories of the displacement of the centers of
gravity of each of the body links. These data are used to compute the relative
angles between the body links. The simulation also includes plastic-elastic
deformation of the steering wheel and instrument panel, which is shown by
the degree of driver intrusion into the vehicle structure.

It is possible to superimpose two driver outlines at once. This allows compari-
son, for example, of the effect of seat belt only versus seat belt together with
shoulder harness.

PROBING DEEPER TO SERVE BETTER

<

Ford Motor Company, The American Road, Dearborn, Michigan
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Details of the chromatograph

ment can seriously distort a body chro-
matogram. The bodies are boiled in
water for three minutes to coagulate
the protein and thus facilitate the chro-
matographic separation. After boiling
they are placed on paper toweling to
remove excess water. Five bodies are
applied to each spot. All spots must be
dried at room temperature before the
chromatographic paper is placed in the
apparatus. In addition, a pencil nota-
tion is made next to each spot that
includes its descriptive initials—such as
p for plum eye, st for scarlet or bright-
red eye, v for vermilion eye, w for
white-eye mutants, bw for brownish
eye, w" for white-apricot eye—together
with the date and time.

“After the paper strip has dried, the
solvent pan is placed on the upper plat-
form of the framework. The strip is then
draped over the upper glass rod and
anchored in place by the butter dish.
The loose end of the strip is threaded
between the lower glass rod and the
framework so that it hangs freely sus-
pended. Paper clips of the pinch type
are attached to the bottom edge as
weights. The ammonium hydroxide con-
tainers are then put on the lower plat-
form. Now the entire assembly is placed
in the glass housing, covered by the
glass top, draped with a cloth that ex-
cludes light and left undisturbed for
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two hours. During this interval the va-
por content of the paper reaches equi-
librium with the atmosphere of am-
monia released by the ammonium
hydroxide. Good separations cannot be
expected if the interval of equilibration
is stinted.

“When equilibration is complete, re-
move the cloth cover and the paraffin
plug and insert into the solvent con-
tainer a rubber tube equipped with a
small plastic funnel. This is used to
transfer 230 milliliters of developing
solvent into the tray. The solvent con-
sists of 360 milliliters of 1-propanol
(n-propyl alcohol), 45 milliliters of 7
percent aqueous ammonia and 135 mil-
liliters of distilled water. Finally, re-
move the rubber tubing, reinsert the
paraffin plug promptly, cover the ap-
paratus to exclude light and maintain
the room temperature at 68 degrees F.
for 20 hours. At the end of this interval
remove the chromatogram from the ap-
paratus. Handle the paper by its ends
and suspend it upside down for drying
at room temperature. Return the sol-
vent and equilibrating solutions to their
respective storage bottles.

“When the chromatogram has dried,
it can be examined under an ultraviolet
lamp. If all has gone well, the charac-
teristic fluorescent bands will appear
[see illustration on page 127]. Caution:
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Never look directly at the bulb of an
ultraviolet lamp. The rays are injurious
to the eyes. Protective goggles should
always be worn when working with ul-
traviolet radiation. Dual lamps that emit
ultraviolet at wavelengths of 2,537 and
3,660 angstrom units and operate from
regular house current are available from
the Edmund Scientific Co. of Barring-
ton, N.J. Pteridines that emit blue or
violet light glow with greatest brilliance
when they are irradiated at a wave-
length of 3,660 angstroms; those that
emit reds or yellows appear brightest
when they are irradiated at a wave-
length of 2,537 angstroms.

“Chromatograms should be examined
and evaluated as soon as they dry be-
cause the fluorescent compounds tend
to fade with time. As a convenience in
scoring and recording the results I pre-
pare a table in advance. Symbols desig-
nating all specimens are listed in a col-
umn that extends down the left edge
of the page. A similar row across the
top of the page lists the several pteri-
dines: DRO for drosopterins that fluor-
esce orange-red; XAN for xanthopterin,
green; SP for sepiapterin, yellow; AHP
for 2-amino-4-hydroxypteridine, blue;
BIO for biopterin, blue; ISO for isoxan-
thopterin, violet, and RFL for riboflavin-
like compounds mixed with sepiapterin,
yellow. The apparent brilliance of each
band as judged by eye is then recorded
by means of plus and minus symbols, as
shown in the accompanying illustration
[bottom of next page].

“Isoxanthopterin is present in the
bodies of both male and female flies but
is found in much larger amounts in male
bodies because it is concentrated in the
testes. This difference in concentration,
as disclosed by the chromatogram, im-
mediately identifies the sex of most
specimens. Certain mutants, however,
such as the rosy-1 (ry'), rosy-2 (ry?) and
maroon-like (ma-I), do not produce de-
tectable quantities of isoxanthopterin.
Rosy-2 males can still be distinguished
by an abnormally large amount of 2-
amino-4-hydroxypteridine, the precur-
sor compound in the formation of iso-
xanthopterin.

“Interesting changes in the amounts
of the pteridines with time can be ob-
served by doing chromatography of
larvae, young and old pupae and
hatched flies of various ages. Young
pupae are brown and translucent,
whereas older pupae are opaque. Lar-
vae that have begun to climb onto the
paper in the culture bottle and up the
wall of the bottle are removed with a
glass rod and applied directly to the
paper. I chromatographed five larvae,
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Diagram of a chromatogram

five pupae and 10 heads of sepia mu-
tants one day old. The larvae show a
very weak fluorescence that does not
seem to indicate any particular pteri-
dine. Young pupae display xanthopter-
in, together with a substance I could
not identify that fluoresces in the blue
portion of the spectrum. There was also
a hint of yellow sepiapterin. Xanthop-
terin and sepiapterin appear in substan-

tial amounts during the late pupal stage.

“The experiments I found most in-
teresting involved crossing different eye-
color mutants (and also crossing such
mutants with flies of the wild type) and
then chromatographing the offspring.
Virgin females must be used for making
controlled crosses because females can
store the sperm from one insemination
for a large part of their reproductive
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— = nothing apparent

" + = trace
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cro%sed with +++ = moderate amount
white male ++++ = large amount
+t+t+ =

very large amount

A method of charting the results of chromatograms
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lives. To collect virgin females, clear a
culture bottle of all flies. Search the
paper carefully for adults that may be
hidden in its folds. Use a bottle that
contains many pupae from which new
flies will soon hatch. From this bottle
collect females within 10 hours of the
time they hatch. (After 10 hours they
will mate with males, although they
do not lay eggs for two days.) Trans-
fer the virgins to a fresh culture bot-
tle placed on its side so that they will
not stick to the food at the bottom.
Males of any age and desired type are
then anesthetized for transfer. Several
pairs of males and females are placed
in a fresh culture bottle and labeled
with the description of the cross and
the date. When larvae begin to climb
up the wall of the bottle and onto the
paper, the adults are removed.

“Always remember when chroma-
tographing young flies of any type that
the relative amounts of the pteridines
change with the age of the specimen.
Use specimens that are approximately
the same age. I usually select flies that
are 12 days old. To age specimens, clear
a culture bottle of adults, collect the
young as they hatch during an interval
of an hour or so and then transfer the
young to a fresh, dated culture bottle.
Chromatograph after 12 days.

“An important consideration in in-
terpreting the chromatograms of the
mutants and the crosses is whether the
characteristic pattern is the result of
the major gene or genes under consid-
eration or merely a reflection of the
specimen’s genetic background. Genes
other than those assumed by the ex-
perimenter can modify the amounts of
pteridines in the fly. For example, it
has been shown that the amount of
isoxanthopterin is influenced by many
genes because there is less variation in
the concentration of this compound in
inbred stocks of flies than in flies that
have been collected in nature and mass-
cultured for maximum heterozygosity,
or variation of genes.

“In my experiments I have assumed
that the obvious differences between
chromatograms of the various mutants
are associated with a major gene. Al-
though I chromatographed many flies, I
made no attempt to exclude the possi-
bility of background effects by crossing
mutants with flies of the wild type and
then reisolating the stock after six or
seven backcross generations to compare
the chromatographic results with those
of the original strain. This step would
be essential, however, in a quantitative
study designed to reveal the influences
of genetic background.”
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When a 19-year-old senior at Clemson University in South
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But the ME head, a stern man, scrawled a “D” on the fledg-
ling mechanical engineer’s record. “You’ve done well, | admit,”
the ME head said, “but I don’t think you’ve got what it takes
to become a top engineer.”

Some time later, the young man, who by now had won his
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that I'm a pretty good judge of whether a young fellow will
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He was talking to Dr. James Frank Sutton, now Director of
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used to tell people that “of all the students | ever had, I'll
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Second Edition

Chemical Thermodynamics A course oF sTuDY
FREDERICK T. WALL, University of California, Santa Barbara

Well-balanced and lucid, this work has
established itself as a highly popular text-
book for seniors and first-year graduate stu-
dentsin such diversefields as physicalchem-
istry, organic chemistry, and chemical engi-
neering. The author first develops the basic
principles of thermodynamics and applies
them to ideal gaseous systems and then pro-
ceeds to statistical mechanics and to non-

The new, second edition includes two
new chapters, dealing with non-Boltzmann
statistics and the statistical thermodynamics
of rubber, and a new section on the statistical
mechanics of nonideal gases. Several major
notational changes have also been made to
bring the book into closer accord with the
recommendations of the International Union
of Pure and Applied Chemistry.

ideal systems. The problems in the book are

especially thought-provoking. 1965, 451 pages, $9.25
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These two conferences, held in January of 1964 and of 1965, brought together many
of the foremost experts in particle physics. The complete proceedings of each con-
ference are presented in these two books.

SECOND CONFERENCE January 20-22, 1965, University of Miami
Edited by Behram Kur§uno§lu, Arnold Perlmutter, and Ismail Sakmar

"“The subject of combining internal and space-time symmetries was one of the topics
discussed at the First Coral Gables Conference, held in January 1964. The issues raised
at that time have since been considered—both extensively and intensively—by many
experts, and their efforts have culminated in the proposal that SU(6) be accepted as a
possible symmetry group of hadrons.

“At this year's Conference, a major part of the discussion was concerned with the
extension and development of this proposal, and it was the opinion of the participants
that considerable progress was achieved.”” —From the Preface

Just Published. 438 pages, paperbound, $8.00

FIRST CONFERENCE January 30-31, 1964, University of Miami
Edited by Behram Kurgunoglu and Arnold Perlmutter

"“The Conference was very successful, and at times hilarious, if one can judge by the
banter which is reported word for word in the discussions after the articles. Less than 40
people participated in the Conference, like a summer school with no students, and the
result is that the Proceedings are compact (170 pages) and rather more readable than

most.”” —R. F. Streater, in the Proceedings of the Physical Society, January 1965
1964, 171 pages, paperbound, $4.75
W. H. FREEMAN AND COMPANY
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Physical
Principles
of Chemistry

R. H. COLE, Brown University, and
J. S. COLES, Bowdoin College

Early consideration of atomic and molec-
ular structure distinguishes this book from
other introductions to physical chemistry.
After this background has been developed,
the authors take up the solid state, then
gases, including the kinetic theory, heat
capacities, and molecular energies. The
liquid state is the last of the three states of
matter to be considered—an unusual but
very reasonable approach. Discussion of
the elementary principles of thermody-
namics prepares the student to undertake
the other important notions of physical
chemistry that follow, such as free energy,
equilibrium phenomena, electrochemical
reactions, ionic reactions, the phase rule,
surface chemistry, and chemical kinetics.
The text has a large number of original,
tested problems.

Suitable for any standard physical chem-
istry course, this textbook was originally
written for the sophomore chemistry course
taken by chemistry majors under the
““Brown Plan.” It provides a sound basis
for further study of inorganic, organic, and
advanced physical chemistry.

1965, 795 pages, $12.00
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books listed above. | understand that if |
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by Paul Bohannan

A PROFILE OF THE NEGRO AMERICAN,
by Thomas F. Pettigrew. D. Van
Nostrand Company, Inc. ($5.95).

r I Yhe first Negro arrived in the New
World, as far as we know, in
1494. There have been Negro

Americans ever since. From one era to

the next their difficulties and their status

in the eyes of whites have changed
markedly. The first Negroes were not
slaves, but Negro slaves soon followed.

American Indians died in slavery; Afri-

can Negroes—who understood the in-

stitution—survived under it. Then, as
other forms of institutionalized inequal-
ity such as debt bondage disappeared
from the American scene, the associa-
tion between “Negro” and “slave” be-
came firmer. By the beginning of the
19th century Negroes who were not
slaves (the ancestors of some never had
been slaves) had a difficult time main-
taining their position. Ironically as the
worldwide antislavery campaign that
had begun late in the 18th century pro-
ceeded, the stereotyped association of

“Negro” and “slave” became increasing-

ly widespread.

With the Emancipation Proclamation

a vast social change was both heralded

and accomplished in the U.S. A social

subsystem based on unequal legal sta-
tus, and the legal rights inherent in such

a system, were changed. In the new

system the “status” of slaves was abol-

ished—and with it the rights of slaves.

A situation once viewed in terms of

legal rights came to be seen in terms of

social rights, and the ex-slaves were
thrown completely out of the social
system. They quickly came to consti-
tute what can best be called a pariah
group. The Negroes were “untouch-
ables” in somewhat the same sense as
the untouchables in the old Indian caste
system. Being for the most part outside
the social system, few chose to risk ex-

BOOKS

On the current condition

of the Negro American

ercising such rights as they might have
claimed in the legal system.

Slaves have rights. They may be
minimal rights, and the system of slav-
ery practiced in the Americas was a
particularly oppressive form of an op-
pressive institution. Even in the Ameri-
cas, however, slaves had rights. Pariahs
are a different matter. With them the
question of legal—even moral—rights be-
comes irrelevant for most purposes;
pariahs are beyond the pale. When
Negro Americans became “free,” they
lost as much ground as they gained.

In our own era, in the years follow-
ing the Supreme Court decision of 1954,
still another social revolution is taking
place, and it is well along. It is further
along, in fact, than many white and Ne-
gro Americans think. The pariahs are
being brought back into the system, or
are fighting their way back into it, with
the full rights of citizens.

A historical fact that is never ade-
quately stressed is that the Emancipa-
tion Proclamation was issued only four
years after the publication of The Ori-
gin of Species. Today, a century later,
the social revolution of the 1950’s and
1960’s again overlaps a period of rapid
advance in biology, notably in genetics
and biochemistry. Social and scientific
revolutions have twice converged to
complicate the concepts and problems
of “race.”

On both occasions there has been a
spiral of interaction between biology
and changing social structure. The
position of the Negro American has
been almost exactly correlated with
progress in biological theory. On the
basis of such concepts it has been pos-
sible to discover much about human
origins and to understand much about
genetic variation in human beings. Ad-
vances in biology, however (as well as
some advances in the social sciences),
have at the same time been used to feed
notions of racism. In spite of social
change and scientific progress racist
assumptions—dogmas about the superi-
ority or inferiority of human groups—
are still with us.
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Eighteenth-century biology inherited
a concept known as the “great chain of
being,” in which living things were
ranked from the lowest and least noble
to the highest and noblest. It is per-
haps needless to add that European
members of Homo sapiens, who in-
vented the concept, ranked at the top of
the chain. A recent book by the his-
torian Philip Curtin (The Image of Af-
rica, University of Wisconsin Press,
1964) has traced in fascinating detail
the racial attitudes derived from the
concept, which was apparently ac-
cepted even by Linnaeus. No two va-
rieties of life could occupy the same
position on the chain; therefore human
beings were divided, on the basis of
external characteristics, into several va-
rieties (the number was in dispute, as
it is today) and the varieties were
ranked.

Curtin has documented the ways in
which ethnocentric and uninformed
men created hierarchies of physical
types based on the chain of being. The
late 18th century was also plagued by
disputes that swung between biology
and theology: whether man had been
created in the image of God and had
been degenerating ever since (the dark-
skinned “races” had degenerated most)
or whether by some form of evolution
(not yet understood) things—including
man—were getting better. A second de-
bate revolved around the supposed ori-
gin of living organisms: the argument of
monogenesis v. polygenesis. The poly-
genesist’s position was that “savages”
were descended from creatures created
separately from the progenitors of “civ-
ilized” men. As one writer picturesquely
put it, the various human groups were
“separate thoughts of God.”

In the same period there was a tend-
ency, for purposes of classification, to
emphasize differences. Human differ-
ences were subjected to “scientific” in-
quiry by such men as Johann Friedrich
Blumenbach, who wrote On the Natural
Varieties of Mankind. It should be
noted, however, that although Blumen-
bach described differences among hu-
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man groups, he was not a racist. None-
theless, the word “race” did come to be
used by men (such as Joseph Arthur de
Gobineau) who fought to maintain the
social structure of feudalism in the face
of democratic revolutions. The old aris-
tocracy (to which Gobineau himself had
been a pretender) was “Teutonic”; the
new citizenry was “Mediterranean” and
“Alpine.” Such groups—all Caucasian—
were sorted out by color: the former
were called “white” and the latter
“black.” When the issue of slavery came
to a head in the New World, a vocabu-
lary and concepts were ready-made.

The Darwinian revolution destroyed
the degeneration argument and stilled
the debate over polygenesis. The posi-
tion of the racists, however, remained
unchanged; they simply used the new
scientific ideas to back up the beliefs
they already held. Now they focused on
an alleged lack of potential for the de-
velopment of “civilization”: the “nat-
ural inferiority” of non-Europeans was
“proved” by the superior technological
achievements of Europeans. In our cen-
tury the same arguments are put in
terms of misunderstood and misapplied
“genetics” and “personality.” The lack
of connection between racism and sci-
entific inquiry is in no way shown more
clearly than in the fact that advances
in knowledge have had little effect on
the premises or arguments of racism.

In the middle 1960°s the Negro
American stands on the divide between
being a pariah and being an “ordinary
citizen.” His position is summarized
sparely and clearly in the book re-
viewed here: A Profile of the Negro
American. Thomas F. Pettigrew, a social
psychologist at Harvard University, has
written eight short chapters in which
the issues of race and racism, Negro
health, Negro intelligence, Negro crime,
Negro reactions to oppression, the im-
pact of the Negro role on human per-
sonality, and Negro protest movements
are succinctly but broadly considered.
Seldom does one see so much research
summarized so lucidly with such seem-
ingly simple exposition.

Pettigrew’s third chapter—“The Con-
cept of Race”—is probably his weakest.
In today’s world it is anybody’s weak-
est chapter, if for no other reason than
that a reader cannot face up to it dis-
passionately even if a writer were to
manage to present it so. Pettigrew’s at-
tempted solution to this insoluble prob-
lem is to return to very simple begin-
nings. The human species is a single
species, but geographical and (in a few
cases) social barriers have given rise to
restricted pools of human genes. Genetic
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“drift” has further emphasized the lo-
calization of some genes in some popu-
lations. So much is good biology: a race
is a population of organisms that share
certain genetically determined traits.
The question, of course, is: Which traits?
Obviously that question must be an-
swered by a qualified student of the
matter on the basis of the problem at
hand. There is no definition of race that
is qualitative rather than quantitative,
none that holds up independent of con-
text. “Race” is part of our vocabulary
for explaining differences and similari-
ties found in the “real” world.

According to Pettigrew, there are
four “recurrent questions” that emerge
from the concept of race. The first is
the absurd idea of a pure race. The
other questions follow: Is interracial
mixing harmful? How many races are
there? Are some races superior to
others?

All these questions are left over from
the specters of pre-Darwinian biology.
Pettigrew quotes an aphorism from a
book by L. C. Dunn and Theodosius
Dobzhansky: “Mankind has always
been, and still is, a mongrel lot.” The
notion of pure race is part of the debris
left by the destruction of the old theo-
ries of polygenesis and degeneration.
Today the notion must be considered
quite foolish in all situations except
those in which biologists or practical
breeders laboriously produce pure lines
of plants and animals by controlled in-
breeding. The difficulty of arriving at an
acceptable number of human races is
that nobody can decide which charac-
teristics should or should not be includ-
ed in the definitions. Pettigrew under-
states when he says that “the biological
view of race has been more misused
and distorted than perhaps any other
scientific conception.” He might have
added that geneticists themselves find
the concept less and less useful.

The chapter on Negro health (in
which the author is joined by his wife,
Ann Hallman Pettigrew, M.D.) is surely
the best available brief statement about
the mental and physical health of Negro
Americans. It was once thought by
physical anthropologists that the bio-
logical differences used to devise popu-
lar concepts of race were not “adap-
tive” in the evolutionary sense. Today
the same statement is made in a more
sophisticated way: All genetic lines of
human beings have adaptive advantages
and disadvantages. Some are “useful”
in one environment, others in another
environment or another time. By and
large, however, they cancel out. Ne-
groes are far more likely than Cauca-
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sians to have sickle-cell anemia; on the
other hand, the rate of leukemia among
whites is almost twice that among Ne-
groes. Negroes have fewer “blue babies”
than whites and - far less hemophilia;
they have more diabetes. Most of the
diseases trom which both whites and
Negroes suffer, however, are not inher-
ited. The differences in the rates of such
diseases are direct reflections of cultural
factors: the high rate of pulmonary tu-
berculosis and venereal disease among
Negroes, and the higher mortality rates
from childhood diseases, are obviously
social in origin and not hereditary.

Negro mental health is a notoriously
prickly subject. It is the more so when
the American social definition of the
Negro is added to the basic difficulty
of acquiring data on the subject of men-
tal health in general. The Pettigrews
give a sophisticated short discussion of
the differences between rates of inci-
dence and rates of prevalence, and they
follow it with some broad generaliza-
tions. Psychoses, particularly those that
involve syphilitic paresis and alcohol-
ism, are disproportionately frequent
among Negroes. Most such research,
however, is done in hospitals and “ob-
viously underestimates the amount of
white psychosis.” Moreover, “person-
ality tests confirm a greater tendency
among Negroes to report psychotic
symptoms.” The quantitative data on
neurosis are even more difficult to de-
cipher, leading to confusing and con-
tradictory claims. As a guide through
such confusion, this chapter is extreme-
ly illuminating. Citing comparative
examples, the Pettigrews sum up by say-
ing: “The human species reacts to crush-
ing oppression in much the same way
the whole world over.”

The chapter on the Negro “role” is
particularly useful, and its insights can
be taken in combination with the ma-
terial on health. Until recently it has
been very difficult for white Americans
—at least those who have not lived in
the Southeastern states—to be aware
of the social role “White” to the same
degree that Negro Americans are aware
of the role “Negro.” Indeed, such aware-
ness may define the “Southern White.”
The social role “Negro” is as intensely
felt—perhaps more so—than the roles of
male or female. The number of situa-
tions in which an individual can be un-
aware of sex in evaluating the behavior
of himself and others is small indeed.
Within the white community the role
“White” is not important; presumably
the role “Negro” is not important with-
in the Negro community. We all know,
however, that Negroes are more aware



of being Negroes among themselves
than whites are of being whites among
themselves. Race roles similar in inten-
sity to sex roles are a feature of life that
was absent in most of the world a cen-
tury or two ago. It is another irony of
history that as desegregation continues
race roles are becoming more overt and
more pervasive, and more difficult to
play without deep self-consciousness.

The role “Negro” seems, on the basis
of some of Pettigrew’s quotations from
Negroes such as James Baldwin and
Richard Wright, to make its players
more aware of role-playing than many
other roles do. Self-identity presents a
serious problem, self-esteem an even
greater one. Pettigrew does not merely
generalize about these matters but cites
the findings of experimental psycholo-
gists and other investigators to back up
his comments. He is optimistic, how-
ever; he assumes that as the stereotypes
of Negro Americans are dissipated and
Negro Americans are allowed to see
themselves without the constant filter-
ing effect of these stereotypes, the
“wounds begin to heal.”

The few pages Pettigrew can give to
family disorganization raise some ques-
tions. He seems (to this anthropologist)
to have taken the “absent father” as a
veritable deus ex machina and hence to
have oversimplified some of his explana-
tions. Many lower-class Negro families
are matricentric families: a woman
and her children, with only vague or
temporary associations with adult males.
It is obviously true that the adult male
roles recognized by children who grow
up in this kind of family will not be of
a “father” sort. This, however, is not
the whole story. The point is: Are there
any adult males who are vitally inter-
ested in the children? It seems that in
many cases there are. Such situations
are not studied, however, because the
absent-father explanation is thought to
have covered the matter.

Furthermore, it is well known among

social workers that the Aid to Depend- |

ent Children programs in the nation

have sharpened the trend toward the I

matricentric family. “A.D.C.” is not real-
ly enough to live on, and undereducated
Negro men often cannot make enough
to keep a family. Put the two sources
of income together and it is possible to
keep everyone’s head above water and
live a tolerable life. But A.D.C. will be
stopped if there is an employed man in
the household, particularly if he is the
woman’s husband. Therefore such wom-
en either do not get married or, if they

are threatened with the loss of A.D.C. |

money, have little choice but to throw
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their “man” out. Many stable marriages
have been destroyed by this pressure.
Most social workers do not talk about
such problems for fear that A.D.C.
funds will be cut, resulting in worse
poverty than exists already.

Only after such an examination of the
Negro role and its many burdens can
one consider questions of Negro intelli-
gence and crime. The concept of “intel-
ligence” has changed beyond all recog-
nition since World War II. “Intelligence
is,” Pettigrew tells us, “a plastic product
of inherited structure developed by en-
vironmental stimulation and opportuni-
ty, an alloy of endowment and experi-
ence. It can be measured and studied
only by inference, through observing
behavior defined as ‘intelligent” in terms
of particular cultural content and val-
ues.” In other words, the rug has been
pulled from under almost all studies of
intelligence done before the war—what
had been “measured” did not in fact
exist. Pettigrew is at considerable pains
to point out that the new outlook in no
way denies hereditary influences on in-
telligence but that none of us has “be-
gun to expand our phenotypic intelli-
gence even close to our genotypic po-
tentials.” One might also observe that
playing the role “Negro” often demands
“stupidity,” passivity and lack of am-
bition. Negroes who take tests often
feel threatened and may prefer not to
do well if the alternative is overt rejec-
tion.

Pettigrew’s chapter on crime begins:
“Crime is prevalent among Negro
Americans.” On the other hand, “high
Negro crime rates may be—like com-
municable diseases and low 1.Q. scores
—another handmaiden of oppression.”
Negro crime rates are made up largely
of crimes that display hostility and
those that can be termed “crimes of es-
cape.” The Negro homicide rate is par-
ticularly high in America (African homi-
cide rates are very low), and Negroes
are overrepresented in aggravated as-
sault and some kinds of robbery. The
rates are also high for such escape
crimes as gambling, drug addiction and
drunkenness—all veritable indexes of
social disorganization. It is well known
—and Pettigrew cites relevant data—
that many police handle Negroes more
nearly in accordance with the letter of
the law than they do whites, that a
larger proportion of convictions is
obtained for Negro defendants than for
white ones and that Negroes are given
fewer opportunities for parole from
prison than whites. “The salient feature
of Negro Americans is that they have
accepted and internalized American
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culture but are generally denied the
chief rewards and privileges of that cul-
ture. High crime rates are but one con-
sequence of this situation.”

The last two chapters of Pettigrew’s
book deal with Negro protest move-
ments. In order to achieve national
goals special educational programs for
Negroes (and obviously for other under-
educated Americans) are needed. If the
U.S. really achieves its major economic
and social goals, the problem of racial
equality will be solved in the process.
The book ends with four brief predic-
tions based on what the author has
learned, and on social scientists’ knowl-
edge of human reactions under intense
deprivation: Negro protests will con-
tinue to grow both in intensity and
depth; the protests will increasingly
attract a larger proportion of lower-
income Negroes and shift from status
goals to economic ones; a more exten-
sive use of local and national boycotts
of consumer products will be made;
as the revolution proceeds some basic
structural Changes in American society
will have to occur before viable solu-
tions to problems of race relations can
be found.

For biology and the social sciences
the end of racism means the freedom to
investigate biological and cultural prob-
lems without the ambiguity in the word
“race” providing a non sequitur cause-
and-effect relation between the indi-
vidual human being and society. As
Pettigrew puts it: “The final, definitive
research must await a racially inte-
grated America in which opportunities
are the same for both races. But, ironi-
cally, by that future time the question
of racial differences in intelligence will
have lost its salience; scholars will won-
der why we generated so much heat
over such an irrelevant topic.”

Short Reviews

TIIE Fryinc TrAPEZE: THREE CRISES

FOR Prysicists, by J. Robert Oppen-
heimer. Oxford University Press ($2.75).
CoNTEMPORARY Puysics, by David
Park. Harcourt, Brace & World, Inc.
($4.95). Modern physics prides itself on
having swept away most of the meta-
physics that was long considered essen-
tial to any scientific discipline. It has, of
course, achieved no such emancipation,
having simply substituted a new meta-
physic for an old one. Indeed, it would
probably be impossible to conduct a
meaningful physical discourse and to
handle the abstractions, symbols and
logical transformations that are charac-
teristic of the transactions of physics if
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certain underlying metaphysical as-
sumptions were not accepted—even if
these assumptions are not acknowl-
edged. One has only to look at these
two books that attempt to explain the
character of modern physics to the non-
specialist to realize what a formidable
structure of metaphysical theories forms
the underpinning of the discipline. Op-
penheimer’s three short lectures are con-
cerned with space and time, atom and
field, and a somewhat general evalua-
tion of the relation between science and
politics. The lectures are more success-
ful in creating a mood, or perhaps one
might say a poetic picture, of modern
physics than in elucidating its concepts.
The performance is not without virtu-
osity; one can be reasonably sure that
the audience experienced intellectual
exhilaration even if not complete en-
lightenment.

Park’s book is a fuller, more system-
atic popularization of such topics as the
properties of nuclei, quantum mechan-
ics, gravity, elementary particles, sym-
metry and the like. He begins his ac-
count skillfully and carries the reader
a good way in showing how the modern
ideas of physics evolved. But after a
time the story bogs down in complex-
ities, qualifications, subqualifications, di-
lemmas, paradoxes and puzzles—all of
which are the notorious attendants of
this sophisticated, fascinating and in-
furiatingly difficult science. There is the
pretense that the propositions of physics
pertain to “real” entities in the physical
world, and there is also the pretense
that there are propositions of physics so
abstract that although one can make
use of them one must not inquire too
closely into their meaning in terms of
physical reality. That both of these
pretenses have substance and are neces-
sary to the pursuit of physics is the
best evidence of its elaborate metaphys-
ical apparatus.

EFE 1N DeserTs, by J. L. Cloudsley-

Thompson and M. J. Chadwick.
Dufour Editions ($8.95). DeEserT ANI-
aaLs, by Knut Schmidt-Nielsen. Oxford
University Press ($7.20). Much of the
history and prehistory of man is linked
with deserts. Surprising as this may be,
the fact is that only a small portion of
the arid regions of the world is totally
inhospitable to man. The remainder of-
fers a variety of opportunities for rais-
ing domesticated animals, the pursuit
of agriculture, trade and the establish-
ment of stable communities. A compre-
hensive definition of “deserts” presents
difficulties. Deserts can be cold or
hot; they are found in Alaska, Siberia
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and Tibet as well as in Africa, Asia,
North and South America and Australia.
In tropical countries desert conditions
are said to prevail where the average
precipitation is less than five inches and
semidesert conditions where the aver-
age precipitation is less than 15 inches.
Among other characteristics to be con-
sidered are the seasonal distribution of
rain, the nature of the soil on which the
rain falls, evaporation and the transfer
of moisture back to the atmosphere
from the earth’s surface.

These two books deal with the re-
lation between different forms of life
and the desert environment. Cloudsley-
Thompson and Chadwick cover a wide
field that includes the physical features
of deserts and the adaptation of all
kinds of animals and plants to arid and
semiarid conditions. The monograph is
clear, interesting, authoritative and well
written and gives an abundance of in-
triguing facts, from the behavior of
scorpions, ticks and mites (many species
of which show fantastic powers of water
conservation and can live for 10 years
or more without food or drink) to the
astonishing physiology of ostriches and
camels. Schmidt-Nielsen is primarily
concerned with the physiological prob-
lems of heat and water. He too explains
such matters as how the camel can
drink as much or as little as it does,
how the desert rat survives without
water and what purpose is served by
the enormous ears of the jackrabbit.
(The rabbit often sits quietly in the
shade of a surface depression and his
ears act as heat radiators, thereby
sharply reducing perspiration and the
use of water in dissipating the animal’s
heat.) Both books, although written by
specialists, make good reading for any-
one interested in natural history. Both
are copiously illustrated.

PHILOSOPIIICAL PROBLEMS OF SPACE

anp Time, by Adolf Griinbaum. Al-
fred A. Knopf, Inc. ($10.75). As Ein-
stein repeatedly acknowledged, Henri
Poincaré’s views on the relation of ge-
ometry to space, first published 70 years
ago, helped to prepare the ground for
the theory of relativity. Poincaré made
it clear that the three main types of
metric geometry (Euclidean, Lobachev-
skian and Riemannian) represent differ-
ent ways of defining spatial congruence.
He therefore maintained that these ge-
ometries are alternative but intertrans-
latable languages, so that a choice
among them—like a decision to use
French instead of English to formulate
physical laws—can rest only on consid-
erations of convenience rather than of

142

objective fact. This “conventionalism”
with respect to metric geometry (as well
as chronometry) has been extensively
discussed by leading scientists and phi-
losophers since the beginning of the
century, but its precise meaning and
validity continue to be actively debated.
The first part of Griinbaum’s solidly
packed book is a careful examination of
the various issues that have emerged in
this long discussion. Its main burden is
a defense of what is said to be Poin-
caré’s real thesis about the conven-
tional status of attributions to space and
time of properties (such as the magni-
tude of the angle sum of a triangle) that
depend on definitions of congruence.
Griinbaum’s conventionalism, however,
is limited to the metrical characteristics
of space and time and does not extend
to their topological traits. The second
part of his book tries to show, among
other things, that the three-dimension-
ality of space and the anisotropy (or
directionality) of time are objective fea-
tures of our actual world that cannot be
altered by any definitional maneuver.
The final part of the book deals with
a miscellany of issues in the foundations
of relativity theory, such as the ques-
tion of whether the Lorentz-Fitzgerald
contraction hypothesis is falsifiable or
whether the notion of absolute space
has been made untenable by the gen-
eral theory of relativity. Griinbaum’s
analyses are not uniformly convincing,
but they are invariably well informed
and clarifying. He certainly does not
subscribe to the assumption on which
so much current philosophical writing
appears to be based: that ignorance of
relevant scientific findings is an indis-
pensable requirement for philosophiz-
ing about a subject matter. It is all the
more regrettable that Griinbaum’s pen-
chant for polemics has prevented him
from writing a more readable book. He
is so anxious to settle the controversies
over the problems he is seeking to an-
alyze that he rarely has the patience to
explain just what the problems are
about in their own right, and the details
of his arguments frequently obscure the
points he is trying to establish.

AYSs OF THOUGHT OF GREAT MATH-

EMATICIANS, by Herbert Mesch-
kowski. Holden-Day, Inc. ($4.95).
TREASURY OF MATHEMATICS, edited by
Henrietta O. Midonick. Philosophical
Library ($15). These two books are
as disparate in size and price as they
are in merit. Meschkowski’s volume, a
mere 110 pages translated from the
German, is the work of a skilled and
thoughtful mathematician who knows
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what he wants to say, has selected good
examples of different kinds of mathe-
matical thinking and has put each ex-
ample in its proper setting, relating it
to the development of the subject over
a period of 25 centuries. Among his
topics are the work of the Pythagoreans
(the Pythagorean numbers, the discov-
ery of the Golden Section), Archimedes’
proof of the theorem on the surface of
the sphere, Nicholas of Cusa’s study of
the squaring of the circle, Pascal’s tri-
angle, Leibniz’ researches on series,
Gauss’s proof of the fundamental theo-
rem of algebra and Georg Cantor’s the-
ories of infinite sets. This is an attractive
little book that even fledgling mathe-
maticians will find to their taste.

Miss Midonick’s book, in contrast, is
little more than a swollen hodgepodge.
It consists of selections from the writ-
ings of some 50-odd mathematicians,
among them such inevitable figures as
Euclid, Archimedes, Apollonius of Per-
ga, Descartes, Newton and George
Boole. It also includes more doubtful
discoverers, among them Omar Khay-
yam, Chaucer and a more than generous
sprinkling of Chinese and other Orien-
tal writers whose labors produced only
a very dim light in the firmament of
mathematical history. Although Miss
Midonick refers to a large number of
minor innovators, she succeeds entirely
in forgetting such outstanding mathe-
maticians as Fermat, Pascal, the Ber-
noullis, Euler, Lagrange, Laplace, Cau-
chy, Galois and Riemann.

SELECTED PareErs OF RicHARD voN

Misks, edited by G. Birkhoft, Philipp
Frank, S. Goldstein and others. Ameri-
can Mathematical Society ($35.80). This
two-volume collection presents a num-
ber of characteristic papers by a versa-
tile, penetrating and imaginative scien-
tist and philosopher: the late Richard
von Mises. Von Mises was trained in
Vienna at the beginning of the century
as an engineer and mathematician. He
taught applied mathematics at the Uni-
versity of Strasbourg, then in World
War I served as an officer in the newly
formed flying corps of the Austro-Hun-
garian army. During his military service
he designed and supervised the con-
struction and testing of the first large
airplane of the Austro-Hungarian mon-
archy, wrote a book on the science of
flight (Fluglehre, of which the sixth
edition appeared in 1958) and made
major contributions to the theory of
airfoils. In 1919 he became professor
of mathematics at the University of
Dresden; that same year he published
two famous papers on probability the-
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nuclear submarine) is in many ways more in-
volved than the systems currently being en-
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Not only does today’s nuclear submarine house
a crew of more than 100 for extended missions
in a completely “closed” (and hostile) environ-
ment — it provides the facilities for eating, sleep-
ing, relaxing, and functioning as a sophisticated

combat team. Not the least of these is operating
as an extraordinarily mobile missile launching
pad.

If you sense the enormity of the engineering
challenge, you ought to talk with some of our
engineers about it. They pioneered the tech-
niques that helped make the first nuclear sub-
marine a reality 10 years ago. And for the
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ory embodying his notion of the collec-
tive and espousing the relative-frequen-
cy concept of probability. Later he
taught in Berlin and Istanbul; in 1939
he went to Harvard University, where
he became Gordon McKay Professor
of Aerodynamics and Applied Mathe-
matics. The first of these volumes con-
tains papers on geometry, mechanics
and analysis; the second, papers on
probability and statistics and also a
number of essays concerned with logi-
cal positivism, which Von Mises em-
braced in the early 1920’s. To this
philosophy he gave full and mature ex-
pression in a treatise published in Ger-

| man in 1939 and in English in 1951.

In addition to being an engineer, a math-
ematician and a philosopher, he was a
foremost authority on the German poet
Rainer Maria Rilke, wrote a book on
his work and left a large Rilke collec-
tion to Harvard’s Houghton Library.
Von Mises” work, as can be judged from
these papers as well as from his books,
was as sure and as elegant as the man
himself, and by its very diversity it re-
flected the diverse strands of his per-
sonality: an aristocratic Jew, a convert
to Catholicism, a scientific humanist
and a positivist.

TIIE LirE oF PrLanTs, by E. J. H. Cor-

ner; THE L1FE oF INsEcTs, by V. B.
Wigglesworth. The World Publishing
Company (each $12.50). These two nat-
ural-history books by leading British
specialists are well above average in
scientific and literary quality. Corner’s
story of botany begins with simple plant
life in the sea and traces its migration to
the shorelines, its spread over the land
and its evolution into innumerable
forms from fungi to trees. The emphasis
of Wigglesworth’s book is on the physi-
ology of the living insect: appendages
for locomotion and flight, diet, egg-lay-
ing, growth and metamorphosis, mating
and reproduction, vision, hearing and
smell. There are also chapters on the
“wisdom of the insect,” the organization
of insect societies, migration and insects
and man. Both of these books are well
illustrated.

HE AMERICAN Lanpscapg, by Ian

Naim. Random House ($5.95). The
author of this book, an Englishman
trained in town planning and architec-
ture, made a 10,000-mile automobile
trip through the U.S. to study roads,
cities and towns, housing developments
and other features of the “townscape.”
It is not news that we have squandered
our opportunities, misused our resources
and made a greedy, abominable mess of
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most of our urban areas. Nairn, how-
ever, not only describes the disease but
also diagnoses it. He demonstrates by
text and original photographs the dead-
ly gridiron monotony of our city lay-
outs. His acute eye has also detected
the wonderful exceptions to be found in
the most unlikely places, some in great
metropolises, some in obscure waysides
and bus stops, some the result of pure
accident, some of design and planning.
He stresses the value of variety, con-
trast, adventure and unexpectedness in
the urban scene, as well as the im-
portance of making elements that hang
together, structural clusters that both
fit in with the ecology—man-made and
natural—and enhance it. The style is
clear and occasionally deliberately en-
fant terrible, but even the brashness is
in a good cause.

DISPERSION ReLATIONS AND THEIR

CoNNECTION WITH CAUSALITY, ed-
ited by Eugene P. Wigner. Academic
Press ($12). This volume, which pre-
sents the proceedings of Course 29 of
the Enrico Fermi School of Interna-
tional Physics, contains papers on such
topics as the proof of dispersion rela-
tions and high-energy scattering. There
is an interesting and more general pa-
per by Wigner that discusses the nature
and development of invariance princi-
ples and their role in the framework of
the physical sciences.

Tm: History oF THE STUDY OF LAND-

rorms, by Richard J. Chorley, An-
tony J. Dunn and Robert P. Beckinsale.
John Wiley & Sons, Inc. ($13.50). The
first volume of a history of geomorphol-
ogy, carrying the story from early ideas
on erosion and rock strata to studies of
the geographical cycle by William Mor-
ris Davis. The book includes many ex-
cerpts from the writings of James Hut-
ton, John Playfair, Abraham Werner,
Charles Lyell, George Greenwood,
James Dana, John Wesley Powell and
others. Good illustrations and bibliogra-
phies.

THE NEw SocrioLocy: Essays 1N So-
CIAL SCIENCE AND SociaL THEORY
N Honor or C. WriGHT MiLLs, edited
by Irving Louis Horowitz. Oxford Uni-
versity Press ($8.50). Twenty-eight es-
says on important trends of present-day
American sociology, some directly con-
cerned with the late C. Wright Mills’s
work as a social scientist, some with
other studies in social science and so-
cial theory. A number of the essays are
of high quality—much better than those
usually found in memorial volumes of



this kind—and the book as a whole is
more than a gesture.

Notes

Heracuitus, by Philip Wheelwright.
Atheneum ($1.25). A soft-cover reprint
of an excellent book that translates the
surviving fragments of Heraclitus writ-
ings and analyzes their meaning.

Stupies IN THE LI1FE HISTORY OF THE
SonGc Sparrow, by Margaret Morse
Nice. Dover Publications, Inc. ($3.50).
A two-volume soft-cover reissue of
comprehensive study of the song spar-
row and other passerine birds that
originally appeared some 25 years ago
in Transactions of the Linnaean Socicty
of New York.

Tue AAAS Science Book LisT FOR
Younc ApuLts, compiled under the di-
rection of Hilary J. Deason. American
Association for the Advancement of
Science ($2.50). An annotated bibliog-
raphy of 1,376 science and mathematics
titles intended as a guide for “young
adult” readers, which is to say any
nonspecialist.

INDIAN ART IN MIDDLE AMERICA, by
Frederick J. Dockstader. New York
Graphic Society ($25). A lavishly illus-
trated survey of pre-Columbian and
contemporary arts and crafts of Mexico,
Central America and the Caribbean.
Seventy color plates, each separately
mounted, 180 black-and-white illustra-
tions, maps and a bibliography.

Russia AnD THE Sovier Union: A
BiBLioGrRaAPHIC GUIDE TO WESTERN-
LaNcuaGe PubLicaTIONs, edited by
Paul L. Horecky. The University of
Chicago Press ($8.95). Included in this
useful cooperative work are reference
aids and bibliographies, general and de-
scriptive surveys and titles of books on
the lands of the U.S.S.R., the people,
the nations, history, economic and social
structure, intellectual and cultural life.

THE ORIGINS OF MODERN SCIENCE,
1300-1800, by Herbert Butterfield. The
Free Press of Glencoe ($1.95). Butter-
field’s brilliant survey is reissued as a
paperback.

CoNTROLLED THERMONUCLEAR REAC-
TIONs, by L. A. Artsimovich. Gordon
and Breach Science Publishers ($19.50).
A translation from the Russian of a
foremost student’s review of work done
on controlled thermonuclear reactions
in the U.S.S.R. and Western countries.
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PIBLIOGRAPHY

Readers interested in further reading on
the subjects covered by articles in this
issue may find the lists below helpful.

| PHOTOGRAPHY BY LASER

ErnnunaTtioNn oF THE UNWANTED IMm-
AGE IN DIFFRACTION MICROSCOPY.

BRINKMANSHIP AT NIAGARA FALLS

We were astonished to find that an 8x10 enlarge-
ment of this Questar high-resolution closeup had
the quality we would expect from a press camera
only a few feet away. As this log teetered here
on the brink for a few moments, perhaps you can
see how tiny droplets of water were stopped cold
at f/18, on Tri-X film at 1/500 second. Please
notice the tremendous depth of field! That’s what
small aperture and great distance make possible.
The grain was negligible, too, so we doff our
hats to Kodak for this splendid negative material.
Camera was a Questar-modified Nikon F, avail-
able only through us.

‘We left the sprocket holes on this section of
35-mm. film for you to see. It is always nice to
publish a closeup picture that could not possibly
have been faked, save perhaps from a balloon.
We doubt if any other telescope could take so
sharp a picture, for many reasons.

Each Questar is a labor of love. There are less
than 3000 of them throughout the world today.
We make only a few hundred each year, and
offer for sale only those whose optical quality
has been verified as superfine by testing on real
stars at night. Since Questars can excel only by

astonishing performance and perfection of image,
we must take great pains to make sure each one
is a triumph of the optician’s art, no matter how
long this takes, or how many attempts do not suc-
ceed. No lens or mirror is interchangeable; each
set is matched by selection and then ‘“married”
by aspheric hand-retouching. Most of today’s
Questars have mirrors of temperature-shock-
resistant quartz, the best material obtainable.
We have made this precious crystal available
since 1957, with the result that nearly all the
quartz-mirrored telescopes in the world are
Questars. Each lens-mirror set is held in only
one rotational position. The lens must drop off-
axis by .0015 inch, and then be free of all con-
straint in its precision cell, since any slightest
pressure from a retaining ring would derogate
the image. Thus the lens of every Questar ever
made should rattle when you shake the tube.

The old saying that ‘trifles make perfection,
but perfection is no trifle”” seems very true to us
who find ourselves every day in the trifle business.
Only when we get each trifle just right can we
send another beautiful little Questar into the
world with pride and satisfaction.

Questar is the finest and most versatile small
telescope in the world. Prices begin at $795.
Send for your copy of the new 40-page booklet
with 8 pages of color and much general infor-
mation, with essays on optics, seeing and tele-
scopic photography. One dollar postpaid in
U. S., Mexico and Canada. By air to West
Indies and Central America, $2.30. By air to
Europe, N. Africa and S. America, $2.50. By
air to Australia and elsewhere, $3.50.

QUESTAR

BOX 20 NEW HOPE, PENNSYLVANIA

© 1965 SCIENTIFIC AMERICAN, INC

RECONSTRUCTED

W. L. Bragg and G. L. Rogers in
Nature, Vol. 167, No. 4240, pages
190-191; February 3, 1951.

A New Microscoric PrincipLE. D. Ga-

bor in Nature, Vol. 161, No. 4098,
pages 777-778; May 15, 1948,
WAVEFRONTS  AND
CoamvtunicaTioN THEORY. Emmett
N. Leith and Juris Upatnieks in
Journal of the Optical Society of
America, Vol. 52, No. 10, pages
1123-1130; October, 1962.

HORMONES AND GENES

EFFECT OF ACTINOMYCIN AND INSULIN
ON THE METABOLISM OF ISOLATED
RaTt Diapuracr. Ira G. Wool and
Arthur N. Moyer in Biochimica et
Biophysica Acta, Vol. 91, No. 2,
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S. Edelman in Proceedings of the Na-
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Carlsen, G. J. Trelle and O. A.
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THE MAGNETIC FIELD
OF THE GALAXY

AN ATTEMPT TO MEASURE THE GALAC-
TIC MaGNETIC FieLp. D. Monrris,
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Astrophysical Journal, Vol. 138, No.



3, pages 889—895; October 1, 1963.
DirecTION OF THE GALACTIC MAGNETIC
FieLp IN THE VICINITY OF THE SUN.
D. Morris and G. L. Berge in The
Astrophysical Journal, Vol. 139, No.
4, pages 1388-1393; May 15, 1964.

A PATTERN IN THE LARGE-SCALE Dis-
TRIBUTION OF GALACTIC POLARIZED
Rapio Emission. D. S. Mathewson
and D. K. Milne in Nature, Vol. 203,
No. 4951, pages 1273-1274; Septem-
ber 19, 1964.

POLARIZATION OF STARLIGHT. John S.
Hall and K. Serkowski in Basic Astro-
nomical Data, edited by K. Aa.
Strand. The University of Chicago
Press, 1963.

CHEMICAL FERTILIZERS

Tue CHEMISTRY AND TECHNOLOGY OF
FerTIiLIZERs. Edited by Vincent Sau-
chelli. Reinhold Publishing Corpora-
tion, 1960.

CoMmMEeRcIAL FeErTiLiZERs. G. H. Col-
lings. McGraw-Hill Book Company,
Inc., 1955.

FERTILIZER NITROGEN: ITs CHEMISTRY
anD TecHNoLoGY. Edited by Vincent
Sauchelli. Reinhold Publishing Cor-
poration, 1964.

THE FLIGHT MUSCLES
OF INSECTS

Locomorion: FricHT. J. W. S. Pringle
in The Physiology of Insecta: Vol. II,
edited by Morris Rockstein. Academic
Press, 1965.

THE ORGANIZATION OF THE FLIGHT
MuscLE IN A DRAGONFLY, AESHNA
Sp. (Oponata). David S. Smith in
The Journal of Biophysical and Bio-
chemical Cytology, Vol. 11, No. 1,
pages 119-145; October, 1961.

THeE SarcoprLasmic ReticuLum. Keith
R. Porter and Clara Franzini-Arm-
strong in Scientific American, Vol.
212, No. 3, pages 72-80; March,
1965.

CORONA CHEMISTRY

THE ELECTROCHEMISTRY OF GASES AND
OtHER DieLeEcTRICS. G. Glockler and
S. C. Lind. John Wiley & Sons, Inc.,
1939.

FUNDAMENTAL PROCESSES OF ELECTRI-
cAL Di1scHARGE IN Gasgs. Leonard B.
Loeb. John Wiley & Sons, Inc., 1939.

RapiaTioN CHEMISTRY OF ORGANIC
Compounps. A. J. Swallow. Perga-
mon Press, 1960.

ReacTIiONS OoF HYDROCARBONS IN ELEC-
TRICAL DiscHARGES. Charles L.
Thomas, Gustav Egloff and ]. C.

D ETE CTI 0 N I_O G I c Detection satellites now in orbit

and under development depend
on Sandia-designed logic systems to interpret and communicate what
they sense. Each satellite carries a network of some 25,000 logic com-
ponents which enable it to discriminate and compress data from its
sensors, separating the telltale from the normal, essential from unessen-
tial, before transmission to ground stations. The logic examines data on
radiation and electromagnetics and by a function of correlating and
comparing decides whether these result from natural phenomena or a
man-made nuclear event. Four such satellites are now in operation
50,000 miles out, transmitting reliable intelligence on the yes or no of
clandestine nuclear explosions.

Sandia’s scientists and engineers work in many such vital programs
including: device physics; solid state; materials research; mathematical
research; nuclear burst physics; and manufacturing development.

Sandia Corporation is a Bell System subsidiary and a prime contractor
of the Atomic Energy Commission engaged in research, design and
development of the non-nuclear phases of nuclear weapons. With Sandia
you would work in Albuquerque or in Livermore in the San Francisco
Bay area.

Sandia recruits on many major campuses and is primarily interested in
recent and current outstanding graduates in many of the engineering
and scientific disciplines at all degree levels. Consideration of applicants
is based solely on qualifications and without regard to race, creed, color
or national origin. U. S. citizenship is, however, required. For current
opportunities, contact the Sandia recruiter at your college or write
Professional Employment Organization 3151, Ref. 569-6, Sandia Cor-
poration, Box 5800, Albuquerque, New Mexico, 87115.

SAN m A CORPORATION

=
A BELL SYSTEM SUBSIDIARY / ALBUQUERQUE, NEW MEXICO / LIVERMORE, CALIFORNIA
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GET IIE.ID\" FOR THE SPACE snd SCIENCE ERA! SEE SATELLITES, MOON ROCKETS CLOSE-UP

“AMALING OPTICAL BUYS

*.and OTHER SCIENTIFIC BARGAINS

TN

NOW! LEARN TO USE THE AMAZING TOOL OF TOMORROW!

Get the jump on competition. Here's a break-through in
a new technology. Completely simplified. 1,000’s of uses
for researchers, product designers, developers. Fantastic
visual effects. Basis for ‘‘OP ART". Already used
commercially in packaging, textile, graphic arts in-
dustries. Problem solving ranges from simple arithmetic
to calculus of vectors. Inexpensively measures one part
in billion. Measure diffraction pattern movement
produced by lasers; diffusion of molecules in solution or
heat waves. Study liquid flow, stress lines, distortion
of metals. Obtain elastic moduli. Baslcally a Moiré
pattern is the graphic solution of an equation. Patterns
appear when two or more repetitive figures of about the
same spacing overlap at a small angle. Using elements
which include equi-spaced linear, logarithmic and
circular rulings, Dr. Gerald Oster, Brooklyn Poly. Inst.,

has developed a complete new basic scientific tool.

Measure. .

.Check...Solve..
with

. Study...Create

MOIRE PATTERNS KIT

BASIS FOR ‘OP ART’' SWEEPING THE NATION

Inexpensive kit contains 8 basic patterns on both clear
acetate in lantern slide size measurmg 34” x 47 (.020"
thick) and white Kromekote 33{” x 41” (.012” thick);
two pieces 314” x 4” 150-dot screen on film; 20-mesh
woven, ﬂberglas% screen 8” x 1015”; copy of Dr Oster’s
book, “The Science of Moiré Patterns’’—an authorita-
tive mtroductlon to the fascinating world of Moiré.
Stock No. 70,719-S. .$8.50 P
Stock No 60,464-S Same as above wlmout

DOOK. ... $6.50 Ppd.

MOIRE PATTERN ACCESSORY KIT. For addi-
tional experiments. Contains metallic balloon, calcite,
two kinds of diffraction gratings, one-way mirror foil,
polarizing materials, Ronchi rulings, assortment of
lenses.

Stock No. 60,487-S...

pd.

..$8.00 Ppd.

See the Stars, Moon, Planets Close Up!
3" ASTRONOMICAL REFLECTING TELESCOPE

o

60 to 180 Power—Famous Mt.
Palomar Type! An Unusual Buy!
See the Rings of Saturn, the
fascinating planet Mars,
huge craters on the Moon,
Phases of Venus. Equa-
torial mount with lock on
both axes. Aluminized and

”

1 OVErron e diameter
\ high-speed £/10 mirror.
Iolesenpe comes eoquipped with o 60X eyepiece and a
mounted Barlow Lens. Optieal Finder Telescope in-
.].pj. I.  Hardwood portahle tripod. FREE with
St Valuat STAIL CHART plus 272-page

al \'\I'In Wil OF HEAVENS” plus “HOW TO
USE YOUR TELESCOPE” BOOK.
Stock No. 85,050-S...............929.95 Postpaid

4Ys" Astr Tel !
Up To 255 Power. New Vibration Free Meta. Pedestal Mount.
Stock No. 85,105-S .$79.50 F.0.B. Barrington, N.J.

SUPERB 6"

REFLECTOR TELESCOPE!

Inc. electric clock drive, setting circles, equatorial mount, pedestal base.
4 eyepieces for up to
Stock No. 85,086-S.

$199.50 F.O0.B. Barrington, N.J.

Make Your Own Powerful AstronomicalTelescope

e Uuﬂﬁg
e )

+ GRIND YOUR OWN

ASTRONOMICAL MIR-
| ROR. Kits contain fine an-
} nealed pyrex mirror blank,
tool, abrasives, diagonal
mirror and eyepiece lenses.
You can build instruments

ratighog b value from ST5.00 to humdreds of dollars
Stock Mo Diam,  Mirrer Thickness  Price
To.081-5 di 1'.' Su.gg nng.

g & % ! ppd.
o °‘Js—s & 15%° 19.50 ppd.
10,006-5 10* 1% 30.75 f.0.b.
10,007-5 124 235 59.95 Barrington

WAR SURPLUS! AMERICAN-
MADE 7X50 BINOCULARS

Big savings! Brand new! Crystal-
clear viewing— 7 power. Every opti-
cal element is coated. An excellent
night glass—the size recommended
for satellite viewing. Individual eye
focus. Exit pupil 7 mm. Approx.
field at 1,000 yds. is 376 ft. Carry-
ing Case melu(le(l American 7x50’s
normally cost $274.50. Our war

surplus price saves you real money.

Stock No.1544-S.................. only $74.80 ppd.

7 x 35 AMERICAN MADE BINOCULARS
Stock No. 964-S 0.50 ppd. (Tax incl.)

6 x 30 Binoculars—similar to dbOVE and a terrific bargain.

Stock No. 963-S $33.00 ppd. (Tax included)

12 Different puzzles that will

stimulate your ablllty to think

u and reason. Here is a fascinat-

ing assortment of wood puzzles

- that will provide hours of plea-

w Q w sure. Twelve different puzzles,

- to take apart and reassemble,

give a chance for all the family,

young and old, to test skill, patience and, best of all, to

stimulate ability to think and reason while having lots

of fun. Order yours now.

Stock No. 70,205-S.................. $3.00 Postpaid

i Completely New 1965 Edition
148 Pages—Nearly 4000 Bargains |

EDMUND SCIENTIFIC CO.

| Barrington, New Jersey

| Please rush Free Giant Catalog S

| Name

| City

WOODEN SOLID PUZZLES
animals and geometric forms
MAIL COUPON FOR FREE CATALOG
Address

State,

ORDER BY STOCK NUM

END CHECX OR MONEY ORDER .,

SOLVE PROBLEMS! TELL FORTUNES! PLAY GAMES!
NEW WORKING MODEL -
DIGITAL COMPUTER

ACTUAL MINIATURE VERSION "
OF GIANT ELEC TRONIC BRAINS
Fascinating new see-through model
computer actually solves problems,
teaches computer fundamentals. Adds, subtracts, multi-
plies, shifts, complements, carries, memorizes, counts,
compares, sequences. Attractively colored, rigid plastic
parts easily assembled. 12” x ” X 43", Incl. step-by-
step assembly diagrams, 32-page instruction book cover-
ing operation, computer language (binary system), pro-
gramming, problems and 15 experiments.
Stock No. 70,683-S.

P

..$5.00 Ppd.

NEW! STATIC
ELECTRICITY GENERATOR
Sturdy, Improved Model

See a thrilling spark display as you set off

a miniature bolt of lightning. Sturdily
made—stands 14” high. Two 9” plastic
discs rotate in opposite directions. Metal

collector brushes pick up the static elec-
tricity, store it in the Leyden jar type
condenser until dischargetl by the jumping
spark. 24 page illustrated booklet included.

Order Stock No. 70,070-S........... $12.95 Postpaid

ANALOG COMPUTER KIT

"¢ —wmmwssmusi | Demonstrates basic analog com-

puting principles—can be used

® '@ . ® | for multiplication, division, pow-

| ers, roots, log. operations, trig

problems physics formulae, elec-

trl(‘lty an(l magnetism problems. Operates on 2 flash-

light batteries. Electric meter and 3 potentiometers

mounted on die-cut box. Answer indicated on dial. 20"
long, 9” wide, 2” deep.

Stock No.70,341-S................. $14.95 Postpaid

HOME WEATHER STATION
New ‘‘Weather Station’ is highly 5, )
sensitiveto weatherchanges. Con-

sistently accurate thermometer to

+ 2%; barometer accurate to *

.25” and hygrometer to * 5%. Foretells weather changes
from 12 to 24 hours in advance. Hygrometer calibrated in
percent relative humidity. Excellent for teaching weather
phenomena and meteorological hobby work. Instrument
mounted on handsome wood-grained wall panel 154" x
53{”. Meter cases heavily metalized—combines beauty and
protection. Dials, in etched aluminum, of high precision.
Yull instructions.
Stock No. 70,607-S.....

...... $9.95 Postpaid

SCIENCE TREASURE CHESTS
For Boys—Girls—Adults!

Science Treasure Chest—Extra-powerful
magnets, polarizing filters, compass, one-
way-murror film, prism, diffraction grating,
and lots of other items for hundreds of
thrilling experiments, plus a Ten-Lens Kit
for making telescopes, microscopes, etc. Full instructions.
Stock No0.70,342-S .................. $5.00 Postpaid

Science Treasure Chest DelLuxe—Everythingin Chest
above plus exciting additional items for more advanced
experiments including ecrystal-growing kit, electric motor,
molecular models set, first-surface mirrors, and lots more.
Stock No.70,343-S..... Ceerreereenns $10.00 Postpaid
TERRIFIC BUY!

STEREO-MICROSCOPE  ,mizRican maDE!

Up to 3" Working Distance

Wide 3-Dimensional Field
Used in production, in research or at
home; for inspections, examinations,
counting, checking, assembling, 2 sets
of objectives on rotating turret. Stand-
ard pair of wide field 10X Kellner Eye
pieces give you 23 power and 40 power
clear, sharp erect image. Helical rack
and pinion focusing. Interpupillary dis-
tance adjustable So good we ‘Il SHIP
ON A 10-DAY FREE TR
..full price sas.sn F.0.B.

Order Stock No. 85,056-S

SATISFACTION GUARAN

EDMUND SCIENTIFIC €CO.,8ARRINGTON, NEW JERSEY
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Morrell in Chemical Reviews, Vol.
28, No. 1, pages 1-70; February,
1941.

THE COMPOSITION
OF THE EARTH’S INTERIOR

DENsITY AND COMPOSITION OF MANTLE
AND Core. Francis Birch in Journal of
Geophysical Research, Vol. 69, No.
20, pages 4377-4388; October 15,
1964.

SoLps UNDER Pressure. Edited by
William Paul and Douglas M. War-
schauer. McGraw-Hill Book Com-
pany, Inc., 1963.

TEMPERATURE DEPENDENCE OF SHOCK-
INDUCED PHASE TRANSFORMATIONS IN
Iron. P. C. Johnson, B. A. Stein and
R. S. Davis in Journal of Applied
Physics, Vol. 33, No. 2, pages 557—
569; February, 1962

WILLIAM WITHERING
AND THE PURPLE FOXGLOVE

Tue Actions oF CarRDIAC GLYCOSIDES
oN HEearT MuscLE CEeLLS. Ernest
Page in Circulation, Vol. 30, No.
pages 237-251; August, 1964.

Tue EFFECT oOF DIGITALIS ON THE
NormaL Human ELECTROCARDIO-
GRAM, WITH EsPECIAL REFERENCE
To A-V ConpuctioN. Paul Dudley
White and Robert Ray Sattler in The
Journal of Experimental Medicine,
Vol. 23, No. 5, pages 613-629; May

1, 1916.

Tune PHARMACOLOGICAL Basis oF
TuerareuTics: A TEXTBOOK OF
PHARMACOLOGY, ToxXIicoLOGY, AND

THERAPEUTICS FOR PHYSICIANS AND
MepicaL StupenTs. Louis S. Good-
man and Alfred Gilman. The Mac-
millan Company, 1960.

MATHEMATICAL GAMES

MATHEMATICS AND PHILATELY. H. D.
Larsen in The American Mathemati-
cal Monthly, Vol. 60, No. 2, pages
141-143; February, 1953.

PinLATELY AND MAaTHEMATICS. Carl B.
Boyer in Scripta Mathematica, Vol.
15, No. 2, pages 105-114; June,
1949.

THE AMATEUR SCIENTIST

ExpPERIMENTS IN GENETICS WITH DRO-
soPHILA. Monroe W. Strickberger.
John Wiley & Sons, Inc., 1962.

FractioNnaTING THE FruUIT FLY. Ernst
Hadorn in Scientific American, Vol.
206, No. 4, pages 100-110; April,
1962.



from ballista to ballistic missile guidance

The ballista is one of the more ancient mechanical mis-
sile launchers. These launchers were capable of hurling
javelins, beams or stones weighing as much as ninety
pounds a distance of 400 yards. Accuracy was limited
by the lack of projectile uniformity, and new target
selection required complete repositioning.

Through many technological achievements, accuracy,
range and payload of modern ballistic missiles have
greatly improved due in part to the pioneering of AC
Spark Plug. During the past fifteen years, AC has
developed and produced inertial guidance systems for
the Thor, Titan Il, Mace-B and Regulus |l missiles. In
addition, AC is providing the guidance/navigation system
for the Apollo Command Module and LEM, and the

guidance system for the Titan IlIl space booster. In
avionics, AC's experience has included development of
the B-52C & D Bombing Navigation System and, cur-
rently, an Inertial Navigation Sys-
tem for attack aircraft. For more
information, contact Director of
Sales-Engineering, AC Spark Plug
Division, General Motors Corpora-
tion, Milwaukee, Wisconsin, 53201.

MASTER NAVIGATORS THROUGH TIME AND SPACE

GUIDANCE AND NAVIGATION FOR SPACECRAFT
e MISSILES « SPACE BOOSTERS =« AVIONICS
 DELIVERED ON TIME AT LOW COST WITH
OUTSTANDING ACCURACY AND RELIABILITY

© 1965 SCIENTIFIC AMERICAN, INC




From advanced technology available today:
World’s most powerful computer,

CONTROL DATA® 6600, is on-the-air
for the Atomic Energy Commission

6600 “firsts” include:

e Major design break with prior
computers: system includes a
single central processor . . .
plus ten built-in peripheral
and control processors.

e New silicon components used

The CONTROL DATA 6600 installed at the Lawrence Radiation Laboratory, Livermore, California, operated for the Atomic Energy Commission by the University of California.

Even by conservative standards this CONTROL DATA
6600 pushes back computer horizons. And it's on the
job right now, for the AEC. It has been proved in
acceptance tests; is capable of processing more than
3 million instructions per second.

The 6600 is many times more powerful than the
fastest computer built previously; has 131,072 words
of 1 microsecond core memory, with a 32-way inter-
lace, permitting successive accesses at 100-billionths
of a second. It also introduces multi-processing ca-
pability — perfect for the time-sharing requirements
of large scientific computing organizations.

Exploration of 3-dimensional mathematical models
far beyond any previously conceived is now practical,

exclusively. Freon® refriger-
ant cooling eliminates need
for forced-air system, allows
far more components per cu-
bic inch of cabinet.

® Memory protection and dy-
namic relocation of partly

executed programs provide
qualities essential to opera-
tion in multi-programming
mode, with no programming
restrictions, no need to an-
ticipate relocation or follow
special rules.

making the CONTROL DATA 6600 ideal for the AEC’s
research into thermonuclear technology. The 6600
underscores the way CONTROL DATA implements
creative man/machine partnerships . . . through hard-
ware, software, and follow-up support oriented to the
scientific user.

See how these sys-

ey CONTROL DATA
the CONTROL DATA —

representative nearest CORPORATION
to you, or write direct

to our Minneapolis

8100 34th Ave. S., Mpls., Minn. 55440
address, Dept. E-65. v pls.,
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