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CERAMIC ENGINEERS AT CORNING MIX IMAGINATION WITH ALCOA ALUMINAS

And you can drop them.

One of the recent feats in glass-
ceramics is Centura, new idea in fine
tableware from Corning Glass Works.
Made with Alcoa® Aluminas, Centura
tableware is uncommonly strong—
so strong that Corning guarantees
free replacement if it breaks, chips
or crazes in normal household usage
within three years of purchase date.

Centura tableware is the first com-
mercial product to be made by Corn-
ing’'s new Chemcor processes—some
of which can produce ultrahigh-
strength glasses. Other glasses can
be bent and twisted without damage.

Alcoa Alumina, a basic ingredient for
this tableware, makes possible the
extraordinary crystal structure.
Increasingly, today, ceramic engi-
neers are employing the special
properties of aluminas to solve the
unsolvables—in nose cones, elec-
tronic parts, refractories, cutting tools,
bearings, even gyroscopes. Seem-
ingly, there’s no end to the list.
Fortunately, Alcoa Aluminas are
readily available in large quantities
at reasonable prices. Write for our
booklet,Ceramics—Unlimited Horizons.
It will likely spark an idea for your
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next ceramics project. Aluminum
Company of America, Chemicals Di-
vision, 949-G Alcoa Building, Pitts-
burgh 19, Pennsylvania.

Entertainment at Its Best... ALCOA PREMIERE
Presented by Fred Astaire . .. Thursday Evenings, ABC-TV

ALCOA



When it comes to space, getting
there is only half the challenge.
Once launched, a space vehicle has
ajob to do—which means each com-
ponent part must work perfectly.
For instance, aboard Mariner 2,
approximately 1,000 Fairchild
transistors and diodes had to oper-
ate for 110 days without failure.

Very big in space.

Fairchild products are big in space
because the designers and builders
of spacecraft can afford to use
nothing less than the most ad-
vanced and reliable components.

N T R TR
FAIRCHILD
S A S

SEMICONDUCTOR

FAIRCHILD SEMICONDUCTOR /545 WHISMAN RD., MOUNTAIN VIEW, CALIF./YORKSHIRE 8-8161/TWX:415-969-9165 /A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION
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TRW gives you FULL VALUE Programming support

Use this efficient one-pass compiler for operational convenience. Merge engi-
neering subroutines with FORTRAN statements for greater efficiency. TRW-
FORTRAN Il will work on either a minimum paper tape or a magnetic tape
system.

TRW-FORTRAN 1l

Use this basic programming tool in machine or symbolic language for maxi-
symMBoLic mum operating speeds. Tailor your library to suit your needs by automatically
ASSEMBLER relocating TRW's subroutines onto your own paper or magnetic tape—in con-

venient magnetic tape format.

‘Use this easy-to-learn system for “‘open shop” operations, and wherever fast

:‘::.%'::ED.;;: problem throughput is a must. You can also use it in program development
work to test, verify and evaluate new algorithms and numerical methods.
T el IR N e .. 1 ,. K

Use the all-around power of this advanced design concept, which TRW has

now proven in nearly 100 operational installations. Use its unparalleled flexi-

SYSTEM DESIGN bility to optimize your “bread and butter'” programs. Stored Logic also lets
you expand your machine's instruction repeﬁorre indefinitely as your com-
puting needs change and grow.

STORED LOGIC

Dedicated to excellence in computer technology and customer service, the
TRW Computer Division is the dependable company to grow with. Five years
TRW ago TRW pioneered the field of automatic industrial control, and still leads —
Computer Division  world-wide—in number and value of installations. The TRW-130 (AN/UYK-1)
‘“Stored Logic'' military computer paces its field. Let TRW's dependable
excellence serve your needs.

TRW-230 “Stored Logic” Multiple Purpose Computer. $2,050
per month, including FORTRAN Il and TRW FULL VALUE
programming support. Full line of peripherals. 60-day delivery.

For details, contact one of our representatives: Atlanta, Boston, Chicago, Cleveland,
Houston, Huntsville, Los Angeles, New York, Rome, N.Y., Washington, D.C.

TIRW compuTER DIVISION

8433 Fallbrook Avenue s Canoga Park, California
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Information Retrieval

ARE YOU
GETTING
LOST IN
YOUR
TECHNICAL
REFERENGE
LIBRARY?

End that time-wasting
with new KEYDEX®

This fast, simple information re-
trieval system gives you sum an-

swers and has a storage capacity

up to 10,000 coded references.

It isn’t necessary to rearrange
your present filing procedure to

accommodate Keydex and no spe-
cial training is needed to operate it.
If you have an information re-

trieval problem, Keydex can solve

t...quickly, simply and at low cost.

© 1963 ROYAL MCBEE

Royal McBee Corporation, Dept. 92KG
850 3rd Ave., New York 21, N.Y.

[0 Please send further particulars.

[ Please have a Data Processing
Specialist call me.

NAME_____ -

COMPANY.

ADDRESS

Clyy===s—s __STATE

ROYAL McBEE ‘ QYAL

CORPORATION

THE COVER

The photograph on the cover shows a beam of red light from a ruby ()Pt](‘dl
maser entering from the left and striking a colorless cxvstal of ammonium
dihydrogen phosphate (see “Advances in OPtlLdl Masers,” page 34). Inside
the crystal a portion of the red beam, which has a wavelength of 6,940
angstrom units, is doubled in frequency and emerges with a wavelength of
3,470 angstroms. The emerging beam is invisible (ultraviolet) but records
as blue on color film. The experimental apparatus was built by R. W. Ter-
hune and his associates at the Ford Motor Company’s Scientific Laboratory.
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WA
ON
THAT’
PURE?

Especially pure—color 1 max. to be exact. To get it, we got chemical resistance and temperature stability. Flexible epoxy
rid of troublesome high polymer fractions and left only the resins to blend with conventional epoxy resins.

essentially pure diglycidyl ether of bisphenol A. But actually,  All Dow epoxies have excellent adhesion and low shrinkage
all of our epoxies are strong on purity. It all starts back with during cure. Resistance to thermal and mechanical shock.
quality control. We make all the ingredients for our epoxies. Toughness. Chemical inertness. Moisture resistance. Out-
Even most of the ingredients that go into the ingredients. standing electrical properties.

A fact alert inventors are sure to appreciate. You have the problems . .. we have the epoxies. Why not see
We have other unique epoxies. A family of flame-retardant bro- if one can help in your development work? Samples available.
minated epoxies. Epoxy novolac resins with unusually high Write us. The Dow Chemical Company, Midland, Michigan.

Do g
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'T’he Power of

NEGATIVE

Microfilm negatives make everybody feel
negative when it’s time to read them or make
copies from them.

And no wonder.

Wet, messy chemicals. Or enormous, com-
plicated, expensive machines (why are they
always at the other end of the building?).
The long wait for prints to dry. Calling in a
service man when you want to change from
negative to positive printing.

Now there’s an easier way. It will completely
change your thinking about printing and

readingfrom microfilm negatives or positives.

THE POLYdex M35
MICROFILM READER-PRINTER

Imagine a reader-printer that does all this

© 1963 SCIENTIFIC AMERICAN, INC

for your microfilm records (only POLYdex
can do it all):

(a) Prints absolutely dry, electrostati-
cally. Bone Dry. (You’re dry, too. No
wet chemicals to handle.)

(b) One print serves for hard copy, diazo
or offset master.

(¢c) Makes positive prints from either
negative or positive microfilm (takes
just seconds to change).

(d) Prints or reads from either aperture
cards or roll film.*

(e) Putiton a desk. Any desk. Your own
desk if you like. (POLYdex measures
only 30" x 30" x 30".)

POLYdex M35

World’s first and only

dry. desk-top

microfilm reader-printer.

* Ask our representative for details on roll-film adapter.



THINKING

Just push a button. Seconds later an abso-

lutely dry print is deposited in your hand.

And such prints! Dry, clear, sharp, perma-

nent. As big as you want them, from 81" x

11”7 to 18” x 24”. Inexpensive prints—as little
as 4¢ each.

You can write on them immediately, fold
them, roll them, mail them, reproduce them
by diazo or offset (or just stare at them in
amazement at what the power of negative

thinking by POLYdex can accomplish).

That’s how microfilm prints should be
made. That’s how only POLYdex can make
them. The POLYdex reader-printer itself is

asamazing as the prints it makes.It’s mobile.

Lets you decentralize your files if you wish.
Any girl in your office can operate it (and if
she’s wearing white gloves, she’ll probably
keep them clean). It costs only $1 ,995fto buy
a POLYdex, and attractive rental or lease-

purchase arrangements are available.

Even the pre-cut POLYdex paper saves you
money. There’s no waste as on old-fashioned

paper rolls. You get exactly the size you want.

Can you spare a few seconds for a demonstra-
tion of how the dry, desk-top POLYdex M35
can bring your microfilm files to life? We in-
vite you to try it for yourself. Mail coupon.
Or, send us a sample aperture card. We'll

send you a finished print by return mail.

TPlus small additional crating charge.

POLY REPRO INTERNATIONAL, LTD. p.r.int. :
One Commercial Avenue, Garden City, New York Dept. SA-73 :

[ Please send me additional information.
[ I would like a demonstration.

[ Please send free POLYdex print of aperture card enclosed.

Name

Company.

Address

City Zone. State.
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Alert Business Leaders
finance lne modern way—
(hru Midland Gapital

Management men seeking equity-type
financing are following the lead of knowl-
edgeable executives likeHarold K. Fletcher,

Vice Pres. and Gen. Mgr., Sierra Research
Corporation, Buffalo, N.Y., electronics firm.
Turning to Midland as a new source of
funds, Sierra was able to rapidly expand
its operation to handle a recently awarded
$2 million plus Navy contract.

Midland’s funds are ready to assist
sound, well-managed American companies
having a net worth up to $2% million.
Midland provides long term equity-type
financing for a wide variety of purposes
under a completely flexible plan tailored
to each company’'s specific requirement.

To learn how Midland financing can help
your company grow write, on your com-
pany letterhead, for Free brochure without
obligation.

Send for
Free booklet.

2 MIDLIND
CGAPITAL CORPORATION

|110 WILLIAM STREET
wswaeusness| NEW YORK 38, NEW YORK
| TEL: CODE 212-RE 2-6580
BUFFALO OFFICE
237 MAIN STREET, BUFFALO 5, N.Y.
TEL: CODE 716-TL 4-8790
A Federal Licensee Under the Small Business Investment Actof 1958

LETTERS

In his article “Radiation Belts”
[SciexTiFiC AMERICAN, May] Brian J.
O’Brien discusses the experimental data
on the natural and artificial radiation
belts and then refers briefly to the cosmic
ray neutron-albedo theo]v of the origin
of the natural belt. O’Brien states that
the the()ry ‘remains an attractive one
because it can be placed in a mathemati-
cal framework, and its proponents die
hard.”

Aux armes, citoyens! Formez vos bat-
taillons. The theory is attractive be-
cause it apparently accounts for all the
observations of the high-energy protons,
and—truer words were never spoken—its
proponents are still verv much alive and
battling; in fact, they form a veritable
foreign legion. We boast such old war-
riors as Vernov and Lebedinski in the
U.S.S.R. and more recent recruits such
as Galperin and Shklovskv; other veter-
ans are Kellogg and Lenchek, now in
France, Haerendel in Germany and
quite a number of us in the U.S., includ-
ing Freden, White, Heckman, Dessler,
Hess and Wentworth.

The question of whether or not the
neutron-albedo theory would
has been an exciting one ever since it
was first published. The theory was stim-
ulated by the discovery ot the trapped
radiation, but it then made many pre-

survive
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dictions that did not seem to be in ac-
cord with what was observed. It pre-
dicted high-energy protons, of several
hundred m)llmn \()]ts when the coun-
ters in the early satellites saw none. It
predicted a reasonably constant inten-
sity when the data appeared to show
time variations. It predicted a maximum
of the protons between one or two earth
radii at a time when it was believed the
belt would increase up to many earth
radii, or even up to the sun. Our early
strategy was: “Let’s wait and see if the
data go away.” Things looked black, but
the first real turning point for the theory
came in 1959 with the discovery that
there are indeed trapped high-energy
protons; it was made in a little photo-
graphic emulsion, flown up in a rocket
and analyzed by Freden and White.
Some of the most significant “victories”
have come from other photographic-
emulsion experiments, for example those
of Armstrong, Harrison, Heckman and
Rosen, and of Naugle and Kniffen.

The early faith in the correctness of
the albedo theory led, of course, to the
hypothesis that there were two belts of
fundamentally different origin, and this
hypothesis was substantially confirmed
in the Pioneer flights, as O'Brien ex-
plains. The theory gave the distribution-
in-energy of the protons and their dis-
tribution in space, and showed that the
high-energy protons should disappear at
higher altitudes; all these results have
been verified by observations. The the-
ory even predicts a kink in the intensity
1,200 kilometers, where the
character of the atmosphere changes
trom a predominantly oxygen atmos-
phere into a hydrogen and helium at-
mosphere; this again has been verified.

Now, in the matter of electrons the
neutron-albedo  theory not been
much help. Here O'Brien sets up a straw
man and knocks him down. Only a few
zealots have tried to maintain that the
neutron-albedo theorv accounts for the
electrons. Most of us conservatives have
stuck to protons and have tried to estab-
lish our beachhead in as solid a way as
possible.

The battle is not over—strange time
variations have appeared and have been
published by Van Allen and O'Brien.
One of our more active recruits, Hess,
has taken on this particular fight, and
the pages of the Journal of Geophysical
Research arve littered with letters to the
editor, back and forth.

Admittedly some of the consequences
of the neutron-albedo theory are hard
to accept. It is a mechanism that gives
a feeble injection of particles, about one
particle per cubic centimeter every mil-

around

has



RADIOISOTOPES. To improve measurement accuracy, process control and
analysis,Western Electric engineers utilize the unique properties of nuclear radiation.
Radioactive isotopes are used as tracers to test for ieaks, detect structural weakness,
measure thickness and wear. Example: a severe die erosion problem arose in the
molding of plastic parts for the wire spring relay, an integral part of equipment for
switching calls in the Bell telephone network. W. E. engineers tagged a steel insert
in a test die with a radioactive tracer. The amount of steel worn off as various
compounds were tested was determined by measuring the radioactivity of the
molded parts with a gamma ray spectrometer. Correlations established between
the radioactivity of molded parts and formulations of molding compounds made it
possible to select a compound with 1/20th the erosiveness of the one previously
used, thereby extending die life many times. Another reason why Americans have
the finest, most economical communications in the world. WESTERN ELECTRIC
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ITSONMETIT

EXTEND
YOUR LASER INVESTIGATION
CAPABILITIES

ISOMET has the nation’s most extensive
facilities for high quality Laser Crys-
tal growth, fabrication, finishing, and
quantity production.

TESTED LOW THRESHOLD
3K Certified Threshold Each 1SOMET laser
rod is accompanied by an actual oscil-
loscope photograph of its output per-
formance at threshold and complete
data on the experimental conditions
of the test.

BOULES OR FABRICATED RODS ends pol-
ished optically flat and parallel, con-
focal, spherical or faceted to meet
your requirements.

STOCKED FOR IMMEDIATE DELIVERY
CaWO,, SrMoO,, PbMoO, doped with
Nd3+
Chromium doped Ruby, 0° or
90° orientation
Nd** doped glass
CaF,, BaF, doped with Sm**, U®*, Nd**
GROWN TO ORDER
CaWO,, SrMoO,, PbMoO,, CaF,
CdF:, BaF: or other hosts doped with
any of the rare earths or transition
elements.

REFLECTED SURFACES Evaporated metal-
lic or multiple dielectric coatings.

NEW LARGE SIZE LASERS

1ISOMET has perfected a method of
growing Calcium Tungstate doped
crystals in sizes never before possible.
As a result, we stock CaWO, boules
capable of being fabricated into laser
rods up to ¥4” diameter x 5” long and
12" x 4” long. On special order, we
can supply %4” rods up to 10” long
and %2” rods up to 6” long.

Write for new technical bulletin SA 1000

CORPORATION
PALISADES PARK, NEW JERSEY

lion years. But these particles apparent-
ly live for a long time. The high-energy
protons can last for several hundred
years, and the artificial radiation belt in
essence confirms this. Since the high-
energy electrons there can last for a
decade, the lifetime of a proton that has
a range about 60 times greater will be of
the order of 600 years. It is difficult to
understand, therefore, why “neutron-
albedo theory” is a dirty word in parts
of the Middle West.

There is an unrelated but interesting
point that can be made in connection
with O’Brien’s statement that Sputnik 11
confirmed the findings of Explorer I and
Explorer 111. In fact, the second sputnik
went into orbit in November, 1957, sev-
eral months before Explorer 1. In late
1957 the Russians published their first
results, showing a rapid rise in intensity
between 400 and 700 kilometers. Had
they been able to extend their readings
to higher altitudes they would have seen
a much more startling increase and per-
haps guessed its cause. But as it turned
out, Sputnik II’s perigee remained over
the U.SS.R., whereas its apogee was in
the Southern Hemisphere. In fact, the
Australians were recording Sputnik 11
and obtaining data up to 1,680 kilo-
meters, but they didn’t have the code
for interpreting the telemetering. Last
year at a conference in Kyoto I asked
Professor Messel of Sydney why the
Russians never got the high-altitude data
from him. He replied: “They wouldn’t
send us the code, and we were not about
to send them the data.” The whole
episode provides an interesting com-
ment on how Russian preoccupation
with secrecy damaged their own scien-
tific program.

S. FRED SINGER

University of Maryland
College Park, Md.

Sirs:

Dr. Singer’s letter has two main
points, first that I did not do justice to
the neutron-albedo theory in my article,
and second that “Russian preoccupation
with secrecy damaged their own scien-
tific program” regarding Sputnik II re-
cordings.

On the first point, the theory has been
used in attempts to explain the four
main features of the inner Van Allen
belt, viz., (1) the energy spectrum of
the electrons, (2) the spatial distribu-
tion of the electrons, (3) the energy
spectrum of the protons and (4) the
spatial distribution of the protons.
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Dr. Singer says only “zealots” have
used it to treat items 1 and 2, so TIll
ignore these.

I stated in Scientific American re-
garding 3 that “the range of energies
of protons found in the [inner] zone
agrees with this [neutron-albedo] view.”
So I gave it due credit for explaining
item 3.

Dr. Singer asserts that it also explains
item 4, the proton distribution in space.
He mentions that it “led, of course,
to the hypothesis that there were two
belts of fundamentally different ori-
gin.” Unfortunately for this point of
view, Carl Mcllwain of the University
of California has discovered another
“belt” of high-energy protons located
midway between the two belts men-
tioned by Dr. Singer. I was aware of
McIlwain’s finding when I wrote the ar-
ticle, but he had not released it publicly
then. This finding is inconsistent with
the predictions of the neutron-albedo
theory in its presently developed and
published form. The theory therefore
does not explain item 4.

The theory thus explains item 3 only,
and even then the original theory had
to be modified to include solar protons
as well as cosmic rays as an ultimate
source. I gave it credit for what it can
explain and indicated some of the fea-
tures that it does not explain. That still
seems to be a reasonable treatment.

Dr. Singer’s second point is that the
Russians did not get recordings of data
from Sputnik II at altitudes up to 1,680
kilometers (and hence by implication
perhaps they did not recognize the
trapped radiation before Van Allen did)
because they were preoccupied with
secrecy and wouldn’t send Messel’s
team the “code.” In fact Messel’s team
studied Sputnik 111 (not Sputnik II),
launched about two weeks after Van
Allen’s report in Washington about the
discovery of the radiation. The team
studied it because “In June, 1958, the . ..
University of Sydney received a cabled
request from the ... U.S.S.R. asking for
help with the recording of signals from
Sputnik I11....” (The quotation is from
Herz et al.,, Nature, August 8, 1959.)
Part of the story about supply of the
code to the Australians is contained in
that article. Therefore Dr. Singer’s state-
ments concern the wrong satellite and I
present the above quotation to show that
his conclusions about Russian attitudes
are not proved in his letter.

Brian . O’Briex

State University of Iowa
Iowa City, Iowa



Allen-Bradley numerical control systems provide

dependability
which, until now, has been only

a production man's dream/
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M In pioncering quality motor control for the industrial
user and the machinery manufacturer, Allen-Bradley
has developed an acute awareness of their particular
needs, such as trouble free performance, long operating
life, simple construction, minimum maintenance, and
ease of servicing.

Allen-Bradley has now satisfied these needs in numeri-
cal control by the use of relay circuits, which are familiar
to industrial personnel. There are no stepping switches
or vacuum tubes that need regular maintenance or re-
placement. Instead, these systems use A-B’s new dry reed
relays, Bulletin 1610—in which the switching elements
are sealed in glass—making the individual relay com-
pletely reliable and giving it almost infinite life.

The modular construction permits functional units to
be easily exchanged. These systems use transistorized
units, where desirable, and they are conservatively

designed to operate over a wide temperature range.
Finally, the electric drives employ silicon-controlled
rectifiers.

Where systems must be supplied as a completely in-
tegrated package —from tape reader to drive motors
—the necessary coordination between all items of the
system is thus assured, and, consequently, completely de-
pendable performance is the result that can be guaranteed.

Allen-Bradley numerical control systems can be fur-
nished to position linear or rotary motions, or both, or
for milling parallel to any axis or motion. Either electric
or hydraulic drive is available. We’d like to acquaint you
with the Allen-Bradley specifications and the many
advantages A-B numerical control systems have to offer.
Please write today: Allen-Bradley Co., 1204 South Third
St., Milwaukee 4, Wisconsin. In Canada: Allen-Bradley
Canada Ltd., Galt, Ont.

ALLEN-BRADLEY

Member of NEMA

QUALITY MOTOR CONTROL
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Band saw edged with natural diamonds

cuts sandwich core panels from molybdenum
alloy honeycomb billets at the

Martin Company. The special fixture was
designed to hold the billet for

parallel cuts. Guide rollers prevent

blade vibration. Blade cuts

dry at speed of 4000 s.f.m.

Ball cutter, a steel sphere coated with
particles of natural diamonds,

grinds alumina ceramic to proper curvature
for rocket heat-shield nose cap.

The cutter rotates at 30,000 r.p.m., and

is set to remove 3/32 inch of stock

on roughing and 1/32 inch on finish cut.

Natural-diamond wheels (vitrified bond)

grind small-diameter carbide drills

to half-thousand tolerances at Raymac Division,
Dexco Corp., Detroit. More delicate

fluting operations are done between 3600 and
5400 s.f.m. Finally, diamond micron

powders finish flutes to within 4 to 8 micro-inches.
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Natural-diamond scribing tool marks graduations on a linear scale
for Hilger & Watts Ltd., London, England. Material being scribed is steel
with chromium coating. The diamond tool makes V-shaped lines
in the scale which appear black on the bright surface, making them
easily read under magnification. For marking some instruments,
the width of the diamond wedge must be as narrow as .0001 inch.

The cutting, grinding and scribing jobs shown on
these pages are being performed on molybdenum,
alumina ceramic and carbide steel. Yet they share
one important detail: in every case, natural diamonds
are doing the job quickly—and economically.

When you use diamonds, you get the unique
combination of excellent cutting ability linked with
fantastic endurance. Result: your diamond tools
last longer than any other tools. Your people spend
more time producing, less time changing tools.

EAcH 0': THESE jOBs Is DONE If you cut, sharpen or smooth anything in your

business you can probably use natural diamonds

BETTER WITH NAT“RAL DlAMONDs to advantage. Test them against the method you're

now using. You'll see how efficient—and economical
—a diamond can be.

BEST GRIT FOR METAL-BOND WHEELS
DEVELOPED BY THE DIAMOND RESEARCH
LABORATORY IN JOHANNESBURG

A special impact crushing method for natural dia-
monds is producing the strongest and most durable
grit ever obtained for metal-bond wheels. Your tool
and wheel manufacturer is ready to help you select
the diamond tool that’s right for your job.

INDUSTRIAL DIAMONDS CUT PRACTICALLY EVERYTHING...ESPECIALLY YOUR PRODUCTION COSTS

6} INDUSTRIAL DISTRIBUTORS (SALES), LTD., Johannesburg - London

World's leading supplier of diamonds for industry
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ANSWERS
ANSWERS

REQUEST INVENTORY STATUS ITEM 121,684

LOCATION CODE 128 ON HAND 62
AVERAGE MONTHLY USAGE 50
ECONOMIC ORDER QUANTITY 125

VENDCOR CODE 16

ON ORDER 48

ANSWERS . . . with (RAM and Remote Inquiry

provided by
the NCR 315
Computer System

The NCR 315 CRAM (Card Ran-
dom Access Memory) Computer
System is more than just another
back-office electronic  accounting
machine.

In industry, for example, Inquiry
Units can be located at dozens of
remote locations, enabling people
to communicate with the computer
files. . . even from hundreds of miles
away. With the NCR 315 you will
be able to keep a “current finger"

on the pulse of your business . . . to
get immediate answers to questions
about inventories, production, sales
. . . and a host of other timely facts
people must have to effectively
manage . . . and to act while the
“iron is hot.""

For more information, call your
nearby NCR representative or write
to The National Cash Register
Company, Data Processing Systems
and Sales, Dayton 9, Ohio.

NCR PROVIDES TOTAL SYSTEMS —FROM ORIGINAL ENTRY TO FINAL REPORT-—
THROUGH ACCOUNTING MACHINES, CASH REGISTERS OR ADDING MACHINES, AND DATA PROCESSING
The National Cash Register Co0.-1,133 offices in 120 countries * 79 years of helping business save money

NC

R

14
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CHAIN REACTION!

Our wide and growing variety of products |

and product research keeps things pop-
ping. A new development or technical
breakthrough in any one area can quick-
ly stimulate improvement in dozens of
different ALLIS-CHALMERS products.
This creative cross-fertilization is another
important reason why Allis-Chalmers is
able to do its share to help you share
in a better future.

© 1963 SCIENTIFIC AMERICAN, INC
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the only
thing
ordinary

about a Xerox
1824° Printer...



is the
ordinary
paper

it prints
on!

The 1824 Printer produces low-cost, high-quality prints on ordinary paper, vellum
or offset master material from all forms of microfilm. . .roll, jacketed, or card
mounted. Prints, up to 18”x24”, emerge dry, ready for immediate use. Can be
written on easily with pencil or pen. ® We’ll be glad to demonstrate the economy,
convenience, and ease of operation of the versatile 1824 Printer. Simply address
XEerox CorporaTION, Dept. CF, Rochester 3, N. Y.

Offices in principal U.S. and Canadian cities. Overseas: XEROX

Rank Xerox Ltd., London. Fuji-Xerox Co., Ltd., Tokyo. CORPORATION
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20 AND 100
YEARS AGO

Slmmiric AMBRGN

JULY, 1913: “The International Aero-
nautic Federation has recently published
its annual bulletin, and it contains a list
of aeronauts in all countries who are
regularly entered. Up to the end of last
year the number of aeroplane pilots was
as follows: France, 968; Great Britain,
376; Germany, 335; United States, 193;
Italy, 189; Russia, 162; Austria, 84; Bel-
gium, 68; Switzerland, 27; Holland, 26;
Argentina, 15; Spain, 15; Sweden, 10.”

“It is reported that the Russian gov-
ernment has lately granted the rights
to English interests for the construction
of electric stations, using the power of
the Terek River and Lake Gokcha, to-
gether with long power lines running
to distant points. First, a temporary
plant will be erected on the Terek River,
which is to furnish 20,000 horse-power,
then a permanent turbine station on the
same stream near the railroad station
of Lars, so as to secure as much as
50,000 horse-power. Current from these
plants will be taken over power lines
to Tiflis and Vladikavkaz. One or two
hydraulic plants will also be erected on
Lake Gokcha near the Tarstcha and
Akstafa rivers, and these are expected
to provide at least 40,000 horse-power.”

“The experiences and achievements of
Mr. Frank Wild and his seven com-
panions, who formed the second base of
the Australian Antarctic Expedition,
have just been made public. After leav-
ing Mawson and the main party at
Adélie Land the second detachment
sailed westward along the Antarctic
coast, under orders to form a®base on
Sabrina Land or Knox Land. The former
land was found not to exist, and ice
prevented access to Knox Land. Finally
the party was landed on a lofty moving
glacier, which Wild thinks was mistaken
by Wilkes for ‘Termination Land.” It
was named ‘Shackleton Glacier.””

“During the year 1912, 20,275,120
tons of shipping passed through the
Suez Canal, an increase of nearly 2,000,-
000 tons over the year of 1911. The

© 1963 SCIENTIFIC AMERICAN, INC

total receipts of $27,300,000 were the
greatest in the history of the canal. Dur-
ing the year 5,373 ships passed through
the canal and of these 3,335 flew the
British flag. Such figures as these give
ground for the hope that the Panama
Canal may become self-supporting and
even profitable sooner than some of our
statisticians have predicted.”

“Count von Zeppelin is building his
largest dirigible with a view to cross-
ing the Atlantic to the United States
in the late summer. He expects to make
the trip in from 30 to 60 hours’ time.
German \\'m{s']lips are to be distributed
along the course to assist the airship in
case it is obliged to descend.”

“On June 7 Archdeacon Hudson
Stuck, accompanied by Robert G. Ta-
tum, Harry P. Karstens and Walter
Harper, reached the top of the south
peak of Mount McKinley. Barometric
observations which were made by Dr.
Stuck are said to indicate that the height
of the mountain is 20,500 feet. The ex-
pedition, which left Fairbanks on March
13, expected to reach the summit of
Mount McKinley early in May but was
delayed three weeks in cutting a pas-
sage three miles along ice, thrown across
the ridge last summer by an earth-
quake.”

“The territory in northern Africa re-
cently conquered by Italy from Turkey
has been divided into two distinct col-
onies, viz., Tripolitania and Cirenaica,
with capitals at Tripoli and Bengasi re-
spectively. A governor for each colony
is to be appointed by the King of Italy
upon the joint recommendation of the
ministers of Colonies and of War.”

JULY, 1863: “On the 28th day of
June, Major-General George Gordon
Meade was ordered by the President to
take command of the army of the
Potomac. He at once issued a modest
vet soldierly order to his army and put it
in rapid motion toward Gettysburg, Pa.,
at which place the rebels under Gen-
eral Lee were in large force, ‘flushed
with the pride of successful invasion.’
In a series of brilliant and sanguinary
battles fought under the eye of the Com-
manding General and continuing three
days, desperate charges were repeatedly
made by the enemy; but as often as
they were made, so often did the brave



Report from

BELL
LABORATORIES .

e
iy
Bl

Bell Laboratories’ E. G. Hughes tests printed circuit boards in experimental central office control equipment for 101-Electronic Switching
System. The system automatically detects trouble, switching out a defective unit and switching in a duplicate unit so service is not interrupted.

High-Speed Switching System Provides

New Telephone Services for Business

A new electronic switching system designed to meet
the special needs of business customers has been
developed at Bell Telephone Laboratories. This sys-
tem provides many new telephone services such as
a way for reaching a seven- or ten-digit number by
dialing only three digits, setting up conference calls
by dialing other customers into the conversation, and
automatically transferring incoming calls from your
phone to another by predialing special codes.

A notable feature of the new system is a high-
speed control unit. Operating from a telephone
switching center, the unit scans—thousands of times
per second—all the telephone connections in dozens
of business offices that may be located many miles
apart. It spénds only two-thousandths of a second in

each office, but in that time it determines what has
to be done and arranges for the necessary actions.

Another feature of the new system is the high-
capacity memory. From this, the control unit can
draw, in eight-millionths of a second, such specific
instructions as how to handle a certain call.

The new switching system operates compatibly
with existing electromechanical switching systems
in the Bell System. Such Bell Laboratories inven-
tions as the transistor are indispensable to its com-
pactness and the high reliability of its operation.
The system was developed for use by businesses as
a private branch exchange, and a model has been
installed by Western Electric for trial by two New
Brunswick, New Jersey, companies.

BELL TELEPHONE LABORATORIES

World center of communications research and development
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Vaclon pump
plus titanium
sublimation pump

ion pumping
plus
Ti sublimation

pumping

Fresh titanium readily reacts with active gases to form stable com-
pounds. Such action may be used to capture or pump gas molecules in
vacuum systems. In the Varian scheme fresh titanium is provided by
sublimating it from heated filaments inside the vacuum system. The re-
sulting titanium film forms a getter surface on walls giving a pumping
speed of 10-15 liters/second/square inch for typical active gases. M Inert
gases are present in smaller amounts, but they, too, must be removed
if high vacuum is to be achieved. It is to handle these non-getterable
gases, such as He, A and methane, that a Vaclon® Pump is used. When
a sublimation pump is included with a relatively small Vaclon Pump
in a system, clean vacuum and low pressures are obtained quickly (see
the comparative pump-down curves above). Cost is low, much lower than
if you had to do the whole pumping job with an ion pump alone. B Write

for more information. Vaclon® is a registered trademark of Varian Associates

@VARIAN

VARIAN A. G.; ZUG, SWITZERLAND

ASSOCIATES PALO ALTO, CALIF.
VACUUM PRODUCTS DIVISION
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army of the Potomac withstand the
shock, until the rebels were everywhere
repulsed and commenced a rapid re-
treat toward the Potomac. All the ac-
counts which we have read satisty us
that for skillful generalship and daunt-
less bravery no other battles since the
war began can compare with these.”

“After the reading of a paper on
Borneo at a late meeting of the Royal
Geographical Society of London, Mr.
Crawford related some particulars re-
specting the volcanic eruption of Tim-
boro Mountain in 1814, of which he
witnessed some of the effects. At a
distance of 300 miles it was pitch dark
for three days; the ashes were carried
by the monsoon to a distance of 1,200
miles from the mountain, and for 10 days
he was obliged to write by candle-light.”

“An elaborate statistical article on
railways appears in a late number of
the London Engineer, from which we
select a few results. The actual extent
of railway now open throughout the
world is probably about 70,000 miles,
and the capital expenditure nearly
£1,170,000,000. This vast sum has al-
most wholly been raised and expended
within 25 years. The share of this im-
mense capital which Great Britain and
its colonies have expended appears to
be upwards of £417,000,000, and the
miles of open railway amount to 14,277.
On the North and South American con-
tinents, exclusive of British possessions,
about £ 257,250,000 have been laid out
on 32,102 miles of open railway.”

“The ship Resolution, in which Cap-
tain Cook left England on his second
voyage round the world in 1772—91
years since—is now at Demerara waiting
a cargo of sugar.”

“The immense amount of capital in-
vested in the commerce of our Great
Lakes is hardly realized by the public
outside of business circles immediately
interested in the trade. The following
statement of sail and steam vessels now
engaged in this business is compiled
trom the Marine Register for 1863, just
issued by the Board of Lake Under-
writers:—Steamers, 134; propellers and
tugs, 253; barks and barkentines, 191;
brigs and brigantines, 79; schooners,
1,030; sloops, 14; barges, 60. Total,
1,761.”

“Upwards of £ 300,000 has been sub-
scribed in England to the Atlantic tele-
graph, and it is said that the work is
to be prosecuted immediately.”



The General Precision LGP 21 Now you can increase the productivity of your
scientific or engineering staff with an LGP*21, first full-capability, general-purpose
digital computer to sell for a basic price of $16,250. (Add $5250 for special input/
output typewriter.) Or lease the LGP 21 under a variety of plans to fit your needs.
Use of 500-program library included. Large disc memory: 4096 words of 9 decimal
digits each (36,000+ decimal digits). Compact vocabulary: 23 commands covering
all arithmetic functions. Adaptable: 32 addresses for program control of input
and output equipment. Easy to operate. Completely mobile. Send for full details!

{63-146)

FARST N\

FULLCAPABILITY
COMPUTER
PRICED FROM
$16,250

@ GENERAL
PRECISION

INFORMATION SYSTEMS GROUP
101 W. Alameda Ave., Burbank, Calif.

‘7ﬂADEMARK, GENERAL PRECISION, INC. /
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This is Venus

85 of these
Sigma Relays went
there on Mariner Il

Sigma Relays were specified for Mariner |l because the
designers knew they’'d have no second chance. What
had to be done, had to be done right the first time.
Opening the solar panels, for example. Switching on the
scanning devices as Venus was approached. Initiating
timing sequences. Sampling data for telemetry. The
designers of Mariner Il needed assured reliability in
spite of adverse operating conditions—both predictable
and unpredictable. And they came to Sigma to get it.(]
Working together, Sigma Application Engineers and

Mariner’s designers specified the Sigma Series 32's and
33’s which performed so reliably on the Venus probe.

Come to Sigma when you have switching or controlling
problems. The same Sigma reliability and Application
Engineering is available to you, whether you're build-
ing space vehicles or commercial equipment. Sigma
Application Engineers will work with you in selecting
the right standard from over 100,000 available. Or, if
astandard won't do, we'll create a special for you.

SIGMA DVISION & SIGMA INSTRUMENTS INC

22

Braintree 85 Mass
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For a complimentary reprint of this Artzybasheff illustration, write: Avco, Dept. SAR2, 750 Third Avnu, Ne. York 17, N.Y.
Avco helps harness the ‘horses’’ for a world on the move. = That takes the knowledge that
is developing electric propulsion for space flight. . . arc-jet power for satellites and space
probes...multi-fuel engines for ground vehicles. = The skill and facilities that are produc-
ing Lycoming reciprocating and gas turbine engines for fixed-wing aircraft, helicopters,
hydrofoil vehicles, and industry. = The capacity to envision advanced propulsion systems
of the future. This is Avco capability—helping to keep defense and industry in motion.

UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS ... REGARDLESS OF RACE, CREECA vca
COLOR, OR NATIONAL ORIGIN ... WRITE AVCO TODAY. AVCO CORPORATION, 750 THIRD AVE., NEW YORK 17, N.Y.
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If you're tired of hearing about the
"perfect” printed circuit connector,
you're just the man we want to talk
to.

We're here to offer you freedom of
choice, because that's where objectiv-
ity begins. The boy blowing his last
penny on candy wants to be able to
choose between the 30-second delica-
cies and the stuff that lasts all after-
noon. It's licorice versus jawbreakers,
root-beer-barrels versus bubble-gum.
They're all good, but none are perfect.

That's why we make such a variety
of printed circuit connectors. Each
type and style has its own special
bailiwick. They're all "perfect” when
they're applied properly.

OUR NEW BELLOWS-TYPE

Take the new Amphenol 225-series.
This bellows-type connector has the
smoothest, gentlest, most efficient ma-
ting action you'll find anyplace. Even
after thousands of insertions, the deli-
cate conductive surfaces of the printed
board are unscathed by the 225.

The 225-series has remarkably low
contact resistance, too. For the solder
terminated style, it's under 25 milli-
volts at 5 amperes.

The bellows-type contact on the
225-series is split down the middle.
You get two contact points for every
interconnection. This helps keep the
contact resistance low, of course, but
it also conforms readily to irregular
mating surfaces.

The 225 is convex. It meets and
mates the printed circuit board with a
wiping action that assures contact.

AND, FURTHERMORE
The 225-series contact is self an-
chored in the connector body. Con-

Obijectivity

tact faces will not distort at the slightest.
pull on the terminals.

The 225-series has twice the flexing
range that you'll find on other bellows-
type contacts. This means you can
rock the board twice as far with no
danger of contact distortion.

The 225-series does not waste valu-
able contact space with a polarizing
key. The key is sandwiched in be-
tween contacts.

The 225-series can be terminated.

with solder lugs, taper pins, removable
crimps, or Wire-Wrap* terminals.
Contact styles? Contact positions?
Mounting provisions? Well, let’s just
say that there are over 100,000 combi-
nations available in the Amphenol
225-series bellows-type connector.

WHO NEEDS IT?

And now for the facts of life. Some
people simply don’t need the 225-
series. Some printed circuit boards are
inserted once and never disturbed
again. Some printed circuits are never
subjected to pull on the terminations.
Some printed circuits are not really
so delicate that they must be protected
from contact wear. Some printed cir-
cuit boards never get rocked. And in
some applications, the space taken up
by a conventional polarizing key is of
no consequence. And so forth.

And that is why Amphenol makes
Prin-Cir® connectors, Micro-Edge®
connectors, Micro-Min® connectors,
and specials that haven’t been named
yet. They are all printed circuit con-
nectors. They are all "right” where the
need dictates their use.

The hero of this story is the
Amphenol Sales Engineer. He's the
only man who has access to a complete

*T.M. Gardner-Denver Co.

line. Thus he’s the only man who
can look you in the eye and tell you
exactly which printed circuit connect-
or you need. Objectivity.

You won't hear Amphenol Sales
Engineers telling you about perfect
connectors. They don't have to. They
know better.

DETAILS, DETAILS

If you're really interested in seeing
what a complete line of printed circuit
connectors looks like, we invite you
to write for our new 20-page catalog
PC-1. Just contact your local Amphenol
Sales Engineer, or write to Dick Hall,
Vice President, Marketing, Amphenol
Connector Division, 1830 South 54th
Avenue, Chicago 50, lllinois.

Problem: To make contacts that give an
extremely low millivolt drop, yet do not mar
printed circuit conductors, even after thou-
sands of insertions.

Solution: Bifurcated, convex faces for sure
contact. Double spring action with wide
flexing range. Then double-plate and polish
so smooth they caress the mating surface.

@@ Connector Division/Amphenol-Borg Electronics Corporation
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% ONE OF OUR DEFENSE PROJECTS IS MISSING. Right now it’s just someone’s problem, perhaps yours. At Sharon, over 6000 machinists,
electricians, welders, metal workers, engineers and scientists stand ready to solve it. They offer a capability for designing, building and testing
special electrical equipment matched by few facilities in the world. They are directed by a management team, averaging over 20 years experience,

capable of executing your R & D or hardware procurement on rigid time and cost schedules. R & D facilities — special, separate laboratories for

lightning surge, magnetics, radio interference, brazing and welding, chemical, oil, paint and finish, and resin; 705 Il and B-5000 computers; and

one of the largest Anechoic sound chambers in the United States. Manufacturing facilities—four plants totaling 3,750,000 square feet of manufac-

turing space with headroom up to 120 feet and lifting capacities up to 600 tons. To pin down how these capabilities fit your needs, contact

P.S. Rogers, Defense and Special Products, Westinghouse Electric Corpofation, Sharon, Pa. You can be sure...if it's Westinghouse.
We never forget how much you rely on Westinghouse
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Missile control servo utilizing 2000° F. solid propellant gas.

Dynamic Controls:

Integration of Klectrical, Mechanical, Hydraulic,
Pneumatic, and Hybrid Servo Techniques

The capabilities demanded of recent
aerospace dynamic controls have been
difficult to satisfy. Conditions such as
extreme temperatures and intense
nuclear radiation have imposed new
limitations on materials, configurations
and modes of operation. These limita-
tions and the need for maximum per-
formance and reliability prevent the
use of conventional devices.

The control systems engineer must
now work towards an optimum design
through direct integration of all avail-
able dynamic control techniques with
propulsive and/or non-propulsive
power sources, with environmental
conditions and with critical design
parameters of the vehicle. We have
tackled these new control problems
in projects ranging from materials
research to the development of com-
plete, integrated systems.

Take one system component, the
servo valve. This precision element
directs fluid flow to an actuator in re-
sponse to electrical input signals. A
variety of these devices has been
developed. One is capable of meter-
ing hydrogen gas at —250° F. At the
other end of the scale is a unit which
controls the flow of solid-propellant
combustion products at over 1500°F.
Although these two devices fulfill the

Electropneumatic servo valve metering
hydrogen gas at —250° F.

same function, they differ in materials,
configuration, and even in the phe-
nomena used for controlling flow.
Bendix has established research and
development programs in bearings,
seals, fluid mechanics, electromechan-
ics, and control techniques. Through
integration of these efforts a wide
range of control concepts and com-
ponents is being devised. The avail-
able techniques for controls include
electrical, hydraulic, mechanical, pneu-
matic and hybrid. In the future, con-
trol systems engineers will no longer
be limited to a few alternate ap-
proaches to system design, such as
hydraulics and pneumatics. Instead,
an optimum solution to any dynamic
controls problem should be sought
using any one or a combination of

Research Laboratories Division
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techniques and integration opportuni-
ties available. For example, the con-
trol actuation requirements of vehicles
for deep space application, where
direct energy conversion techniques
appear most promising, may be bet-
ter satisfied by electromechanical con-
trol techniques than by fluid power
control techniques.

Bendix research embraces a wide
range of technology including acous-
tics, nuclear, solid state physics, quan-
tum electronics, mass spectrometry,
photoelectronics, electron beam and
tube technology, measurement science,
applied mechanics, energy conversion
systems, dynamic controls, systems
analysis and computation, navigation
and guidance, microwaves, digital
techniques, data processing and con-
trol systems. Motivation:—to develop
new techniques and hardware for The
Bendix Corporation to produce new
and better products and complete, in-
tegrated, advanced systems for aero-
space, defense, industrial, aviation, and
automotive applications. Inquiries are
invited. We also invite engineers and
scientists to discuss career position
opportunities with us. An equal
opportunity employer. Write Director,
Bendix Research Laboratories Division,
Southfield, Michigan.

WHERE IDEAS
UNLOCK
THE FUTURE

THe ena@'l/

CORPORATION
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.,I-l-i-FGood rich-l.

Problem: How to make an appliance
housing that bounces back into shape
after accidental distortion, and do it for
a price. Solution: Use an Abson ABS
material. Because tough Abson materials
mold more easily and offer better vacuum
forming characteristics, products cost
less. Chemical resistance and dimen-
sional stability are good. For informative
literature, write B.F.Goodrich Chemical
Company, Dept. CA-7, 3135 Euclid Ave‘-9
nue, Cleveland 15, Ohio. In

Canada: Kitchener, Ontario. %as wareriaci

BFGoodrich Chemical

» division of The B.F.Goodrich Company
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THE AUTHORY

ARTHUR L. SCHAWLOW (“Ad-
vances in Optical Masers”) is professor
of physics at Stanford University. Al-
though born in Mount Vernon, N.Y,
Schawlow grew up in Toronto, where
his family had moved when he was three
years old. He acquired a B.A. and an
M.A. at the University of Toronto in
1941 and 1942 respectively before in-
terrupting his studies to do research on
wave guides and antennas in World War
II. Schawlow resumed graduate work
under the direction of M. F. Crawford
at Toronto and received his Ph.D. in
1949. As a postdoctoral fellow and re-
search associate at Columbia University
for the next two years, he began the
collaboration with C. H. Townes that re-
sulted in the formulation of the basic
principles of optical masers. From 1951
to 1961, when he joined the Stanford
faculty, Schawlow was a member of the

staff in the Physical Research Depart-
ment of the Bell Telephone Laborato-
ries. The present article is a sequel to one
titled “Optical Masers” by Schawlow
in the June 1961 issue of ScIENTIFIC
ANERICAN.

CHOH HAO LI (“The ACTH Mole-
cule”) is professor of biochemistry and
director of the Hormone Research Lab-
oratory at the University of California

| at Berkeley. Born in Canton, China, Li

received a B.S. in 1933 from the Univer-
sity of Nanking, where he stayed to teach
chemistry for the next two years. Coming
to the U.S. in 1935, he studied chemistry

| at Berkeley and obtained his Ph.D. in

1938. He joined the Berkeley faculty
the same year. Li served as a civilian
with the Office of Scientific Research
and Development in 1944. In 1950 he
was appointed professor of biochemis-
try and experimental endocrinology at

| Berkeley; he became director of the

Hormone Research Laboratory in 1959.
Li, whose chief research interests are
protein chemistry, the biochemistry of
protein hormones and in particular the
chemistry and biology of pituitary hor-
mones (of which ACTH is one), was
the author of “The Pituitary” in the Octo-
ber 1950 issue of SCIENTIFIC AMERICAN.

URSULA MITTWOCH (“Sex Differ-
ences in Cells”) is a senior research as-
sistant at University College London.
Dr. Mittwoch was born in Berlin and
completed her schooling in London. On
leaving school she went to work at the
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John Innes Horticultural Institution un-
der the direction of Kenneth Mather.
There she became interested in genetics
and later she took a degree in biology
at University College London. For her
Ph.D. Dr. Mittwoch did research on
the genetics of fungi under the direction
of J. B. S. Haldane. She began to study
human genetics at University College
London under L. S. Penrose and made
a study of white blood cells, which led
her into research on the sex differences
in these and other cells.

J. N. JAMES (“The Voyage of Mari-
ner II”) is a member of the Jet Propul-
sion Laboratory of the California Insti-
tute of Technology, which he joined in
1949 as a group leader in guidance radar.
James received a B.S. in electrical en-
gineering from Southern Methodist Uni-
versity in 1942 and an M.S. from Union
College in New York in 1948. James’s
service with the Navy during World
War II included—in addition to his stud-
ies at Bowdoin College and the Massa-
chusetts Institute of Technology—duty as
a radar officer aboard the U.S.S. South
Dakota and as an instructor in radar. At
the General Electric Company from
1946 to 1949 James worked on rocket
motors, the use of captured V-2 rockets
for upper-atmosphere research, and ra-
dar command and tracking systems.
From 1955 to 1959 he was responsible
for the systems design and field opera-
tions of the Sergeant missile as well as
for certain parts of the Explorer I and
Pioneer IV satellite projects. In 1960 he
became deputy director of the Sergeant
program and at the same time under-
took the technical direction and execu-
tion of the Mariner 11 flight.

M. R. BLOCH (“The Social Influence
of Salt”) is scientific adviser to the
Negev Institute for Arid Zone Research
in Beersheba, Israel. Bloch was born in
Aussig, Austria (now part of Czecho-
slovakia), and studied chemistry at the
universities of Prague and Leipzig. He
then studied physical chemistry at the
University of Berne, where he received
a Ph.D. for a thesis on the absorption
spectra of rare-earth compounds. In
1936 he began working for the Palestine
Potash Company (located on the Dead
Sea) and developed a method for speed-
ing up the solar evaporation of brines in
the production of salt. Bloch is now as-
sistant to the managing director for re-
search and development of the Dead Sea
Works, Ltd. From 1948 to 1960 he
served as a member of the Research
Council of Israel. In addition to his
other work Bloch is a member of the



safety
ON THE ROCKS 3

Watch fires have been built on rocky reefs since ships first
sailed the sea. True lighthouses have almost as
venerable a history.
The first large lighthouse — the Pharos of Alexandria—
reputedly 400 to 600 feet high, was built between
200 and 300 B.C. It cost over a million dollars in our
money, and was one of the Seven Wonders of the Ancient
World. Lighthouses, both manned and automatic, still
play a major role in giving warnings and directions to ships.
Line of sight communications no longer suffice for
many purposes. That's why REL’s tropo scatter radio is
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part of so many civilian and military systems. Its wide-
band, multi-channel facilities permit simultaneous
transmission of telephone, telegraph, and data information.
Perhaps it can solve your communications problem. If
not, RE L probably can. Why ot call 212 ST 6-2100 today?

REL

Radio Engineering Laboratories - Inc
A subsidiary of Dynamics Corporation of America
Dept S : Long Island City 1, New York
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Technical Advisory Board of the Gov-
ernment of Israel and a consultant to
the National Physical Laboratories of
Israel.

K. H. LULING (“The Archer Fish”)

| heads the department of ichthyology at

AD Cycloptic Microscopes under glass |

help Raytheon produce top-quality
semiconductor products

Long lines of skilled workers at Raytheon Company’s Semiconductor Division
in Mountain View, California, use stereoscopic microscopes for this particular
assembly operation to magnify minute parts and hand movements into working-
size dimensions. Each microscope is enclosed under a transparent plastic
shield . . . the operators wear clean white gloves . .. and the microscopes are
AO Cycloptics. This typifies the rigid reliability and quality assurance procedures
that Raytheon takes to insure top-quality in its semiconductor products.

American Optical's versatile Cycloptic microscopes were selected for the
job because they adapted easily to this ‘‘under glass’ production method and
because the high quality optics show the entire production operation with
unequalled clarity in crisp, erect, three-dimensional detail. Also, Raytheon's
workers needed the remarkable 4-inch working distance provided by the
Cycloptic to insure ample room for the operator’s hands and tools.

American Optical offers the world's largest selection of stereoscopic
microscopes. If you have a production problem that 3-D magnification would
help, write to us direct for literature or call your AO sales representative. He
can recommend and demonstrate the stereoscopic microscope that's just right
for your operation. There’s no obligation of course.

American @) Optical
COMPANY

INSTRUMENT DIVISION, BUFFALO 15, NEW YORK

IN CANADA write — P. O. Box 130, Postal Station R, Toronto 17, Ontario
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the Zoological Research Institute and
A. Koenig Museum in Bonn, Germany.
Liiling studied zoology at the universi-
ties of Bonn and Kiel, receiving his
Ph.D. from the latter institution in 1940.
From 1947 to 1950 he was scientific
assistant at the Institute for Fishery
Biology at the University of Hamburg.
A research fellowship enabled Liiling
for the next two years to do research on
eyes of fish, including the archer fish.
In 1959 the Peruvian Government in-
vited him to serve for a year as a con-
sultant on problems of fisheries biology,
particularly on the ecology of Arapaima
gigas, the largest fresh-water fish in the
world. Liiling took up his present job
in 1954.

A. R. MACKINTOSH (“The Fermi
Surface of Metals”) has just joined—as
a visiting member of the physics depart-
ment—the research establishment of the
Danish Atomic Energy Commission in
Riso, Denmark. Born in Nottingham,
England, in 1936, Mackintosh did re-
search on the absorption of ultrasonic
waves in metals at the Roval Society
Mond Laboratory at the University of
Cambridge, where he received his Ph.D.
in 1960. From 1960 until this month
he was assistant professor of physics at
lowa State Universitv of Science and
Technology and a physicist in the Ames
Laboratory of the U.S. Atomic Energy
Commission.

DONALD KENNEDY (“Inhibitionin

| Visual Systems”) is associate professor

of biology at Stanford University. Hav-
ing spent much of his childhood watch-
ing birds and collecting butterflies, Ken-
nedy was primarily interested in ecology
when he was graduated from Harvard
University in 1952. But graduate work
at Harvard, where he was influenced by
Donald R. Griffin and George Wald,
soon shifted his interests from ecology
to sensory physiology. After receiving
his Ph.D. in 1956 Kennedy joined the
department of zoology at Syracuse Uni-
versity, where he remained until he went
to Stanford in 1960.

EDWIN G. BORING, who in this
issue reviews The World of Psychology,
an anthology edited by G. B. Levitas,
is professor emeritus of psvchology at

. Harvard University.
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How do you transpose raw data into a computer-compatible format? Step-by-step? Then IGC's new format-
composer system can save you time and money. In one compact, high-speed package this system converts,
translates and accumulates incoming on-line data (also inserts file-identification and accuracy controls) for
organized read-out in computer-compatible format. It eliminates the time and expense of piecemeal data com-
position or manual accumulation and organization of data for computer processing. m If your program involves
extensive data conversion, now may be the time for you to explore our integrated composing system. Let us tell

you about problems we've already helped solve —in basic research, military and other applications. Write to
Indiana General Corporation, Memory Systems Division, Keasbey, New Jersey.

INDIANA GENERAL =23

Memory Miniatu.re Permanent Magnetic
Ferrites Systems Motors Magnets Equipment
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Here’'s a man
if you like to

Your flight may have arrived late at
night, or in the middle of a rainstorm.
But as soon as the engines stopped, this
man was right there searching, testing,
making sure.

In industry terms he’s called a line
mechanic. And he and hundreds like
him throughout United Air Lines are
extremely important...to us and to
you. Their job: to see to it that your
plane is absolutely airworthy before it
takes off again. Theur iraining: extremely
thorough and continually updated. Their
responstbility: your safety and comfort
and —only after these are assured —
getting your flight off on time.

Because they know how important
it is for you to leave and arrive on
schedule, our line maintenance people



you’'d want to know about

travel on time

have done some special things to pre-
vent delays.

Faster and better

They have invented many special tools
to do their work faster and better;
they have made up preplanned tool
kits so no time is lost looking for the
right tools; they use walkie-talkies to
speed work on the ramp or between
ramp and hangar; they have their own
private line telephone system providing
instant connection among United sta-
tions all over the nation; they use this
system to anticipate needs, get advance
information, parts, decisions, whatever
is necessary to avoid delay. They are
constantly developing many other aids
to on-time dependability.

Extra care—for people

All this effort and ingenuity on the part
of our line mechanics springs from a
policy that goes for all the rest of us at
United Air Lines—no matter what our
jobs are —all the way from the president
right on through the organization.

This policy says very specifically that
the welfare of our customers as indi-
viduals must come first in everything
we do—and that a genuine concern for
people must be part of all who work
with us.

Extra care—for people—is the heart
of it.

With the great human responsibili-
ties involved, there can be no better
basis for running —or choosing—an
airline.

UNITED
ay

®
THE EXTRA CARE AIRLINE
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Advances in Optical Masers

Just three vears ago this month the first optical maser, or laser,

was announced. Today about 500 U.S. groups are engaged in laser

decelopment. The prospects are dazzling, the technical choices hard

development in technology will fire
& the imagination of the scientific and
engineering community. Fifteen vears
ago it was the transistor, which stimu-
lated a worldwide flowering of solid-
state physics. The latest device to fas-
cinate the technical community is the
optical maser, or, as it is now often
called, the laser. The term is an acronym
for “light amplification by stimulated
emission of radiation.” (In “maser” the
“m” stands for “microwave.”) The laser
is a device for producing a powertul
monochromatic beam of light in which
the waves are coherent, or in step. The
waves emitted by ordinary light sources,
such as incandescent and fluorescent
lamps, are incoherent and nonmonochro-
matic.

-lt is never possible to predict when a

By conservative estimate about 500
research groups are engaged in laser
development and exploitation in the
U.S. alone. Much of this effort is di-
rected toward the use of laser beams in
communication systems. The amount of
information that can be carried by a
communication channel is proportional
to its frequency, and in principle the
visible region of the spectrum between
the wavelengths of 4,000 and 7,000
angstrom units could accommodate 80
million television channels. The realiza-
tion of this potential is still far in the
future. Outside the field of communica-
tions—in chemistry, medicine and sev-
eral other disciplines—many possible uses
of a strong beam of monochromatic laser

34

by Arthur L.

Schawlow

light are being intensively explored.

The first theoretical analysis showing
that it should be possible to build an
optical maser was published in 1958 by
C. H. Townes, then at Columbia Uni-
versity, and the author. Several vears
earlier Townes had worked out the prin-
ciple of microwave amplification by
stimulated emission of radiation. Our
analysis showed that a device working
in the optical region could be made
using the same principles. Its structure,
however, would be different, and many
of its properties and uses would be (uite
different from those of its microwave an-
cestor. The first announcement of a
working model of an optical maser was
made just three years ago this month by
T. H. Maiman, then at the Hughes Air-
craft Company [see “Optical Masers,”
by Arthur L. Schawlow; ScienTiFic
AMERICAN, June, 1961].

Maiman found that a suitable active
component for a laser could be made
from a single crystal of pink ruby: alu-
minum oxide colored pink by the addi-
tion of about .05 per cent chromium. A
description of a typical early ruby laser
will illustrate the atomic basis of laser
action. For this purpose I will describe
lasers built by Robert J. Collins, Donald
F. Nelson, Walter L. Bond, C. G. B.
Garrett and the author at the Bell Tele-
phone Laboratories in the summer of
1961. The ruby was machined into a rod
about four centimeters long and half a
centimeter across. Its ends were polished
optically flat and parallel and were
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partially silvered. A powertful electronic
flash tube was coiled around the ruby
to provide an intense source of “pump-
ing” light. Normally the chromium
atoms in the ruby absorb ultraviolet
radiation and a broad band of green
and yellow light. The light raises the
atoms to an “excited” state, from which
they drop back to the “ground” state
in two steps. In the first drop, to a
metastable state, the atoms give up some
of their energy to the crystal lattice and
no light is emitted. The second drop,
however, is accompanied by emission of
energy in the form of photons, or quanta
of light, with a wavelength (at room
temperature) of 6,943 angstroms, which
is a deepred. The drop to the metastable
state is almost instantaneous, but the
drop from there to the ground state oc-
curs at random over a period of a few
thousandths of a second. This delay is
helpful in achieving maser action. An
atom in the metastable state can be
stimulated to emit a photon and fall to
the ground state instantaneously if it
absorbs a photon carrying the same
energy it would normally release in its
tall. Conversely, an atom in the ground
state can be raised to the metastable
state by the same sort of photon. To ob-
tain laser action, then, there must be
more atoms in the upper state than in
the lower, otherwise absorption will pre-
dominate over emission. If the required
population inversion can be attained,
the first few photons released (at ran-
dom) bv atoms dropping to the ground



JUNCTION-DIODE LASER built by Nick Holonyak, Jr., and red light, aimed at the camera, is about 7,000 angstrom units. The

S.'F. Bevacqua of the General Electric Company is the first such center of the beam looks yellow owing to its intensity, which has
device to operate in the visible region of the spectrum; this makes overexposed the film. The laser and its supporting structure ap-
it possible to photograph its beam in color. The wavelength of the pear blue because blue light was used for general illumination.

GALLIUM ARSENIDE PHOSPHIDE:

POWER SOURCE ——

STRUCTURE OF DIODE LASER resembles that of ordinary junc- n (negative) regions. At the junction electrons drop into “holes,”
tion diodes. The active material is a crystal of gallium arsenide emitting photons in the process. Front and rear faces of the diode
phosphide. Small amounts of impurities create p (positive) and are polished to favor build-up of light emission along one axis.
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ELECTRICAL BREAKDOWN OF AIR is produced by the focused When the shutter is opened, a giant pulse of millions of watts is
beam of a giant-pulse ruby laser. Such lasers incorporate a shutter delivered for 10 to 25 billionths of a second. The photograph was
to postpone stimulated emission, thereby raising beam intensity. made at the Scientific Laboratory of the Ford Motor Company.

OSCILLATION MODES of a gas-discharge laser yield vivid sym- STIMULATED RAMAN EFFECT is seen when the output of a
metrical patterns. The emerging beam is about half a centimeter in giant-pulse laser is focused in benzene. The vibration frequency
diameter. Patterns show where light waves reinforce or can- of the benzene molecule adds to the laser frequency, yielding
cel. The photograph was made by Bell Telephone Laboratories. the colored rings. The photograph is by R. W. Terhune of Ford.
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state will trigger off a cascade of photons
all the same wavelength and all in step.
This inversion is achieved by making
the pumping light suitably intense. Be-
cause the ends of the rubv rod are
partiallv silvered, photons are reflect-
ed back and forth parallel to the long
axis of the laser, forcing the cascade to
develop in a single direction. At the peak
of the cascade an intense beam of red
light flashes out from the ends of the rod.
Since Maiman’s first announcement in
July, 1960, manv new laser materials
have been discovered. Thev include crys-
tals other than rubv, glasses, plastics,
liquids, gases and even plasmas (the
state of matter in which some of the
atomic electrons are dissociated from the
atoms) . New materials are being discov-
ered almost weekly. The onlv general re-
quirement for a laser system is that it
provide an upper energy state into which
atoms can be pumped and a lower state
to which they will return with the spon-
taneous emission of photons. The system
must also allow a population inversion
between the two states. Since the emis-
sion wavelength is controlled by the
characteristic resonances of the particu-
lar material used in the laser, only a
limited number of wavelengths can be
generated bv a given material. Con-
sequently in order to cover the full
spectrum of optical frequencies new ma-
terials will be needed unless some radi-
cally different approach can provide a
device that is tunable over a wide range.
At present optical masers exist with
output wavelengths from about 5,900
angstroms (.59 micron) in the vellow-
orange portion of the spectrum out to 35
microns in the middle of the infrared.
There have been observations of stimu-
lated emission at wavelengths as short
as 3,100 angstroms (.31 micron) in the
ultraviolet, but no one has vet reported
true maser action as indicated by the
production of a well-defined beam. The
ratio between the longest optical-maser
wavelength (35 microns) and the short-
est (.59 micron) is almost 60 to 1. Be-
tween 35 microns and the beginning of
the microwave region at about one milli-
meter, where conventional electronic
oscillators can take over again, there is
a gap in which there is as yet no means
for producing coherent radiation. Since
this gap represents a wavelength ratio of
only about 30 to 1, it is smaller than the
region now covered by optical masers.

he search for new laser materials is
essentially a search for elements that
possess an atomic state with a suitable
range of energy levels. As we have seen,

the active ion in the first optical maser
was chromium. Its chief drawback is that
its terminal level for laser action is iden-
tical with the ground state. Because the
ground state is normally fully popu.lated,
its depopulation requires a great ex-
penditure of energy. This means that it
is very difficult to operate a rubv laser
except in pulses. Continuous opération,
however, has been achieved at Bell Lab-
oratories by Willard S. Bovle and Nelson.

Several recent masers, operating in
the 6,100-angstrom region, use triva-
lent (triplv charged) ions of the rare-
earth element europium, whose suitabil-
ity was recognized in the original 1958
paper by Townes and the author. Euro-
pium ions fluoresce in sharp, strong
spectral lines, and some of the strongest
lines end on a terminal level well above
the ground level. This terminal level is
almost empty at moderate temperatures;
any atoms put into it fall quickly to the
ground state. Thus if relatively few
atoms can be raised to the upper state,
emission can be stimulated without com-
petitive absorption by atoms already in
the terminal state. Unfortunately it is
hard to excite even a few atoms to the
upper state because in most crystals the
europium ion has no broad absorption
bands to intercept the pumping radia-
tion. Most of the light from the pump-
ing lamp passes uselesslv through the
material.

One way around this difficultv is to
put the europium ion into an organic
compound known as a chelate, which
acts as a kind of molecular cage. The
chelate has strong, broad absorption
bands in the near ultraviolet, and much
of the energy that is absorbed is quickly
transferred to the trapped europium ion,
exciting it to the state required for maser
action.

The possibility of combining euro-
pium with a chelate to produce a laser
has been recognized for at least three
vears. The first success was reported
only this February by Alexander Lem-
picki and H. Samelson of the General
Telephone and Electronics Research
Laboratories. The successful material
was europium benzovlacetonate and it
was used not as a crystal, or even a glass,
but as a liquid solution in alcohol. The
achievement was particularly surprising
because one would expect the molecules
in a liquid to be so buffeted by thermal
agitation that the spectral emission lines
would be broadened too much to sustain
laser action. The europium ion, however,
is not very sensitive to such buffeting,
and it is somewhat shielded by the outer
portions of the chelate molecule.
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RUBY LASER H

POWER
SUPPLY

--FUNDAMENTAL
-RED LASER
ORANGE FREQUENCY
YELLOW

£~ GREEN
RAMAN LASER EFFECT is created by

focusing an intense laser beam in benzene
and recording the result directly on film
(see picture at bottom right on opposite
page). The frequency of the laser beam is
both downshifted and upshifted by multi-
ples of the vibration frequency of the ben-
zene molecule. The downshifting yields in-
frared frequencies, which do not show on
color film. The upshifting by one, two, three
and four multiples of the benzene molecular
vibration frequency produces respectively
the red, orange, yellow and green rings.
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LASERS

1,000
ANGSTROM UNITS

10,000

MICRONS

LASER FREQUENCIES now extend from 5,940 angstrom units, in
the yellow-orange part of the visible spectrum, to 350,000 angstroms
(35 microns) in the far infrared. The colored bars indicate the
minimum and maximum frequencies for different types of lasers.

Almost simultaneously N. E. Wolff
and R. J. Pressley at the RCA Labora-
tories announced operation of another
europium chelate laser in which the
chelate was suspended in an acrylic
plastic. The plastic laser can be made
to operate either in the usual rod con-
figuration or in the form of long fibers.
Both the liquid and the plastic are
pumped optically with a strong lamp
and produce coherent laser light at the
characteristic europium-ion wavelength
near 6,100 angstroms.

Other materials that respond with
optical-maser action when optically
pumped include many crystals and
glasses and at least one gas: cesium
vapor, The cesium has two output wave-
lengths, one near three microns and the
other near seven microns. Because of
their high density of active ions, the
solids wusually produce more intense
beams than gases do.

The attractive feature of gas lasers
is that they can be designed to produce
output beams over a wide range of
wavelengths. Except for the cesium-
vapor laser, gas lasers are pumped elec-
trically rather than optically. It turns
out that the conditions for amplification
by stimulated emission, at some wave-
length or other, are satisfied in an elec-
tric discharge through almost any gas.
Moreover, such masers operate continu-
ously rather than intermittently. The
noble gases—helium, neon, argon, kryp-
ton and xenon—have been the most thor-
oughly investigated, and each has pro-
vided maser action at more than one
wavelength. The longest optical-maser
wavelength generated so far—35 microns
—was produced by xenon; this result was
obtained in a series of studies conducted
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at Bell Laboratories by W. R. Bennett,
Jr., W. L. Faust, R. A. McFarlane and
C. K. N. Patel.

These studies reveal that, in the proc-
ess of collision with fast electrons in the
discharge, atoms are likely to be excited
to some atomic states more than to
others. These favored states can then
serve as upper levels for maser transi-
tions to lower terminal states. If the
atoms are allowed to linger in the ter-
minal states, however, they can absorb
radiation of the same trequency and re-
turn to the upper state. Therefore they
must be forced to lose energy so that
they will fall from the terminal state to
a still lower ground state. Since this
transition is promoted if the atoms col-
lide frecuently with the walls of the dis-
charge tube, it generally helps to use
tubes with rather small diameters. By
reducing the diameter to about six milli-
meters and using mirrors with high re-
flectivity in the visible, but not in the in-
frared, J. D. Rigden and A. D. White
of Bell Laboratories have designed a gas
laser with an output of 6,328 angstroms.
This particular laser should provide a
simple and convenient source of con-
tinuous monochromatic light, with a
sharply defined beam, for many labora-
tory applications.

Neither the gas-discharge masers nor

the optically pumped solid-state
masers are very efficient. Their output
energy is usually less than 1 per cent of
the input. Last fall, however, this limita-
tion was unexpectedly lifted by the dis-
covery of a class of semiconductor junc-
tion lasers. They promise conversion
efficiencies well above 10 per cent and
possibly even approaching 100 per cent.
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To date, gas-discharge lasers have produced the greatest number
of different wavelengths: over 160. Although it is believed that
semiconductor lasers can generate the whole range of frequencies
from 6,500 to 31,000 angstroms, this is still to be demonstrated.

The new class of laser was reported al-
most simultaneously by three groups of
workers: Robert N. Hall, G. E. Fenner,
J. D. Kingsley, T. J. Soltys and R. O.
Carlson of the General Electric Com-
pany; T. M. Quist, R. H. Rediker, Robert
J. Keyes, William E. Krag, Benjamin
Lax, Alan L. McWhorter and Herbert
]. Zeiger of the Lincoln Laboratory of
the Massachusetts Institute of Tech-
nology; and M. Nathan, W. P. Dumke,
Gerald Burns, F. H. Dill and Gordon
Lasher of the International Business
Machines Corporation.

For some years there had been dis-
cussion and speculation about the possi-
bility of obtaining maser action from
a semiconductor. According to quantum
theory the electrons in a solid can oc-
cupy two broad energy levels: a lower
level called the valence band and an
upper level called the conduction band.
To carry an electric current a solid must
be well supplied with electrons in the
conduction band; a semiconductor is less
well supplied. Any electron in the con-
duction band possesses an excitation en-
ergy at least equal to the energy gap
between the two bands. In principle the
electron could be stimulated to radiate
this energy in the form of a photon. In
the commonly used semiconductors such
as germanium and silicon, however, the
electrons in the conduction band have
crystal momentum, which must also be
given up in the transition. Since this re-
uires the co-operation of lattice vibra-
tions, it is a relatively unlikely process.
For this reason such semiconductors—
known as indirect-gap semiconductors
—emit light feebly and so far have not
produced maser action.

There is another class of direct-gap



semiconductors, typified by gallium ar-
senide, in which the transition can take
place without help from lattice vibra-
tions. In these an electron can drop
from the conduction band and occupy,
or recombine with, a “hole” in the va-
lence band. This recombination can take
place spontaneously with the emission
of a photon. When there is sufficient
density of excited, or conduction-band,
electrons, the spontaneous emission gives
way to stimulated emission and maser
action can result. The required electron
densities can be achieved in the junction
region of a “p-n” junction diode [see
illustration “c” at right]. In the p
(positive) region there is an excess of
electrons in the valence band. In the n
(negative) region there is an excess of
electrons in the conduction band. If free
electrons are fed into the n region, they
travel to the junction region; there they
drop into the holes of the p region, emit-
ting photons. Since most of the free elec-
trons lie near the plane of the junction,
recombination radiation grows if it
propagates along this plane, and the
light emerges strongly where the junc-
tion meets the side walls of the crystal
[see illustrations on page 35].

To impart directionality to the emitted
light it is necessary only to provide
parallel reflecting mirrors on two oppo-
site sides of the crystal. This can be done
by polishing two faces of the crystal: the
crystal-air boundary provides a natural
reflecting surface. The natural cleavage
faces of the crystal also make excellent
mirrors. Only two opposite faces need be
mirror-like; the other faces are left
roughly ground or are deliberately
etched.

Because large numbers of excited
electrons are produced in a junction
diode when a current flows, only a small
diode is needed to produce laser action.
Typically the area of the junction is
about one square millimeter. Junction-
diode lasers are very efficient because
nearly every electron injected across the
junction contributes a useful photon, and
the losses are mainly the electrical-resis-
tance losses in the rest of the diode. The
devices built to date have been small
and output has been limited to less than
one watt, but there seems nothing to
prevent the building of much larger
units.

In pure gallium arsenide at room tem-
perature the laser light has a wave-
length around 9,000 angstroms, in the
near infrared. At lower temperatures the
output wavelength decreases to around
8,400 angstroms. The output can there-
fore be tuned over a considerable range
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LASER ACTION depends on the fact that photons (wavy arrows) are often emitted when
electrons drop from higher to lower energy states. In solid and gas-discharge lasers the
electrons are bound to “excitable” atoms. In semiconductor lasers the electrons are un-
bound. In the original ruby laser («) “pumping” light raises an atom from “ground” state
A to C or D. The atom falls promptly to metastable state B. The final fall to 4, which is
normally a random process, can be stimulated if the atom is struck by a photon like the
one it would emit. When B contains more atoms than A, stimulated emission predominates
over absorption. In other solid lasers and in gas-discharge lasers (b) the terminal state B
is slightly above the ground state, hence is normally lightly populated. Thus an excess of
atoms in C is readily attained. In the semiconductor, or junction-diode, laser (c), electrons
are injected at a higher level and fall to a lower level in a crystal “sandwich” containing p
and n regions. The pumping energy is supplied by electricity. At the junction, electrons
drop into holes, empty states at edge of the p region. This recombination of electron and
hole, which leads to the emission of a photon, can be stimulated by another photon of the

)

same energy. Spontaneous photons travel in all directions. But those traveling in the plane
of the junction are most likely to stimulate recombination and produce laser action.
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SPECTRAL OUTPUT of a gallium arsenide phosphide diode laser is shown near threshold
(black curve) and just after a single mode of oscillation has begun to predominate (colored
curve). The curves are for one of the lasers constructed by Holonyak and Bevacqua of G.E.
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OUTPUT V. COMPOSITION is shown for the ternary mixture of gallium arsenide phos-
phide. Percentages refer just to the arsenide-phosphide fraction of the mixture; gallium is
always present. When phosphorus exceeds arsenic in the mixture, laser action begins to fail.

by varying the temperature. Nick Holon-
vak, Jr., and S. F. Bevacqua of General
Electric have shown that still further
change in wavelength can be achieved
by using three-element alloy mixtures
such as gallium arsenide phosphide. De-
pending on the ratio of arsenic to phos-
phorus, such a diode will opcrate be-
tween 6,100 and 8,400 angstroms. A
three-element mixture of gallium indium
arsenide shows promise of operating
from 8,400 out to 31,000 angstroms, in
the infrared. By adjusting the tempera-
ture of operation the output can be
brought close to any wavelength desired.
This easy tunability makes diode lasers
less suitable than others for the genera-
tion of an accurately reproducible wave-
length. Thev do, however, have the ad-
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vantages of compactness, simplicity and
efficiency. Also, their output power can
be easily and quickly controlled bv
changing the supply voltage, so that a
signal can Dbe impressed on the light
beam.

l{ or high output power rubv and cer-

tain glasses containing neodymlum
ions seem to be best. Here the excited
ions are provided by a brilliant flash of
light, usually from a xenon discharge
lamp. As larger rods have become avail-
able, larger output energies have been
obtained. Total flash energies as high as
several hundred joules are delivered in
one or two milliseconds. (A joule is one
watt for one second.) For this brief
period the energy released is equivalent
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to the output of several thousand 100-
watt lamps. Such a flash can be focused
to penetrate a steel plate an eighth of
an inch thick. This is a considerable ad-
vance over the early lasers, which could
penetrate one or two razor blades; their
output was rated in “gillettes.” There is
nonetheless a great gulf between exist-
ing laser beams and the sort of heat
ray, envisioned by some people, that
would be able to destlov a ballistic mis-
sile. Even a thousand joules will not
boil a single gram of water. But when
the laser beuam is properly focused it can
weld, melt or vaporize a small amount
of anv substance.

Enormously high peak powers and
verv short pulses have been made pos-
sible by the giant-pulse technique first
ploposed by R. W. Hellwarth of the
Hughes Aireraft Corporation. In this
method, sometimes known as “Q-spoil-
ing,” a fast-acting shutter is interposed
between one end of a laser rod and the
mirror normally found there. The shut-
ter is closed during most of the pump-
ing-light flash so that light from the
end of the rod cannot reach the mirror
and be returned to the rod. Since the
light path is blocked, laser oscillations
cannot start even though a large number
of atoms are put into the upper state of
the laser transition. Once the rod has
been excited into this highly amplifying
state, the shutter is quickly opened. As
soon as the shutter is open and light can
reach the mirror, laser oscillation builds
up almost instantly. Under these condi-
tions most of the excitation energy stored
in the rod is delivered in one huge burst
of light. This giant pulse can deliver up
to 530 megawatts lasting for about 10
nanoseconds (billionths of a second).
Moreover, the beam from a giant-pulse
laser is highly directional. The diver-
gence of the beam can be less than three
minutes of arc.

Laser beams of still higher intensity
can be obtained by amplifving the out-
putof the giant- pulse laser. The amplifier
consists of another rod without mirrors;
in fact, to keep the amplifier from os-
cillating spontaneously the ends of the
amplifving rod must be treated to pre-
vent reflection. The amplifier is pumped
bv its own flash lamp, therefore it is
1e‘1dv to amplify by stimulated emission
the instant the giant pulse is delivered.

The intense wave of the giant pulse
stimulates all available atoms in the am-
plifving rod to emit almost as soon as the
light pulse begins to pass through them;
that is, the leading edge of the pulse is
amplified and uses up all the excited
atoms. There are then no excited atoms
left to reinforce the remainder of the
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GIANT-PULSED RUBY LASER employs a shutter to delay laser further emission. This stimulation is limited until the shutter is
action until a large population of atoms has been raised to an ex- opened (d). Then photons traveling precisely parallel to the long
cited state. Before the pumping light is turned on («), the atoms axis of the laser are reflected back and forth between the two
are in the ground state (open circles). The light (black arrows in mirrored surfaces, stimulating a cascade of photons. The cascade
“b,” “c”) raises atoms to the excited state (black dots) .If an emitted culminates in a coherent beam of light, which flashes through the

photon (colored arrow) strikes another excited atom, it stimulates partially silvered mirror with an intensity of millions of watts.
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light pulse. As a result amplification
makes the giant pulse not only more in-
tense but also briefer.

So far the peak power reported is ap-
proximately 500 million watts in a beam
whose cross section is less than one
square centimeter. Assuming that the
beam intensity is about a billion watts
per square centimeter, the intensity of
the corresponding electric field is nearly
a million volts per centimeter in the un-
focused beam. A good lens with a focal
length of one centimeter could focus the
beam to a spot a thousandth of a centi-
meter in diameter. The beam intensity in
this focal spot would be a million bil-
lion (101%) watts per square centimeter,
and the optical-frequency electric field
would be about a billion volts per centi-
meter. This is more than the electric
fields binding the outer electrons in most
atoms and would cause severe disruption
even in transparent substances. Usually
one thinks of the radiation pressure of
light as being negligibly small, but in
such a focused beam it would be over
15 million pounds per square inch.

Even at ordinary laser intensities
transparent materials, which are usually
nonconductors, react in an unusual man-
ner. By means of laser experiments it
has been shown that the dielectric con-
stant (a measure of insulating ability)
depends not only on the material and
the light frequency but also on the in-
stantaneous magnitude of the electric
field. In other words, the response to
high electric fields is nonlinear. \When
a wave of any pure single frequency
passes through such a nonlinear medium,
the wave shape is distorted. It can be
shown by Fourier analysis that such a
distorted wave is equiva]ent to the orig-
inal wave with the addition of one or
more harmonic waves. These harmonics
have two, three or more times the fre-
quency of the original.

The generation of laser harmonics
was first observed by Peter A. Franken,
A. E. Hill, C. W, Peters and G. Wein-
reich of the University of Michigan.
They focused the 6,943-angstrom light
from a ruby maser onto a block of
quartz and observed harmonic radiation
at twice the frequency, that is, at a
wavelength of 3,472 angstroms. In these
early experiments the intensity of the
harmonic was very low—less than one
part per million of the fundamental.
Subsequent improvements, principally
by J. A. Giordmaine of Bell Laboratories
and by P. D. Maker, R. W. Terhune,
M. Nisenoff and C. M. Savage of the
Scientific Laboratory of the Ford Motor
Company, have led to harmonic-genera-
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tion efliciencies as high as 20 per cent.

Other nonlinear phenomena have
been produced by the high intensity of
laser beams. These include mixing of
light waves to obtain “sum” and “dif-
terence” frequencies. It is thereby pos-
sible to get intense coherent light at
many new wavelengths by combining
the outputs of individual lasers. This sort
of mixing has long been familiar in the
radio-frequency region, but it is new in
optics. N. Bloembergen, Peter S. Pershan
and their associates at Harvard Univer-
sity have recast a large part of the
theory of optical wave propagation to
take into account these nonlinearities. All
the laws of optics are modified to some
extent at the high intensities produced
by pulsed lasers.

A different sort of nonlinear effect was
observed almost accidentally by E. J.
Woodbury of Hughes Aircraft. He was
working with a giant-pulse laser in
which the shutter was a Kerr cell con-
taining nitrobenzene. (Such a shutter
either passes or blocks light in response
to an electric field.) Woodbury found
that the output beam contained, in addi-
tion to the ruby wavelength of 6,943
angstroms, additional wavelengths a few
hundred angstroms to the red side of
the ruby wavelength. These additional
wavelengths were as coherent and as
well collimated as the main beam. Care-
tul investigation showed that the new
wavelengths were shifted in frequency
from the rubv light by amounts equal
to the various vibrational frequencies of
the nitrobenzene molecule. Such a shift
in light frequency is known as the Raman
effect. In this case it resulted when
the ruby light frequency mixed with
the molecular vibrations. The ordinary
Raman effect vields incoherent light of
low intensity. The Raman laser lines are
coherent and intensities up to half that
of the original beam have been observed
[see illustration at bottom right on page
36]. The discovery of Raman laser ac-
tion makes available new wavelengths
of high-intensity coherent light. It also
provides a new way of quickly getting
information about the frequencies at
which molecules vibrate and perhaps
about the frequencies at which they
rotate.

\Y"ith these and other radical advances

appearing literally every few days,
there has been little chance to do the
careful, detailed development work
needed to realize practical applications.
Some of the proposed applications, par-
ticularly military ones, require much
higher output energies than those now
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available. Until the efficiency and the
average output power (in contrast to
the peak power) are increased, it will
not be practical to use lasers for large-
scale cutting and welding. There is no
apparent reason in principle why this
cannot be done. High-efficiency lasers
do exist, and they run continuously, but
they do not yet deliver high power.

This being so, the first applications
will be those in which one of the other
properties of lasers, such as high peak
power or very monochromatic spectral
output, is important. For at least one
application a beam of light lasting less
than one millisecond and delivering a
traction of a joule is ideal. The applica-
tion is in medicine: when the retina of
the eye is torn or injured, it is possible
to “weld” the retina to its support by
coagulation with an intense spot of
light and thus prevent it from becoming
detached. Indeed, following the work of
D. G. Meyer-Schwickerath of the Uni-
versity of Bonn, ophthalmologists have
used intense light beams from conven-
tional lamps during the past few years
for retinal coagulation.

One advantage of the laser for co-
agulation is that its flash takes less than
a thousandth of a second, compared
with about half a second for coagulation
by ordinary light. In the shorter period
there is no opportunity for the eye to
move and it does not have to be immo-
bilized, as it does at present. N. S.
Kapany and N. A. Peppers of Optics
Technology, Inc., and the Palo Alto
Medical Research Foundation have de-
signed a compact laser for this purpose
that fits into the handle of an ophthalmo-
scope. Preliminary tests on animals by
Harold C. Zweng and Milton Flocks of
the Palo Alto Foundation and the Stan-
ford University School of Medicine have
shown how to regulate the output of the
laser for various eyes. The device is
found to be easy to use. If it proves
equally successtul with human patients,
it could encourage ophthalmologists to
seek out and repair retinal lesions at an
early stage.

Some other potential applications ex-
ploit the extraordinary monochromatic-
ity of the laser beam. For example, at
the Massachusetts Institute of Tech-
nology, Ali Javan, T. S. Jaseja and C. H.
Townes have recently used helium-neon
gas-discharge lasers to repeat the classic
Michelson-Morley experiment with a
new order of accuracy. This experiment,
first performed in 1881 by A. A. Michel-
son and E. W. Morley, showed that the
velocity of light is unaffected by the
motion of the earth through space. The
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TABLE OF LASER TYPES shows the output frequency associated
with various active materials, mode of operation and maximum
operating temperatures. Included among the solid lasers is one
liquid laser, an alcohol solution of trivalent europium held in a
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cagelike compound called a chelate. Not listed is one gas laser,
using cesium vapor. that is optically pumped and operates at two
wavelengths: 3.2 and 7.2 microas. With this one exception gas
lasers are all activated by an electric discharge through the gas.
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RING LASER has been built by Warren M. Macek and his associates at Sperry Gyroscope
Company. Two laser beams circulate around the apparatus in opposite directions (see

diagram below) .

,

If the apparatus is rotated, one beam rises in frequency, the other falls.
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OPERATION OF RING LASER exploits the stable frequency produced by four gas-dis-
charge tubes linked to act as a single laser. The frequency of the two circulating beams
is compared by the photodetector at lower right in the diagram. If the ring laser is rotating
to the right, for example, the clockwise beam must travel farther to make a complete circuit
and its frequency falls. The counterclockwise beam correspondingly rises in frequency.
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experiment laid to rest the idea that
light waves are propagated through an
all-pervading “ether” (in which case the
velocity would not have been constant)
and set the stage for Einstein’s theory
of relativity.

To repeat the experiment the M.LT.
group has installed its lasers in a wine
cellar on Cape Cod, far removed from
automobile traffic. On a dav when the
weather is calm and the earth is quiet,
the frequency of the laser beam will re-
main constant within a few thousand
cveles out of 10" cvcles. The relative
drift between two lasers is sometimes as
small as one part in 10 per second. To
achieve such stability the laser structure
must be extremely rigid. A change in
trequency of one part in 10'3 would be
produced by a change in length of one
part in 1013, Since the mirrors at the ends
of the laser are separated bv about one
meter, this means a change in length of
10-13 meters, or a thousandth the diam-
eter of an atom.

Javan and his colleagues have repeat-
ed the Michelson-Morleyv experiment by
turning their lasers in different direc-
tions with respect to the earth’s motion.
Any change in the velocity of light
would change the time lequned for the
laser beam to travel between the two
end mirrors and would show up as a
change in frequency of the output beam.
The apparatus is sensitive enough to de-
tect a change in the velocity of light as
small as three millimeters per second.
Preliminarv results show that the
change, if anv, is less than this value.
Ultimately the apparatus may be sensi-
tive enough to detect a change as small
as .03 millimeter per second. The limit
of accuracy attained by Michelson was
about 150 millimeters per second and,
using his methods, his successors were
able to improve the accuracy by a factor
of about 10.

Another classic experiment of Michel-
son’s has also been repeated in a new
way with the aid of optical masers. This
is an experiment, first proposed by
Michelson in 1904, to detect the abso-
lute rotation of the earth. By means of
mirrors light is made to circulate in both
directions around the four sides of a
square. The time taken for a complete
circuit is the same in either direction as
long as the square is at rest. But if the
square is rotated about an axis perpen-
dicular to its plane, a ray traveling in the
direction of rotation will take longer to
complete the trip than one traveling
against the rotation. The reason is that
the mirrors are retreating from the first
rav and approaching the second.



The effect produced by the earth’s
rotation is, of course, tiny because
light travels so much faster than the
mirrors move. At a latitude of 40 degrees
the rotation of the earth produces a
shift of a hundred-thousandth of a wave-
length in a horizontal square three
meters on each side. Michelson felt that
the effect would be too small to be meas-
ured. In 1914, however, G. Sagnac of
France was able to detect the effect
with the four mirrors mounted on a ro-
tating platform. Then in 1925 Michel-
son and H. G. Gale did the experiment
on a heroic scale with evacuated pipes
forming a square 450 meters on a side
and showed that the earth’s rotation
caused a shift of a quarter of a wave-
length.

With the advent of optical masers
it was realized bv the late Adolph H.
Rosenthal of the Kollsman Instrument
Corporation and Warren M. Macek of
the Sperrv Gyroscope Company that
the experiment could be done in a new
and more sensitive way. The method
uses four helium-neon gas-discharge
laser tubes, one mounted on each side of
a square [see illustrations on opposite
page]. Mirrors are placed at the four cor-
ners of the square so that light leaving
cne end of a gas-discharge tube goes
around the circuit and returns to its start-
ing point. The entire perimeter of the
square in effect constitutes a single laser,
which means that light travels around
the square in both directions. The time
taken for one circuit controls the laser
oscillation frequency. When the square is
rotated about its axis, the laser produces
two slightly different light frequencies
corresponding to the two directions in
which light travels around the square.

These two oscillations can be com-
bined on a photodetector and the dit-
terence between their frequencies meas-
ured. For example, a square one meter
on a side, operating at a wavelength of
1.1 microns, was shown recently bv
Macek and Daniel T. M. Davis, Jr., of
Sperry to give a beat frequency of 500
cveles per second when the square was
rotated at a rate of two degrees per min-
ute. At the latitude of New York the
earth’s rotation produces a laser rotation
rate of about a sixth of a degree per
minute, which should show up as a beat
trequency of 40 cvcles per second. This
should be readilv detectable. Since this
“ring laser” can perform the same func-
tion as a gyroscope, it may eventually
be usetul for navigational purposes.

It will be noted that the few scien-
tific and technical applications I have
mentioned are as vet only in the stage

of being probable. Most other proposed
applications are not even that far ad-
vanced. Embarrassed bv riches, scien-
tists and engineers have had trouble
deciding the laser applications on which
to concentrate.

In the end, radicallv new sources of
electromagnetic radiation will have
many uses. It has by now been shown
that lasers can produce beams of visible
or infrared light of almost any wave-

length, that they can produce enormous
peak powers, that they can be stable
and monochromatic and that thev can
be quite efficient. But no single device
combines all these attributes. The en-
gineering task is to select the proper
combination of properties for any pro-
posed application and to design the par-
ticular optical maser to fit it. One can
also be sure that there will continue to
be surprising innovations and advances.

NOVEL SPECTROSCOPE employs a pulsed ruby laser to vaporize a microscopic amount
of any material for spectrographic analysis. The photograph at top shows a specimen
being vaporized by the laser beam. For successful analysis the vaporized material must be
superheated. This is achieved by allowing the vapor to produce a short circuit between two
electrodes (middle photograph). The micrograph shows the 50-micron crater produced
by the laser. The instrument was developed by Jarrell-Ash Company, Newtonville, Mass.
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The ACTH Molecule

A major product of the pituitary gland, the adrenocorticotropic

hormone has an important role in health and disease. The study

of its molecule shows how its function is related to structure

f all the glands that produce hor-
O mones, the anterior pituitary
stands first in importance. Often
called the master gland of the body, it
forms the front half of an ovoid struc-
ture, about the size of a pea in man,
suspended just below the center of the
brain. Its location suggests that it is un-
der direct control of the brain, but how
this control is exercised is only partially
understood. What has been established is
that hormones produced by the anterior
pituitary control growth, sexual devel-
opment, reproduction, thyroid activity
and, to an important degree, the body’s
general response to stress and disease. In
most cases this control is a two-stage
process: hormones from the anterior
pituitary regulate the hormone output of
such target endocrine glands as the thy-
roid, testes, ovaries and adrenals [see il-
lustration on opposite page].

Of the seven anterior pituitary, or
adenohypophyseal, hormones, the most
important are undoubtedly GH, the
growth hormone (also known as somato-
tropin), and ACTH, the adrenocortico-
tropic hormone (also known as cortico-
tropin). This article will be concerned
primarily with ACTH and the work of
my group at the Hormone Research
Laboratory at the University of Cali-
fornia at Berkeley. Our investigation,
which began more than 20 years ago,
has led to knowledge of the complete
molecular structure of ACTH and to
chemical synthesis of various active por-
tions of the molecule. Throughout this
period my associates and I have bene-
fited from many important contributions
made in other laboratories, especially in
the area of chemical procedures.

As a result of this co-operative effort
a number of concepts have emerged,
some of them quite new to endocri-
nology. It is now clear, for example, that
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the standard definition of a tropic hor-
mone, meaning a hormone with a partic-
ular target, is no longer adequate. A
tropic hormone can exhibit activity in
the absence of its defined target organ.
It has also been shown that hormones
having the same biological function but
obtained from different animal species
are not necessarily identical. Moreover,
the hormone derived from one species
may elicit a different pattern of response
in another species. Two hormones that
originate from different cells of a gland,
such as the anterior pituitary, can have
certain structural features in common
and as a result exert similar biological
activity. One finding of particular signif-
icance, both from the standpoint of
theory and from the standpoint of medi-
cal therapy, is that hormonal activities
do not depend on the integrity of the
whole molecule. Chemically modified
molecules or chemically synthesized
portions of molecules will show ratios of
activity that differ from those produced
by the natural molecule.

Tt has been known since the 1920’s that

a secretion of the anterior pituitary
acts selectively on the cortex of the
adrenal glands. This secretion, eventual-
ly identified and called ACTH, induces
the adrenal cortex to produce half a
dozen different hormones, all incorpo-
rating a particular molecular configura-
tion known as the steroid structure. In
man the adrenocortical hormones in-
clude cortisol (formerly known as hydro-
cortisone), corticosterone and aldos-
terone, plus lesser amounts of the sex
hormones. Apart from the sex hormones,
the adrenocortical hormones serve two
broad functions: to regulate carbohy-
drate metabolism and the balance of
electrolytes, such as sodium, in the body
fluids. The principal steroids serving
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these functions are respectively cortisol
and aldosterone. Malfunction of the ad-
renal cortex leads to Addison’s disease,
characterized by a drop in plasma so-
dium and loss of water from the blood.
When administered therapeutically to
patients with a functioning adrenal cor-
tex, ACTH more or less mimics the bio-
logical behavior of cortisol. Because the
ACTH-stimulated glands produce ster-
oids other than cortisol, some of them
still unidentified, ACTH is more bene-
ficial than cortisol in certain clinical
cases. For example, ACTH is sometimes
more effective as an antiallergic agent
than cortisol is, and it is usually more

ADRENOCORTICOTROPIC
HORMONE

FOLLICLE-STIMULATING
HORMONE

ACTH

FSH

GH GROWTH HORMONE

INTERSTITIAL-CELL-STIMULATING

ICSH  {10RMONE

LTH  LACTOGENIC HORMONE
MELANOCYTE-STIMULATING

MSH  LorRMONE
THYROID-STIMULATING

TSH L ORMONE

ANTERIOR PITUITARY hormones con-
trol a remarkable range of biological func-
tions. The two most important of the seven
hormones are the growth hormone (GH) and
the adrenocorticotropic hormone (ACTH).
GH and the melanocyte-stimulating hor-
mone (MSH), which controls skin-darken-
ing, act directly on cells in various parts of
the body. The other five hormones, includ-
ing ACTH, stimulate specific target organs.
ACTH also has important effects that do not
depend on its target, the adrenal cortex.
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MOLECULE WITH ACTH ACTIVITY, synthesized by the author

and his co-workers, contains the first 17 subunits found in the
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1

H O

ALPHA-MSH AT
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SKIN-DARKENING HORMONE, MSH, has an alpha and beta
form containing 13 and 18 amino acid subunits respectively. The
alpha form was synthesized in 1958 by Roger Boissonnas and his
associates at Sandoz, Litd., in Switzerland. Except for two small
chemical details, alpha-MSH is identical with the first 13 sub-

effective in the treatment of patients who
have been severely burned.

In man and experimental animals
ACTH, in the presence of the adrenals,
has the following specific effects. It in-
creases the weight of the adrenal glands
and promotes repair of the adrenals
in hypophysectomized rats (rats whose
pituitaries have been removed). It pro-
motes the production of adrenal cortical
hormones, as shown by the level of these
hormones in adrenal venous blood. It en-
hances the production of red blood cells
in  hypophysectomized rats; further-
more, it elevates the metabolic rate and
is responsible for maintenance of muscle
glycogen in these animals. It also pro-
vokes deposition of glycogen in the liver,
as well as an increase of liver fat in fasted
animals. It elevates the level of both
free fatty acids and degradation prod-
ucts of the fatty acids in the blood serum
of fasted rats. ACTH has also been
shown to be one of the hormones in-
volved in the production of milk in the
mammary glands. Other effects observed
after the administration of ACTH in-
clude shrinking of the thvmus and de-
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crease in the blood cells called eosino-
phils.

These are the major effects of ACTH
in the presence of the adrenal glands.
But it is now known that ACTH can also
produce physiological effects in the ab-
sence of its target organ, the adrenal
glands. Some observations on the bio-
logical activity of ACTH have been
made in human subjects and experi-
mental animals whose adrenals were re-
moved or were not functioning, but the
most definitive indications of extra-
adrenal eftects produced by the hormone
have come from tissue-culture studies.
For example, in 1958 Frank L. Engel
and his co-workers at Duke University
found that when ACTH was added to a
culture of fatty tissue obtained from
rats, it was highly effective in releasing
free fatty acids. It has been suggested
that this lipolytic response is due to di-
rect activation of a lipolytic enzyme in
the tissue.

Another extra-adrenal effect of ACTH
occasioned a good deal of controversy
when it was first reported. Some workers
were skeptical that it was an intrinsic
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natural molecule of ACTH. Such a molecule is called a poly-
peptide because the subunits are amino acids held together by
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units in natural ACTH (top). Of the 18 subunits in beta-MSH,
with those in the first 12
Not surprisingly, the 17-subunit molecule with ACTH activ-
ity, shown at the top of these two pages, is found in animal tests
to have about 10 times the skin-darkening effect of natural ACTH.

subunits of ACTH.

effect of the hormone. Both in living an-
imals and in tissue culture ACTH was
found to produce darkening of the skin
by stimulating the activity of cells called
melanocytes. It seemed plausible that
this effect might be caused by impurities
in ACTH because the anterior pituitary
also produces a melanocyte-stimulating
hormone (MSH). Although MSH is
found in man and other animals, its skin-
darkening effect is most easily observed
in amphibians and reptiles, in which it
stimulates expansion of pigment cells
called melanophores [see “Hormones
and Skin Color,” by Aaron B. Lerner;
SCIENTIFIC AMERICAN, July, 1961]. The
controversy came to an end when the
structures of the MSH and ACTH mole-
cules were elucidated and were found
to have certain features in common.

r]’he unraveling of the chemical struc-

ture of ACTH goes back to the early
1940’s. To obtain crude extracts of ani-
mal hormones it was common practice
to secure glands in Jarge numbers from
the meat-packing industry. We elected
to work with the anterior pituitary
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peptide bonds. The whole ACTH molecule contains 39 amino acid
subunits, as shown in the illustration below. In both man and

animals the adrenal-stimulating potency of the 17-unit compound
is only about 5 per cent as high as that of the natural hormone.
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THREE KNOWN FORMS OF ACTH are those derived from beef, pigs and sheep. The gzg SPERF?IHE‘E
three forms differ only between position 24 and 34. In this section beef and sheep ACTH TRY TRYPTOPHAN
contain the same subunits in slightly different order. In pig ACTH the sequence is also TYR TYROSINE
different and leucine replaces serine found in position 31 of beef ACTH. The structures of VAL VALINE

sheep and pig ACTH were reported in 1955 ; the structure of beef ACTH was reported in 1958.

glands of sheep. It became clear rather
quickly that ACTH was a protein mole-
cule, but we had no idea whether or not
it would be small enough to allow com-
plete chemical identification. We knew
that if ACTH turned out to be as large
as the insulin molecule, for example, its
chemical analysis might take a decade
or more.

The distinction between a protein and
a smaller molecular structure called a
polypeptide is rather arbitrary. Both are
built up of amino acids, which combine,
with the loss of one water molecule per
linkage, to form a peptide chain. Amino
acids, in turn, are relatively simple com-
pounds containing carbon, hydrogen,
oxygen, nitrogen and, in two cases, sul-
fur. There are 20 common amino acids;
they can be regarded as letters in an
alphabet. Depending on which are se-
lected and the order in which they
are assembled, different words are pro-
duced. If the molecular “word” contains
fewer than 100 letters, corresponding to
a molecular weight of about 10,000
(that is, about 10,000 times the weight
of the hydrogen atom), the molecule is

called a polypeptide. If the molecular
weight is above 10,000, the molecule is
called a protein. The weight of 10,000
is taken as a division point because mole-
cules lighter than that, when in solution,
will pass through cellophane.

The peptide chain forms the back-
bone of a protein and provides its pri-
mary structure. In globular proteins (for
example, pituitary growth hormone and
lactogenic hormone) the polypeptide
chains are not straight but are twisted
into a spiral, or helix. This helical config-
uration is called the secondary struc-
ture. When the structure of the insulin
molecule was finally elucidated in 1954
by Frederick Sanger and his associates
at the University of Cambridge, it was
found to consist of two chains linked by
sulfur bridges. Insulin has a molecular
weight of nearly 6,000 and has 51 amino
acid subunits. This memorable achieve-
ment, the first determination of a large
polypeptide structure, took 10 years of
intensive effort [see “The Insulin Mole-
cule,” by E. O. P. Thompson; SCIENTIFIC
AMERICAN, May, 1955]. Proteins can
also have a tertiary structure, character-
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ized by further coiling or folding of
helices.

In the early 1940’s techniques for sep-
arating protein fractions from a crude
glandular extract were clumsy and tedi-
ous. To guide the separation process
hormone fractions were assayed by in-
jecting them into rats whose pituitary
giands had been removed. If a particular
fraction stimulated the adrenal cortex, it
was deemed to contain an adrenocortico-
tropic factor. Even after a fraction of
demonstrable potency had been isolated,
no single procedure could be relied on
to establish its purity with certainty. Not
only is a single criterion of purity lack-
ing; the mere fact of agreement among
many criteria does no more than increase
the probability that the substance is
pure.

Finally, in 1942, we obtained from
sheep pituitaries an apparently homo-
geneous protein that possessed ACTH
activity. Its molecular weight was
20,000, indicating that it had about 200
amino acid subunits. In the following
year George Sayers, Abraham White and
Cyril N. H. Long of Yale University
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PRINCIPAL CORTICAL HORMONES, produced by the adrenal cortex in response to
ACTH, differ from one species to another. The adrenal cortex makes a number of hormones
with the same four-ring steroid structure. The ratios of the different steroids vary in dif-
ferent species. Thus the human adrenal cortex makes more cortisol than it does corticoster-
one or aldosterone. Rats and frogs respectively make more corticosterone and aldosterone.
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reported the isolation from pig pitui-
taries of a highly purified protein with
the same molecular weight. Investiga-
tion of the two hormone preparations
was largely suspended for the remainder
of World War II.

There were exciting rumors, however,
that German military pilots were being
given an extract of the adrenal cortex
to enable them to resist fatigue and to
increase their tolerance for lack of oxy-
gen at high altitudes. With Government
backing a number of universities and
pharmaceutical firms set out to syn-
thesize adrenal steroids. The first chosen
for synthesis was one that had been
named Compound A by its discoverer,
Edward C. Kendall of the Mayo Foun-
dation. Enough of the substance for
testing was finally produced in 1945,
but it proved totally ineffective. Kendall
was not discouraged. He urged Merck
& Company to work on Compound E,
a steroid much more difficult to syn-
thesize. In 1948 Lewis H. Sarett of
Merck produced enough Compound E
for clinical testing. In one of the first
trials at the Mayo Clinic, Philip S.
Hench, a colleague of Kendall’s, found
that Compound E, later to become fa-
mous as cortisone, was useful in treat-
ing rheumatoid arthritis. Almost simul-
taneously Hench and others observed
that ACTH, by stimulating the adrenal
cortex to produce cortisone-like steroids,
was at least as useful as cortisone for
treating arthritis, acute rheumatic fever
and a number of allied ailments.

The reader may recall the nation-
wide—indeed worldwide—effort that was
mounted to increase the supplies of
cortisone and ACTH. Many biochemical
laboratories undertook to isolate the
pure ACTH peptide from pituitaries of
various species and to establish its chem-
ical structure. It was generally hoped
that once the structure was known the
hormone might be synthesized in what-
ever quantities were desired.

Fortunately in the late 1940’s and
early 1950’s major advances were made
in methods for isolating polypeptides
and other large molecules. These meth-
ods included electrophoresis, chromatog-
raphy and countercurrent partitioning.
The workers chiefly responsible for these
advances were Arne W. K. Tiselius of
Sweden, A. J. P. Martin and R. L. M.
Synge of England and Lyman C. Craig
of the Rockefeller Institute. In 1954,
largely by means of these new proce-
dures, my associates and I were able to
show that sheep pituitary extracts con-
tain a straight-chain peptide with 39
amino acid subunits and a molecular



weight of about 4,500 that is even higher
in ACTH activity than the substance of
20,000 molecular weight isolated in
1942. Within a few months Paul H. Bell,
Robert G. Shepherd and their co-work-
ers at the American Cyanamid Company
announced the purification and the par-
tial determination of the structure of
ACTH obtained from pigs. By 1955 the
complete sequence of amino acid sub-
units in sheep and pig ACTH was re-
ported by the American Cyanamid work-
ers and by our laboratory at Berkeley. In
1958 we worked out the complete struc-
ture of beef ACTH.

7 hat do these three forms of ACTH

" have in common and how do they
differ? All three varieties contain 39
amino acid subunits. In all three, more-
over, the first 24 subunits in the chain
and the last six subunits are identical
[see lower illustration on page 49]. The
differences lie in the nine subunits be-
tween positions 24 and 34. In this sec-
tion sheep and beef ACTH have the
same subunits but in slightly different
sequence. In pig ACTH not only is the
sequence different but also a subunit of
leucine replaces a subunit of serine,
which occupies position 31 in beef
ACTH.

During the period from 1954 to 1960
some investigators still had doubts that
the chemical make-up of ACTH was

ANTERIOR LOBE

PITUITARY GLAND is also known as the hypophysis, from the
Greek term for “lying under,” which describes the gland’s posi-
tion under the brain. The human pituitary is about one centimeter
long and 1.5 centimeters wide. The seven hormones produced by
the anterior pituitary are identified on page 46. The posterior
lobe produces two: vasopressin, which raises blood pressure, and
oxytocin, which contracts the uterus and stimulates lactation.

known, even though complete struc-
tures had been proposed for three major
varieties. (The complete structure of hu-
man ACTH is still unknown because of
the difficulty of obtaining adequate sam-
ples.) The usual way to establish the
validity of a proposed molecular struc-
ture for a natural substance is to show
that a completely synthetic compound
of that structure has the appropriate
biological activity.

As early as 1947 I had observed that
when the ACTH protein was broken into
a few large pieces by the enzymatic ac-
tion of pepsin, the activity of the hor-
mone was not measurably impaired.
This observation led, in the first instance,
to isolation of the 39-unit peptide. Sub-
sequently both we and workers at
American Cyanamid found that removal
of the last 11 amino acids from the 39-
unit molecule did not impair its activity.
This held out the hope that if large quan-
tities of ACTH were needed for medical
use, it might be possible to meet the
need with a synthetic compound easier
to synthesize than the whole molecule.

This possibility was finally confirmed
late in 1960 when our laboratory syn-
thesized a peptide composed of the first
19 amino acids of natural ACTH and
demonstrated that it possesses all the
biological properties of the natural hor-
mone. This synthesis also dispelled any
lingering doubts about the preposed
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structure of ACTH. In subsequent
months Klaus H. Hofmann and his co-
workers at the University of Pittsburgh
School of Medicine and R. Schwyzer
and his associates at the Ciba Company
in Switzerland also announced synthetic
polypeptides, 19 to 24 subunits in length,
having ACTH activity.

Because natural ACTH does more
than just stimulate the adrenal cortex it
has been of great interest to measure
the extra-adrenal effects of the synthetic
polypeptides. From such studies one can
discover the relation between structure
and activity by noting the varying pro-
portions in which the different activities
occur in peptides of various lengths.
Eventually one may be able to assign
different activities to specific portions of
the molecule. The 19-unit polypeptide
exhibits about half of the adrenal-
stimulating activity of native ACTH in
experimental animals, as judged by in-
crease of adrenal weight. This figure is
confirmed by measuring the steroid out-
put of isolated adrenal glands, main-
tained in glassware. In man the synthetic
polypeptide is about 80 per cent as po-
tent as the natural hormone; this was
demonstrated by Peter H. Forsham and
his colleagues at the University of Cali-
fornia Medical Center in San Francisco.
In cultures of fatty tissue from rats the
synthetic product has about 40 per cent
of the lipolytic activity of the natural

' CORTEX

MEDULLA

ADRENAL GLAND is about 10 times larger than the pituitary
gland and also produces two classes of hormones. The medulla,
or inner part, makes epinephrine (adrenaline) and norepinephrine
(noradrenaline), which prepare the body to meet emergencies.
The cortex, or outer part, produces a variety of steroid hor-
mones, three of which are illustrated on the opposite page. An
adrenal gland is located above each of the body’s two kidneys.
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the 20 amino acids that form proteins and

polypeptides, are mirror images. When in solution, one configuration called the L-form
(left) rotates plane-polarized light to the left. The D-form (right) rotates polarized light
to the right. Natural proteins all contain L-type amino acids. In synthesis of polypeptides

L-type amino acids often turn into a mixture of L- and D-types. This is called racemization.

hormone, as determined by release of
free fatty acids. Compared with natural
ACTH, the synthetic is also 40 per cent
as effective in depleting ascorbic acid in
the adrenals of rats when injected intra-
venously, and up to 70 per cent as effec-
tive when injected subcutaneously.

In at least one respect the 19-unit
polypeptide shows even higher activity
than natural ACTH does. The synthetic
product causes a greater darkening of the
skin when injected into live frogs whose
pituitaries have been removed. This has
led to the first important correlation be-

tween chemical structure and hormonal
activity. The complete structures of two
skin-darkening anterior pituitary hor-
mones, alpha-MSH and beta-MSH, were
established soon after the structure of
ACTH was determined. In 1958 Roger
Boissonnas and his colleagues at Sandoz,
Ltd,, in Switzerland synthesized the
alpha form of the hormone. Except for
two small chemical details the sequence
of amino acid subunits in alpha-NMSH is
identical with the first 13 subunits in
ACTH.

This has led to the speculation that

the tail end of the peptide chain of
ACTH in the natural molecule func-
tions as an inhibitor of MSH activity. To
investigate this possibility we synthe-
sized a still shorter polypeptide contain-
ing only the first 17 amino acids of nat-
ural ACTH. This synthesis was reported
just over a year ago. Compared with the
natural hormone, the new synthetic was
found to be about 10 times more potent
in darkening the skin of frogs and also
about 10 times more potent in its lipo-
lytic effect, as measured in tissue cul-
ture. In both man and animals the ad-
renal-stimulating potency of the 17-unit
polypeptide is only about 5 per cent as
high as that of natural ACTH. The new
synthetic substance mav prove to be
about the smallest molecule capable of
stimulating the adrenal cortex to any sig-
nificant degree.

rI*he synthesis of biologically active
L polypeptide chains has presented
chemistry with one of its most fascinat-
ing and challenging problems. In our
work we have been able to draw on the
accumulated experience of scores of bril-
liant workers, beginning with the pio-
neer investigations of the German chem-
ist Emil Fischer more than 50 years ago.
Fischer was the first to demonstrate
how a polypeptide could be built up by
lengthening a chain stepwise, one amino
acid at a time, or by the joining of small
peptide fragments.
One of the chief problems in peptide
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SYNTHESIS OF ACTH FRACTION containing 17 amino acid subunits is accomplished by
linking together four polypeptide chains containing three to six subunits. To prevent un-
wanted reactions from taking place, the reacting molecules must be “protected” by adding
various compounds at critical points. These protective groups are identified in the key.
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synthesis is to control the spatial geom- ?‘.

etry of the peptide linkages so that they @—-SER—TYR—SER—MET—GLU—HIS—PHE—ARG—TRY—GLY—OH
follow those found in nature. Because 1 2 3 4 5 6 7 8 9 10
their molecules are asymmetric many
organic compounds have the ability to
rotate the plane of polarization of polar-
ized light to the right or left. The nat-
ural amino acids (except for the sim-
plest, glycine) are all optically active
and have the same kind of configuration
in space, called the L-configuration [see
top illustration on opposite page]. A
common difficulty in organic synthesis is
that L-compounds change into a mixture
of equal amounts of the L-configuration
and its mirror image, known as the
D-configuration. (Although “L” and
“D” stand for “levo” and “dextro,” this
does not necessarily mean that they ro-
tate the plane of polarization respective-
ly to the left and right.) This conversion
of L-compounds to L and D forms is
called racemization.

In peptide synthesis many stratagems
must be used to prevent racemization.
The final product must be carefully ex-
amined, not only with respect to its
composition but also with respect to its
stereochemical purity. One useful test
of stereochemical purity is to expose a
compound to certain enzymes that are
known to attack only those peptide .
bonds that are between L-amino acids. @-LYS—PRO—VAL—GLY—LYS—LYS—ARG—ARG—PRO-0-\
Another test is to decompose the peptide " 12 1314 15 16 17 18 19
into its amino acid constituents and to
feed them to microorganisms that can
live only on the L-form.

An outline of our method for linking
the first 17 amino acids of ACTH into
a polypeptide is illustrated at the bottom
of the opposite page. Prior to the steps
shown, four short peptide chains con-
taining from three to six amino acid
subunits must be synthesized. These
four chains are then united to form the
17-unit polypeptide.

There is no reason in principle why
the whole 39-unit molecule of natural
ACTH could not be assembled in the
same way. Eventually it will be done,
if not by us, then by someone else. Along
the way we may learn how the terminal
22 units of the molecule inhibit the skin-
darkening and lipolytic activities of the
first 17 units. We may learn why the
pituitary produces a 39-unit molecule
when it is certain that the final 11 units
can be removed without any loss of ad-
renal-stimulating potency. We would
also like to know if it is possible to ob-
tain a synthetic product that exhibits
one and only one biological effect of
ACTH. These are just a few of the im- PROTECTED POLYPEPTIDES, prepared in the author’s laboratory, are difficult to obtain

portant problems to be studied in future  j, the crystalline form shown. When the two compounds are linked and the protective groups
investigations of a fascinating molecule.  are removed, the resulting compound duplicates the first 19 subunits of natural ACTH.
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Sex Differences in Cells

The chromosomes differ in males and females. So do certain

other structures in cell nuclei. These distinctions are clues

to the processes that determine the divergence of the sexes

(44 ale and female created He
them.” Until the turn of the
century this statement had to

stand as a full description of what was
known about the mechanism that brings
about the divergence of the sexes. With
the development of the discipline of cell
genetics it has become clear that the
chromosomes, the cellular structures that
encode the hereditary plan, differ in male
and female animals. Sex is determined at
conception by the chromosome comple-
ment with which the fertilized egg is en-
dowed by the union of the parental sex
cells. In recent years other sex differences
in cells have been discovered; it is now
possible to tell whether a piece of skin
or a drop of blood has come from a
man or a woman by examining the nu-

by Ursula Mittwoch

clei of cells of these tissues under a mi-
croscope. More important, the recogni-
tion of these sex indicators in the nuclei
of body cells has opened the way to
study of the still largely unknown proc-
esses by which the parental chromosomes
commit the fertilized egg to develop-
ment as a male or a female of its species.

The first step in the understanding
of the determination of sex came with
the discovery in insects that the male
sex cells—the spermatozoa—do not all
carry the same complement of chromo-
somes. Half of them were found to con-
tain a chromosome that stands out from
the rest because of its characteristic
form; it was named the X chromosome.
In many species the spermatozoa that
lack an X chromosome were found to

SEX CHROMOSOMES are clearly identifiable in a male gonadal cell dividing to form
spermatozoa. In this photomicrograph from the author’s laboratory the homologous
chromosomes are paired. All pairs but one are composed of equal chromosomes and are
roughly symmetrical. The one hook-shaped pair is composed of X and Y sex chromosomes.
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contain another, usually smaller chro-
mosome; this was labeled the Y chromo-
some. The chromosome complements of
insect eggs, on the other hand, turned
out to be uniformly the same; each con-
tains an X chromosome and never a Y.

The body cells of animals, as distin-
guished from their sex cells, have pairs of
homologous, or similar, chromosomes,
one member of each pair being con-
tributed by the parental sex cells at con-
ception. When investigators first exam-
ined the body cells of insects in the early
years of this century, they found that the
cells of females contain two X chromo-
somes. In the body cells of male insects
they found instead one X and one Y.
They concluded that the union of an
egg with an X-bearing spermatozoon
would give rise to a female offspring
with two X chromosomes; correspond-
ingly, a sperm bearing a Y chromosome
would give rise to an individual with
an X and a Y chromosome, or a male
[seetop illustration on page 56]. So it be-
came established that sex is determined
at the moment of conception, that it is
determined by the sex-chromosome con-
tent of the germ cells and that in most
species the differentiating chromosome
is carried by the spermatozoon.

The early period of cell genetics can
be said to have closed with the appear-
ance in 1925 of Edmund B. Wilson’s
book The Cell in Development and He-
redity, which set out the fundamental
principles of sex determination by chro-
mosomes. A second period of fruitful in-
vestigation of cellular genetics in its
bearing on the determination of sex, par-
ticularly in human beings, began about
1950 and has gained momentum stead-
ily. Two lines of research—chromosome
studies and the work that led to the
discovery of the nuclear sex indicators—
have joined to bring about an unexpect-



edly rapid advance in the understanding
of sexual development in the embryo.

[n spite of man’s great interest in mat-

ters regarding his own species, genet-
icists for many years knew far less about
human chromosomes than about those of
many animals and plants. The number of
chromosomes in a human cell is large
and they tend, under ordinary circum-
stances, to cluster together in the nu-
cleus; it is practically impossible to
count them accurately, let alone study
their individual shapes. In the past dec-
ade workers in many countries have de-
veloped important new techniques for
overcoming these difficulties [see “Chro-
mosomes and Disease,” by A. G. Bearn

.\.‘n

and James L. German III; SciexTiFic
AMERICAN, November, 1961]. The turn-
ing point came in 1956, when J. H. Tjio
and Albert Levan of the University of
Lund in Sweden announced that they
had counted 46 chromosomes in cells
grown from aborted human embryos—
not 48, as had been supposed. The cor-
rectness of the new number was soon
confirmed by Charles E. Ford and John
L. Hamerton of the Radiobiological Re-
search Unit at Harwell in England. Once
the number of chromosomes in the nor-
mal human cell was determined, the
stage was set for more detailed investi-
gations.

Chromosomes can be seen only in cells
that are dividing. They can be seen in

gonadal cells, which divide by the spe-
cial process called meiosis to give rise
to sex cells, as well as in cells that divide
by the more common process of mitosis,
whereby single-celled organisms and the
body cells of higher organisms repro-
duce themselves. The gonadal cells offer
certain advantages for study. In mitosis
all the chromosomes in the cell replicate
before cell division and each of the
daughter cells is furnished with a full
complement of chromosomes. In meiosis,
on the other hand, the homologous chro-
mosomes separate, one member of each
pair going to each of the sex cells; the
resulting sperm or egg cell is thus en-
dowed with a half-complement of chro-
mosomes, representing a mixture of the

SEX CHROMATIN, or Barr body, is one cellular indicator of sex.
It is a darkly staining body that is seen in the nuclei of certain

micrograph shows a similar cell from a normal woman, with one
Barr body at the periphery of the nucleus. The cell at right, taken
female cells but not in male cells. The photomicrograph at left from a woman with three X chromosomes instead of the normal

shows the nucleus of a cell with no sex chromatin. The next photo- two, has two Barr bodies. The magnification is 2,100 diameters.

e

“DRUMSTICKS,” another sex difference found in cells, appear
only in females, in white blood cells called polymorphonuclear
leucocytes. The multilobed nucleus of the cell shown at left has
no drumstick present. The nucleus at right, in a cell from the blood

of a normal woman, has one: the small round body, which is at-
tached to the nucleus by a faint filament. The magnification is 2,200
diameters. The photomicrographs on this page were made by An-
thony Bligh of the University College Hospital Medical School.
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MALE FEMALE

CHROMOSOMES XX

SPERM OVUM

SEX IS DETERMINED by the sex chromosomes of the fertilized egg. Male cells have an X
and a Y chromosome; female cells, two X chromosomes. Half of the sperm therefore car-
ry X chromosomes and half Y; all ova, or eggs, have X chromosomes. Fertilization by an
X.carrying sperm produces a female; fertilization by a sperm with a Y produces a male.

SEX DIFFERENCES in cells are related as shown here. The maximum number of sex-chro-
matin bodies and of drumsticks is one less than the number of X chromosomes in the cell.
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chromosomes with which the gonadal
cell was endowed by the parents of the
orgunism. ]ust before they part company
the homologous chromosomes of the
gonadal cell are intimately associated
with each other; in the cells of the hu-
man gonad the 46 chromosomes appear
as 23 pairs.

A photomicrograph of such a cell from
the male gonad [see illustration on page
54] shows that all but one of the pairs
are symmetrical since they are composed
of two similar chromosomes—the auto-
somes, or nonsex chromosomes. The
asymmetric pair is made up of the X and
Y chromosomes. The X is considerably
larger than the Y; the two are associated
end to end. The trouble is that male
gonadal cells are rarely available for
study; the stage of chromosome division
in the female when the ova, or egg cells,
are formed has never been seen.

In human beings chromosomes are
most commonly studied in body cells
taken from the bone marrow, skin or
blood. Cells in bone marrow are normally
in a state of active division, since it is
their function to replace blood cells as
they become worn out. Dividing cells
can be seen, therefore, in bone marrow
samples immediately after the material
has been taken from the body. Cells from
the lower layer of skin also divide, al-
though slowly, to replace those in the
upper layer that are sloughed off; these
cells must be cultured for at least two
weeks before chromosome studies can be
undertaken.

rl‘he white cells of the blood are, of

course, more conveniently sampled,
from both the subject’s and the investi-
gator’s point of view. Although they do
not normally divide once they have
been liberated from the bone marrow,
it was shown by Edwin E. Osgood and
John Brooke of the University of Ore-
gon Medical School that a reagent ex-
tracted from beans, called phytohemag-
glutinin, can be used to induce them to
divide in a culture medium. Addition of
the plant alkaloid colchicine to the me-
dium inhibits cell division at the stage
known as metaphase, when the chromo-
somes are most clearly seen. Then the
cells are bathed in a solution of sodium
citrate at a concentration lower than that
of the salts inside the cells. Osmotic pres-
sure causes water to enter the cell, swell
the nucleus and disperse the chromo-
somes. Finally the cells are killed, placed
on a slide and usually stained.

Human chromosomes obtained from
blood cells by this procedure are dis-
crete structures of different sizes, sym-
metrical along a longitudinal axis and



roughly cross-shaped or V-shaped. Their
symmetry results from the fact that they
have already replicated; each has formed
a copy of itself, to which it is joined at a
constriction called the centromere. (In
the normal course of cell division the
centromere would have divided and the
two halves of the doubled chromosome
would have moved off in opposite direc-
tions to two daughter cells.) Both the
over-all size and the position of the cen-
tromere are characteristic for each chro-
mosome. In this type of cell, unlike a
germ cell, the chromosomes are not nat-
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HUMAN CHROMOSOMES from blood cells, prepared as de-
scribed in the text, are enlarged 1,400 diameters in the two upper
photomicrographs. The cell at left is from a man, the one at right
from a woman. In the lower part of the illustration the chromo-

urally paired with their homologues.
But a trained person can cut the indi-
vidual chromosomes from a photograph
and arrange them in pairs according to
their size and the position of their cen-
tromeres.

If the cell comes from a man, one
of the pairs will be composed of unequal
partners; these are the X and Y chro-
mosomes. The X chromosome is of medi-
um size and is cross-shaped, whereas the
Y is very small and is V-shaped. The
other chromosomes—the autosomes—are
numbered from one to 22 in order of

17 18 13 14
H 'y b X
X Y 19 20
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decreasing size. If the chromosomes of
a similar cell from a woman are arranged
in the same manner, all the pairs will
be composed of equal partners because
a woman has two X chromosomes [see
illustration below].

By comparing cells from males and
females it was possible to learn to identi-
fy the X chromosome fairly reliably as
one of medium size with its centromere
near the middle. But there are a number
of other chromosomes (those labeled six
to 12) that look rather similar, so at pres-
ent no one can be sure that the one la-
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somes have been arranged in pairs. There are 22 pairs of autosomes
in each cell and one pair of sex chromosomes: XY in the male and
XX in the female. The cells were prepared by Ruth Marshall in the
author’s laboratory; the photomicrographs were made by Bligh.
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AUTORADIOGRAPHY reveals a late-replicating X chromosome in this photomicrograph
made by James L. German III of the Rockefeller Institute. Radioactive thymidine was add-
ed to a culture of female blood cells when this cell had almost completed DNA synthesis,
and was taken up only by late-replicating chromosomal regions. Now, at metaphase, the
late X is identified by the concentration of dark spots (left) on a radiosensitive emulsion.

LATE-REPLICATING MATERIAL is seen at another stage of the cell-division cycle in
this photomicrograph, also made by German. This cell, a neighbor on the microscope slide
of the one at the top of the page, was also far advanced in DNA synthesis when exposed to
radioactive thymidine; unlike the other cell, it has not yet reached metaphase. The chromo-
somal material that took up the largest quantity of radioactive thymidine, and which would
at metaphase presumably be seen as a late-replicating X like the one at the top of the page,
is visible (left) at the edge of the nucleus, the area in which Barr bodies are usually found.
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beled X in any specific instance is in fact
the X chromosome. The Y chromosome
is easier to identify; although it looks
quite ltke chromosomes No. 21 and No.
22, it can usually be distinguished from
them because it is a bit larger and its
two arms lie closer together.

T he second line of research on the cel-

lular basis of sex stems from a for-
tuitous discovery in 1949 by Mwrray L.
Barr and E. G. Bertram of the Medical
School of the University of Western On-
tario. While studying the nerve cells of
a cat they noted a body in the nucleus
of each cell that stained deeply with
certain dyes. When they looked for this
body in the nerve cells of a number of
cats, they could see it in the cells of some
animals but not in those of others. On
investigation they found that it was the
sex of the cats that made the difference:
the nuclei of female cells contained a
special body that was missing in male
cells. The same sex difference turned up
in other cat cells and then in other ani-
mals and in humans. The differentiating
structure is called sex chromatin, or,
after its discoverer, a Barr body. It is
found in a variety of tissues, but the sim-
plest way to demonstrate it is in cells
scraped off the buccal mucosa: the in-
side surface of the cheek. The cells are
placed on a slide, fixed in alcohol and
stained. If the cells come from a woman,
many will contain a darkly stained Barr
body at the periphery of the nucleus
[see upper illustration on page 55].

A few years after Barr and Bertram
announced their findings William M.
Davidson and David Robertson Smith of
King’s College Hospital in London de-
cided to conduct a systematic search for
sex differences in blood cells. They
found one in the cells called polymorpho-
nuclear leucocytes, white cells in which
the nuclei, as the name implies, assume
many different shapes. In the nuclei of
some of these cells from females David-
son and Smith observed a unique ap-
pendage: a round body attached to one
of the lobes of the nucleus by a thin
stalk. They called it a “drumstick” and
showed that although it is present in a
small percentage of the polymorphonu-
clearleucocytes of a woman, it is entirely
absent in normal males and therefore
provides an additional indicator of sex.
To demonstrate drumsticks one needs
only to spread a drop of blood on a slide,
fix and stain it and examine it under the
microscope [see lower illustration on
page 55]. In view of the great number of
such blood films studied over the years
in medical practice and research, it
seems strange that until 1954 no one
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ABNORMAL CELL with four X chromosomes and a Y shows three When the labeled chromosomes were similarly paired (top rows),

late-replicating X chromosomes. The chromosomes were photo- the heavily radioactive late replicators were shown to be X’s. The
graphed before (top left) and after (top right) the application of arrow (top right) indicates the “first” X chromosome. These photo-
a radiosensitive emulsion. Pairing the chromosomes of the un- micrographs are from a study by B. B. Mukherjee, O. J. Miller and
labeled photomicrograph according to the usual standards (bottom Saul Bader of the Columbia University College of Physicians and
rows in lower part of illustration) identified the X chromosomes. Surgeons and W. Roy Breg of the Southbury Training School
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MALE FEMALE
CHROMOSOMES XX
X X
SPERM OVUM
X
FEMALE MALE

(TURNER'S SYNDROME)

(KLINEFELTER'S SYNDROME)

NONDISJUNCTION, the failure of homologous chromosomes to separate during cell divi-
sion, can cause sexual abnormalities. This diagram shows the possible effects of nondisjunc-
tion in the father during sperm formation. The fertilized egg will have two X chromosomes

and a Y or only one X. Both chromosome constitutions lead to known intersex syndromes.

had noticed that female cells can be dis-
tinguished from those of males so easily.
But in science nothing seems more obvi-
ous than what has just been discovered;
the problem is to know what to look for.
Both Barr bodies and drumsticks occur
in cells that are not dividing, whereas
chromosomes are visible only in dividing
cells. There can be no doubt, however,
that sex chromatin and drumsticks are
somehow related to the X chromosome.
Some of the first indications that this
is so emerged from studies of certain
abnormalities in sexual development.
Although the great majority of people
are clearly either male or female, with
the normal characteristics of their sex, a
few individuals suffer from various types
of errors in sexual differentiation: their
apparent sex is not the same as the
“actual” sex of their cells. One such
condition in men is Klinefelter’s syn-
drome, named after Harry F. Klinefelter,
an American phyvsician who first de-
scribed it in 1942. It is characterized by
underdevelopment of the male sex
glands, enlargement of the breasts and
sometimes mental retardation. When the
new techniques of “nuclear sexing” be-
came available, it developed that in most
of these men there are Barr bodies in
cells from the buccal mucosa and drum-
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sticks in the polymorphonuclear leuco-
cytes. In other words, the nuclear sex
of these individuals is female. A little
later Patricia A. Jacobs and J. A. Strong
ofthe Western General Hospital in Edin-
burgh counted 47 chromosomes in the
cells of Klinefelter’s-syndrome men in-
stead of 46; the additional chromosome
appeared to be an X. The existence of an
XXY chromosome constitution in this
condition has since been confirmed by
many workers.

An abnormality in women had been
described in 1938 by Henry H. Turner
of the University of Oklahoma School of
Medicine. Individuals with Turner’s syn-
drome are usually abnormally short, have
tiny ovaries and lack many sexual char-
acteristics that normally develop at pu-
berty. In 1954 the British investigators
Paul E. Polani, W. F. Hunter and
Bernard Lennox and the U.S. work-
ers Lawson Wilkins, Melvin M. Grum-
bach and Judson J. Van Wyk reported
that most of these women are “chro-
matin-negative”: there are no Barr bod-
ies in their buccal mucosa cells and no
drumsticks in their blood cells. A few
years later the chromosome count of
these women was found to be only 45:
one X chromosome and, of course, no Y.
More recently Jacobs and her colleagues
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discovered that certain women have
three X chromosomes—a total count of
47. The triple-X condition does not seem
to be associated with a distinct clinical
abnormality, although many of these
women are mentally retarded. Their cells
show not one but two Barr bodies. So
do the cells of the few men who have
three X chromosomes and a Y, along
with the characteristics of Klinefelter’s
syndrome. More rarely still, investigators
have found individuals with four X chro-
mosomes—males (XXXXY) as well as fe-
males (XXXX). Whether from male or
female, cells with four X chromosomes
have a maximum of three Barr bodies.

11 this made it evident that the forma-
mation of sex chromatin bears a di-
rect relation to the number of X chro-
mosomes present in a cell. Here was a
clue to the behavior of the chromosomes
trom one cell generation to the next and
to their function in shaping the destiny
of the cell. During cell division, when the
chromosomes are visible, they split to
form two daughter nuclei. But the molec-
ular agent of heredity in the chromo-
somes—deoxyribonucleic acid (DNA)—
performs its genetic work, including its
own replication, during interphase: be-
tween cell divisions. It is then, when the
chromosomes as such are invisible, that
Barr bodies and drumsticks are seen.

The technique of autoradiography has
provided some clues to what goes on
during interphase and has thereby
thrown some light on the relation of
Barr bodies to the X chromosome. Cells
are supplied with a radioactive compo-
nent of DNA, usually thymidine labeled
with radioactive hydrogen (tritium).
The radioactive thymidine, incorporated
into the replicated chromosomes as DNA
is synthesized, reveals itself by pro-
ducing dark spots on a photographic
emulsion placed in contact with the
cell. When J. Herbert Taylor of Co-
lumbia University applied this technique
to hamster cells, he learned that the
various chromosomes of a cell synthesize
DNA at different times in the course of
interphase [see “The Duplication of
Chromosomes,” by . Herbert Taylor;
SCIENTIFIC AMERICAN, June, 1958]. In
the past few years a number of investi-
gators in the U.S. and England have
autoradiographed human cells. Their re-
sults show that if a cell is exposed to
tritiated thymidine late in interphase,
most of the chromosomes will already
have completed their DNA synthesis.
But in female cells one of the chromo-
somes, which in shape and size resem-
bles an X, replicates late and therefore
incorporates a great deal of the radio-



active thymidine, and stands out from
the others because it is so heavily la-
beled [see top illustration on page 58].
No such late-replicating X chromosome
is found in normal male cells. In individ-
uals with more than two X chromosomes,
the number that replicate late is regu-
larly one less than the total number of X
chromosomes [see illustration on page
59]. The incidence of late-replicating X
chromosomes is strikingly parallel to that
of Barr bodies. This suggests that any X
chromosome in excess of one behaves
differently from the rest of the chromo-
somes and is responsible for the presence
of sex chromatin.

There are a number of other observa-
tions, some of them quite tentative, that
support this conclusion. For one thing,
when the chromosomes first become
visible as delicate threads in the stage
of cell division called prophase, one
thread may be more highly condensed
than the rest in female body cells. Susu-
mu Ohno of the City of Hope Medical
Center in Duarte, Calif., suggested in
1959 that this thread is the chromosome
responsible for the formation of the Barr
body. Moreover, some investigators have

tend to be situated toward the periphery
of the nucleus—as are Barr bodies.

f Barr bodies are clearly related to the
* X chromosome, the same must be true
of drumsticks, since there is such good
agreement between the presence of Barr
bodies and of drumsticks in normal peo-
ple and in people with abnormalities of
the X chromosome. The formation of
drumsticks, however, is dependent on
the rather peculiar maturation process of
the polymorphonuclear leucocytes, dur-
ing which their nuclei divide into a
number of lobes. In some chromosomal
anomalies lobe formation is not quite
normal, and drumsticks may for this rea-
son be reduced in number or even en-
tirely absent. The interpretation of
drumsticks is therefore sometimes less
straightforward than that of Barr bodies;
although the maximum number of drum-
sticks is one less than the number of X
chromosomes, this maximum may rarely
be reached. But there is no longer any
doubt that both structures are the ex-
pressions of any X chromosomes present
in excess of one.

The numerical relation between X

only of theoretical interest; it has already
proved to be of great value in studies of
various intersex conditions. Since the
techniques of nuclear sexing are much
simpler and less time-consuming than an
analysis of chromosomes, one can in-
vestigate the presence or absence of Barr
bodies in a large number of people. The
results allow one to forecast the number
of X’s in any patient before undertaking
a chromosome study. The determination
of the nuclear sex is also an indispensable
adjunct to correct chromosome analysis
because, as I have indicated, the X
chromosome cannot yet be distinguished
with certainty.

It nows appears that, regardless of the
number of X chromosomes present, an
individual who bears a Y chromosome in
his cells is a male and one without this
chromosome is a female. Although nor-
mal women are XX and normal men are
XY, the addition of one, two or even
three X chromosomes to an XY constitu-
tion still results in development that is
essentially male. The male-determining
effect of the little Y chromosome in hu-
mans has been recognized only within
the past few years, and the discovery

reported that the late X chromosomes chromosomes and Barr bodies is not came as a surprise. This was because a
MALE FEMALE
XX
XX XX
SPERM OvVuUM
XXX
FEMALE MALE FEMALE (NONVIABLE)
(TRIPLE-X) (KLINEFELTER'S SYNDROME) (TURNER'S SYNDROME)

NONDISJUNCTION IN MOTHER produces ova with either two

X chromosomes or none. Depending on the sperm by which they
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are fertilized, such ova can give rise to any one of four possible
chromosome constitutions. Three are abnormal; one is not viable.
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first

BARR BODY was observed for the
time in the nerve cells of cats, seen in these
photomicrographs made by Murray L. Barr
and E. G. Bertram of the Medical School
of the University of Western Ontario. Their
attention was drawn to a small, dense body
near the nucleolus of female cells (top)
that migrated away from the nucleolus
(middle) after electrical stimulation. No
such body appeared in male cells (bottom).
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great deal of work had been done on the
determination of sex in the fruit fly
Drosophila melanogaster. In flies as in
humans males are XY and females are
XX but the Y chromosome plays only a
small part in development. XXY flies are
ordinary females, and flies with one X
and no Y are males, although they pro-
duce nonmotile spermatozoa and are
therefore sterile. In Drosophila the X
chromosome has a tendency to produce
female characteristics; it is the auto-
somes that tend to produce male charac-
teristics. It is now certain that the details
of sex determination in humans are dif-
ferent: the Y chromosome has a strong
tendency to switch development in the
direction of maleness. The exact function
of the X chromosome in humans is less
certain. For example, although a single
X chromosome will in the absence of a Y
give rise to a female, such a female is
not normal.

M he sex of an embryo is determined at
conception, but the structural differ-
entiation of the sexes does not become
apparent until the seventh week of em-
bryonic life. It seems likely that in the
beginning the sex glands have the poten-
tialities of both sexes. At some critical
stage the presence or absence of a normal
Y chromosome is probably all-important.
If a Y chromosome is present, the sex
glands develop into testes; if there is
no Y chromosome, ovaries form. Once
testes are present in an eml)ryo they pro-
duce hormones under the influence of
which further male characteristics de-
velop. Alfred Jost of the University of
Paris has been able to demonstrate that
male development occurs in rabbit em-
bryos only if testes are present. But
ovaries are not necessary for female de-
velopment; this can occur even in the
absence of sex glands.

It would seem that the function of the
sex chromosomes in man is to switch
the embryo into one or the other channel
of sexual development. Thereafter the
hormones take over the work of further
differentiation. If the switch mechanism
is faulty, the production of hormones will
become abnormal and give rise to an
aberrant sexual condition.

The discovery that errors in sexual de-
velopment may be associated with ab-
normalities of the chromosomes has pro-
vided new leads to understanding of the
process of sex determination. Many of
these errors result from accidents affect-
ing the production of the ovum or the
spermatozoon that goes into the making
of the organism. Normally the two part-
ners of a pair of sex chromosomes sepa-
rate before a germ cell is formed. In the
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great majority of cases this “disjunction’
comes about without a hitch. Sometimes,
however, the chromosomes fail to dis-
join. Klinefelter’s syndrome and Tur-
ner’s syndrome can arise from nondis-
junction in the germ cells of either the
tather or the mother. Nondisjunction in
the mother can also produce a triple-X
female. It might even produce a ferti-
lized ovum with only a Y chromosome
and no X, but such individuals have
never been found. It is reasonable to as-
sume that cells need at least one X
chromosome in order to function and
that embryos with none at all fail to de-
velop. An ovum or spermatozoon lacking
a sex chromosome might also be formed
if during cell division an X or a Y moved
too slowly and failed to become included
in one of the daughter cells. Such a loss
of a chromosome may be an additional
cause of Turner’s syndrome.

Errors can occur in the development
of the embryo as well as in the formation
of germ cells. In young embryos the cells
are engaged in active division, with each
daughter cell ordinarily receiving one
longitudinal half of each replicated
chromosome. Very rarely, however, a cell
may receive both halves or neither—and
such a cell may then produce a whole
line of cells with one chromosome too
many or one too few. The organism to
which such an embryo gives rise may
have more than one type of chromosome
constitution. Such “mosaic” individuals
have, in fact, been encountered among
patients with sexual abnormalities. A few
patients with Klinefelter’s syndrome
have some XX cells as well as XXY;
others have XY and XXY. Similarly, some
women with Turner’s syndrome have
both XX and X cells, whereas others are
mosaics of XXX and X cells. The number
of possible combinations is large and
new ones are continually being found.

r[‘he study of the cellular basis of sex

in man is in a state of rapid progress.
The knowledge recently gained has al-
ready yielded its first fruits in medicine
by ascribing physical causes to a number
of hitherto unexplained conditions; fur-
ther studies may well uncover even more
subtle forms of abnormality in human
beings. The next step, the prevention or
cure of these afflictions, is undoubtedly
still some way ahead, but it will surely
tollow. There is a special fascination in
these new insights into the relation be-
tween the structures of cells as seen
under the microscope and the charac-
teristics of the two sexes—unless, of
course, one agrees with Hamlet that
“man delights not me; no, nor woman
neither.”
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hot new color films without favors...ionizable, water-soluble NMR
standard . .. a white polyester fiber, a really white one

marks three hot new color films for still cameras.
>< They have hit the film counters in recent months.

They involve no favors from the factory, no special
code numbers, no burdensome minimum quantities, all have
the same daylight speed: 64.

KobacHrOME-X Film is not only faster than KobAcCHROME
11 Film, but its higher contrast gives the impression of more
sharpness. Blues are richer and reds a little darker. With a
CCI1O0R color-correcting filter and 224 stops of extra exposure
allowance, it gives proper color rendition at as long as 1000
seconds of exposure time.*

Kobak EKTACHROME-X Film is twice as fast as the EKTA-
CHROME it replaces and slightly sharper in rendition of edges.
Can deliver saturated reds and clean yellows; available in 120,
126, 127, 135, 620, and 828 sizes; offers practical possibility
for user-processing.

In 135 and 126 KobacoLor-X Film, which is processed to
color negatives for as many prints as you want, the X likewise
indicates a doubling of speed along with improved sharpness
and latitude for overexposure, so that only good can come of
the change.

The song of the protons

Bright chemists who were
six years old in 1946 regard
magnetic resonance spectra
as just another accretion to
the culture, like decimal
points or hot pyridine. In
that year physicists an-
nounced that protons in a
magnetic field absorb energy from radiation of the same fre-
quency as the precession rate, which is proportional to the
field strength.

Actually it is hard to mount a single proton on the end of
a pin. In the real world, the protons in a target are subjected
to different field strengths, however uniform the applied field.
For one thing, electrons in the vicinity of a proton act as little
magnets themselves and affect the proton’s magnetic environ-
ment. But on the average, a proton on the third carbon from
the end in a certain molecule finds itself in the same magnetic
situation as the proton on the third carbon from the end in
another molecule of the same substance in the same liquid
sample. Furthermore, their common situation differs signifi-
cantly from that of a proton linked to an electron-greedy
oxygen atom that keeps pulling the orbital covers off.

Chemists got the point very quickly, thanked the physicists,
and took over. Today a central chemical research laboratory
without a nuclear magnetic resonance outfit simply doesn’t
belong to the club. Ours belongs to the club.

Nuclear magnetic resonance service with a smile is available
to anybody working in our central lab who is pretty sure of
the molecular structure of the contents of a little bottle he
carries into Room 258 but would prefer to be a little surer.
He comes away with a roll of paper bearing a plot of energy
absorbed at 60mc vs. magnetic field. One very sharp, high
peak at the end of the spectrum is a reference line from tetra-
methylsilane, (CH3)4Si, which one mixes in with the sample
because it’s loaded with protons that are uniformly and heavily
shielded by electrons. It has become customary to refer to
resonances by how far down they come from the TMS line.

It is too bad that TMS is virtually insoluble in water.
Recently the inventor of the TMS gambit fixed this by
replacing one of the methyls with a propanesulfonyl.

Inevitably, thank goodness, there arrived a letter which

*What'’s the proper color of an object so dim that it takes 16 minutes of exposure?
Or is the diaphragm stuck so that it cannot be opened wider than a pinhole?

attempted to persuade us that this ionizable, water-soluble
version “might be of greater interest to NMR spectroscopists
around the country if it were more readily available.” Within
the week, we replied that production of the requested com-
pound was under way, closing: “Thank you very much for
bringing this product to our attention, as we sincerely appre-
ciate knowing what new chemicals are required for today’s
research.”

This was the proper sentiment to express, rather than to admit we
had to make it anyway for Room 258. Now it is proper simply to an-
nounce that a gram of the compound as 3-(Trimethylsilyl)-1-propane-
sulfonic Acid Sodium Salt (EASTMAN 8773) is obtainable for 32.85
from Distillation Products Industries, Rochester 3, N. Y. (Division
of Eastman Kodak Company), which happily supplies without charge
its List No. 43 of some 4100 other EASTMAN Organic Chemicals.

Price subject to change without notice.

Fluorence! Fluorence!

One of us is advertising manager for fibers and faces the prob-
lem of explaining to people who make clothes and people who
wear clothes what’s new and different about KopeL 1V Poly-
ester Fiber. One of us has won a bit of recognition for 30 years
of research on the psychophysics that underlies color photog-
raphy and now faces the problem of showing what pertinence
the concept of “fluorence,” which he discovered and named,
bears to life and labor. The two problems solve each other.

Still another of us, who works in England to make photo-
graphic paper stay white, focuses his thoughts on chemical
mechanisms for soaking up a little energy from the near ultra-
violet (near enough to penetrate glass) and re-emitting it just
over the line in the visible violet, where all organic fibers tend
to drop off a mite in reflectivity. (Your great-grandmother to
the contrary notwithstanding, her hankies were never as white
as yours; the lost violet wasn’t being replaced. When many
launderings have removed more of the modern brighteners
than the brightener-loaded modern detergents can redeposit,
modern spirits sag and dry-goods cash registers tinkle.)

Some of the Englishman’s thoughts, passing through Ten-
nessee minds, have now led to a way of permanently building
this mechanism into the very structure of the polyester fiber
itself. That’s what’s different about KopeL IV Polyester. Its
brightness is locked in, which means that for the cash registers
to peal out again, the lady must tire of the design, but that
can be arranged.

For the current season, white has been decreed from Paris—
a good omen, but only now are KopeL 1V-bearing fabrics
issuing from the mills, and the channels of the garment trade
are long and tortuous. We may not catch the white wave, but
men’s white shirts and women in white for a livelihood will
still be around. Women out of uniform will enjoy the fluorence
of KopEL 1V after white reverts to social acceptability for the
well-dressed woman only at oriental funerals. Furthermore, a
woman is permitted to combine delicious feminine submission
to fickle fashion with intellectual curiosity.

A fluorent color appears to glow of itself. It has no grey in
it. This sounds like giddy chatter but isn’t. It deals objectively
with subjective phenomena. Fluorence is the appearance of
fluorescence. Fluorence is psychophysical; fluorescence is
physical. We have shown to our own surprise (J. of the Optical
Society of America, 49, 1049 (1959)) that there can be flu-
orence without fluorescence and fluorescence without fluo-
rence. Fluorence can be demonstrated and measured at all
dominant wavelengths and purities. Fluorence can be either
enhanced or suppressed through the dyer’s art. Raw KobEL
1V Polyester is both fluorent and fluorescent. There is nothing
like it on the market.

Ladies (or gentlemen) desiring reprints of the above-cited paper
should write to Eastman Kodak Company, Color Technology Division,

Rochester 4, N. Y. Eastman Chemical Products, Inc., Kingsport,
Tenn., just sells the fiber and talks to the trade.
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THIS IS A PHOTO AMPLIFIER

SO IS THIS

RM3002 combines light sensor and
high-gain amplifier in T0-18 package

Now, optical readout is simpler because
one component replaces three. Raytheon’s
new RM3002 photo-Darlington, the third
in a series of Darlington configurations,
combines a lens window with an integral
light-sensing amplifier. The result is ex-
treme sensitivity in a very small package.
Raytheon’s other Darlington amplifiers,
without lens windows, include the RM3022,
and, with an additional base lead for
greater design freedom, the 2N998.

RM3002

Dark Current (1) 25°C Vee =20V 10 nanoA max.
Dark Current 150 C Vee =20V 100 pA max. -
Collector Dark Current (I¢gg) 25°C Vee =30V 10 nanoA max.
Collector Dark Current 150°C Ve =30V 15 pAmax.
Light Current Sensitivity (I ¢ ) - Vee =12V 25 pA/ft. candle.

For technical data, price and delivery, write
Raytheon Company, Semiconductor Division
350 Ellis Street, Mountain View, California.

An equal opportunity
employer. For career
opportunity contact

R. Hodges, Dept. A-1.
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The Pesticide Report

report by the President’s Science

Advisory Committee has called

for wide reforms in the control
and use of chemical pesticides. In the
committee’s view insecticides, herbicides
and other toxic agents are indispensable
to the maintenance of our food supply
and the control of such insect-borne dis-
eases as malaria. Because pesticides are
toxic agents, however, their widespread
app]ication presents threats to both man
and nature. No chemical pesticide can be
wholly safe, and the risk is particularly
great with long-lived toxic chemicals that
may accumulate in man and his environ-
ment; these should be replaced as soon
as possible with shorter-lived, more se-
lective compounds.

The report, which was prepared by a
panel headed by Colin M. MacLeod of
the New York University School of Medi-
cine, termed present Federal machinery
for controlling pesticides “inadequate.”
Under current Federal law, tolerances
for pesticide residues remaining on foods
are set by the Food and Drug Adminis-
tration. Other aspects of pesticide con-
trol are the responsibility of the Depart-
ment of Agriculture, with which all
pesticides must be registered and which
must evaluate their efficacy and safety.
“Decisions on safety,” the panel found,
“are not so well based as those on ef-
ficacy.” Moreover, the powers of the De-
partment of Agriculture are severely
limited. Registration cannot be withheld
even from pesticides considered unac-
ceptable; action can be taken against a
pesticide only after it has been regis-
tered for sale. The product meanwhile
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is not required to carry a warning to the
purchaser that its registration has been
issued under protest.

The US. currently uses about 350,-
000,000 pounds of pesticides a year. The
application of this large quantity of
chemicals has inevitably led to an in-
crease in the detectable levels of certain
toxic compounds in the environment.
Pesticides have on many occasions
caused widespread destruction of wild-
life, particularly when they are sprayed
or dusted from aircraft. Moreover, acute
insecticide poisoning is responsible for
about 150 deaths a year, half of them
among children. As many as 1,100 cases
of occupational insecticide poisoning
have occurred among agricultural work-
ers in a single vear in the state of Cali-
fornia.

The report, which pays tribute to
Rachel Carson’s best-selling book Silent
Spring for alerting the public to the
hazards of pesticides, concludes with a
long list of specific recommendations. A
key one is that the Government transter
responsibility for all health aspects of
pesticides from the Department of Agri-
culture to the Department of Health,
Education and Welfare. Another is for
the development of a data-gathering sys-
tem to monitor pesticide levels in the
environment, as exposure to radioactive
materials is monitored. A third
recommendation, that Federal agencies
halt area spraying with long-lived insec-
ticides “except for necessary control of
disease vectors,” has already been put
into effect. A week after the report
was  published, the Department of
Agriculture announced it was switch-
ing from DDT to a new short-lived
insecticide for a forest-spraying pro-
gram in the State of Washington to
avoid contamination of oysters, which
are highly sensitive to DDT, in nearby
coastal waters.

now

One Trillion Electron Volis

\ special panel of physicists has ad-
“V vised the Government that con-
tinued progress in particle physics will
require particle accelerators between six
and 30 times more powerful than any
now in existence. Convened by the
President’s Science Advisory Committee
and the General Advisory Committee of
the Atomic Energy Commission, the
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panel urged the construction before
1980 of a proton accelerator with a
power of 1,000 Dbillion electron volts
(Bev), costing an estimated $1 billion,
and another capable of 200 Bev, costing
$240 million. Shortly after the panel
made its report, Glenn T. Seaborg, chair-
man of the AEC, announced that under
a new exchange agreement the U.S. and
the U.S.S.R. will discuss the prospects of
building a 1,000-Bev machine jointly.
Among the problems to be considered
are choice of site and allocation of costs.
Seaborg also warned that the U.S. faces
some difficult decisions on priorities in
large-scale scientific investigation: the
cost of the proposed accelerator program
might run to $600 million a year by
1981, compared with $175 million a
year now.

In addition to the two huge accelera-
tors the panel, headed by Norman F.
Ramsey of Harvard University, sug-
gested the construction of a 12.5-Bev
proton accelerator at Madison, Wis., and
a 10-Bev electron synchrotron at Cornell
University. The group also urged that
the 33-Bev alternating-gradient synchro-
tron at the Brookhaven National Labora-
tory, the largest machine now operating,
be modified to increase its energy by
producing “clashing,” or opposed, beams
of protons.

Closing Window

\n important radio window on the uni-
LN verse is being closed in the interests
of commercial television. Last year Con-
gress decided that all new television sets
would have to be equipped to receive the
68 ultrahigh-frequency channels, and
applications for station allocations have
been pouring in to the Federal Com-
munications Commission. The UHF
bands can accommodate 2,000 stations
across the country, 19 of them on Chan-
nel 37. Unfortunately the channel coin-
cides with the portion of the spectrum
between 608 and 614 megacycles, which
was set aside in 1959 by the Internation-
al Telecommunications Union for the
exclusive use of radio astronomy. De-
cisions of this international body are not
binding, and so far the U.S. has assured
protection only to the band from 1,400
to 1,427 megacycles, which contains the
vitally important 21-centimeter line
emitted bv un-ionized hydrogen in

Proof-testing
sets the pace for space

Reliability testing must im-
prove even faster than space
vehicles themselves; controlled
environmental extremes must
be ready and waiting to prove
out craft of constantly increas-
ing sophistication and perform-
ance capabilities.

Stokes offers an unmatched
background in the design and
construction of advanced high-
vacuum chamber systems. It
is significant that all of this
equipment was built with a
capacity for further updating
to even higher test capabilities.
Stokes systems have a reputa-
tion for exceeding increasingly
stringent design parameters
when put into actual use.

Stokes has been equally
successful in applying new
high-vacuum techniques to the
solution of modern-day prob-
lems in industry. If you would
like to learn how vacuum can
be applied most profitably to
the vacuum deoxidation of
metals, to vacuum impregna-
tion and metallizing, to the
freeze drying of foods, the
quantity drying of chemicals
and other granulated solids,
or to any other process which
can be carried out more effec-
tively under high-vacuum con-
ditions, call or write Vacuum
Equipment Division, F. J. Stokes
Corporation, 5500 Tabor Road,
Philadelphia 20, Pa.

STOKES |

F. J. STOKES CORPORATION: PHILADELPHIA / LONDON/TORONTO
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BOTHERSOME
COST AND DESIGN
PROBLEMS

The economy, lightness, uniformity
and availability of paper has long been
known. But as the X factor in today’s
cost and design problems, specialty
papers open up possibilities hitherto
undreamed.

Back in 1940 — after 132 years in
the paper business—Knowlton Brothers
developed a paper now used in nearly
every automobile, airplane and labora-
tory. That’s when we decided to make
special papers for special uses.

We’re Doing It.

In our research laboratory, equipped
with everything from nucleonic and
radioactive monitors to a 20-inch web
Fourdrinier paper machine, top-
ranking chemists, physicists and paper
specialists are turning out unusual
papers that are finding unusual uses in
modern industry and defense.

We still turn out production runs,
but only of specialty papers requiring
extremely close dimensional, chemical
or physical limits and uniformity. Our
major interest is the creation or re-
combination of physical, chemical,
electrical, molecular, reticularand com-
parable properties that will enable new
papers to serve new and wider uses.

Do You Have Such a Use?

Write for our free booklet
“Creative Imagination in Tech-
nical Papers.’ Or tell us

what you want paper to do.

If it sounds reasonably attain-
able, a sales engineer will call.

Dept. 87, WATERTOWN, N. Y,

space. In the study of a cosmic radio
source, however, it is customary to
measure emissions an octave apart (dif-
fering in frequency by a factor of two);
the region from 608 to 614 megacyles is
| an octave below the 21-centimeter line.
| So far the FCC has managed to avoid
| assigning stations to Channel 37, but at
Paterson, N.J., a few miles from New
York City and its seven VHF television
stations, that will be the only UHF chan-
| nel available. Over strenuous objections
| from the American Astronomical So-
ciety, which wants to keep Channel 37
completely clear, the FCC is proposing
to approve an application for the chan-
nel at Paterson, although prohibiting the
station from broadcasting between mid-
night and 7:00 a.r. until 1968. Radio
telescopes within a range of 600 miles,
including the instruments at the Na-
tional Radio Astronomy Observatory in
Green Bank, W.Va., will not be able to
operate in that region of the spectrum
while the station is on the air. This
handicap to observation is much worse
for radio astronomy than it would be for
optical astronomy: radio telescopes can
be used 24 hours a dav. After 1968,
when a sky survey now being conducted
by the University of Illinois radio ob-
servatory at Danville, Ill, would pre-
sumably be finished, the FCC will lift all
restrictions on Channel 37 broadcasts
and Channel 37 stations.

Ergosomes at Work

R ecent experiments have added impor-

* tant details to the concept that pro-
tein synthesis is an assembly-line process
in which a coded tape of instructions is
carried past a reading head, where the
protein molecular chain is forged link by
link. The coded tape is messenger RNA,
which transcribes the instructions for as-
sembling proteins from the genetic mate-
rial DNA. The reading head is provided
by the cellular particle called the ribo-
some. Electron micrographs published
early this vear showed that several ribo-
somes are often attached to a single
strand of messenger RNA. Now Hans
Noll, Theophil Staehelin and F. O. Wett-
stein of the University of Pittsburgh
School of Medicine have reported in Na-
ture a detailed study of the relation be-
tween the size of the ribosomal aggre-
gates—which they call ergosomes—and
the rate of protein svnthesis. For this
study they have used a preparation of
rat liver cells to which were supplied the
raw materials for protein svnthesis: 20
kinds of amino acids, various enzymes
and energy-supplving compounds.
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The Pittsburgh workers find that the
rate of protein synthesis, as measured by
the incorporation of an amino acid
labeled with radioactive atoms, goes up
steadily as the number of ribosomes in
the ergosome increases from two to
eight. Above 10 ribosomes there is no
turther increase in synthesis rate. Single
ribosomes are completely inactive. As
the synthesis time is extended, however,
the number of single ribosomes in the
reaction mixture rises and so does the
level of radioactivity in the pool of single
ribosomes.

From this and related experiments the
Pittsburgh group presents the following
picture of protein synthesis. The ribo-
somes are strung together by one con-
tinuous strand of messenger RNA. Each
particle contains a groove, or reading
head, through which the strand must
move to deliver its message. Amino acids
are carried to the reading head by “trans-
fer” RNA. With the help of at least two
enzymes, and with energy supplied by
guanosine triphosphate, the appropriate
amino acid is added to the growing pro-
tein chain. A complete protein is syn-
thesized at the site of each ribosome.
When the protein molecule has been
completed, the ribosome drops from the
strand of messenger RNA, carrying with
it the freshly synthesized protein.

The Dangerous Polygraph
warning against the increasing and

:\— largely unrestricted application of
lie-detector techniques in business and
industry has been issued by a psychia-
trist and a psychologist at the University
of Virginia School of Medicine. The lie
detector, or polygraph, records such
variables as a subject’s pulse and respira-
tion rates, blood pressure and skin resist-
ance as he answers (uestions. Emotional
reactions are mirrored by these responses
of the involuntary nervous system.
Writing in The American Journal of
Psychiatry, H. B. Dearman and B. M.
Smith explain that their interest in the
issues attending the commercial use of
polygraphs was stimulated by a case in-
volving the young vice-president of a
bank who was subjected to a “routine”
polygraph examination by the bank’s de-
tective agency. He showed a “violent”
reaction to the question: “Have you ever
stolen any money from the bank or its
customers?” On questions designed to
pinpoint the amount of money involved,
he showed peak reactions at $800 and
$1,000. Thoroughly confused and con-
vinced of the machine’s infallibility,
he confessed to having stolen $1,000



and told how he must have done it.
When an audit uncovered no such short-
age or manipulation, the yvoung man
was referred for psychiatric examination.
This revealed that he had ambivalent
teelings toward his mother and wife,
both of whom were customers of the
bank. He felt somewhat guilty about per-
sonal financial affairs involving him and
them to the extent of $800 and $1,100.
Careful analysis of a polygraph retest
proved that he consistently showed emo-
tional reactivity only to questions in
which the word “customer” appeared:
the wife-mother-“customers” association
was responsible for what had been con-
sidered “positive evidence of lying.”

This bizarre case, Dearman and Smith
point out, illustrates the fact that the
polygraph merely measures involuntary
responses. It cannot determine whether
the response was stimulated by conscious
deception or by a factor such as surprise,
pain or shame, any of which might be
unconsciously motivated. Yet an ex-
aminer usually seeks to impress the sub-
ject with the idea that the machine “can’t
be beat” and so to encourage confessions;
he “uses deception in his effort to detect
deception.” The authors conclude that
lie-detector tests should not be con-
ducted by private concerns and that the
use of polygraphs by public agencies
“should be carefully and continually
scrutinized, lest we find that George Or-
well’s 1984 is upon us.”

Hypernova?

rr wo Yale University astronomers have
found that the celestial object known
as 3C-273, only recently identified as the
brightest and one of the most distant of
all known galaxies, has been fluctuating
widely in intensity over a period of years.
The object was first reported as a “radio
star” of very small angular diameter;
spectral analysis subsequently indicated
that it was not a star but a galaxy some
100 times more luminous than our own,
situated about two billion light-years
away and receding at a sixth the speed
of light [see “Science and the Citizen,”
SCIENTIFIC AMERICAN, May].

In an effort to learn something about
this unusual object Harlan J. Smith and
Dorrit Hoffleit traced its photographic
history through hundreds of plates in the
files of the Harvard Observatory. They
estimated its apparent magnitude on
each plate by comparing its luminosity
with that of three adjacent stars of
known magnitude. From the five to 50
measurements available for almost every
vear from 1887 to 1963 they calculated

62 WATTS
in an inch

.. . the smallest in General Electric’s
new line of quartz lamps

This tiny new General Electric incandescent lamp stabs the darkness with
its 62 watts and 80 candlepower! Originally developed for military use,
it’s now available to imaginative designers.

Check out this new pre-focused, G-E quartz lamp for scientific and
optical instruments. Try it for chemical processes, machine control, or
environmental testing, wherever you want a greater concentration of light
and/or heat. The quartz bulb means you need give little consideration
to thermal shock. Use this G-E lamp in a reflector or with a lens to make
its beam sharp. Its possibilities are unlimited.

For complete specifications on the entire line of quartz lamps offered by
General Electric’s Miniature Lamp Department, write today for technical
bulletin. General Electric Co., Miniature Lamp Dept. M-38, Nela Park,
Cleveland 12, Ohio.

Accont
on

Progress [s Ovr Most Important Product
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I'and plotted a mean annual magnitude;
they found that these points showed a

cyclical fluctuation between magnitudes
of about 12.9 and 12.3. Even more sur-
prising, they discovered a number of

brief and intense “Hashes” in which the
magnitude shot as high as 11.5. The
major group of flashes was recorded be-
tween 1927 and 1929 and was followed
by a precipitous drop in average bright-
ness. In an article in Nature the authors
discuss the implications of these large

APPLIED RESEARCH F . and sudden variations in intensity. It is

” impossible for an entire galaxy to become

RANGE INSTRUMENTATION evervwhere brighter in a few months or
SYSTEMS ENGINEERING : even a few vears; any disturbance that
OPTICAL DESIGN might trigger off such an increase in

brightness would require thousands of
vears, traveling at the speed of light,
simply to traverse the galaxy. The flash-

PRECISION OPTICS

DIELECTRIC COATING ;‘ g r es therefore imply that 3C-273 must con-
GAS PHASE LASER e tain small substructures—conceivably un-

usual stars—capable of attaining absolute
SINGLE CRYSTAL MATERIALS magnitudes about 10,000 times greater

than the most brilliant known supernova.
For additional descriptive material
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Suicide rates for Negro males are much
lower than those for white males in the
South; in the North, on the other hand,
the rates for Negro and white males are
more nearly comparable. Since both
groups—older white males and urban-
ized Northern Negroes—are among the
first to feel the pinch of joblessness, this
suggests unemployment as a factor in
suicide. The close parallel between un-
employment levels and suicide rates for
older white males tends to bear out the
hypothesis.

The DNA Zipper

After 10 years of conjecture evidence
4+ X js accumulating that the two-strand
helical molecule of DNA, which bears
the genetic code, behaves somewhat like
a simple zipper when it replicates itself.
It has been known for some time that the |
two strands give rise to perfect copies. ‘
There have been two main hypotheses as
to how this happens. The original pair of
strands might open from one end, like
a zipper, and be copied in parallel as
they unzip. The other possibility, which |
had received considerable support from
certain experiments, is that the paired
strands might unzip from both ends,
thereby enabling the copying to take
place in an antiparallel direction.

Experiments supporting the first, or
parallel, hypothesis have now been re- |
ported from Australia, Princeton Uni-
versity and Columbia University. The
Columbia experiments, performed by
Toshio Nagata (now at Harvard Uni-
versity), are particularly clear-cut.

Nagata followed the DNA replication
mechanism by using cultures of colon
bacteria containing viral particles known
as prophages. In the prophage state the
viruses are benign; they occupy spe-
cific positions on the DNA molecule
and are passively replicated when the
DNA replicates. Nagata synchronized
the reproduction of all the cells in a cul-
ture, thereby obtaining synchronized
DNA replication. He could then remove
samples at various intervals and deter-
mine when DNA replication reached
the site of the prophage. At this point
in time the concentration of prophage
in the culture doubled sharply. Meas-
urement of the prophage concentration
depended on the fact that ultraviolet
radiation can turn the prophage into an
active virus, which multiplies rapidly
and kills the cell. The increase in pro-
phage coincides with what one would
expect if DNA were to unzip from one |
end and if its two strands were to repli-
cate in parallel.

Friden Collectadata’
the only data collection system that
talks back to erring workers

To err is human. The Friden Col-
lectadata does more than any other
system to reduce human error to an
absolute minimum.

Should a worker mis-operate the
Transmitter, the machine tells him
exactly what he did wrong; a red
light pinpoints the error.

And, to make sure such errors rarely
happen, the Collectadata displays
the operating rulesright on the trans-
mitter. In simple-to-follow steps.
Again, no other system does this.

The Collectadata does double-duty
too. The tamper-proof Badge Reader
takes attendance swiftly, accurately.

The buffer storage reader allows
workers to check in almost as fast
as they can walk by the machine.

The Friden Collectadata: the data
collection system with the most
elaborate operator and in-machine
checks of any system made. For full
details, call your local Friden Sys-
tems man. Or write: Friden, Inc.,
San Leandro, California.

This is practical automation by
Friden— for business and industry.
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The Voyage of Mariner I1

Late in 1962 this 447-pound spacecraft flew bv 'enus in the

deepest successful penetration of the solar system. A great

technological feat, it produced much scientific information

n December 14, 1962, the U.S.
O spacecraft Mariner I1 completed
the first successtul interplanetary
voyage when it passed within 22,000
miles of the planet Venus. If an observer
had been riding in the craft, he would
have seen Venus as a brilliant disk 900
times the area of the full moon as viewed
from the earth. At its historic rendezvous
Mariner I was 36 million miles from the
earth, having traversed 180.2 million
miles of space in 109 days. During that
time and for 20 days thereafter the 447-
pound vehicle maintained constant com-
munication with the earth, obeying com-
mands and sending back a huge volume
of information about itself, interplane-
tary space and Venus.

The voyage of Mariner I1 was a tech-
nological feat of the first magnitude.
The craft had in effect been launched
three times: first from the surface of the
earth, then from a “parking” orbit of
the earth and finally from an orbit of
the sun, nine days and 1.5 million miles
from the earth, where it was put through
a maneuver to place it in a new solar
orbit. Throughout most of the flight it
maintained a rigid orientation in space
with respect to the sun and also with
respect to the earth. It even recovered its
proper orientation after being struck by
an object in space. Mariner 11 proved
that a spacecraft can be tracked with
impressive accuracy on a microwave
channel using only three watts of power
and can be guided from the earth across
tens of millions of miles.

Scientific instruments accounted for
less than 10 per cent of the total weight
of the craft. All across the void between
the two planets, however, they produced
unprecedented quantities of data about
the magnetic fields of the solar system,
cosmic rays and the solar wind—the
streams of protons and electrons that
issue from the sun. At the rendezvous
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with Venus the instruments observed the
planet with a resolution impossible at
this time from the earth. Venus, it can
now be said, is covered by cold, dense
clouds but has a surface temperature of
approximately 800 degrees Fahrenheit
on both its dark and its sunlit side. The
planet seems to have little or no mag-
netic field and hence no belts of trapped
radiation analogous to the Van Allen
belts of the earth, and to be rotating very
slowly or not at all. From the tracking
of the spacecraft it will also be possible
to calculate the astronomical unit (mean
distance from the earth to the sun) with
greater accuracy than ever before, to fig-
ure the mass of Venus and the moon
with far more precision than that pre-
viously attained and even to locate cer-
tain points on the surface of the earth
more accurately.

Rendezvous with Venus

The story of Mariner II begins in
July, 1960, when the National Aeronau-
tics and Space Administration (NASA)
approved the proposal of the Jet Propul-
sion Laboratory of the California Insti-
tute of Technology to send a spacecraft
to Venus in the summer of 1962. The
choice of Venus as the destination for the
first NASA venture in “deep” space was
a conservative one: the other planets
are even more difficult to reach. Every
19 months Venus and the earth come
within 26 million miles of each other;
Mars on its closest approaches is be-
tween 35 million and 63 million miles
away, and these approaches occur at the
longer interval of 25 months [see top
illustration on page 72]. To effect an in-
terplanetary journey with a minimum
expenditure of energy the spacecraft
must be launched, some months before
the planet’s closest approach to earth,
on a trajectory that will bring it into en-
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counter with the planet sometime after
the planet’s closest approach to earth.
A voyage to Venus would take three to
four months; a voyage to Mars would
normally require seven or eight months.
Radio transmission from Venus would
require less power and there would be
more solar energy available in its vicin-
ity: at a distance of about 67 million
miles from the sun the solar-power cells
of a spacecraft would receive a great
deal more sunlight to convert into elec-
tricity than they would at the distance
of Mars, some 142 million miles from the
sun. A Mars flight would thus have
called for a heavier and more expensive
spacecraft and a more powerful rocket
for launching.

Altogether a rendezvous with Venus
presented a much more feasible objec-
tive. In the summer of 1960 it was not
possible to schedule a flight for the next
launching opportunity in January and
February, 1961. The choice of the op-
portunity after that—in July and August,
1962—gave us two years to get ready.

As of July, 1960, it appeared that the
Atlas-Centaur would be developed in
time to serve as our launching vehicle.
This new combination, with a Centaur
second-stage rocket fueled by hydrogen
and oxygen, made it possible for us to
think in terms of a half-ton spacecraft.
With this mass available we were able to
commit ourselves to the building of an
“attitude-stabilized” spacecraft, like the
lunar Ranger, rather than a “spin-stabil-
ized” craft, like the Explorers and
Pioneers. Because the former could hold

MARINER I1 is diagramed in two positions
to show its major parts. Craft was built
around a hexagonal frame. While micro-
wave radiometer scanned Venus, reference
horns on it provided calibration by scanning
space. Solar cells are seen in top drawing.
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DISTANCE OF A PLANET from the earth changes over time. Interplanetary mis-

sion is launched when another planet is nearing its closest approach to the earth.
Mariner 11, launched on August 27, 1962, passed Venus on December 14, 1962 (arrow).
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THEORETICAL LAUNCHING PERIOD of 51 days was available in summer of 1962 for

sending craft to Venus. Launching-energy figures come from complex calculations. Before
Agena was made 110 pounds lighter rockets could produce only 8.7 units of energy to launch
447-pound vehicle (broken black line) ; afterward figure was 11.8 units (solid line).
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a rigid orientation in all three dimen-
sions, it could simultaneously point solar
cells at the sun, directional antennas at
the earth for greater range of communi-
cations, and directional instruments at
the target planet. Finally, it could be
pointed in any direction for maneuvers
in space. Spin stabilization, achieved by
spinning the whole craft about one of
its axes, did not offer all these advan-
tages. By the fall of 1960 we were busy
designing an 1,100-pound spacecraft.
Our program called for the fabrication
of three identical craft and for the de-
tailed planning and engineering of two
launchings in the summer of 1962. The
extreme technological challenges made
it unlikely that we would succeed on
both tries. Assuming that the delicate
instruments and complex spacecraft
mechanisms survived the accelerations,
vibrations and changing atmospheric
pressure of the ascent into space, thev
would have to spend three or four
months, unattended except for a few re-
mote commands by radio, in a hostile
environment both of extreme vacuum
and cold and of heat and high-energy
radiation from the sun and cosmic
sources. Not all the hazards could be
anticipated, and those that could be
anticipated could not all be simulated
in the laboratory in time to meet the
schedule of design and operational dead-
lines.

In February, 1961, the U.S.S.R.
launched a spacecraft toward a ren-
dezvous with Venus at the conjunction
in May. The fact that the craft went
silent after 12 days gave us the possibil-
ity of reaching Venus first and added the
interest of competition to the basic chal-
lenge of space exploration.

A 447-pound Spacecraft

As our work on Mariner went forward
into the spring of 1961, the parallel de-
velopment of the Centaur began to fal-
ter. In August it became certain that
this second-stage rocket would not be
ready in time. The Jet Propulsion Labo-
ratory now had to shelve its designs for
an 1,100-pound spacecraft and decide
if the instrumental payload of a much
smaller  spacecraft that might be
launched by the Atlas in combination
with an Agena second-stage rocket
would yield enough scientific and tech-
nical information to justity the consid-
erable investment in its building and
Jlaunching. In this effort we had the en-
couragement of the designers and fabri-
cators of the Atlas-Agena, who believed
they could strip 110 pounds (other than
tuel) from the total weight of the



PROBLEM OF REACHING VENUS is complicated by the fact times. Earth is shown at launching date, Venus at encounter date.
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ORIENTATION OF MARINER II and its transmitting antenna

in relation to the earth and the sun on various dates is seen in this

Agena. In the three weeks from Au-
gust 8 to September 1, 1961, using
designs from the Ranger spacecraft
(which was launched that month) and
the 1,100-pound Mariner, we pro-
jected a Mariner that would weigh 447
pounds. Within a few days NASA agreed
that this Mariner was equal to its mis-
sion. We now had nine months left to
design, build and deliver the spacecraft
and its Jaunching vehicle to Pad 12 at
Cape Canaveral in June, 1962, and have
all in readiness for a launching in July
or August.

These deadlines were dictated, of
course, by the date of the next nearest ap-
proach of Venus on November 12, 1962.
The Atlas-Agena combination did not,
however, offer much power in excess of
that required for the minimum-energy
trajectory to allow any wide latitude in
scheduling the launching [see “Inter-
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VENUS AT LAUNCH, AUGUST 27

EARTH AT LAUNCH, AUGUST 27

planetary Navigation,” by Aubrey B.
Mickelwait, Edwin H. Tompkins, Jr.,
and Robert A. Park; SCIENTIFIC AMERI-
caN, March, 1960]. Taking into consid-
eration the weight, thrust and staging of
the rockets and the weight of Mariner, as
well as the motion of Venus, we found
that theoretically we had 51 days, from
July 22 through September 10, during
which we could effect the launching
[see bottom illustration on page 72].
Happily this gave us time to plan for
two attempts; Pad 12 was the only in-
stallation that could handle the Atlas-
Agena, but it could not be readied for a
second launching in less than 24 days
after the first. The extra 27 days within
the 51-day launching period was barely
enough time in which to cope with the
delays that could arise. Fully fueled on
the launching pad, the Atlas-Agena and
the Mariner spacecraft would weigh

© 1963 SCIENTIFIC AMERICAN, INC

SUN

SEPTEMBER 5

oblique view of the orbits. The size of Mariner and of the planets
is greatly exaggerated. Mariner is seen on September 5 just be-

more than a quarter of a million pounds
and would stand 10 stories high; yet an
additional three pounds on Mariner or
the Agena (other than fuel) would take
away one day of the precious launching
period.

As history has now recorded, the sev-
eral governmental, industrial and uni-
versity agencies participating in the
preparations for the venture, together
with their numerous collaborators and
subcontractors, all managed to make
their diverse contributions on sched-
ule within the nine-month lead time.
Since the Jet Propulsion Laboratory
was to “fly” as well as design and fab-
ricate the spacecraft, its staff pro-
ceeded to compute trajectories and pre-
pare operation plans to conform to the
range of launching dates. The trans-
mitting and receiving systems of the
three Deep Space Instrumentation Fa-



fore its mid-course maneuver and on October 30 at time it passed
the earth. Geographic features on the earth indicate time of day.

cilities operated for NASA by the Jet
Propulsion Laboratory—at Johannesburg
in South Africa, Woomera in Australia
and Goldstone in California—also had to
be modified to be compatible with the
specifications and limitations of the 447-
pound Mariner.

A True Spacecraft

Three complete Mariners were built,
two for launching and one for testing
and to serve as a spare; all came within
three pounds of the design weight. With
its hinged parts folded compactlv for
stowage in the protective nose cone dur-
ing the ascent through the atmosphere,
Mariner measured five feet in diameter
atits base and 10 feet in height. Unfolded
for flight in the vacuum of space, the
spacecraft gained two feet in height (or
length) and an ungainly “wingspread”

of 16.5 feet, the “wings” being the two
solar-cell panels bearing a total of 9,800
cells.

The term “spacecraft” is no misnomer
as applied to Mariner. To accomplish its
mission something more than a package
of scientific instruments was required.
Mariner itself played an active part in
delivering the instruments to their des-
tination and in carrying out the program
of observation for which they were de-
signed. In fact, the gear necessary for
navigation on command from earth, for
transmission of data to earth, for precise
stabilization of its attitude in flight and
for propulsion during the mid-course
maneuver took up a full 406 pounds of
the total weight of the craft. The “space-
frame” of Mariner was a hexagonal
structure that held six cases of electronic
and electromechanical apparatus. Two
of the cases were occupied by the self-
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DECEMBER 14
(ENCOUNTER)

Jets of compressed gas and devices to sense earth and sun held
Mariner in its rigid orientation with respect to earth and sun.

contained electrical power system, con-
sisting of a 33.3-pound rechargeable
silver-zinc  storage Dbattery and the
switchgear to regulate and distribute
the power from the solar cells or the
battery. A combined radio receiver and
three-watt transmitter and the control
system for the scientific instruments
filled two other segments of the hexagon.
The fifth segment contained gear for
translating the output of the scientitic
instruments and the inboard sensing de-
vices into digital code for transmission
to earth. The sixth segment of the hexa-
gon bore the three gyroscopes that sensed
and controlled the orientation of
Mariner in space; it also held the heart
—more properly, the brain—of the space-
craft: the “central computer and se-
quencer” that integrated the workings
of the entire system around the ticking of
a highly accurate electronic clock locked
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into the timekeeping svstem of the con-
trol stations on earth. In addition this
segment contained the memorv unit for
storing the program of instructions for
the expedition and for retaining com-
mands received from earth in the course
of the flight.

Mounted in the center of the hexagon
and pointing aft along the roll, or long,
axis of the spacecraft was the rocket
motor that supplied the propulsion for
the mid-course maneuver. It had been
designed to give enough thrust to cor-
rect the predicted inaccuracies in the
launching trajectorv. Mounted on the
outside of the hexagon was the power
plant for attitude control: two bottles
made of titanium, each holding 4.3
pounds of nitrogen under a pressure of
3,500 p()unds per square inch, connected
by small pipes and valves to 10 small
jet nozzles located about the structure.
These “motors” were controlled by the
gvroscopes and the earth- and sun-
sensors. On command they would jet
tiny pufts of gas through orifices aimed
along one or another of the three axes
of the spacecraft.

Surmounting the open-frame super-
structure that rose from the hexagon was
an omnidirectional antenna. From this
the spacecraft radiated its three-watt
signal during periods when it was roll-
ing or tumbling out of its designed
orientation in flight. At such times the
ground stations on earth had to listen
sharply for the much attenuated signal.
On the underside of the hexagon—at the
bottom, or stern, of the spucecruft—was
a four-foot parabolic “high gain” trans-
mitting antenna. During peri()ds of nor-
mal flight, when the spacecraft was
locked in its proper orientation, this an-

e i

LAUNCH

LAUNCHING OF MARINER II was in direction opposite to the
orbital path of the earth. Position of earth is shown at launch-
ing and at hourly intervals thereafter for four hours. Path of
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tenma focused the signal toward the
earth. An earth-sensor—a photomulti-
plier tube mounted on the antenna—
caused it to swing on its hinge and point
steadily earthward as the spacecraft pro-
ceeded on its orbit. Signals from the
earth, radiated at high power and fo-
cused by the great parabolic antenna at
each of the three ground stations, were
picked up by small antennas carried on
the solar panels.

The payload of instrumentation was
variously arrayed on the spaceframe. A
detector for counting protons in the
solar wind and a crystal microphone for
registering impact by particles of inter-
planetary dust were mounted directly on
the hexagon. Other instruments, includ-
ing three Geiger-Miiller tubes, an ion
chamber and a magnetometer, had to be
mounted on the superstructure awav
from the magnetic fields set up by the
electrical and electronic gear. There thev
were also exposed to a minimum of the
secondary radiation generated by the im-
pact of cosmic rays on the metal of the
spacecraft. The most elaborate piece of
instrumentation was a parabolic antenna
20 inches in diameter and three inches
deep, which was to scan the surface of
Venus at two microwave fre(luencies and
which, in addition, caried two optical
sensors to take parallel readings of the
infrared radiation from the planet. This
assembly was mounted on the super-
structure above the hexagon.

One of the thorniest problems to be
anticipated in the design of Mariner was
temperature control. Some measure of
passive control was sought by giving the
various surfaces different degrees of re-
flectivity and insulation against the full
power of raw sunlight to which thev

were to be exposed. Movable louvers on
the outside of the case containing the
central computer and sequencer pro-
vided some active control at this critical
p()int. In the extremes of environmental
and mechanical stress to which we
subjected a thermal-control model of
Mariner, we tested particularly for the
effects of heating and ways to minimize
them. Unfortunatelv there was no test
chamber in the U.S. at the time that
could simulate solar radiation adequate-
lv. Such a chamber, completed after the
launching, yielded some answers imme-
diately, but too late to protect Mariner I1
from what proved to be the most serious
jeopardy to its performance at the very
moment of encounter. Nor were we able
to launch a prototype Mariner on a test
flight, a routine procedure in the devel-
opment of launching rockets and some
spacecraft and instrument packages. We
had no choice but to commit the first
U.S. interplanetary vehicle to its full
journey into space.

The Launching

In the first week of June, 1962, three
Mariners, two Atlases and two Agenas
were shipped to Cape Canaveral. The
Atlas-Agena-Mariner was set up by mid-
July. Banking on optimum performance
by the rockets and with the aim of
stretching the theoretical launching peri-
od, we decided to attempt a launching
on July 19, three days early. Countdown
delays postponed the launching until
4:21 aar. on July 21, The launching
tailed, however, owing to a defective sig-
nal from the Atlas and the omission some
vears earlier of a single svmbol from
the program equuti(ms of the computer

2 HOURS
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Mariner leaving earth is gray line; Mariner’s orbit around sun is
black line; earth’s orbit is colored line. Mariner was hurled
“backward” from earth in order to slow it, bring it closer to sun.



guiding the flight. The Atlas-Agena be-
gan to turn wildly and it was necessary
to blow up the rockets. Mariner I had
been sending signals and continued to
do so until it hit the Atlantic Ocean 357
seconds after lift-off.

The schedule now called for launch-
ing Mariner Il 24 days later, on August
14. Problems plaguing the second Atlas
caused several postponements and we
were not able to bring off the launching
until August 27. The huge Atlas fired at
1:53 a.r. and soared to an altitude of
100 miles. The nose cone protecting
Mariner 11 was popped off and the
Atlas separated from the Agena. The
Agena—l\l(u‘iner pitched over almost to
the horizontal, pointing in a southeast-
erly direction. Then the Agena fired for
the first time, burning for 147 seconds,
just long enough to go into a “parking”
orbit at an altitude of 115 miles. There
it coasted until 24 minutes after launch-
ing, when it reached a latitude of
14.8 degrees south of the Equator and a
longitude of 2.1 degrees west—over the
middle of the South Atlantic, the opti-
mum location for taking off for Venus
on this particular day at this particu-
lar time.

The Agena now fired again for 95 sec-
onds, achieving the velocity necessarv
to escape the earth’s gravitational field
and accelerate itself and Mariner 11 into
an orbit of the sun that would deliv-
er the latter to the vicinity of Venus
in mid-December. Explosive charges
and springs separated the Agena from
Mariner. Small nozzles expelled residual
gases to turn the spent Agena aside and
slow it down, separating it from Mariner
so that the rocket carcass would not in-
terfere with the optical sensors and plac-

ing it on an orbit that would carry it
safely wide of Venus. Mariner Il was
now slowly tumbling and was drawing
on its battery to send numerous signals,
which were arriving at the earth stations
right on schedule.

Within an hour after lift-off the cen-
tral computer and sequencer on board
Mariner I caused the solar panels to
open out; it then instructed the gyros
and sun-sensors to activate the nitrogen
jets and point the long axis of the space-
craft toward the sun. The stabilization
system still allowed the spacecraft to roll
slowly about its long axis, but the solar
cells were now facing into the glare of
the sunlight. Some 195 watts of elec-
tricity converted from solar energy
promptly relieved the drain on the bat-
terv, supplying nearly all the power
necessary to operate the spacecraft. The
average demand during most of the
journey was 151 watts. On closer ap-
proach to the sun the output of the
solar cells would rise gradually to about
275 watts and the excess energv would
continually recharge the battery, which
by itself could meet all needs for 9.5
hours.

As Mariner 11 was fired into its park-
ing orbit and then into its interplanetarv
trajectory bv successive thrusts of the
Agena, it was moving around the earth
more rapidly than the earth turns on its
axis. Because the spacecraft was also
increasing its distance from the earth,
however, it appeared to reverse its direc-
tion about 80 minutes after launching.
The point on the earth’s surface above
which it was at zenith had traveled
southeastward, had turned northeast-
ward and now swung around to speed
westward as the earth rotated. With re-

spect to the earth’s revolution about the
sun the spacecraft presented a (uite
different motion. The launching from the
night side of the earth at 1:53 a.M. in a
southeasterly direction had added a
component of the earth’s rotational speed
to the velocity imparted by the rockets
and had hurled the spacecraft out ahead
of and around the earth as the latter pro-
ceeded on its orbit. By this maneuver
the spacecraft had been headed into
space in a direction opposite to the mo-
tion of the earth about the sun and in-
ward toward the sun [see illustration on
opposite page]. As Mariner 11 fell behind
the earth, 8,000 miles per hour had
been subtracted from the 66,500-mile-
per-hour orbital speed around the sun
that it had possessed, along with the
earth, at the instant of its launching.
The slower speed of revolution would let
the gravitational field of the sun pull
the spacecraft inward, ultimately to cross
the orbit of Venus. Since the plane of
the orbit of Venus is tilted at three de-
grees to the plane of the earth’s orbit,
the earthbound navigators of Mariner 11
had also canted the orbit of the space-
craft in a direction calculated to intersect
the plane of the orbit of Venus at the
point of the rendezvous 109 days later.

As soon as Mariner I had escaped the
earth’s gravitational field a computer at
the Jet Propulsion Laboratory was cal-
culating its exact course. The angle at
which the parabolic antennas on the
ground picked up the spacecraft’s sig-
nal most strongly located its direction
from the earth against the background
of the stars. Measurement of the Doppler
shift (change in frequency) of the signal
from the frequency at which it was trans-
mitted vielded a correspondingly pre-

MID-COURSE MANEUVER started with Mariner Il “locked” on
earth and sun (I). Then large antenna folded up out of range of
rocket jet and the craft rolled nine degrees (2). It pitched, or
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turned, 140 degrees away from sun and rocket motor fired (3).
Finally Mariner turned back and reoriented itself in relation to
earth and sun (4). The change in its orbit is exaggerated here.
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INCREASE IN VELOCITY OF MARINER II due to gravitational pull of Venus started two
days before encounter and reached 671 miles per hour by 5:00 a.m. December 14. During
the next eight hours, as shown by this curve, velocity increased sharply. Later it decreased.

cise plot of the spacecraft’s radial veloc-
ity (speed away from the earth). For
this purpose signals were sent out from
the earth at a frequency held stable to
one part in 100 billion, and they were re-
turned immediately by the spacecraft.
The signals, doubly shifted toward long-
er wavelengths in their round trip to
and from the receding spacecraft, pro-
duced measurements of its velocity ac-
curate to within a tenth of an inch per
second—even at the end of its active
life, when it was 54 million miles from
the earth and moving away at 49,000
miles per hour. Ten hours after the
launching the computer had calcu-
lated that Mariner I1 would miss Venus
by 233,000 miles, crossing its orbit
ahead of it. Happily the necessary cor-
rection lay within the capacity of the
mid-course propulsion system of the
spacecraft.

During the first two days of the trip
Mariner IT transmitted only the readings
from the 52 devices that registered
temperatures, angles of hinged units,
voltages, currents, fuel-tank pressures,
transmitter power and other information
about its own performance. The com-
puter aboard was programed to start
transmission from the scientific instru-
ments on the seventh day. Because the
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engineering data showed that the whole
craft was working perfectly, the Johan-
nesburg station on the third day com-
manded it to begin sending data from
all the scientific instruments except the
Venus radiometers. To conserve power
the rate of transmission was slowed from
33 “bits,” or units of information, to 8.3
bits: about one message or measurement
per second. From then until a few hours
before it passed Venus Mariner 11 sent
scientific information for 20.16 seconds
and then information about “itself” for
16.8 seconds. The latter was essential
for evaluating the operation of this first
interplanetary craft, for deciding on
commands to give it and for designing
its successors.

The Mid-Course Maneuver

A week after launching, when Mariner
II was 1.2 million miles from the earth,
a command stored in its computer
memory caused the spacecraft to point
its High-gain parabolic antenna at the
earth and assume a stable flight attitude.
This could not be attempted earlier be-
cause the earth had been too bright for
the earth-sensor mounted on the an-
tenna. The spacecraft now ceased roll-
ing; its tendency to pitch and yaw was
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restrained to within one degree around
its long axis, which pointed toward the
sun in the orbital plane of the craft. All
was supposedly in readiness for the mid-
course maneuver. It was apparent, how-
ever, that something was wrong just as
soon as the transmitter switched over
from the omnidirectional antenna to the
parabolic one. The signal from the earth-
sensor was only half as strong as had
been expected—as though the device was
“seeing” an object only half as bright
as the earth. It might have been “locked”
on the moon, but the earth at that dis-
tance is not two times but 83 times bright-
er than the moon. We decided to wait
a day and see if the angle of the an-
tenna hinge changed 1.5 degrees, which
it would do to stay locked on the earth,
or seven degrees, which would show
that it was locked on the moon. If it
was locked on some other object, such
as the Agena carcass, or was not work-
ing properly at all, the angle of the
hinge would show still another change.
In case it was not pointed at the earth,
we could command it to unlock and start
to roll so that the sensor would see and
lock onto the earth before it had rolled
all the way around and locked onto the
mysterious wrong object again.

Fortunately the signal the next day
showed a hinge movement of 1.5 de-
grees. We still did not know why the
sensor was giving such a low signal.
Since everything else was working, how-
ever, we decided to go ahead with the
mid-course maneuver.

On September 5, nine days after
launching, punched tapes containing the
calculated commands were fed into an
encoder at Goldstone. These were trans-
mitted to Mariner II for storage in its
computer. They told the craft to unlock
from earth and sun and roll slightly in
order to position the cold-gas jets for
the next movement, which was to point
the omnidirectional antenna, or “bow,”
of the spacecraft 140 degrees away from
the sun.

Then the hydrazine rocket motor was
to fire. The motor was designed to burn
for any length of time between .2 sec-
ond and 57 seconds, and thereby to
change the velocity of the spacecraft by
as little as .7 foot per second or as much
as 200 feet per second (136 miles per
hour). Our instructions commanded it
to burn for 27.8 seconds. The net effect
would be to push Mariner II away from
the sun and thus make it remain outside
the orbit of Venus just long enough to
allow Venus to pass by before Mariner 11
crossed its orbit. This maneuver added
45 miles per hour to its previous orbital



speed of 60,250 miles per hour with re-
spect to the sun and was chosen from
among the several that might have ac-
complished the course correction for two
secondary reasons. First, it would point
the omnidirectional antenna toward the
earth, ensuring an uninterrupted com-
munication during the anxious moments
of the maneuver. Second, and more im-
portant, it would fix the time for the en-
counter with Venus at an hour when the
planet would be above the horizon at
Goldstone, thereby assuring that the
spacecraft could be kept under the sur-
veillance of Goldstone’s special equip-
ment.

t 2:49 p.a. Pacific Standard Time,
with the spacecraft 1,492,500 miles
away, we gave the command for execu-
tion of the maneuver. This remote-con-
trol “launching in space,” as delicate and
nerve-racking as any on the earth, re-
quired three and three-quarter hours.
While it was taking place Mariner 11
drew power from its battery instead of
the solar cells and transmitted over the
omnidirectional antenna. Afterward
reoriented itself, locking on the sun and
then on the earth with the help of the
gyroscopes, sun-sensors, earth-sensor
and the cold-gas jets.

Within the next few days tracking
established that the maneuver was a suc-
cess. Mariner 1l was truveling, it was
true, two miles per hour faster than
had been planned. Instead of passing
Venus at the hoped-for distance of
10,000 miles it would pass the planet
at a distance of 21,648 miles. This was
still well within the 40,000-mile target
zone [see illustration at right].

Adventures in Space

On the 12th day of the flight Mariner
II lost its lock on the earth and the sun;
it recovered, however, within three min-
utes. Apparently it had collided with
a substantial bit of interplanetary rubble.
On the 33rd day the spacecraft momen-
tarily lost its earth and sun lock. When
the craft recovered, the earth-sensor was
operating at the proper strength! The
sensor, incidentally, produced a fascinat-
ing record throughout the flight, report-
ing clear variations in the brightness of
the earth as the land masses, clouds and
oceans alternated in its field of view.

Meanwhile, as the spacecraft fell to-
ward the sun, it was picking up orbital
speed. On the 64th day after launching
it overtook and passed the earth. The
next day a short circuit occurred in one
of the solar-cell panels. Fortunately the
craft was now close enough to the sun

for the other panel to supply more than
enough power by itself. That panel had
more solar cells than the other; we had
found in May that the rockets could
handle additional weight and we had
used the weight to increase the space-
craft’s power safety margin. To balance
the craft against pressure exerted on it
by sunlight, we added a “sail” without
power cells to the other panel. It was the
panel with the sail that shorted out. The
short circuit cured itself and recurred a
few days later with no ill effects. We
turned off the scientific experiments for
eight days, until we were sure the craft
had enough power to handle them.

On the 91st day, at 22.5 million miles
from the earth, Mariner II set a new
distance record for communications. It
was to exceed this record continuously
for the rest of the trip.

By the 100th day of the flight, with
Venus nine days away, the temperatures
of Mariner II had risen alarmingly, aver-
aging 40 degrees Fahrenheit more than
expected. Most of the apparatus could
function well between 14 and 149 de-
grees F. The battery, however,

had

reached the upper limit, the earth-sen-
sor had passed it and other units were
approaching it. Moreover, the situation
could only grow more taxing as the voy-
age continued. The solar radiation im-
pinging on Mariner 11, which amounted
to 130 watts per square foot near the
earth, would exceed 250 watts at Venus.
All this was painful to observe be-
cause one week of flight data after
launching had told us enough for us to
have kept the spacecraft at a safe tem-
perature range throughout the flight by
simple adjustment of paint patterns.
Now we could only wait and hope. On
the 104th day four of the 52 engineering
sensory devices failed, undoubtedly be-
cause one blew a fuse common to all
four. On the 107th day the central
computer failed to deliver a calibra-
tion signal that normally came every
16.6 hours. We had to assume that heat
was to blame and that we could no long-
er rely on the computer to initiate the
operations programed for the meeting
with Venus two days later. As a hedge
against this untoward possibility, we had
designed the system to accept a “back-

20 000 M\LE

30,000 ML

40,000 MILES

MARINER IT'S CLOSEST APPROACH TO VENUS (1) was 21,648 miles from the surface.
Aiming point at mid-course maneuver (2) was 10,000 miles out. Target zone is shaded. With-
out maneuver Mariner would have passed 233,000 miles away (arrow), about 9.5 inches be-
yond 40,000-mile ring. In this schematic diagram, Mariner would be heading into the page.
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up” command from earth that would
set the scanning program in motion. But
there was now some anxiety about our
chances for a successful encounter.

Observations in Space

We found what comfort we could in
the assurance that the flight had al-
ready been remarkably successful. The
magnetometer, consisting of three mag-
netic cores each aligned along a dif-
ferent axis, had given a fine picture
of magnetic-field strengths and fluctua-
tions in the region of the solar system
it had traversed. This instrument was
sensitive to half a gamma, a field
strength about .00001 that of the earth.
(In the laboratory it could detect a nail
in the shoe of anyone within 10 feet of
it.) At times when the sun was quiet
it had found field strengths of two to
five gammas, compared with the earth’s
30,000 gammas at the Equator and
50,000 gammas at the poles. During
magnetic storms it had reported read-
ings as high as 25 gammas. Changes in
the flow of the solar wind were associat-
ed with such fluctuations, and it also
appeared that the solar wind pushes the
magnetic fields in interplanetary space
around, just as it does the magnetic
field of the earth.

The solar-wind detector recorded
40,000 spectra of particle energies
throughout the flight and found that
the solar plasma—a gas of dissociated
charged particles composed in this case
chiefly of electrons and protons—con-
stantly pervades inner interplanetary
space, a fact not known before. This
apparatus was a particle counter ingeni-
ously designed to discriminate and count
protons over the energy range from 240
to 8,400 electron volts; it was mounted
in the long axis of the spacecraft and
hence pointed constantly “upwind.” The
density of particles, according to its re-
ports, ranges from 10 to 20 per cubic
inch and their velocity varies between
200 and 500 miles per second as they
stream outward from the sun. Disturb-
ances on the face of the sun caused the
solar-wind detector to register increases
of 20 to 100 per cent in the velocity of
the particles on 20 different occasions
during the flight. When these “gusts”
in the solar wind subsequently arrived
at the earth, they stirred up storms in
the terrestrial magnetic field.

The three Geiger-Miiller tubes and the
ionization chamber carried by Mariner 11
found that the density and energy spec-
SCANS OF VENUS by the microwave and infrared radiometers covered first the dark side, trum of the much-higher-energy cosmic
then terminator, or line between dark and light sides, and finally the sunlit side. The process X P"‘rtides in interplanetary space re-
took 35 minutes. The points from which the craft reported readings are numbered in order. Mains constant l'egal'dless of distance
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from the sun. This is a clear indication |

that these instruments were counting
true cosmic rays originating outside the
solar svstem. Only one solar disturb-
ance, on October 23 and 24, sent out
protons of sufficient energy to penetrate
the counters. The total dosage of radia-
tion throughout the flight as measured
bv the ionization chamber amounted
to about three roentgens, approximately
what a person on earth receives in 30
years from cosmic and other natural
sources. It would seem that, from the
standpoint of radiation, interplanetary
space travel in 1962 would not have
been dangerous for an astronaut.

As for the more macroscopic particles
of interplanetary dust, the crystal micro-
phone mounted in the center of a sound-
ing plate counted only two impacts in
the course of the flight. This instrument
was designed to respond to particles
as small as .0000000013 gram. Near
the earth the flux of such particles is
10,000 times greater.

Rendezvous with Venus

All these instruments were to con-
tinue in operation throughout the en-
counter with Venus and to report their
readings along with the measurements
made by the radiometers. Early in the
morning of December 14, the 109th day
of the flight, it became apparent that the
central computer and sequencer aboard
Mariner 11 had failed to start the opera-
tions scheduled for the encounter to
come a few hours later. We gave the
back-up command to start these opera-
tions, therefore, shortly after Venus and
the approaching spacecraft rose above
the horizon at Goldstone. With Mar-
iner II 36 million miles away it took 6.5
minutes for the signal, traveling at the
speed of light, to reach the craft and
make the return trip to the earth, tell-
ing us that the small parabolic anten-
na and all its attachments had gone
into operation for the microwave and
infrared scans of Venus. Until it reached
the scan zone the antenna would move
at one degree per second, warming up
the stabilization system for the encoun-
ter. To compensate for the motion of
the antenna, which would otherwise
have set the entire spacecraft into equal
and opposite motion, the sun- and
earth-sensors and the gvroscopes actu-
ated the nitrogen-gas jets so as to main-
tain a steady platform. Mariner II was
now so hot that seven of the 18 measure-
ments of temperature had gone off their
scales, and the earth-sensor and the com-
munication system were nearing uncer-
tain states. The scientific instruments

NEW LOW-COST PORTABLE TELEVISION RECORDER
puts sight and sound on magnetic tape now at a smau

fraction of the size, weight, and cost of studio-type television record-
ers, the Precision Instrument Model PI-3V puts over an hour and a
half of sight and sound on a single reel of 1” wide magnetic tape.

It operates almost as easily as a home audio tape recorder. Thread
the tape, pick your scene, push the ‘‘start’” button and the rest is
history. You can play it back then and there, or days or years later,
as many as 100 times or more, with all the “live’’ quality of the
original action.

For existing or new closed-circuit TV systems For educational, medi-
cal, military, or industrial use, the PI-3V enables you to record valu-
able training material, demonstrations, and one-time-only events, and
re-create them at will, any number of times, before any number of
audiences, any place in the world. The recorder is compatible with
existing CCTV systems, EIA standard or industrial sync, and will
operate with one orany number of TV monitors. For new closed-circuit
systems, all that is required is the PI-3V, an image orthicon or vidicon
camera, a TV monitor, and a place to plug in the 110v power cord.
And the complete system will fit in the rear seat of a compaet car!

Uses 1” tape — pays for itself in tape savings alone Because the
PI-3V uses 25% less magnetic tape than any other TV recorder, an
amount equal to its entire purchase price can be saved by the time
438 reels (700 hours recording time) of permanent recordings have
been made. When the tapes have outlived their usefulness, they may
be erased and re-recorded with new program material.

Other savings are made possible by the economy of size and weight
(only %2 that of the next smallest TV recorder), the low power require-
ments, the extreme reliability, and the portability (one man can carry
the PI-3V aboard an airplane and take it anywhere in the world in
24 hours). May we carry one around to your office for a demonstra-
tion? For a copy of the PI-3V brochure, address us at
'S:tz:nfx;'d Induztrlizzl Park, PRECISION

alo Alto 12, California. =
.0.' “Qa,; INSTRUMENT
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TWO THEORIES to explain high temperature of Venus as re-
corded by radiometers on earth are ionosphere model (left) and
“greenhouse model” (right). A highly active ionosphere, with many
charged particles and electrical discharges, would have given high
readings (dots) at limbs, or edges (readings I and 3), and low in

RADIOMETER DATA (19 MILLIMETERS)

1MAM. 11:15

_ _@%,__ -

1 2 3
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center, where ionosphere as seen by spacecraft is thinner. This is
limb-brightening. Greenhouse model, with heat trapped near
surface by clouds, would have shown limb-darkening—low read-
ings at edges, high in center. Colored curves would have re-
sulted from continuous scans across mid-line of the disk of Venus.

. e . e see 00 ceree s
11:30 11:45

PACIFIC STANDARD TIME

ACTUAL OUTPUT of Mariner 11 from 19-millimeter scan shows
close resemblance to theoretical prediction for a greenhouse model.
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Study was reported by Alan H. Barrett of Massachusetts Institute of
Technology and A. Edward Lilley of Harvard College Observatory.
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and the essential working parts of the
spacecraft were nevertheless operating
properly at 5:30 a.r. Pacific Standard
Time, with the encounter with Venus
less than six hours away.

The transmitter was accordingly in-
structed to stop sending engineering
data and to switch over to full-time re-
porting of the readings from the in-
struments. One of the space-flight opera-
tion teams, on the way to breakfast a
few minutes later, saw Venus to the
southeast shining in the clear California
sky in all its brilliance as the morn-
ing star. The men were awed to realize
that their spacecraft, which had just re-
sponded to their signal, was almost with-
in that disk of light, closer to the planet
than the moon is to the earth. Mariner I1
was then moving at a speed of 13,000
miles per hour toward Venus, 86,000
miles per hour in its orbit around the sun
and 39,000 miles per hour away from the
earth.

The Close-up of Venus

At 10:54 s the spacecraft reached
the scar: zone. As the radiometer antenna
made its first scan of the planet at 11:03
A.M., it slowed its motion to a tenth of
a degree per second. In accordance with
instructions, it proceeded to scan the
disk of the planet, which was 16 degrees
in diameter at this close range. When
the radiometer indicated that the an-
tenna had scanned past the limb, or edge,
of the planet and was looking into space,
the antenna drive reversed its direction
and started the next scan. Altogether
it made three passes across the disk
“up and down,” while the orbit of the
craft provided the lateral motion. The
radiometer sent 18 readings, five from
the night side of Venus, eight from the
terminator (the shadow line between
the dark and light sides) and five from
the day side [see illustration on page
80].

Although the antenna was small, its
resolution so close to Venus could have
been equaled on the earth only by a
parabolic antenna thousands of feet in
diameter. The two wavelengths on which
it operated—13.5 and 19 millimeters—
were chosen to settle some long-stand-
ing questions and controversies. In the
first place, the difference in the read-
ings between the two frequencies would
show if there was any water in the
planet’s atmosphere and how much of
it there was, because any water present
would strongly absorb and so reduce
radiation of the 13.5-millimeter wave-
length. In the second place, the 19-milli-

meter wavelength would provide the
surest measurement of the surface tem-
perature of the planet; radiation of this
wavelength would come up unhindered
from the surface even through the thick
cloud cover that gives the planet its
high albedo and hence its brightness in
the sky.

Radio observations of Venus from the
earth had indicated surprisingly high
temperatures—in the range of 600 de-
grees F. Such readings are of course
taken from the whole disk of the planet.
One school of investigators was there-
fore able to argue that the radio emis-
sions indicating a high temperature were
really coming from an ionosphere, and
that these readings did not necessarily
mean that Venus had a hot surface. An-
other group argued for the “greenhouse
model,” asserting that the radiation does
come from a hot planet and that the
heat of solar radiation is trapped under
the planet’s thick clouds.

The radiometer aboard Mariner II
could settle this question because it
could make readings at discrete points
across the disk of the planet. If it found
“limb-brightening,” or high readings
near the limb, where the instrument
would be measuring the temperature of
the planet’s upper atmosphere, and rela-
tively lower readings at the center of
the disk where the atmosphere would
be thinner, then the proponents of a
hot ionosphere would have the better
of the argument. On the other hand,
“limb-darkening,” or readings lower near
the limb than at the center, would sup-
port the greenhouse model.

Mariner II found an unquestionable
limb-darkening and found furthermore
that there is little difference in tem-
perature on the dark side compared
with the sunlit side of the planet. On
the basis of the still incomplete analysis
of the radiometer scans, the surface
of Venus, where the 19-millimeter radia-
tion originates, appears to have a tem-
perature of about 800 degrees F. Thus
the surface, which is hot enough to melt
lead, could not sustain any form of life
that is known on earth. Apparently there
is also very little water vapor in the
atmosphere—less than a thousandth that
of the earth’s atmosphere.

The infrared radiometer attached to
the microwave antenna essentially con-
firmed the findings made at the longer
wavelengths. It was hoped that this
instrument would detect any breaks in
the cloud cover and yield a measure-
ment of the carbon dioxide content of
the planet’s atmosphere. The infrared
radiometer was designed to make com-
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parative measurements of the radiation
from the atmosphere of Venus at two
wavelengths, 84 and 10.4 microns re-
spectively. Radiation from the ground
and the lower atmosphere would pre-
sumably come through breaks in the
cloud cover on the 8.4-micron wave-
length, whereas a high concentration of
carbon dioxide in the atmosphere would
absorb and reduce radiation at the 10.4-
micron wavelength. The comparative
measurements on the two wavelengths
by the radiometer gave substantially the
same results. Accordingly we can con-
clude that there were no breaks in the
cloud cover over the regions scanned
and that there is no significant amount
of CO, in the upper clouds; the amount
of carbon dioxide below the clouds re-
mains unresolved.

The readings on the two wavelengths
did, however, indicate the same tem-
perature (about —30 degrees F.) for
the top of the clouds on both the day
and the night side of the planet. These
measurements support the greenhouse
concept of a thick cloud cover that keeps
the heat from radiating away from the
surface. One anomaly, a spot 20 degrees
cooler than any other point seen at the
same angle by the infrared radiometer,
showed up in the lower half of the pass
along the terminator. It could conceiv-
ably have been caused by a surface fea-
ture such as a very high mountain.

A Featureless Planet

Meanwhile the other instruments
aboard Mariner II showed the external
atmosphere of Venus to be equally fea-
tureless. The magnetometer found no
increase in magnetic-field readings near
the planet compared with the measure-
ments taken farther out in space, and
it recorded fewer fluctuations as it ap-
proached. If Venus had a magnetic field
similar to that of the earth, the mag-
netometer would have reported 100 to
200 gammas at the point of closest ap-
proach instead of a steady reading of a
fraction of this strength. The Geiger-
Miiller counters detected no increase in
the density of particles and found a
slight increase rather than a decrease
in the velocity of the solar wind. In both
cases the earth’s magnetic field brings
about opposite effects near the earth.
The low-energy radiation, as measured
by the more sensitive Geiger-Miiller
counter, would have jumped 10,000-
fold if Venus had a magnetic field like
that of the earth. The magnetic field of
the planet, if any, must have a strength
less than 10 per cent of the earth’s. The
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conclusion is that Venus rotates very
slowly or not at all, confirming studies
made from terrestrial observatories. It is
the rotation of the earth and the motion of
its fluid interior that are believed to gen-
erate this planet’s magnetism.

The dust detector was not struck by
a single particle in the vicinity of Venus;
it would have been bombarded by such
particles near the earth. The significance
of this observation is not fully under-
stood as yet.

The engineering data that shared such
important radio time with the observa-
tions of the scientific instruments aboard
Mariner I1 also produced important find-
ings. So accurate was the tracking and
orbital determination that we know to
within 10 miles that the craft was 21,648
miles from the surface of Venus, even
though at the time it was 36 million miles
from the carth. Astronomers have been
watching Venus for decades in an ef-
fort to calculate its mass, and they have
found it to be .8148 times that of the
earth to within .05 per cent accuracy.

_ _EXPERIMENT

Microwave radiometer
limeters

MEASUREMENT RANGES
Wavelengths of 13.5 and 19 mil-

Two weeks of tracking Mariner II with-
in the gravitational field of Venus show
that the planet deflected the spacecraft
24.5 degrees from its approach path and
changed its velocity appreciably; these
observations have given Venus a mass
of .81485 times that of the earth to
within .005 per cent. Computer calcula-
tions employing the tracking data have
also enabled us to arrive at a more ac-
curate measurement of the mass of the
moon than we have ever had before and
to interlock the cartographic grids of
the earth’s continents with greater pre-
cision.

Most important, the 22,000 Doppler
readings from Mariner II along with
simultaneous tracking of Venus by the
Goldstone station will enable us to meas-
ure the astronomical unit—the
orbital distance of the earth from the
sun—to several more significant figures.
The relative distances of the sun, Venus,
the moon and other bodies in the solar
system are known from Kepler’s laws
and centuries of astronomical observa-

mean

FINDINGS

dark and light sides

Venus surface temperature of
about 800 degrees F. on both

tion. With the absolute distance to Venus
established, it becomes possible to give
absolute values to all these other dis-
tances, including the astronomical unit
itself.

After making its nearest approach to
Venus at 32 seconds before noon Pacific
Standard Time on December 14, Mar-
iner II continued in its now eternal or-
bit around the sun. The “year” of this
new solar satellite has a duration of
345.9 terrestrial days. It made its clos-
est approach to the sun, at 65.5 million
miles, on December 27, and on the 129th
day, January 2, 1963, ceased to trans-
mit information to the earth. It gave
no clue as to why it stopped sending.
At that time it was 54 million miles
from the earth, 5.7 million miles from
Venus and had traveled 223.7 million
miles through the solar system in 129
days. Scientists and engineers will
spend years studying the 11 million
measurements it sent back, all now
recorded on magnetic tapes and stored
in vaults.

_ EXPERIMENTERS

A. H. Barrett, Massachusetts
Institute of Technology; D. E.
Jones, Jet Propulsion Labora-
tory; J. Copeland, Army Ord-
nance Missile Command; A. E.
Lilley, Harvard College Observ-
atory

Infrared radiometer

Magnetometer

lon chamber and Geiger-
Muller tubes

Crystal microphone

Solar-plasma spectrometer

Radio (tracking) |

Wavelengths of 84 and 10.4
microns

Up to 64 gammas in interplane-
tary space, up to 320 gammas
near Venus

Protons above 10 million elec-
tron volts (Mev) energy, elec-
trons above .5 Mev, alpha parti-
cles above 40 Mev. Directional
tube counted protons above .5
Mev, electrons above .04 Mev.

Dust particles as small as
0000000013 gram

Protons from 240 to 8,400 elec-
tron volts

Employed three-watt trans-
mitter, high-gain antenna on
Mariner at frequency of 960
megacycles per second.

Top of Venus' clouds at —30
degrees F. No breaks detected
in clouds. Cold spot found, in-
dicating possible high surface
feature.

Venus has little or no magnetic
field, is rotating slowly or not
at all. Weak, fluctuating solar
magnetic fields found in inter-
planetary space.

Total radiation dosage for whole
trip: three roentgens. Cosmic
ray flux fairly constant through-
out trip, not changing near
Venus.

Detected only two particles
throughout voyage, none near
Venus.

Solar wind “blows" constantly,
varies in intensity and tempera-
ture with events on sun.

More precise measurement of
astronomical unit, mass of
moon and Venus, and location
of tracking station on earth

L. D. Kaplan, J.P.L. and Univer-
sity of Nevada; G. Neugebauer,
J.P.L.; C. Sagan, University of
California at Berkeley

P. J. Coleman. Jr., National
Aeronautics and Space Admin-
istration; L. Davis, California
Institute of Technology; E. J.
Smith, J.P.L.; C. P. Sonett,
NASA

H. R. Anderson, J.P.L.; H. V.
Neher, C.L.T.; J. A Van Atlen,
State University of lowa

W. M. Alexander, NASA God-
dard Space Flight Center

M. M. Neugebauer and C.W.

Snyder, J.P.L.

T. W. Hamilton, J. F. Koukol,
N. A. Renzetti, D. W. Trask and
J. D. Anderson, J.P.L.

SCIENTIFIC RESULTS of voyage of Mariner Il are summarized.
Radio tracking, while not an experiment, is included because it
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produced valuable scientific data. Microwave and infrared radi-
ometers scanned Venus only; other instruments studied space also.
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50 second color:
what will it mean?

Polaroid color film is now a reality.

It works in most existing Polaroid Land
Cameras to produce beautiful color pictures
in 50 seconds.

Polacolor film has been widely acclaimed
as a distinguished scientific achievement. But
in the final analysis this new film is only as
important as the uses to which it is put,
whether it is making an accurate instantane-
ous record of a delicate surgical operation or
stimulating an amateur photographer to use
his camera more imaginatively.

Here are some of the ways new Polacolor
film has been put to use.

This is a photomicrograph of a sec-
tion of a heart muscle, magnified 175

times. Dyes have been injected into the.

tissue which have turned the muscle

tissue red and a blood vessel blue.
With Polacolor film the pathologist knows in
less than a minute if he has a perfect photo-
micrograph. There is no waiting while the
film is sent out to be processed. If the pic-
ture isn’t perfect, he knows it immediately
and can take another one right away. He
doesn’t run the risk of having to repeat a
difficult and time-consuming procedure at
some later date. And he can proceed with

his analysis that much faster.
Who is the girl? Employee identifi-
cation is of vital importance to many
Government and industrial organi-
zations. Full color portraits on ID
badges and record cards give far
more information than black and white pic-
tures, but have been too costly and time-
consuming up to now. Polacolor film solves
these problems. In this case, the film was
used in a special camera that makes four
identical images at once on one print. Costly
darkrooms aren’t necessary. Pictures are fin-
ished and can be checked in 50 seconds.
(Polacolor prints don’t even require coating.)
Records can be completed on the spot and
the new employee gets on the job faster.
This is a picture of a plastic model
of a metal part. Stress analysis of the
model shows how the part will react
to strains it will experience in use. By
putting it under pressure and view-
ing it in polarized light, the lines of strain are
readily apparent. These lines and concentra-
tions vary in color as the pressure varies.
Polacolor film gives the engineer an accurate
picture in 50 seconds that he can study, ana-
lyze and file for future reference.
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Here’s how many people will use
Polacolor film. Images like this car
now be created in one simple step ir
50 seconds, rather than the 22 proc
essing steps for conventional colos
pictures and the 93 minutes developmen
and printing time. The picture is sharp anc
virtually grainless, the colors strong ye
subtle, the skin tones accurate. An 8-laye:
negative less than half the thickness of a hu
man hair now accomplishes the same func
tion as a technician in an elaboratel:
equipped darkroom and in 1/100 of the time

This is just a sample of what Polacolo
film will mean. More uses are being discov
ered all the time for full-color pictures whic]
are made in 50 seconds. And many of then
will have significant value to you, whether i
is in science, industry, business or your ow:
back yard.

If you want more information about hot
Polacolor film is being put te use, writ
Polaroid Corporation, Dept. S, Cambridg
39, Mass. Photography by: 1. Leo Goodmar
Mallory Institute of Pathology; 2. Fran
Wing, Jr., Itek Corporation; 3. Professor
William MurrayandJerome Catz, Cambridge
Mass.; 4. Holly Perry, New London, Cenr
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THE SOCIAL INFLUENCE OF SALT

Salt 15 a necessity ol human life, and many people are addicted

to using more ol it than they need. Its sources are s1,1,r|7)|_'i,si_|1g|.y

limited, a fact that has shaped history m many curious respects

he Bible assigns a high value to
salt (“Ye are the salt of the

earth”). The great importance of
salt to man was noted by a number of
ancient writers (Plutarch, for example) ;
indeed, “salt hunger” has a folklore all
of its own. Typical is a pathetic story
recounted in 1708 by a French cleric
named J. Bion:

“In France...there are some poor
peasants and their whole families who,
for want of salt, eat no soup sometimes
in a whole week; though it be their
common nourishment. A man in that
case, grieved to see his wife and children
in a starving, languishing condition, ven-
tures to go abroad, to buy salt in the
Provinces where it is three parts in four
cheaper. If discovered, he is certainly
sent to the galleys. It is a very melan-
choly sight to see a wife and children
lament their father, whom they see
laden with chains and irrevocably lost;
and that for no other crime but endeav-
oring to procure subsistence for those to
whom he gave birth.”

For want of salt men have risked their
lives and endured the most disagree-
able circumstances. Over large areas of
Africa, lacking other sources, people
used to drink the urine of animals for
its salt. We are not likely to think of
salt as one of the major necessities of

MODERN SALT PANS of the Leslie Salt
Company in California get their color from
reddish microorganisms in the brine with
which the pans are filled. When solar evap-
oration concentrates the brine, the salt is
deposited in layers, which can then be har-
vested. The buildings of the salt-processing
plant appear at lower left. The two white
oblong areas are mounds of harvested salt.
The approximate scale of distance in this
aerial photograph is one inch to 1,800 feet.

by M. R. Bloch

life, but in fact it is as essential as water,
and for precisely the same reason.

The chemical requirements of the hu-
man body demand that the salt concen-
tration in the blood be kept constant.
If the body does not get enough salt,
a hormonal mechanism compensates by
reducing the excretion of salt in the
urine and sweat. But it cannot reduce
this output to zero. On a completely
saltless diet the body steadily loses small
amounts of salt via the kidneys and
sweat glands. It then attempts to adjust
to this by accelerating its secretion of
water, so that the blood’s salt concentra-
tion can be maintained at the vital level.
The result is a gradual desiccation of the
body and finally death. The organism
literally dies of thirst.

In the case of lack of water to drink,
the crucial factor—the salt concentration
in the blood—is the same but the hor-
monal mechanism works in the opposite
direction. It operates to reduce the se-
cretion of water and increase the salt
secretion, in order to maintain the cor-
rect salt level; nonetheless, the inevi-
table, irreducible water losses lead to
death. In short, the body’s normal crav-
ing for salt and for water are both as-
pects of the same vital need: a saline
internal fluid.

In regions of the world where the popu-

lation lives mainly on meat or fish the
year round salt is no great problem—the
meat or fish provide enough. (Curious-
ly, however, salt is habit-forming: people
who live on a high salt intake become ad-
dicted to it. Obviously they must also
secrete it at a higher rate.) Salt depriva-
tion is a predicament of the vast areas
where meat is scarce and men depend
primarily on a vegetarian diet. On such
a diet a human being needs a minimum
of two to five grams of additional salt per
day in mineral form. In many regions no
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mineral source is available. This was the
case in parts of precolonial Africa. Its
people survived only by drinking the
blood and urine of cattle and wild ani-
mals, which roamed over wide areas col-
lecting and concentrating the salt in
their systems by feeding on plants. As a
result inner Africa was able to support
only a thin human population.

Aside from serving as a staple of the
diet, salt is a necessity in civilized com-
munities for storing meat and fish. It
performs its function as a preservative
by extracting water from the animal
tissues; the dehydrated meat is then im-
mune from attack by bacteria. There
are, of course, other methods of preserv-
ing meat, but salt is still the most im-
portant one around the world.

It was the availability of mineral salt
that enabled dense populations to arise
and flourish in the valleys of the Jordan,
the Nile, the Tigris-Euphrates, the Yel-
low River of China and the Salt River of
Arizona. The same is almost certainly
true of the valleys of Mexico and Peru,
and of many in the far-lung Roman
Empire.

Today the world population of three
billion consumes an estimated 80 million
tons of salt a year. But the per capita
consumption varies widely. Some popu-
lations live on the edge of necessity,
averaging two grams per day. Other
countries enjoy the luxury of using salt
for the production of such chemicals as
sodium bicarbonate and polyvinyl chlo-
ride. In the U.S. the per capita use of
salt is 280 grams a day, four times the
world average. A salt shortage in the
U.S. would result in some pinch of liv-
ing standards; in Bengal, where the av-
erage daily consumption is five grams,
it would mean famine and wholesale
death.

In view of all this, it is interesting to
investigate the history of the salt econ-
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omy and its influence on civilization.
In a very literal sense, as we shall see,
salt has represented tides in the affairs
of mankind. The investigation must de-
pend largely on indirect evidence, be-
cause written history, oddly enough,
does not furnish much information on
the subject. There is much eloquent
evidence, however, in the archaeological
record.

In such an inquiry we cannot do bet-
ter than to begin by hunting for the
sources of possible supply. Where and
how did man find salt-rich sites for his
early civilizations?

We think at once, of course, of the
Dead Sea, the world’s saltiest body of
water. Near the shores of the sea is
a hill of salt known as Jebel Usdum
(Mount Sodom). There salt has been
quarried since early times, going back
before the Bronze Age, and it is no co-
incidence that some of the earliest
known agricultural settlements arose in

this area, at Jericho and near the mouth
of the Jordan at the north end of the
Dead Sea. There were other places in
the ancient world where salt could be
had merely by digging it out of the
ground. Herodotus mentioned salt quar-
ries in North Africa; it is known that the
Phoenicians quarried salt in Spain; and
prehistoric salt quarries containing stone
axes have been found in Asia Minor
(Armenia), South America and at pre-
Columbian sites in Arizona.

Quarrying led to attempts to mine
salt in deeper levels. Remains of such
mines have been found at Hallstatt in
the Austrian Alps and in several other
places [see map on pages 92 and 93].
The tools were primitive and the yields
low. Nevertheless, salt mining made
Hallstatt an important center of ancient
middle Europe. A salt mine at Camp
Verde in Arizona made possible the Salt
River valley civilization of pre-Colum-
bian times.

Easier than quarrying and mining was
the production of salt from concentrated
brines. All one had to do was to wall
the natural brine in a shallow enclo-
sure, let the sun evaporate the water
and then harvest the deposited layers of
salt. At the edges of the Dead Sea there
are remains of rectangular “solar pans”
that were diked in by ancient salt-
makers. In China, in a salt-water swamp
at the great bend of the Yellow River,
ancient solar pans are still in operation
[see illustration below]. They were de-
scribed in 1882 by the German geolo-
gist and explorer Baron Ferdinand von
Richthofen as follows:

“The floor of the valley is drained by
150 corporations; each corporation has a
strip 600 feet widz running across the
length of the valley down to the lake....
Every winter holes are made in the soil,
20 feet deep and 50 feet wide. ... There
the concentrated brine collects. Around
these holes, flat fields with low dividing

CHINESE SALT PAN described in the text has been used from
earliest times to the present. It is located in a salt-water swamp at
the great bend of the Yellow River in China. Circles at top repre-
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sent large holes in which brine collects. The drawings on these two
pages first appeared in 1637 in the book Tien Kung Khai Wu
(“The Exploitation of the Worlds of Nature”) by Sung Ying-Hsing.



walls are constructed. The summer’s task
is to lift the brine from the holes into
these fields. This is done with a swinging
bucket.”

There were salt swamps in Persia,
the deserts of Egypt and the Sahara.
Early man came to recognize the oases
of the mineral by their red color. The
redness is due to the fact that in briny,
shallow ponds reddish microorganisms
multiply. Usually the redder the brine,
the higher its salt content. The similarity
of the red brine to blood, in taste as well
as color, must have made a profound im-
pression on primitive folk.

Indeed, the Bible indicates this, as
we read in the Second Book of Kings:
“And they rose up early in the morning,
and the sun shone upon the water, and
the Moabites saw the water on the other
side as red as blood. And they said,
This is blood. ...” The passage probably
refers to salt pans at Sodom. The name
Sodom itself very likely came from the

Hebrew words sade (“field”) and adom
(“red”). In a cave near the Dead Sea
archaeologists have found a piece of
reddish salt, made by careful crystalliza-
tion around a wooden stick, along with
remains that are dated from the time
of the Bar-Kochba Jewish uprising
against Rome about a.p. 130. -

In contrast to the salt from solar pans,
salt quarried from the ground is gray;
it usually contains gypsum and has less
savor because it does not dissolve com-
pletely. A map made around a.p. 450
shows two ships sailing on the Dead
Sea, one loaded with reddish salt from
the solar ponds and the other with gray
salt from a quarry at Mount Sodom.
Rare are the places in the world
where salt can be obtained so easily. In-
land peoples in most regions of the earth
had to search for salt and work hard to
extract it. In China some ingenious en-
gineer about a.p. 400 conceived the

idea of drilling deep into mountains to
salt deposits and bringing up the brine
via pipes made of bamboo; some of these
salt holes are as deep as 3,000 feet.
The brine was then evaporated over fires
fueled by coal, wood or natural gas.

Elsewhere early settlements grew up
around salty springs, which hunting
tribes located by following animals to
them. It was difficult to concentrate salt
from these dilute sources, but the hunt-
ers kept wood fires going and boiled
away the water. These salt-boiling civi-
lizations go back to Neolithic times.
Among the centers were the Tirol region
of the Alps, the Moselle and Franche-
Comté areas in France, the Saale and
Liineburg areas in Germany and Droit-
wich in England. Whole forests were
burned up in this industry, and the salt-
makers had to haul their wood from far-
ther and farther away, often on river
rafts from distant places.

The most abundant and ubiquitous

CHINESE SALT DRILLS were first used about A.n. 400 to reach
salt deposits as much as 3,000 feet below the surface. The brines
were pumped to the surface through bamboo pipes. These drawings
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of the pan and drill were photographed from a reprinted edition of
Tien Kung Khai Wu. The reprinted edition, published in 1930, is
in the collection of the East Asian Library of Columbia University.
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source of salt on our planet is of course
the ocean. Its content of salts is low—
only about 3 per cent, compared with
close to 30 per cent in the Dead Sea.
The ocean nonetheless was and still is
the main source that has sustained the
earth’s human populations. Of the 80
million tons of salt produced today,
some 30 million are extracted from ocean
water by means of solar energy accord-
ing to a system that apparently goes
back at least to Mycenaean times some
3,500 years ago and possibly to the early
Minoan civilization about 5,000 years

ago.

rI*his system is useful only in regions of

abundant sunshine. The peoples of
rainy northern Europe—Britain, the
Netherlands, Scandinavia—were blessed,
however, with stored solar energy in the
form of peat. Along the coastal areas of
the North Sea they dug out immense
quantities of peat that had been soaked
with sea water at low tide. This they
dried and burned; then they extracted
the salt from the ashes with sea water,
filtered the extract and evaporated the
water in caldrons—using peat for the
fires. The remaining concentrate (more
than 90 per cent salt) was dried beside
the fire in small clay vessels. The final salt
loaves represented money in prehistoric
times, and they still do in parts of Africa.
This use of salt as money is embedded in
language; the word “salary” is one ex-
ample.

In the span of northern European his-
tory from Neolithic times until the peat
began to give out about 400 years ago,
millions of tons of peat were harvested
for salt. It was a cheap, convenient
method and it made the civilization of
northern Europe possible.

Sunshine, however, is cheaper, and
it is inexhaustible. It is gratifying to note
in this day of talk of harnessing solar
energy that solar energy is already har-
nessed on a considerable scale to pro-
vide man with one of the chief necessi-
ties of life. Huge areas of the earth’s
sunny zones are devoted to solar salt-
making. Ocean water is pumped into
flat, low-lying, diked compounds con-
nected by canals; there the water evap-
orates under the sun and leaves a har-
vest of salt. It takes 50,000 cubic yards
of sea water, spread over 100,000 square
vards of flatland, to produce 1,000 tons
of salt per year. This is enough to sup-
port the salt needs of a population of
100,000 comfortably.

Until a few years ago the techniques
employed for producing and harvesting
the salt were exactly the same as those
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invented thousands of years ago. New
methods of treating the brine and more
efficient pumping and harvesting are
now improving the vields. Saltmaking,
which includes fractional harvesting of
the various salts of different solubility,
is a high art.
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Of all the basic necessities of life, salt
is unique in that it is confined to certain
limited locations. Men can make a living
by hunting, fishing, raising animals and
cultivating land over vast areas of the
earth, but salt can come only from the
comparatively few places where it is
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readily obtainable from salt lakes, mines,
springs, or the ocean shores and means
are at hand for extracting it. This fact,
from the very beginning of civiliza-
tion, has operated to make transport
one of the cardinal necessities of civi-

lized life.

SALT IN ANCIENT TIMES was usually obtained from the types
of source (keyed at left) indicated in the map on these two pages.
Rock salt was generally dug directly out of the ground. “Saline

To perceive this we need only look
at the maps of the ancient civilizations.
In Palestine agriculture spread up the
Jordan River from the Dead Sea, and
places such as Magdala on the Sea of
Galilee became fishing and salting cen-
ters. In Egypt early tarming depended
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80 120
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on boats bringing salt up the Nile from
the salt swamps at the river mouth and
on caravans bringing it in from the salt
lakes in the deserts. In France the hinter-
land was nourished by salt carried up the
Rhone from pans near Marseilles. The
same pattern is visible in Mesopotamia,
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areas” provided salt through soil compounds and salt springs. In
“Salt-boiling areas” sea water or brine was boiled to produce salt.
“Sea salt efflorescence” resulted from the freezing of sea water.
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Persia, India, China and pre-Columbian
Mexico.

River transportation was obviously
the easiest. For so precious a commodity,
however, everv possible means was
pressed into service. Caravans of camels,
horses, donkeys and llamas carried salt
across deserts and over mountains to
salt-hungry populations. (A camel can
carry some 300 pounds.) Up to a few

vears ago a great caravan brought salt
twice a vear to Timbuktu in Mali from
the Taodeni salt swamp in the Sahara
Desert. To maintain Timbuktu, with its
celebrated market, a caravan of 2,000
camels left the town semiannually on a
450-mile journey to the swamp for the
single purpose of bringing back 300 tons
of salt.

Salt was also an important item of

ocean-going commerce. Hundreds of
ships plied the Atlantic and northern
European waters to bring salt to the
Netherlands, Britain, Scandinavia and
Russia. Spain and Portugal traded salt to
Africa, India and the Americas, and Brit-
ain later joined in this trade, shipping
saltfrom Cheshire, where it was produced
with the help of coal. In the time of the
Hanseatic League, France sent salt by
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of salt as well as the exploitation of various
native sources. The imports and different
sources are keyed at left. The ashes of
burned plants were used as condiments and
as a substitute for normal salt. The hatched
areas associated with Idjil, Taodeni, Bilma
and Demi represent the areas in which salt
from each of these sources was distributed.



the thousands of tons to the Baltic coun-
tries (the Baltic waters being relatively
low in salt content). A single ship could
carry more than 150 tons—as much as a
caravan of 1,000 camels.

rljhe salt trade, particularly the over-

land traffic, inevitably had military,
social and political consequences. The
caravans and ships, and the depots to
which they delivered their salt, had to
be protected against bandits and ma-
rauders. It became necessary to provide
them with convoys and to fortify way
stations, shipping ports and trading
posts. In short, the system of “protec-
tion” came into existence. As the most
valuable single commodity in commerce,
salt required the services of powerful
protectors.

A certain political pattern seems to
emerge: where salt was plentiful, the
society tended to be free, independent
and democratic; where it was scarce, he
who controlled the salt controlled the
people.

In the very early settlement of Jericho
the farmers pursued an independent
existence and needed no fortifications to
defend their abundant source of salt.
(The town’s famous walls were built
later.) Along the shores of the Mediter-
ranean and the North Sea, farmers and
fishermen also nourished free societies.
We know that the economy of the
Athenians depended in considerable
part on the salting of meat and hides,
for which they sacrificed hundreds of
cattle daily on the Acropolis. Salted fish
was a staple of the diet throughout the
Hellenistic world, thanks to the salty
Mediterranean. Later the empire of the
Caesars, utilizing the seacoasts and
ocean coasts along its borders, was able
to produce about a million tons of salt
a year for the population of the empire,
which is estimated to have totaled some
100 million.

In northern Europe the abundance of
fish, peat and tidally shallow, salty sea-
coast allowed the Dutch, the English
and the French to be more than self-
sufficient. They were able to maintain
small, independent communities that not
only supported themselves but also sold
their salted fish to markets as far away as
the Mediterranean. In the Middle Ages
the Dutch shipped salted herring to half
of Europe. When peat and wood gave
out, the English turned to coal as a fuel
for saltmaking, and this use of coal made
Britain the world’s foremost salt pro-
ducer during the 18th and 19th cen-
turies.

In contrast, areas of the world that
had to import most of their salt or
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SALT IN PRE-COLUMBIAN MEXICO influenced the distribution of agricultural popula-
tions. This map shows available salt sources before (dots) and after the Spanish Conquest
in 1519 (crosses).Most of the indigenous populations occupied southern Mexico (unshaded) .

obtain it from small, isolated sources
show a more autocratic pattern—a his-
tory of frequent conflict, monopoly and
all-powerful rulers. In the ancient river-
valley civilizations of the Nile, Babylon,
India, China, Mexico and Peru the kings
and priests maintained their rule and ob-
tained their income through their mo-
nopoly of salt, on which the population
was helplessly dependent. By their con-
trol of the military forces that guarded
the stores of salt these rulers exercised
a power of life and death over their
people.

In middle Europe during Roman
times salt was a focus of instability. Un-
like the salt-rich Dutch, English and
French, the German tribes fought wars
over their meager salt sources, so Tacitus
tells us, and small dukedoms consoli-
dated around the centers of production
located at Halle, Hallstatt, Seille and
Liineburg.

In Africa the scarcity of salt made
it more precious than human freedom;
it was, in fact, a most powerful factor in
the slave trade. Families in the African
interior sold children into slavery for a
handful of salt. As recently as 1882 a
traveler in British East Africa reported
that he was offered a young girl for four
loaves of salt.

Students of recent history will also
recall that the salt monopoly and salt
tax (gabelle) in France was one of the
main causes of the French Revolution,
and that Mahatma Gandhi climaxed his
crusade for emancipation of the Indian
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people by leading them in the famous
salt march.

What is most startling in the whole
salt story is that geological history has
played a crucial but unappreciated role
in the world’s salt supply. Bear in mind
that a large share of the salt (more than
a third) is obtained from low-lving flat
lands at the ocean’s edge; that is, from
natural or diked pans of sea water,
which can be evaporated by the sun or
by the use of fuel. What happens when
the ocean rises because of melting of
the glaciers?

We know that within the history of
Luman civilization the sea level has
risen and fallen periodically in what is
called eustatic ebb and flow. From trac-
ing old shore lines, from carbon-14 dat-
ing of plant and animal remains and
from historical records, we can make a
rough chart of these oscillations [see
illustration on page 98]. It appears that
after the last continental glaciation the
average sea level rose some 20 feet and
then settled down to a cycle of minor
rises and falls.

At the height of the ancient Greek
and Phoenician civilizations the sea level
was more than three feet lower than it is
today. For 1,000 years or so saltmaking
in solar pans and in peat marshes flour-
ished in the Mediterranean, the Atlantic
and the North Sea. But the sea was ris-
ing. By a.p. 500 it had risen more than
six feet (about three feet higher than it
is now). This may seem a rather minor
change. It was enough, however, to
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inundate most of the sea salt ponds all
over the world!

The solar pans of Athlit in Palestine
sank below sea level. So did those at
Marseilles and Narbonne in France and
at other places around the Mediter-
ranean; only at the mouth of the Po

HICKLING “BROAD” is among the numerous shallow “lakes”
and inlets on the east coast of England that were created by the
removal of immense quantities of peat. The peat, soaked in sea

¢ ¥

HUGE ROCK SALT DEPOSIT at the Fairport Harbor Mine of the

Morton Salt Company near Cleveland is mined at a level 2,000 feet
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River and a few other places did the salt
pans survive. In northern Europe the
marshes were similarlv flooded and salt-
making all but stopped. Only a few
North Sea islands and Duurstede in the
Netherlands provided any salt.

The effects on Europe were nearly

-
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catastrophic. The Belgian historian Hen-
ri Pirenne observes that Europe fell into
an economic dark age. The salt traffic vir-
tually disappeared; the coasts of Britain
and France were deserted; the northern
part of the continent became an “under-
developed” area, and people began to

h

water, was dried and burned for salt. This practice was prevalent
from about the ninth until the 16th century, when the rising sea
level flooded the areas and rendered them useless as sources of salt.

below the surface. “Room and pillar” mining has left pillars of
rock salt to support the ceiling, which is about 18 feet high.



What's the name to remember for memory?

We have eight lines of ferrite cores so you can
string your own arrays. Or we can. We provide
virtually all configurations and frame designs.
And these we can stack into compact stacks
with memory cycles of 1 to 25 microseconds.
Then we offer memories —40 different models,
in fact. They're off-the-shelf core memories of
both coincident current and word select types.
They provide random and sequential access
operating modes. They have cycle times of 1
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to 24 microseconds. And capacities of 128 to
16,384 words. We also have today's finest
high- and medium-speed tape transports and
tape memory systems —offering complete fa-
cility to read, write and check digital data in
major computer formats. What about the reli-
ability of this memory line? In a word: Ampex.
For more information write to Ampex Corp.,
Redwood City, California. Term financing and
leasing available. Worldwide sales and service.
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automatic, precise
temperature testing

Gselect a Delta chamber \
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Choose from 15 well-proven models. —200°F
to+600°F with reliable control to #=v4°F...
0.14 to 5.8 cu. ft. test volumes... go from
70°F to —65°F in 12 to 8 min.; to 500°F
in 6 to 35 min. (depending upon model)...

thremely compact.
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6WG TTT 60WD

TTT 60WD — Specially designed for reliable
electrical connection and switching when
testing transistors, diodes, etc.

6WG — A wide variety of quickly changed
drawers and doors for handling test speci-

mens. /
/3 plug in programmers\

MR-1

MR-2

MR-3

To save you time and improve testing, Delta
Design offers the widest range of equipment
for automating temperature testing. Exam-
ples: MR-1 cycles between any high and low
for thermal shock testing...MR-2 also cy-
cles to ambient, as in MIL STD 202B testing
... MR-3 programs the rate of temperature
change, using an easily changed program/

cam.
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office for the new, complete |

Delta Design catalog. |

PRODUCTS MANUFACTURED BY DELTA DESIGN, INC., ARE NOW SOLD AND
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LOCATED THROUGHOUT THE U. Sy

@ non-linear systems, inc.
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PHONE: 755-1134 Area Code 714
TWX: 714-277-3191
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migrate to the more arid areas of the
Mediterranean in quest of lifesaving salt.

The salt mines, the desert salt lakes
and the Dead Sea became the saving
sources for European civilization. This
explains the otherwise senseless deter-
mination of the Roman emperors Vespa-
sian and Titus to conquer the deserts
around the Dead Sea. In the sixth cen-
tury aA.p. the ports and other towns of
Palestine became great trade centers and
grew to cities of 100,000 or more. For
the salt and salted food they provided to
the collapsing West they received gold,
marble and other luxuries.

The sea receded, and Europe came
back. By the 10th century the English,
French and Dutch were again making
salt in their peat bogs. Essex, according
to the Domesday Book of the time of
William the Conqueror, was operating
hundreds of salt pans; the island of
Yarmouth had revived as the center of
Britain’s fish-salting industry; and salt
production was in full swing in Nor-
mandy, on the west coast of France, at
the mouth of the Rhone, in Sicily and
the Crimea.

’rhc revival of European saltmaking

brought invaders; Europe’s popula-
tion vacuum began to fill up violently.
From the north the Norsemen took over
the British and French salt centers; from
the east the Arabs invaded France and

(35 ]
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clashed with the Norman conquerors in
Provence.

In the 16th century the oscillating
sea level again flooded saltmaking cen-
ters along the European coasts and made
lakes of the peat excavations—now
known as the “broads” of eastern Eng-
land, the “meers” of the Netherlands
and the “claires” of France. The rising
tides covered part of the “red hills” in
Essex and elsewhere on the shores of
the North Sea; these hills were formed
by the piling up of hundreds of thou-
sands of tons of broken clay forms in
which peat salt was cast over the cen-
turies from Neolithic times on.

Recent rises in sea level have not
gone as catastrophically high as during
Europe’s dark age. Industrialization has
largely removed the danger of salt
famine from the Western world. In the
U.S,, for example, large quantities of salt
are produced from natural salt lakes,
trom rock salt and by drilling into deep
underground salt deposits where water
is pumped in and the brine pumped out
—as well as from solar pans on the
California coast.

Yet some 30 per cent of the world’s
salt is still obtained from seacoast solar
ponds, which are vulnerable to a rise in
sea level. Thus the small eustatic fluctua-
tions of the ocean level may produce pro-
found effects on human civilization in
the future as they have in the past.

SEA LEVEL (METERS)
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YEARS BEFORE PRESENT
EUSTATIC CHANGES OF SEA LEVEL over the past 6,000 years have greatly affected the

production of salt, as discussed in the text. In the past 4,000 years there have been small but
| important oscillations (black curve) in the over-all rise of sea level (colored curve).
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Freight-to-passenger ratio for airlines gives strong evidence
of following railroad patterns. Fifty years showed freight
increasing from 209, to 88 9%, of total railroad business. Cargo
by air has grown from 3%, to 99, in the past fifteen years.
Freight-by-air is a sleeping giant which could awaken with a
roar as a result of important shipping economies being made
possible by the new Douglas jet freighters now entering
service. [0 And Douglas is helping awaken the giant on
several other fronts. These include coordinating a study

s LE E PI N G G IA NT of freight movement statistics

in conjunction with several
...AND WHAT DOUGLAS IS DOING ABOUT IT major airlines; designing
improved terminals and cargo handling systems; analysis
of terminal-to-terminal control; and, of course, continuing
production of jets with lowest possible operating costs.
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relating to aerospace and defense systems. Major
Douglas divisions are located in Santa Monica

and Long Beach, California; Tulsa, OUGLAS
Oklahoma; and Charlotte, North Carolina.

Douglas research programs involve 23 technological areas /
[ e
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THE ARCHER FISH

This remarkable animal of southeast Asia downs 1ts insect prey

with a powerlul spout of water. A discussion of the anatomical

and behavioral u(vlaptutions that account for its uni(r[uc le)i'il’}"

low of the Royal Society of London,

described to his colleagues an extra-
ordinary animal: the East Indian “jac-
ulator, or shooting fish.” Schlosser re-
ported that “this cunning fish,” sighting
a fly on a plant above the water, “ejects
out of its tubular mouth a single drop of
water, which never fails striking the fly
into the sea, where it soon becomes its
prey.” Although Schlosser’s story was
inaccurate in some of its details, it was
essentially correct. Scholars nonetheless
discounted it and many similar reports.
Only at the beginning of this century
did the Russian ichthyologist N. Zolot-
nisky take the trouble to observe some
archer fish that had been imported and
placed in an aquarium. He confirmed
Schlosser’s account of their shooting
prowess and noted several other aspects
of their behavior. The archer fish became
a popular aquarium specimen, but it was
not until the 1930’s that a U.S. ich-
thyologist could describe the anatomi-
cal structures that enable it to function
as a living water pistol. Ten years ago I
undertook to investigate the remarkably
specialized behavior of the archer fish—
behavior that so far as I know has no
parallel in the animal kingdom.

The habitat of the genus Toxotes
(from the Greek word for “archer”)
ranges from India to the northeastern tip
of Australia. Toxotes is adapted to vari-
ous environments at the edge of the sea:
coastal salt water, the brackish waters
of mangrove swamps, bays and estuar-
ies; it even moves some distance up-
stream in rivers. Of the five species that
have been distinguished, T. jaculatrix
(Schlosser’s “jaculator”) is the best
known and the one with which I have
usually worked. It is a small fish, attain-
ing a maximum length of about seven
inches, and is silvery in color with dark

In 1764 John Albert Schlosser, a Fel-
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by K. I. Luling

patches and bars on its flanks. As one
might expect, the eyes of this sharpshoot-
er are (uite distinctive: large, rather pro-
truding and mobile. Most observers have
been struck by their brightness and even
an appearance of keenness not usually
associated with the eyes of fishes.

One other anatomical detail should be
mentioned because of its apparent adap-
tive significance. The bodies of juvenile
archer fish shine with luminous spots
that at times are so bright they resemble
tiny greenish fluorescent lamps. The
light, however, is not produced by the
fish itself; it apparently results from the
enhanced reflectivity of the tissue be-
tween the dark dorsal patches, which is
particularly soft in the young fish. Juve-
nile archer fish are gregarious, and it
seems likely that their luminosity helps
them to keep contact with one another
in the dark and muddy waters they so
often frequent.

In its native habitat the archer fish

swims at the surface or just beneath
it, the great eyes peering upward in what
appears to be a purposeful search for
prey. When it spots a likely insect on
a water plant or a mangrove root, it takes
up a characteristic position with its
snout just breaking the surface and lets
fly a jet of water. Its aim is remarkably
good: the first shot is usually successtul
at distances up to two or three feet. The
insect, its wings doused with water, falls
to the surface, whereupon the fish uick-
ly eats it. In captivity T. jaculatrix re-
tains its spouting behavior. Once it has
become acclimated to the aquarium it
will readily shoot at a meal worm held
above the surface with a pair of tweezers
or at a cockroach running about on the
glass cover of the tank. It may even
shoot the aquariist in the eye as he
peers into the tank, the movement of his
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evelids having stimulated the act of
spouting.

One of the most interesting things
about T. jaculatrix is that its highly spe-
cialized water-shooting is not its primary
means of food-gathering; a number of
restrictions are placed on this behavior
by external factors and by the nature
of the fish itself. First of all, the spouting
is only possible where the surface is calm
and there is vegetation; it is obviously
impossible in open coastal waters where
the fish spend some of their time. More-
over, the aerial targets must be within
a reasonable distance of the surface.
Verv young fish can manage a jet only
two or three inches long; in fact, they
shoot down hardly any of their food.
Adults are rarely successtul beyond three
or four feet. Another restriction is that
the fish tend to fire with more vigor
than is necessary; a powerful squirt may
drive a nearby insect out of reach. Per-
haps most important, the fish are not
squirting machines but living things;
thev get tired. Even if insects are still
available, a fish may weary of squirting
and shift to another form of food-gather-
ing if it is still hungry.

For all these reasons Toxotes depends
largely on food it finds on or below the
surface. It prefers insects that have fallen
to the surface, but it will also take food
that has sunk a few inches into the wa-
ter. This raises an interesting (uestion
for evolutionary theory: Spouting, if it is
so unimportant, can hardly have been a
significant factor in the survival of the
species or in selection and differentiation
within the species.

Leaving this question aside, it is
true that the archer fish does spout
and knock down insects. The main
reason for the long refusal of scholars
to accept this fact was the lack of anv
obvious water-propelling mechanism in



/

ARCHER FISH is a native of coastal waters and rivers from India on a twig above the water. The fish spouts a stream of water, which
to northeastern Australia. This photograph shows Toxotes jacula- breaks up into drops that strike the prey. The photograph was
trix, the most common species, scoring a direct hit on an insect made by Heine Hediger and H. Heusser of the University of Zurich.
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ARCHER FISH’S MOUTH, while superficially similar to that of many other fishes, has
structures that explain its ability to spout. The bony tongue is thin in front but swells into
a ridge toward the rear (a«). When the mouth closes, the tongue almost fits into a V-shaped
depression in the roof of the mouth (b) but leaves a small channel through which water is
forced by compression of the gill covers. The roof of the mouth is seen from below at c.

the archer fish. As the British ichthyolo-
gist Francis Day wrote in 1889, “the ac-
tion is one which the mouths of these
fishes appear incapable of effecting.”
This objection was finally disposed of by
the U.S. ichthyologists Hugh M. Smith
and George S. Myers. Smith found that
the propulsive force came from a sudden
compression of the fish’s gill covers; in
fact, he was able to simulate the natural
shooting act by holding a fish in his hand
at the water surface and forcefully
squeezing the gill covers. Myers then
searched for some structural peculiarity
of the mouth parts that would explain
the formation of a jet of water. He dis-
covered a narrow groove running along
the roof of the mouth. When the fish
closes its mouth, its tough tongue is
pressed up against this groove, creating
a tube like the bore of a gun. Pressure
trom the gill covers forces water through
the tube and out of the slightly open
mouth; the stream may be regulated in
part by the thin tip of the tongue [see
illustration above].

The work of Smith and Myers left un-
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explained one important uestion: How
does a fish, with its eyes below the sur-
tace, discern small targets above the
water and sight them accurately enough
to score hits? A fish’s-eye view of objects
above the surface is notoriously poor.
Moreover, the refraction of light rays as
they enter the water makes an object
above the surface appear to be where it
is not. These difficulties prompted some
people to insist that the archer fish must
raise its eyes above the water surface at
the moment of spouting. When this
turned out not to be true, one ichthy-
ologist suggested that the fish must have
“a truly remarkable trigonometric range
finder in its brain.”

\Teither this visual problem nor other
s details of the unique behavior of the
fish could be satisfactorily investigated
by casual observation in aquariums or in
the field. I decided in 1952 to make a
careful study of the spouting act with
motion picture photography and to sup-
plement this analysis with an anatomical
study of the archer fish’s eye structure.
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I obtained seven specimens of T'. jacula-
trix ranging from two to four inches in
length. Four of these I dissected for the
anatomical investigation. I put the oth-
ers in a tank, in which I stood a pane of
frosted glass that projected 20 inches
above the surface. When my fish squirt-
ed at cockroaches or ants placed on the
glass, the location and shape of each
broadside was recorded by a drenched
area on the glass. With a soft pencil I
traced these areas for later analysis. I
used a similar setup for the filming op-
eration, placing the lens of my camera
level with the water surface. In this case
I offered live targets on a pane of glass
and also various dummies either fas-
tened to wires or placed in flat-bottomed
glass tubes fixed to the pane. In order to
measure the angles at which the fish
spouted I wanted to catch a fairly long
stream of water on each frame, so I shot
the film at 24 frames per second rather
than at a very high speed.

My observations confirmed reports
from the field that the archer generally
keeps to the upper few inches of the wa-
ter, often swimming with its head in con-
tact with the surface. In the turbid water
it often frequents this is a necessity if it
is to catch sight of its prey. A fish that
is in a squirting mood (which is to say
a fish that is hungry and has not spouted
for a while) keeps looking upward and,
when it sees a target, heads for it in a
manner so characteristic that I could
take it as a signal to start my camera. The
fish gives the impression of stealth and
determination as it closes in on the prey
slowly and deliberately. The archer has
binocular vision and its great eyes can
be seen to range horizontally as they
focus on the target. If the fish is high in
the water, it moves toward its prey di-
rectly beneath the surface; if the fish is
deeper, the approach path is diagonally
upward [see illustration on opposite
page].

In either case the fish swims until
it is almost directly below its prey. The
reason is immediately apparent, and it
is important: The refraction of a ray of
light decreases as the angle of incidence
increases; light striking the water sur-
face at right angles is not bent at all.
When the archer fish is directly below
its prey or nearly so, there is no refrac-
tion, or extremely little, of the light rays
reflected from the quarry and reaching
the archer’s eyes. The eyes, in any case,
are so close to the surface of the water
that refraction can hardly be much of a
problem.

Once it has arrived below the target,
the archer fish makes a peculiar move-



ment that occurs so quickly it can hardly
be perceived except in a series of photo-
graphs. The fish shifts from a diagonal
position, with the top of its head touch-
ing the surface, to a more vertical posi-
tion. This characteristic movement was
repeated in every spouting performance
I recorded. Once it has reached its near-
vertical firing position, the fish may
move slightly forward or even backward,
apparently adjusting its aim and making
its final distance calculations. There is
a noticeable increase in tension, visible
as an extension of the pelvic and dorsal
fins, and then the fish lets go its jet of
water.

There would seem to be two reasons
for the pivoting movement of a fish
that is about to fire. One is that the shape
of the archer fish’s snout sets limits to
the angle between the axis of its body
and the line of fire. As will be seen, how-
ever, this angle is subject to quite some
variation. A more important reason, I
think, is that the near-vertical position
minimizes parallax—the angle between
the eyes-to-target line of sight and the
mouth-to-target line of fire—and thereby
eliminates what could be a serious ob-
stacle to accurate aim [see illustration
on page 106]. Parallax would still exist
for short-range shooting, but as a matter
of fact prey verv near the surface are
almost always seized by jumping rath-
er than shooting. Accurate jumping is
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ACT OF SPOUTING is diagramed in these drawings based on a
film made by the author. A characteristic approach is shown by
the two fish drawn in outline (left). Once in position the fish

made possible by the archer’s binocular
vision, and particularly by its ability to
direct its eyes forward to see prey close
to its snout.

One of the details T sought to pin

down was the precise angle be-
tween the longitudinal axis of the fish’s
body and the line of fire. I found that the
archer fish is able to score hits when this
angle is anywhere from 140 to 170 de-
grees [see illustration on page 106]. In
other words, the fish can adjust its direc-
tion of spouting within these limits. Ac-
tually this is rather surprising. One
would have thought that the anatomy of
the animal would prescribe a constant
angle, in which case the archer fish, like a
fighter plane with a fixed machine gun,
could aim only by pointing its entire
body in the proper direction.

One of the most difficult things to
determine was the exact nature of the
spouted stream of water. Earlier observ-
ers had spoken of single drops of water
or a succession of drops. Even my film
did not yield clear evidence whether
there is in fact a single jet of water or
a spray. It often appeared to me that
there was a spray made up of a large
number of individual drops discharged
in rapid succession. It remained for some
later investigators to clear up this ques-
tion. Two years ago Heine Hediger and
H. Heusser of the University of Zurich
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made a careful study of the archer’s
spouting behavior with the aid of very
high-speed motion picture photography.
They found that the fish actually ejects
a single jet of water that travels between
two and four inches and then breaks up
into a fine spray and a few large drops.
It is these drops, which quickly pass the
spray, that strike the insect prey.

I noticed that the area of frosted glass
wetted by the stream of water was sub-
stantial and was usually larger in the
vertical dimension than the horizontal.
This is partly because of the fringe of
spray that falls somewhat short of the
target and partly, as Hediger and Heus-
ser observed, because the fish is not
absolutely still in the water as it shoots.
It begins to spout while it is still “rock-
ing” toward a vertical position, so that
the beginning of the jet leaves its mouth
at a smaller angle to the water than the
end does.

A final reason for the large size of
the area wetted by a stream is the force
with which it is ejected, which is always
the same regardless of the target’s dis-
tance. This constancy in the expenditure
of energy is a conspicuous example of
rigidity in instinctual behavior. The
amount of energy in a jet becomes ap-
parent if the stream misses its target:
Myers noted that some drops spouted by
a three-inch archer at an insect three
feet away missed and traveled more
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pivots to a more vertical attitude, tenses its fins and ejects a stream
of water (1). The stream breaks up (2) and strikes the target (3)
as the fish relaxes its fins (4) and waits for the prey to fall.

103



SCOPE /s the range within which
an activity displays itself. The scope of
CryoVac in the field of cryogenics is prac-
tically limitless. It is the result of a careful
blending of people, experience and facili-
ties—people including some of the earliest
researchers in the field of cryogenics,
experience gained through development
of some of the earliest space-age cryo-
genic projects, modern facilities geared
solely to the field of cryogenics. = The
scope of CryoVac not only includes the
designandconstruction of cryogenichard-
ware and systems, systems engineering
studies, but the capability to conduct
research and development programs
on a contract basis. This capability has
not been limited to space simulation but
to other projects as well. For instance,
CryoVac was selected to perform an
advanced study and preliminary design
of the low temperature systems for the
AEDC, Mark Il facility. These cycles
will be the largest cryogenic processes
ever designed involving thousands of
compressor horsepower. ® This almost
limitless scope of activity in cryogenic
Research and Development is at your
disposal—why not take advantage of it?

coLuMBUS 12,

Inquiries from qualified scientists and engineers
regarding employment opportunities are invited
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than 15 feet! I observed that the jets
carried at least 20 or 22 inches on a

| straight trajectory. An archer fish that

fails to hit its prey with its first vollev
will immediately try again, once or sev-
eral times, if it is not too tired.

Sheer force, however, is not always

enough to knock the archer fish’s prey
from its perch. If the insect is on a verti-
cal surface (my pane of glass or, in
natural conditions, a twig or a branch),
a jet of water striking its back would
often “fasten” it more firmly instead of
dislodging it. In this case, I was fas-

MOTION PICTURE SEQUENCES show two spouting acts. In each case an archer fish
is seen (top to bottom) shifting to the near-vertical shooting position and then squirting at
a target. The strip at right shows a fish spouting weakly because it has insufficient energy.
These are frames from two segments of the author’s film, shot at 24 frames per second.
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Giant RIFT:

it will pioneer
nuclear propulsion
in Space

A new kind of power will be needed

to propel America's manned spacecraft
to the planets. Nuclear propulsion
may be the answer. A nuclear rocket
might be the ideal upper stage on the
huge multistage boosters. It would
carry up to ten times the payload of
the chemical stage it would replace.
The National Aeronautics and Space
Administration and the Atomic Energy
Commission are cooperating in

~-,Wr rocket program
- to 1stra ethompu[got- v Al

nuclear propulsion. NASA has chosen .. |
Lockheed to design and build

the enormous nuclear-powered RIFT
(Reactor-In-Flight-Test) test vehicle,

33 feet in diameter and 124 feet tall.

Lockheed

Lockheed Missiles & Space Company
Sunnyvale, California » A Group Division of
Lockheed Aircraft Corporation
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recording
a missile path

Accurate photo data on shipboard missile
firings is the tough job assigned this Photo-
graphic Recorder Mk 14 developed by the U.S.
Naval Research Laboratory for the Bureau of
Naval Weapons. The versatile Flight Research
Model 1V 35 mm MULTIDATA® camera pic-
tured atop the console unit was adapted to
complete the precision photography. Complex
data is collected from shipboard weapon con-
trol systems by the “heart” of the Mk 14, a
series of Vertical Scale Indicators set in a
concave panel within the unit.

Official U.S. Navy Photographs

The Model IV photographs these precision
servo repeaters at a rate of 10fps. Three
integral camera coding lamps are used for
calibrating, timing and event marking from
internal and external signals. “Keep alive”
circuits insure reliability. The Model IV can
be operated locally or by remote control with
equal precision, and provisions are made for
the use of additional cameras from the
same controls.

For accurate photographic recording of any
sequential operation or experiment, contact
Flight Research. Our versatile photoinstru-
mentation equipment is backed by skilled
engineers who will work with you to adapt
or design precision cameras to meet practi-
cally any specifications. At Flight Research,
precision is a product, not a problem.

FLIGHT
RESEARCH

INCORPORATED

P.0. Box 1-F + Byrd Field 26 « Richmond 1, Virginia

Career opportunities for Electronics and Mechanical Design Engineers
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cinated to observe, the fish apparently
aims not directly at its prey but at a
point just below it. The water ricochets
from the vertical surface and catches the
insect in the abdomen, lifting it neatly
from its perch.

he archer fish’s aim is not matched

L by selectivity in choice of target.
When it is ready to spout, the fish will
let fly at almost anything; in my experi-
ments the fish spouted eagerly at drops
of water on the frosted glass, paper cut-
outs in the shape of insects, a large paper
rectangle and a real wasp that was much
too big for the fish to swallow. When
| the target—any target—falls to the water,
| the fish seizes it. Only then does the fish
| decide whether or not the fallen object
| is edible. When I dropped a pin on the

surface immediately after a fish had
spouted, the fish rushed to seize it and
then, of course, released it at once. This
impetuous retrieving behavior immedi-
ately after shooting is probably dictated
by the fact that other archer fish near-
by will snatch the marksman’s prey if
they can.

A fish that has a lot of what T call
“reaction-specific energy” stored up will
spout even when it sees food that does
not call for spouting at all. For example,
I have placed a mealworm on the surface
of the water near a hungry fish; the fish
darts forward, stops short a fraction of
an inch from the worm and squirts wa-
ter into the air. A droller version of this
behavior may rarely take place at the
bottom of a tank. A fish rushes toward

| some food lying on the sandy bottom
and then suddenly stops. As it does so
the food zooms off a few inches along
| the bottom, struck by an underwater
jet from the fish. One is reminded of the
| circus clown who keeps stooping to pick
| up a ball but can never quite get it be-
| cause he kicks it along the ground just
as he reaches down.

Successful spouting seems to occur
only when a fish is hungry and has
enough energy available. The drive to
spout is strongest in fish that are hungry
and have not spouted for some time. If
an archer fish is hungry but in a state of

| reduced energy because it has been
spouting a lot, its efforts to hit a new
target are unsuccessful. The stream of

water simply falls short [see bottom il-

lustration on page 108]. The fish may
[ continue to squirt desultorily for a while;
eventually it ceases even to try.

A little should be said about the rela-
tion between the archer fish’s spout-
ing behavior and its eyes and eyesight.
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The importance of binocular vision is in-
dicated by the ineptitude of an archer
fish that has only one good eye as a result
of an injurv or a parasitic infestation. It
is unable to judge either distance or
direction correctly. One of my speci-
mens, which was blind in the left eve,
regularly aimed its jet too far to the right
and was also unsuccessful in jumping at
a target.

The archer fish’s eves are not onlv
large and capable of binocular vision but
also structurally more highlv developed
than the eves of most other fishes. The

PIVOTING MOVEMENT before spouting
begins brings the fish from a nearly hori-
zontal (color) to a nearly vertical (black)
position. This has the effect of reducing the
parallax between the direction of sighting
(colored and broken black lines) and the
mouth-to-target direction of spouting (solid
black line). The angle (arrow) between
the spouting direction and the long axis
of the body is between 140 and 170 degrees.



ANACONDA COMMENTS

new facts about copper—man’s oldest metal

NUMBER 10 OF A SERIES

ANACONDA CHOSEN TO SUPPLY
TWO MILES OF COPPER TUBE FOR
WORLD'S LARGEST ELECTRON ACCELERATOR
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Sketch of proposed Stanford two-mile accelerator site shows scope of project.
The strip of land is almost three miles long, occupying 480 acres in all. The
accelerator tube passageway will be covered over with 25 feet of earth.

Anaconda American Brass Company has
just signed a contract to produce copper
tube and copper component items for
Stanford’s two-mile accelerator, the larg-
est research instrument ever to be built.
The electron accelerator, being built un-
der contract with the Atomic Energy
Commission, will be one of the most im-
portant tools available for particle phys-
ics research.

Upon its completion, sometime late in
1966, the Stanford accelerator will pro-
duce a beam of electrons with an energy
of 20 billion electron volts. These elec-
trons will be accelerated to a speed close
to 186,000 miles per second by energy
from a series of 240 klystrons spaced at
intervals along the 10,000-foot-long, four-
inch-diameter copper tube—which will
be housed 25 feet underground. Each of
the klystrons will produce up to 24 million
watts in 2.5 millionths-of-a-second bursts.

Anaconda will be fabricating about
936,000 pounds of copper tube and com-
ponent items—all made of a special high-
purity OFHC* (Oxygen-Free High
Conductivity) Copper which requires
the strictest manufacturing procedures
imaginable.

The breakdown is 250,000 pounds for
production of the main (4.1 OD by 3.1”
ID) tube, 360,000 pounds for the rectan-
gular waveguides to feed high-frequency
radio waves from the Kklystrons to the
main tube, 168,000 pounds for the thou-
sands of discs spaced along the interior of
the main tube, 122,000 pounds for rec-
tangular cooling tube, and 36,000 pounds
for round cooling tube. It is expected
that Anaconda will also supply OFHC
rod, sheet, strip and plate to the klystron
producers. Approximately 75 per cent of
these copper products needed for the proj-
ect will be delivered within the next year.

© 1963 SCIENTIFIC AMERICAN, INC

Equipped to meet strict
material specifications

Some of the most critical requirements in
the Stanford accelerator’s specifications
involve the material to be used. OFHC
Copper is not a new product, but require-
ments for the quantity to be supplied are
different and more rigid than ever before.
For example, oxygen content has to be held
to a maximum of ten parts per million.

The advanced quality control equip-
ment which will be used for this job had
been purchased for metallurgical research
in Anaconda’s new Research and Tech-
nical Center. In its early down-to-earth
application, it will help to assure main-
tenance of high quality levels.

Other material requirements called for
a complete mill research program involv-
ing production equipment and personnel.
These demands were tackled by Anaconda
metallurgical engineers, well-practiced in
the science of translating customer re-
quirements into mill procedures.

In short, the new Research Center has
significantly increased Anaconda’s prob-
lem-solving capabilities. A fact you might
remember—in case a pertinent metal-
lurgical problem should appear on your
own horizon.

One other memorable fact: modern cop-
per metals (including brasses and bronzes)
offer a broader range of properties than
ever before. So when your newest appli-
cation calls for a material with high
performance in many areas . . . Think
Copper. And think of Anaconda. As the
world’s largest supplier of copper metals
in all mill forms, we probably can provide
the modern metal you need. Anaconda
American Brass Company, Waterbury
20, Connecticut. (In Canada: Anaconda
American Brass Ltd., New Toronto, Ont.)

62-2098
*Trade mark of American Metals Climax, Inc.

ANACONDA

AMERICAN BRASS COMPANY
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#4 in a series by Ultek, a company which is
discovering more and more ahout less and less

( A

QUESTION: wo provt

the whole

can be greater
than the sum
of its paris?

.
ANSWER. OUR PRESIDENT
| 4

—— e
“Actually, it was easy,” said our modest
president, in reporting on the most sig-
nificant advance in vacuum pumping
since the invention of the ion pump, “I
just put two and two together.” What he
put together was a combination of two
known methods of vacuum pumping, pro-
ducing a third with a pumping rate far
greater than the sum of the original
two. The cold-cathode ion pump, which
pumps by transferring gas particles from
gaseous to solid phase within the sys-
tem (and which, by a strange coinci-
dence, was invented by our president),
was combined with a pump which oper-
ates by thermal sublimation of titanium,
in conjunction with ionization, trapping
gas particles on its titanium-coated
walls.

The resulting pump, which we have
trade-marked the BoostiVac*, looks (and
costs) much the same as a 20 liter per
second ion pump, yet has the ability to
function at the remarkable rate of 140
liters per second—proving a munificent
boon to people involved in thin film de-
position, vacuum tube processing, space
simulation, and other low-pressure areas
of endeavor.

Should you contemplate getting involved
in vacua, we suggest the wisdom of pre-
paring yourself by a perusal of our cele-
brated pamphlet, “A little bit about al-
most nothing” (written, of course, by
our president), its 52 pages replete with
facts about ion pumping, interspersed
with thinly-disguised but pertinent com-
mercials about Ultek ion pumps. Ask for
booklet #77.

BOX 10920, PALO ALTO, CALIFORNIA

Offices in New York, Boston, Cleveland, Chicago;
Philadelphia, Los Angeles, Seattle, Palo Alto; repre-
sentatives in major cities overseas

*Foreign patents granted; U.S. Patents pending: Ultek TM
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ACCUMULATED ENERGY can make a fish spout without an appropriate target. The re-
action can be triggered by the sight of food on the surface (left) or on the bottom (right).

retina is particularlv advanced. It has a
very large number of cones and rods: I
have counted eight or nine cones (for
daylight vision) and 217 rods (for vision
in semidarkness or in turbid water)
ranged along a line .08 millimeter long.
(The eel, bv comparison, has in the
same distance seven much smaller cones
and 143 rods.) This retinal structure

X

gives the archer fish excellent vision in
dim light as well as bright. Hugh Smith,
who squeezed the gill covers of archer
fish to demonstrate how thev could fire
a jet of water, asserted that they could
extinguish cigarettes in total darkness.
There is good reason, in fact, to believe
that an archer fish can shoot down a
luminescent insect at night.

ENERGY IS REDUCED after the fish has spouted revneatedlv. Tf "t is still hungry and

sees a target (in this drawing a paper cross on a wire), it spouts weakly and falls short.
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How to squeeze more horsepower into

every inch of engine displacement

.. .another example of Caterpillar capabilities at work

When Caterpillar Research Engineers talk about this proj-
ect, they call it VHO.

Officially, it's a research project to design a family of
four Very High Output engines for the U. S. Army Tank
Automotive Command. The family goal: delivery of more

working horsepower per inch of displacement than any
compression-ignition engine now available. Horsepower-
to-weight ratios will be in the gas turbine range.

Current design indicates a realistic initial target of
80 HP from each cylinder at 2800 RPM. This is without
revolutionizing engine structure or creating highly so-
phisticated aspiration methods.

Even in the design stage, family likeness is certain.
Of the 194 major parts needed for the entire family, only
30 parts have single usage and 164 are used in at least
two models.

Because of this high interchangeability, vehicle de-
signers won’t be hampered by a single engine configura-

Career opportunities are available at Caterpi!'~-

Py S S R S N

tion. They will be able to arrange external accessories on
these 4.5 x 5.5 bore and stroke engines to suit the vehicle
... without adding parts to the logistics system.

The VHO research program demonstrates another of
Caterpillar's capabilities in the area of military vehicles
and engines to power them.

If anyone knows how to squeeze a thundering herd of
horsepower into a military compression-ignition engine —
or create a highly specialized piece of ground support
equipment—Caterpillar does. To find out just how far
Caterpillar’s abilities range, contact Defense Products
Department, Peoria, lllinois.

CATERPILLAR

Caterpillar and Cat are Registered Trademarks of Caterpillar Tractor Co.

Caterpillar Tractor Co., General Offices, Peoria, Ill. - Caterpillar Americas Co., Peoria, Ill.
Caterpillar Overseas S.A., Geneva - Caterpillar of Australia Pty. Ltd., Melbourne - Caterpillar
Brasil S.A., Sdo Paulo - Caterpillar Tractor Co. Ltd., Glasgow - Caterpillar of Canada Ltd.,
Toronto « Caterpillar France S.A., Grenoble - Caterpillar (Africa) (Pty.) Ltd., Johannesburg

----=*-rs and Designers. An equal opportunity employer.
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The Fermi Surface of Metals

1t is not a real surface but a picture of how the electrons in a

metal behave. These pictures explain such properties of metals

as luster, ductility: and the conduction of electricity: and heat

vervone knows what a metal is
and can describe many of its
characteristics. It is sate to sav,
however, that few people would define
a metal as “a solid with a Fermi surface.”
This may nevertheless be the most mean-
ingful definition of a metal that one can
give today; it represents a profound ad-
vance in the understanding of why met-
als behave as they do. The concept of the
Fermi surface, developed by ¢uantum
phvsics, provides a precise explanation
of the main physical properties of
metals: their conduction of electricity
and heat, their hardness and ductility,
their lustrous appearance and so on.

What, then, is a Fermi surface? To
answer this (luesti()n we must first make
it clear that the Fermi surface is not
a surface at all in the physical sense;
it has no existence in the real world
but is an imaginary concept used to ex-
press a mathematical picture. It has to
do with the motions and energies of the
electrons in a metal. The theory speaks
of “velocity space,” “wave-number
space” and similar abstractions, but all
these shorthand expressions provide
accurate descriptions of the actual con-
ditions within the metal. A physicist
with a trained eye can look at the
model of a particular metal’s Fermi sur-
face and deduce from it a detailed ac-
count of how the metal will behave.
More than that, he can predict how a
change in its structure (produced, for
instance, by alloying it with another
metal) will change its properties.

A model of the Fermi surface of a met-
al is a rather strange affair that, as the
British solid-state phvsicist John M. Zi-
man has remarked, “might be mistaken
for a piece of modern sculpture.” The
models are based on difficult and precise
physical measurements of the behavior
of the metal under different experimen-
tal conditions. In the last decade such

110

by A, R Mackintosh

models have been constructed for a num-
ber of metals, and with this work has
come a great deal of progress in our un-
derstanding of their properties.

’I‘he story begins with an idea pro-
4 posed in 1900 by the German phys-
icist Paul Karl Drude. Inspired bv J. J.
Thomson’s discovery of the electron just
five vears earlier, Drude pictured a metal
as being a box containing a “gas” of free-
ly circulating electrons. At first this
may seem a highly unrealistic way of
thinking about a metal. That electrons
could be free to wander about in the
crvstal lattice of a metal, in spite of the
electrostatic repulsion of other electrons
and the attraction of the positive ions of
the lattice, would appear to be a con-
tradiction of everything that is known
about electric forces and the structure
of a metal. Nevertheless, the Drude
“tree electron” model, particularly as
developed by the Dutch physicist Hen-
drik A. Lorentz, proved to be verv suc-
cessful in explaining many properties of
metals. It accounted for the conduction
of electricity through a metal by means
of the movement of electrons. Further-
more, it showed that electrons were also
involved in the conduction of heat, and
it scored its greatest triumph by explain-
ing the earlier discovery that a metal’s
conductivity of heat and electricity were
related in a certain ratio (the Wiede-
mann-Franz constant).

The Drude-Lorentz free-electron
model turned out to be quite inaccurate,
however, in some of its predictions, par-
ticularly the prediction regarding the
specific heat of the electron gas, that is,
the amount of energy required to raise
the temperature of the gas by a given
amount. Experiment showed that it took
much less energy to raise the tempera-
ture than the theory had predicted.

To understand this failure of the

© 1963 SCIENTIFIC AMERICAN, INC

theorv and to see how it was even-
tually explained, we must first consider
the classical picture of a gas. In a classi-
cal gas the molecules move about at vari-
ous speeds; most of them have a velocity
around the average, but some are sub-
stantially slower and some faster, so
that the distribution of velocities of the
individual molecules is represented by a
statistical curve known as the Maxwell-
Boltzmann distribution [see top illustra-
tion on page 112]. When the gas is heat-
ed, the applied heat is absorbed by the
entire group of molecules, and the curve
of velocities as a whole moves to the
right, as the illustration shows. Because
the energy input is shared among all the
molecules, it takes a considerable (uan-
tity of heat to raise the temperature of
the gas by a small amount. In other
words, the gas has a comparatively large
specific heat, or heat capacity. The same
situation was implied in the Drude pic-

COPPER

VALENCE 1

FERMI SURFACES
those of four metals with the same crystal
structure (face-centered cubic) and thus the
same kind of Brillouin zone (colored poly-
hedrons). The Fermi

illustrated here are

surface of copper



ture of the electrons in a metal as a
free gas.
Where the Drude theory went wrong
was in its assumption that the electrons
had the same freedom as the molecules
in a classical gas. The incorrectness of
this assumption did not emerge until a
generation later, with the development
of (quantum mechanics.
The key to a solution of this problem
(as well as many others in quantum p
phvsics) came in 1925 when Wolfgang
Pauli conceived his celebrated exclusion
principle. The principle states that it is
impossible for any two electrons within
a system to exist in the same state or to
move in exactly the same way. Earlier
that year George E. Uhlenbeck and
Samuel A. Goudsmit had put forward
the idea that the electron spins, and
that it spins in one of two directions. Ac-
cording to this concept and the exclusion LA
principle, not more than two electrons %)
(with opposite spins) can have exactly
the same speed and direction of motion. ¢
The exclusion principle immediately
explained the arrangement of electrons

/ )
{ A ) A
A~
\, 5
f\‘ s
CALCIUM  VALENCE 2 ALUMINUM

(first determined by A. B. Pippard of the University of Cam-
bridge) is a sphere with “necks,” or bulges, and falls within the
first Brillouin zone (“Band 1”). In calcium parts of the surface ex-
tend into contiguous zones; thus any calcium Brillouin zone is also
a “second” zone (“Band 2”) containing pieces of other Fermi sur-

ALENCE 3

FOURTH BAND

HIRD BAND

z
<
2

BAND

RST

LEAD VALENCE 4

faces. Reassembled, the pieces from both bands approximate a
sphere. In aluminum and lead, which have higher valences (more
“free” electrons), the surface falls entirely outside the first zone,
into higher zones. Except in the case of copper, the surfaces de-
picted are only close approximations of the true Fermi surfaces.

N
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MAXWELL-BOLTZMANN DISTRIBUTION of molecular velocities in a classical gas
varies with temperature. The velocity distribution is narrower and the average velocity low-
er at room temperature (colored curve) than at some higher temperature (broken curve).
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VELOCITY ———>

FERMI-DIRAC DISTRIBUTION of velocities in an electron gas at absolute zero (broken
curve) differs little from that at room temperature (colored curve). The first ends abruptly
at the “Fermi velocity.” At ordinary temperatures few electrons have a higher velocity.
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in an atom: they are arranged in a series
of different shells and subshells because
each orbit is limited to a maximum of
two electrons. In 1926 Enrico Fermi and
P. A. M. Dirac independently applied
the same 1'easoning to an electron gas.
No more than two electrons in the gas
can possess the same velocity and direc-
tion. As each velocity state, starting with
the lowest, is filled, other electrons must
go into the next higher state, and so the
electrons occupy a series of states of
higher and higher velocity.

In diagraming the velocities we can
think of the electrons as occupying a
three-dimensional velocity space, with
the radii of successive spheres represent-
ing higher velocities [see top illustration
on opposite page]. As the spheres be-
come larger there is room for more states
between neighboring spheres. That is to
say, going up the velocity scale we find
more and more electrons in the gas at a
given velocity. This distribution of the
electron velocities is very different from
the Maxwell-Boltzmann curve [bottom
illustration at left].

Fermi calculated that at a certain
velocity the curve would end suddenly,
as the illustration shows: there would be
few or no electrons in the gas with
velocities greater than this. At a tem-
perature of absolute zero this “Fermi
velocity” is the limit of the “occupied”
velocities, and even at ordinary tem-
peratures there are relatively few elec-
trons at higher speeds. This is just a con-
sequence of the fact that at absolute zero
any system tends to stabilize itself at the
lowest possible energy level; the elec-
trons fill up all the permitted velocity
states and do not go higher than they are
forced to by the exclusion principle. (It
isinteresting that at absolute zero the ex-
clusion principle compels many of the
electrons to go to high velocities!)

his, then, is the Fermi surface: the

sphere that represents the boundary
between “occupied” and “unoccupied”
velocities for the electrons in a gas. The
velocities of all or nearly all the electrons
in the electron gas are represented by
points in the velocity space bounded by
the Fermi surface. To change the meta-
phor, we can think of the velocity space
as a “sea” of states with a spherical sur-
face.

It was the German physicist Arnold
Sommerfeld who applied these ideas to
the electron gas in a metal and corrected
the Drude model so that it successfully
explained most of the electronic proper-
ties of metals. The exclusion principle
solved the mystery of the comparative-
ly small specific heat of the electron gas.



When heat is applied, the electrons in
low velocity states cannot increase their
velocity because the states above them
are filled; consequently only the elec-
trons with speeds near the Fermi sur-
face can be accelerated; these rise to
unoccupied velocity states above the
Fermi level. That is to say, in contrast to
the situation in a classical gas, where an
input of energy is absorbed by all the
molecules, in an electron gas the applied
heat affects only the relatively small
number of particles near the Fermi sur-
face; that is why it takes much less heat
to raise the temperature of the gas.

The exclusion principle explained
another inaccuracy of the old Drude
model. The model had implied that an
applied magnetic field should line up the
spins of the free electrons in a metal and
thus give rise to an induced magnetiza-
tion (“paramagnetism”). But experi-
ments had failed to show the predicted
amount of mugnetizati()n. Thenew (quan-
tum picture made the reason clear: the
electrons in filled states cannot change
their spin (i.e., line up in the same di-
rection) because this would violate the
exclusion principle.

To recapitulate, the Sommerfeld mod-
el, developed in the late 1920’s, offered
this picture of a metal. The valence
electrons of the atoms (each metallic
element has at least one such “loose”
outer-shell electron) are free to move
through the metal and constitute a kind
of gas. Quantum restrictions, however,
dictate the allowed velocities of the elec-
trons” motion in the metal. Only two
electrons (with opposite spins) can have
the same speed and direction. The num-
ber of velocity states per unit of volume
in the metal can be calculated, and from
this one can calculate the distribution
of the electron velocities. The distribu-
tion has an upper boundary known as the
Fermi surface. At absolute zero temper-
ature all the states up to this level are
filled and all above it are empty. When
the temperature is raised, some elec-
trons move up to higher velocities,
and the number of occupied states above
the Fermi level is equal to the num-
ber of vacated states below it.

S‘()mmerfeld’s theoretical calculations
A7 agreed very well with most of the
measured properties of metals. But the
model failed to explain a number of puz-
zles, in particular what distinguished a
metallic conductor from a semiconduc-
tor or an insulator. This incompleteness
of the theory is understandable, because
it ignored two considerations, namely,
the ways in which the movement of the
electrons must be affected bv (1) the

UNOCCUPIED STATES v FE! SURFACE

“VELOCITY SPACE” is a three-dimensional co-ordinate system for representing the mo-
tion of particles (e.g., electrons) by single points. Point P represents an electron with a
total velocity V) ; all electrons with the same speed can be represenied by points on a sphere
of radius V. Electrons with different speeds would be plotted on spheres with different radii.
The Fermi surface is the boundary between “occupied” and “unoccupied” velocities in an
electron gas; the highest occupied velocity is the Fermi velocity, designated as V).
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EFFECT OF LATTICE STRUCTURE on electron motion in a metal (and thus on the shape
of its Fermi surface) is considerable. In a simple cubic lattice an electron (horizontal arrow
at top left) moving along a row of positive ions (dots) interacts more often with the ions
than one moving d’agonally does. The effects are more complicated in face-centered cubes
tbottom left) and body-centered cubes (bottom right) than in a simple cube (top right).
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PLOT OF ENERGY AGAINST VELOCITY for an electron moving at different speeds

in a particular direction in a metal is a parabola. “Energy” is kinetic energy of the electron.
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WAVE NUMBER
PLOT OF ENERGY AGAINST WAVE NUMBER for an electron moving in a particular

direction approximates a parabola with “energy gaps.” The wave number is the number of
waves in a given distance, and it is directly proportional to the electron momentum; L repre-
sents the distance between two positive ions in the lattice through which the electron travels.
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positively charged ions that make up the
lattice structure of a metal and (2) the
mutual repulsion of the negatively
charged electrons themselves.

The second factor turned out to be
C()mparatively unimportant. At first
thought the strong repulsive forces be-
tween the electrons might be expected
to modity the velocity distribution great-
ly, so that there should be no sharp
Fermi surface. But all the experiments
showed that such a surface did indeed
exist, and in the 1950’s theoretical phys-
icists (notably David Bohm and David
Pines) suggested a plausible explana-
tion. Because of the repulsive force be-
tween electrons, the free electrons in a
metal do not come very close to one an-
other; in effect, each electron is sur-
rounded by a space, or “hole,” that other
electrons are unlikely to enter. The hole
is partly occupied by the positive charge
of the lattice, which represents a screen
between pairs of electrons. This reduces
the electrostatic force between electrons
to a small value, and as a result there are
few effective collisions among the mov-
ing electrons as they travel through
the metal.

The effects of the lattice on the elec-
trons, however, are very imp()rtnnt. In
1928 Felix Bloch, then at the Federal
Institute of Technology in Zurich, took
up the investigation of this problem.
Consider an electron moving through a
crystal lattice in which the atoms are
arranged in a simple cube [see bottom
illustration on preceding page]. When
the electron travels in the direction of
the rows toward a face of the cube, it
“sees” ions at shorter intervals than
when it moves diagonally toward a cor-
ner. In other words, it has a higher fre-
quency of interaction with the ions.
Each such interaction affects the elec-
tron’s kinetic energy. Therefore its en-
ergy will depend on the direction of its
travel; it will differ according to whether
the electron moves parallel to or diag-
onally across the rows of ions. The result
of this effect on the energies of the mov-
ing electrons is to distort the Fermi sur-
tace in particular directions: the Fermi
surface is no longer a smooth sphere, asin
a free gas, but has bulging contours [see
illustration on pages 110 and 111].

Apart from the electrostatic interfer-
ence of the ions, the lattice affects the
electrons’ energies in another important
way. The electron has the properties of
a wave as well as of a particle, and in
the narrow spacing of a crystal lattice its
wave aspects become detectable. When
an electron’s wavelength corresponds to
a multiple of the distance between atoms



in the lattice (if, for example, the wave
is just twice the length of this spacing),
the electron will be reflected, or scat-
tered, as X rays are reflected by a crystal
in the well-known Bragg effect. The
reflected electron waves can form two
different standing-wave patterns that,
because they interact differently with
the lattice, have different energies. The
range of energy between the energies of
the two standing waves is forbidden
to the electrons; that is, there are gaps
between regions of allowed energy for
the electrons in the crystalline solid.

P loch arrived at a formula for calculat-

ing the lattice effects by the use of
Erwin Schrédinger’s equation of wave
mechanics. An electron’s wavelength de-
pends on its momentum. (Momentum
equals mass times velocity.) For conven-
ience in calculation, physicists use not

| |
| SECOND BRILLOUIN ZONE

ENERGY

the wavelength but the “wave number,”
the number of waves fitting into a cer-
tain distance, which is taken as 27 centi-
meters in the direction of the wave’s
motion; the wave number can be ex-
pressed as 2z /A. The wave number of a
free electron is directly proportional to
its velocity. Bloch showed that the
motion of an electron could be specified
completely by the relation between its
wave number and its energy; the plot of
energy against wave number is similar
to the graph of energy against velocity
[see illustrations on opposite page].
Therefore we may speak of the Fermi
surface in wave-number space instead of
in velocity space.

For many of the properties of metals
the Bloch model is merely a refinement
of the Sommerfeld picture. The distor-
tion of the Fermi surface caused by
the lattice alters the density of allowed

FIRST BRILLOUIN ZONE

states near it, and this has some effect
on the specific heat and the magnetic
properties of the metal: the more elec-
trons there are near the Fermi surface,
the larger is the number that can in-
crease their energy when the metal is
heated, and also the number whose spins
can be lined up by a magnetic field, in-
ducing paramagnetism in the metal.

But the particularly important feature
of the new Bloch picture was its dis-
closure of the existence of the energy
gaps. These have a profound effect on
the form of the Fermi surface, and they
are an important ingredient in much of
the modern theory of solids, particularly
with respect to the property of electri-
cal conductivity.

A plot of energy against wave num-
ber for electrons in a lattice shows the
location of these energy gaps. In the
early 1930’s the French physicist Louis
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“WAVE-NUMBER SPACE,” in which energy is plotted against
wave number, is a more convenient co-ordinate system for repre-
senting the motion of an electron in a crystal lattice than velocity
space is. Here curves of energy against wave number are plotted
for electrons moving in two different directions. The “Fermi level”
marks the highest energy state occupied by electrons; occupied

states (colored curves) are below it and empty states above (black
curves) . The wave number at which the curves meet (at the Fermi
level) gives the position of the Fermi surface in a particular direc-
tion in wave-number space. In this case part of the surface lies in
the first and part in the second Brillouin zone. Allowed velocities
above Fermi level, if occupied, would extend surface as shown.
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BAND THEORY OF SOLIDS describes electronic states in a solid in terms of allowed and
forbidden “bands,” or groups, of energy levels. Represented here are the band schemes of
an insulator (left), a metal (center) and a mixed semiconductor (right). An insulator has
the widest forbidden zone. Donor and acceptor levels are energy levels of electrons (black
dots) of special impurities in the semiconductor; they contribute to electrical conduction
by donating electrons to the conduction band or by accepting them from the valence band.

Brillouin studied the location of the en-
ergy gaps in wave-number space in great
detail, and he described them in terms
of what have come to be known as
“Brillouin zones.” The boundaries of
each zone mark the places where energy
gaps occur, as the illustration at the bot-

ELECTRON VELOCITY
(CYCLOTRON RESONANCE)

tom of the preceding page shows. We
can consider the zone a box, or cell, with
energy gaps over all the faces. The loca-
tion of these gaps varies with the direc-
tion of motion of electrons in the lattice;
the diagram here illustrates the curves
of energy against wave number for

LINEAR DIMENSION
(MAGNETOACOQUSTIC

EFFECT)
CURVATURE 7 )
(ANOMALOUS 4 A
SKIN EFFECT), Y s °» W i
£
7
Y\"—-_.' ._‘.-
|'l: L// T e 2 e
| L T S —
!r f Ze)
l .H"-'-‘ z Z Z P % Z = e
) S £
¢ \& U

REGION OF CONTACT/
(MAGNETORESISTANCE)

EXTREMAL AREA
(DE HAAS-VAN ALPHEN
EFFECT)

NUMBER OF ELECTRONS
IN A “SLICE" (POSITRON ANNIHILATION)

SIX TECHNIQUES described in the text provide different data concerning the shape of
the Fermi surface of a metal. The “Extremal area” is the largest cross-sectional area de-
termined from measurements of the De Haas—Van Alphen effect. The “Linear dimension”
is the diameter of the surface. “Electron velocity” is the velocity of an electron at the Fer-
mi surface. The surface touches the surounding Brillouin zone in the “Region of contact.”
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electrons moving in two different di-
rections in a metal. All the energy states
up to the Fermi level are filled, and all
the others are empty. Thus there is one
piece of Fermi surface in the first zone
and one in the second. In some metals
the energy—wave-number curves are so
complex that there are sections of Fermi
surface in five or six different zones, and
this produces some very complex shapes.

Now, the principal significance of the
h energy gap is that it helps us to ex-
plain why some solids conduct electricity
and others do not. We note, to begin
with, that to transmit a current through
a solid, electrons must be accelerated in
a particular direction, which means that
they must be raised to a higher energy
state. If all the states up to an energy
gap are filled and the levels above the
gap are empty, no electrons can be ac-
celerated to a permitted level by an
ordinary electric field, because it does
not pr()vide encugh energy to make the
electrons jump the gap. Therefore no
current can flow. This is the situation
that characterizes a nonconductor, or in-
sulator. Its filled electronic states are
topped by a wide energy gap, and there
are no electrons above the gap that can
be raised to an unfilled state.

A semiconductor owes its ability to
conduct electricity to one of two con-
ditions: either the energy gap is narrow,
so that at ordinary temperatures a small
number of the electrons cross the gap by
thermal motion and can then be accel-
erated by the electric field, or there are
impurities in the lattice that create
empty levels into which electrons can be
boosted by the field.

Metals, on the other hand, are good
conductors because they always contain
electrons in unfilled levels above the
energy gaps. In other words, they have
a free Fermi surface from which elec-
trons can be raised to allowed and
unoccupied velocity states. In any con-
ductor the current is carried by com-
paratively few electrons—those free elec-
trons that the electric field can accelerate
into unfilled energy states. The general
picture, including the existence of the
Fermi surface, is summed up in the
“band theory” of solids, which describes
the electronic states in a solid in terms
of the allowed and forbidden energy
bands [see top illustration on this page].

One of the properties that most clear-
ly distinguishes a metal from other solids
is the fact that its electrical conductivity
decreases as the metal is heated. This is
owing to the thermal vibrations of the
crystal lattice. The vibrations tend to
scatter the accelerated electrons and



thereby reduce their speed. Bv increas- |

ing the lattice vibrations, a rise in the
temperature of the metal shoriens the
electrons’ mean free path, or the “relaxa-
tion time,” between collisions with the
vibrating lattice. On the other hand, a
reduction of the temperature of the
metal lengthens the interval between
collisions and thus increases the metal’s
conductivity.

The electrical conductivity of any
metal can be calculated from a knowl-
edge of the shape of its Fermi surface
and the relaxation time for all the elec-
trons on that surface. The same knowl-
edge also enables one to predict how a
metal will conduct heat and sound un-
der various conditions. In addition, the
form of the Fermi surface is important in
explaining the crystal structure of met-
als, their absorption and reflection of
light, their superconductivity at low
temperatures and many of their other
physical properties.

| t must be abundantly clear by now to

readers of this article that the theory
of the Fermi surface and the construc-
tion of the surface in particular cases
are somewhat complicated. Neverthe-
less, in spite of the difficulties, the theory
has been extensively explored by a num-
ber of workers, and the Fermi surfaces
of several metals have been worked out
in detail by a variety of subtle tech-
niques. These include bombardment of
the metals with microwaves and positive
electrons (positrons) and studies of the
effects of large magnetic fields on the
properties of the metals under various
conditions.

Let us first consider the techniques
and what they disclose. Because most

of the measurements for determining the '

geometric form of the Fermi surface
require a very long relaxation time for
the electrons, the experiments usually
have to be done with a very pure crystal
of the metal at low temperature (using
liquid helium to cool it).

Each technique has a specific name:

Anomalous skin effect. The surface
of the metal is irradiated with a beam of
microwaves. Measurements of the ab-
sorption of these waves on various crys-
tal faces indicate the curvature of the
Fermi surface in different directions, and
from this information it is possible by
laborious calculation to reconstruct the
shape of a simple Fermi surface.

Magnetoacoustic effect. The absorp-
tion of sound waves by the metal is meas-
ured while magnetic fields of various
strengths are applied to it. From the ef-
tects of the fields in changing the amount
of sound absorption one can calculate

How the
TV picture
is being
stretched

Nearly half of the people in the U.S. watching TV can re-
ceive only one or two stations. This is true even in one-third
of the 150 largest metropolitan areas. ® The TV audience is
there. But the stations aren’t. Existing stations have filled
the regular VHF-TV band nearly to the limit. Some 500 of
our approximately 600 stations are crowded into the 12 VHF
channels. ® What’s the answer? 70 valuable UHF channels
lie ready to provide space for needed new service. ® Slow at
first, UHF television has now begun to grow. Relief seems
to be in sight from the economic limitations. How about the
technical limits? Dependable transmission at UHF by and
large requires more power than it takes to deliver comparable
television on the 12 VHF television channels. And to satisfy
broadcasters, the power must not only be higher; it must also
be reliable, easily produced and cheaper by the kilowatt-hour.
® One company has already anticipated the needs of broad-
casters and the resurgence of UHF-TV in this country with a
series of advanced power klystrons for UHF transmitters
that will provide a new low in cost per kilowatt hour of opera-
tion and a new high in reliability. That company is Eitel-
McCullough. ®m About two years ago, Eimac asked its engi-
neers, “With your experience how would you make the most
nearly optimum klystrons possible for UHF-TV?” Their en-
thusiastic answer was a new third-generation series of in-
genious UHF-TV klystrons. They are simple in design and
easy to operate. And they are capable of delivering from
twice to ten times the power previously available.l @ There’s
good reason for Eimac’s leadership. Eimac has had a gigantic
field laboratory in which to develop its UHF power klystrons:
UHF troposcatter communication networks—more than
90% Eimac-powered.2 Hundreds and hundreds of Eimac
power klystrons have racked up phenomenal life and relia-
bility records in this service with around-the-clock operation.
Tubes still in sockets have reached the 50,000 hour mark—
and are still going strong. It hasn’t hurt, either that Eimac
klystrons are used in more than 80% of all klystron-powered
European UHF-TV transmitters. ® These new klystrons
mean UHF-TV coverage can be stretched to new viewers.
For broadcasters, another economic and technical problem
has been relieved. For Eimac: another example of the way
it meets tomorrow’s tube needs today.

1. Want to know more of the technical details? Write for the Eimac informa-
tion packet on klystron power for UHF-TV. It contains a reprint of the I.R.E.
paper, “‘Experience in Europe with American UHF-TV Klystrons,”” and full
details on the Eimac electron power tubes ready to stretch UHF-TV coverage.
2. Like to know more about how Eimac has shrunk the earth? Write for a
free copy of its brochure, ‘‘The Universe is One Big Puddle.”’

EITEL-M°SCULLOUGH, INC.
SAN CARLOS, CALIFORNIA
Subsidiaries: National Electronics, Inc., Geneva, lllinois
Eitel-McCullough, S. A., Geneva, Switzerland

© 1963 SCIENTIFIC AMERICAN, INC

117



the breadth (or diameter) of the Fermi
surface.

De Haas—Van Alphen effect. A strong
magnetic field is applied to the metal
at low temperature, and the amount of
magnetism induced in it by the field is
measured. From this it is possible to de-
duce the area of a cross section through

the Fermi surface at right angles to the
direction of the magnetic field.
Magnetoresistance. A magnetic field
is applied to the metal while it is con-
ducting a current. From the effect of the
magnetic field in increasing the metal’s
resistance to the current one can deter-
mine whether or not its Fermi surface

touches the boundary of the Brillouin
zone, and also the location of such
contacts.

Cyclotron resonance. In an applied
magnetic field the metal’s absorption
of microwaves is measured. The field at
which the metal shows a resonance ab-
sorption reveals the velocity of the elec-

DE HAAS-VAN ALPHEN EFFECT in iron was recorded in these
four oscilloscope traces during experiments to determine the shape
of the Fermi surface of this metal. The effect appears in the numer-
ous vertical oscillations, which represent magnetic oscillations in
the metal. The sloping traces record the applied magnetic field that
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induced the oscillatio

. Horizontal lines are calibration traces

of the field strength, which changes rapidly with time (left to right) ;
the change in field strength from one line to the next is about
20,000 gauss. Experiments were done by Andrew V. Gold and Peter
Panousis at Iowa State University of Science and Technology.




trons at the Fermi surface. From this one
can calculate the density of electron

states near the surface, which in turn de- |

termines the electronic specific heat of
the metal.

Positron annihilation. The metal is
bombarded with positrons. When a posi-
tron meets an electron in the metal, they
annihilate each other and are trans-
formed into two quanta of electromag-
netic energy—photons—that fly out of the
metal at a certain angle to each other.

This angle indicates the momentum that |

the annihilated electron had. By study-

ing the angles between pairs of photons |

produced during the positron bombard-
ment, it is possible to estimate the mo-
mentum distribution of all the elec-
trons in the metal. This in turn gives a
rough indication of the number of elec-
trons in any cross section (“slice”)
through the Fermi surface. The tech-
nique has the great advantage that it
can be used to study metals, including
alloys, at ordinary or high temperatures,
because it gives measurable results re-
gardless of the relaxation time of the
electrons.

The way in which a combination of
these six techniques can determine the
form of a Fermi swrface is shown in the
bottom illustration on page 116.

'l’he first investigator to construct a de-

tailed picture of a metal’s Fermi sur-
face was A. B. Pippard of the University
of Cambridge. In 1957 he determined
the shape of the Fermi surface of copper.
Using the technique of the anomalous
skin effect, he found the curvature and
shape of copper’s Fermi surface by ex-
ploring it with microwaves. This surface
is basically a sphere, with “necks” pulled
out at the places where it touches the
boundary of the first Brillouin zone,
which in three dimensions is a truncated
octahedron.

Pippard’s achievement was an event
of great importance in solid-state phys-
ics. It was the precursor of an enormous
amount of investigation of metals that
has had fruitful results. Moreover, his
picture of copper has been confirmed as
being essentially correct, although it has
been modified slightly in some details.

Copper is a monovalent metal (ie.,
it has one outer, detachable electron)
and it forms a face-centered cubic crys-
tal: a cube with an atom in the center
of each face [see hottom illustration on
page 113]. The metals that have been
most  successfullv explored are those
that, like copper, are monovalent—no-
tably silver and gold. David Shoenberg
of the University of Cambridge, using

Spectra-Physics LASERS

within a millionth of an inch of perfection

The difference between an ordinary monochromatic gas laser
beam (left, above) and one with complete spatial coherence
in a single phase wavefront (right) is very largely in the preci-
sion of the optics. The reflectors and Brewster’s-angle windows
in a continuous-wave gas laser, to qualify it as a precision
laboratory instrument, require an optical finish of a very small
fraction of a wavelength.

You will find this precision in all Spectra-Physics CW gas
lasers, a result not only of meticulous care in the preparation
of the optics, but also of the practiced skill with which they are
integrated into the instrument.

The quality of a Spectra-Physics laser becomes immediately
apparent when you turn on the power and observe the uni-
phase, truly coherent quality of its output. All its power is thus
available for insertion into the diffraction limit of an optical
system, with the important benefits of better collimation,
greater intensity, and sharper focus.

An impressive proportion of all significant laser work now
underway is being conducted with equipment produced by
Spectra-Physics. Among the many advantages now offered is
complete assurance of reliability of operation, backed by a
full year's warranty which includes even the plasma tube.

Write for information on our Model 115, the higher-powered
Model 112, and related accessories. We will also send you
Laser Technical Bulletin #2, ‘“Properties of laser resonators
giving uniphase wave fronts.” Address your inquiry to 1255

Terra Bella Avenue, Mountain
E Spectra-Physics

View 2, California (or call
collect (415) 968-4467).
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the technique of the De Haas—Van
Alphen effect, has found that silver and
gold have Fermi surfaces very similar to
that of copper, the only difference being
the extent of the surface’s contact with
the Brillouin zone boundary. Details of
the Fermi surfaces of these three metals
have also been established, through oth-
er techniques, by Robert W. Morse and
his collaborators at Brown University,
Yu. P. Gaidukov in the U.S.S.R. and
Arthur F. Kip and his students at the
University of California at Berkeley.

Although the Fermi surfaces of these
noble metals are known with a high de-
gree of precision, the situation with re-
gard to the polyvalent metals is not so
good. Metals with many conduction
electrons, such as lead, tin and tungsten,
have complicated Fermi surfaces with
pieces of the surface in several zones.
When explored by the experimental
techniques described above, these met-
als produce a very complex picture,
and analysis of the results presents a
formidable problem.

The most progress has been made in
lead. On the basis of De Haas—Van
EXTENDED-ZONE SCHEME OF COPPER, based on a model by David Shoenberg of the Alphen measurements Andrew V. Gold
University of Cambridge, represents the arrangement of Fermi surfaces in repeated copies
of the first Brillouin zone. Any two Fermi surfaces are connected at a region of contact.

of the University of Cambridge has sug-
gested a model of the Fermi surface of
lead that is pictured at the left below. Al-
though at first sight this highly intricate
shape may seem rather unlikely, it has
been verified by my own magnetoacous-
tic measurements on lead, by cyclotron
resonance studies carried out by Robert
C. Young of the University of Cambridge
and by magnetoresistance experiments
of N. E. Alekseevski and Gaidukov in
the U.S.S.R.

It seems likely that before long the
* Fermi surfaces of most of the common
metals will be known quite accurately.
A great many experiments are being car-
ried out at the moment with the present
techniques, and new methods undoubt-
edly will be devised. Metals play an im-
portant part in modern science and
technology, and a better understanding
of their basic properties, apart from its
inherent interest, is likely to be very use-
ful in many branches of science. It is
extremely convenient that the theory of
the Fermi surface has provided a basis
for experimental studies that have
yielded so much information about the
metals’ electronic properties.

More generally, the theory and the
experimental investigations of the Fermi
surface provide an excellent example of
the effort of science to find simplicity
EXTENDED-ZONE SCHEME OF LEAD depicted here is based on a model originally sug- and order in the apparent Complexity
gested by Gold. The reg.ons of contact between surfaces are different from those of copper.  and chaos of nature.
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INHIBITION IN VISUAL SYSTEMS

Certain kinds of Sensory nerve impulses suppress or mhibit the

propagation of other impulses. This property enables the human

eye to see contours more clearly and clams to respond to shadows

The familiar analogy of the eye to
the camera serves nicely to de-
scribe the physical basis of vision.
It does not, however, begin to present
a complete picture of the physiology of
vision now emerging from comparative
studies of the visual organs of mam-
mals, insects and other arthropods and
lower invertebrates. The simplistic phys-
ical model suggests that the image-
forming eye acts as a straightforward
transducer of the energy of light, con-
verting a pattern of light inputs into a
matching pattern of electrical energy in
the form of nerve impulses. This does
not account for the fact that the retina
produces nerve impulses in response to
shadows as well. Nor does it explain the
performance of the light-receptors of
certain aquatic organisms. A feather
worm living in its tube in the crevice of
a rock in a Pacific tide pool, or a clam
with its siphon peeping unprotected

SURF CLAM (Spisula) abruptly withdraws its siphon and closes
its shell (left) when a shadow passes over it. A photosensitive fiber
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by Donald Kennedy

from its open shell, may care little what
time dawn comes or what the neighbor-
hood looks like. But any sedentary, bot-
tom-dwelling aquatic animal has a vari-
ety of reasons for being concerned about
shadows. To such an animal a shadow
may represent a cruising predator, a
potential meal or even—for some fresh-
water mollusks—an inviting host for the
strings of parasitic larvae the organism
is ready to extrude on demand. If a re-
ceptor is to respond to shadows, it must
be, in a real functional sense, the oppo-
site of a light-receptor: it must respond
to the onset of darkness.

The photoreceptors of this odd as-
sortment of animals do not look much
like eyes. Investigation of their physi-
ology, however, has produced some un-
expected dividends. In addition to ex-
plaining the sensory basis of some in-
teresting behavior, this work has had
a bearing on two general aspects of
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ADDUCTOR MUSCLES

vision. The first is the growing realiza-
tion that in many animals nerve cells—
although often responsible for other
functions—may be brought into service
as light-receptors by being equipped
with an appropriate photosensitive pig-
ment. The second involves the question
of how such rudimentary receptors serve
as “shadow-sensitive” visual organs.
Since they must necessarily function in
response to the input of light—not to
the “input” of darkness—it may be postu-
lated that in some cases at least the
energy of light might cause the discharge
of nerve impulses to be inhibited and
then, upon termination of the stimulus,
to be released as an effective signal. Just
such an “off-receptor” has been found in
some mollusks.

The demonstration of this mechanism
in a mollusk lends the “off-response” an
unexpected universality and illuminates
its importance in higher visual systems.

PHOTOSENSITIVE FIBER

PALLIAL NERVE

in the pallial nerve at the base of the siphon (right) seems to
mediate this response, which is fairly common among mollusks.



In the case of the mammalian eye it is
now well established that some single
fibers of the optic nerve, which conducts
impulses from the eye to the brain, dis-
charge impulses when illumination of
the retina ceases. This signal is mediated
by an interesting linkage in the circuitry
of the retina itself. Each fiber of the optic
nerve collects impulses from a receptive
field that occupies a circle of retina about
one millimeter in diameter, an area con-
taining several thousand receptor cells.
Activity generated in the receptor cells
converges, through intermediate neu-
rons called bipolar cells, on the neurons
that form the optic nerve. The kinds of
connections they make with one another
depend on their location in the receptive
field. In some receptive fields the center,
when stimulated with a tiny patch of
light, produces discharges in the optic
nerve at “on”; the periphery produces
discharges only when the stimulus is ex-
tinguished, or at “off.” Stimulation of the
peripheral zone simultaneously with the
center produces both on- and off-dis-
charges but at diminished frequency
[see top illustration on page 126].
In essence the evidence indicates that
interaction of the retinal nerve cells
blocks the on-discharges from some of
the light-receptors by inhibition at the
synaptic junctions between the cells;
the generation of off-discharges in re-
sponse to a shadow results from the re-
lease of inhibition in these cells. This
interaction of the retinal cells plays a
vital role in the perception of movement
across the visual field, in the accentua-
tion of contrast and in the perception of
shape. The off-discharge in the visual
apparatus of certain mollusks arises, as
will be seen, from a quite different and
perhaps simpler mechanism, but the
ability to “see” shadows plays a no less
vital role in their life history.

\,Iuch of the work in this field stems
-~ from the original achievement of
H. K. Hartline of the Rockefeller Insti-
tute, who in 1932 was the first to record
impulses from single optic nerve fibers
in the vertebrate eye. More recently,
with his colleagues Floyd Ratliff and
William H. Miller, he has shown how
the responses of ommatidia, or single
elements, in the compound eye of the
horseshoe crab, Limulus, are integrated
to furnish this animal with an impres-
sively detailed view of its environment.
Each ommatidium in the Limulus eye
contains a group of eight retinula cells,
which, when illuminated, evoke dis-
charges in a single, large eccentric cell.
A single independent channel of infor-

mation—the eccentric cell axon—passes
from each ommatidium to the brain.
Each axon is connected, however, to
many of its neighbors in a network
of circuits located just below the bases
of the ommatidia. These connections are
inhibitory; activity in each ommatidium
tends to suppress that in adjoining ones
in much the same way as parts of the
retinal receptive field in vertebrates in-
hibit other regions. By appropriately
varying the geometry of the stimulus

and the conditions of illumination Hart-
line and his colleagues have been able
to synthesize discharges from single
Limulus axons that mimic with remark-
able fidelity the “off” and “on-oft” dis-
charges found in many vertebrate optic
nerve fibers [see “How Cells Receive
Stimuli,” by William H. Miller, Floyd
Ratliff and H. K. Hartline; SciextiFic
AMERICAN, September, 1961].

The fruitfulness of this work with
Limulus has stimulated a number of in-

SCALLOP (Pecten) has a row of bright blue eyes along the mantle edge of each shell. The
eyes of this mollusk are similar in structure to the image-forming eyes of vertebrate animals.

CORNEA

I

PROXIMAL SENSE CELLS
(RODS)

PIGMENT LAYER

= PROXIMAL BRANCH
OF OPTIC NERVE

OPTIC NERVE

DETAIL OF SCALLOP EYE shows its peculiar double-layered retina. The proximal layer
discharges impulses when illuminated ; the distal layer discharges when illumination ceases.
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ELECTRON MICROGRAPH made in 1958 by William H. Miller of the Rockefeller Insti-
tute showed that the “shadow-sensitive” cells in the distal layer of the scallop retina are
true photoreceptors. The large oval structure is an organelle located on the surface of a sin-
gle distal cell. The small dark objects at the left are ciliary stalks, simpler structures from
which the organelles are derived. This mode of construction is typical of many other photo-
receptors, including the retinal rods of vertebrate eyes. Magnification is 20,000 diameters.

TO AMPLIFIER

IMPULSES ARE MEASURED by excising one end of a Spisula pallial nerve and placing
it across an electrode. Another electrode leads from the salt-water bath in which the clam
is immersed. Impulses are amplified before being displayed on a cathode ray oscilloscope.

| OFF i . l l o |
3 4 ] 6 7
TIME (SECONDS)

OSCILLOSCOPE TRACE obtained by the procedure described above reveals the effects of
inhibition in the Spisula visual system. In the dark the photosensitive fiber of the pallial
nerve discharges at a constant frequency of about five impulses per second. When the fiber
is illuminated (*“on”), this discharge ceases abruptly; shortly after the light is extinguished
(“off”), a high-frequency burst of impulses (about 35 per second) passes through the fiber.

124
© 1963 SCIENTIFIC AMERICAN, INC

vestigators to look into the physiology
of the simpler photoreceptors found in
other marine invertebrates. My own par-
ticular interest in them has been to de-
termine whether or not the “off” dis-
charges generated by some of these
primitive systems are organized in the
same way as those of the vertebrate
retina. A long history of investigation
suggested that the bivalve mollusks were
a good group in which to tackle this
problem. Seventy vears ago the German
zoologist Wilibald A. Nagel observed
that many mollusks showed pronounced
reactions whenever shadows were passed
over them: they would abruptly with-
draw their siphons and close their valves.
During the 1920’s mollusks plaved a dis-
tinguished role in the development of
understanding of the relation between
photochemistry and visual response. The
late Selig Hecht of Columbia University
used the withdrawal response of Mya,
the familiar soft-shell clam, to make sev-
eral extraordinarv predictions about the
chemical processes involved in vision.

More recently, at the Marine Biologi-
cal Laboratory in Woods Hole, Mass.,
and at Syracuse University, I have been
attempting to learn something about the
electrophysiological responses of the
visual receptors of several species of
clams including Mya. It proved fairlv
easy to record impulses in fine branches
of the nerves from the siphon by the
usual technique of placing them across
electrodes and displaying the amplified
“action potentials” on an oscilloscope.
When the siphon was illuminated,
grouped discharges of impulses occurred
in a number of nerve fibers, both at “on”
and at “oft.” These results were consis-
tent with previous findings of multiple
sensory endings, assumed to be photo-
receptors, in the siphon well of Mya.

A surprise came, however, when the
same kind of experiment was tried with
the surf clam Spisula. From this bivalve,
which exhibits particularly pronounced
behavioral reactions to shadows, it was
impossible to evoke any kind of dis-
charge in the siphon nerves by illuminat-
ing the siphon—or anything else. But
light did have a remarkable effect on
the activity of a single nerve fiber of the
pallial nerve. This nerve tract is a rough-
ly circular one, passing around the edge
of the mantle and past the base of the
siphon into the visceral ganglion [see
illustration on page 122]. The first obser-
vations, which were made on live clams
with one end of the pallial nerve dissect-
ed for electrical recording, showed that
in the dark a single nerve fiber in the
tract discharges at a remarkably con-



FROM OCTANT TO STELLAR GUIDANCE

*

The Octant (English—18th Century)—brother of the quadrant and sextant; predecessor to today's
bubble sextant. The octant was a descendant of the early cross staff and astrolabe. Sailors and
astronomers held it in the hand for sighting stars. (Cranbrook Institute of Science)

AC—EXPERIENCED LEADERS IN THE RAPID DEVELOPMENT AND
PRODUCTION OF ACCURATE AND LOW-COST GUIDANCE SYSTEMS

Today’s navigational excellence is the result of yesterday's navigational experience.
AC’s experience has been used to develop and produce the inertial guidance systems
for MACE and THOR. And AC experience is now paying off in the all-inertial guidance
systems for TITAN Il and I11. Manned aircraft is also a part of AC experience, as
we are presently producing components and have overall integration responsibility
for the B-52 C&D Bombing Navigation System.

AC recently developed a new stellar inertial guidance system for space exploration
and mobile missiles; and AC is now participating in the engineering and production
of the navigational system for Project APOLLO.

Why not let AC's experience in navigation work for you? We welcome the challenge
to prove our capabilities in low-cost development, best time to first flight and
outstanding accuracy. Contact Director of Sales, AC-Milwaukee.

AC's Stellar Inertial Guidance System provides both the
extreme accuracy and rapid targeting capabilities re-
quired for a variety of ballistic missile systems. Shown
below is a mock-up of this type of system which employs
a star scanning device to refine azimuth information after
the missile has been launched.

W
>

MASTER NAVIGATORS THROUGH TIME AND SPACE
AC SPARK PLUG ¢ THE ELECTRONICS DIVISION OF GENERAL MOTORS
7929 South Howell, Milwaukee 1, Wisconsin
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INHIBITION IN MAMMALIAN EYE is demonstrated in this schematic drawing of a small
area on the surface of a cat’s retina. The tiny open circles represent the tips of rods and
cones, the photoreceptor cells of the retina. The large gray circle indicates the extent of the
“receptive field” served by a single optic nerve fiber. This field is about one millimeter in
diameter and contains several thousand receptor cells. When a beam of light is focused on
receptors near the center of the field (colored dot at A), the fiber discharges a burst of im-
pulses at “light on”; when the beam strikes receptors at the periphery of the field (colored
dot at B), the fiber discharges at “light off.” When the center and the periphery are
illuminated simultaneously, mutual inhibition takes place in the network of neurons that
connect the receptors to the optic fiber, causingdiminished discharges at both “on” and “off.”
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INHIBITION IN SPISULA PHOTORECEPTOR contributes to the characteristic “shadow
response” of this mollusk. When the pallial nerve is illuminated with white light (graph at
top), the inhibitory response (gray curve) dominates the excitatory response (black curve) ;
the net sum of these two responses (colored curve) remains below the “firing threshold”
(horizontal line) and no impulses are discharged during illumination. At “off,” however,
the slower-decaying excitatory response raises the net sum above the firing threshold, pro-
ducing a high-frequency burst of impulses in the nerve. When the pallial nerve is illumi-
nated with red light following prolonged preadaptation to blue (graph at bottom),
the inhibitory response, mediated by the depleted blue pigment, is accordingly reduced
and the net sum of the two responses produces bursts of impulses at both “on” and “off.”
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stant frequency of about five impulses
per second. When the nerve was illumi-
nated, the discharge ceased abruptly.
When the light was turned off, however,
or when a shadow passed over the ani-
mal, a high-frequency burst of impulses
appeared in the fiber [see bottom illus-
tration on page 124].

]t was quickly established that this re-
* sponse is not mediated by sensory
endings in the siphon, as in the case of
Mya; instead a nerve cell in the pallial
circuit seemed to act as the receptor. A
segment of pallial trunk removed from
the animal and tested in the same way
was found to produce the response,
whereas illumination of the siphon
alone, or of neighboring tissues, failed
to produce it in the intact animal. Clear-
ly a part of the nervous system itself is
involved in receiving the light energy
and responding to it. It does so with a
sensitivity that is impressive even when
compared with that of much more high-
ly organized receptors; the threshold for
inhibiting the dark discharge of the
neuron is about the same as that for
stimulating the cone cells of the human
retina.

Many kinds of nerve cells, when re-
leased from inhibition, give one or sev-
eral quick “rebound” impulses. The off-
response of the Spisula receptor neuron
is so high in frequency and so long-last-
ing, however, that such an explanation
seemed inadequate to account for it.
A clue to the mechanism actually in-
volved came from experiments in which
colored lights of high spectral purity
were employed to stimulate the recep-
tor. When blue light was used, the off-
discharges of impulses were weak or
even entirely absent. Moreover, if the
intensity of the blue light was high
enough, it produced an inhibitory block-
ade that halted the resumption of the
low-frequency beat of the nerve for a
full minute or more after the stimulus
was shut off. Stimulation by red light, on
the other hand, produced very strong
off-responses that lasted many seconds
after the light was turned off and before
the nerve resumed its regular output of
five discharges per second. It appeared
possible, therefore, that the whole re-
sponse of the nerve cell was the sum of
excitatory and inhibitory components,
each one mediated by a different light-
sensitive pigment. According to this
hypothesis the inhibitory process was
particularly sensitive to short (blue)
wavelengths, whereas the excitatory
process was more responsive to long
(red) wavelengths. During exposure to



UCARSIL Metal
Protectants Achieve
Outstanding Results

Union Carbide’s micro-thin silicone
metal protectants are making significant
contributions to industry.

Easily applied and colorless, new
UcArsiL Metal Protectants form a con-
tinuous pinhole-free film, only 0.1 mil
thin, that effectively resists corrosion.

They form the strongest film-to-metal
bond yet observed. Additional benefits
include unusual flexibility, thermal sta-
bility, and resistance to impact and
underfilm corrosion.

Sylvania Electric Products Inc., for ex-
ample, used Union Carbide’s silicone
metal protectants on the copper and
aluminum waveguides for two 60-foot
parabolic antenna complexes, part of
the U.S. Army’s ADVENT system for com-
municating by synchronous satellites.

Employing microwave frequencies, this
system will be capable of handling more
than 100 voice messages and several
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thousand teletype signals simultane-
ously. At the heart of the ground elec-
tronic system are waveguides, which
enable engineers to conduct microwave
frequencies. And it is here that Sylvania
uses UcarsiL R-101 Protectant to pre-
vent metal corrosion.

Corrosion products on untreated wave-
guides caused power losses. Because
silicone protected metal remains free
of tarnish and corrosion, the waveguides
retain high efficiency in the piping of
microwaves.

In applying the micro-thin pinhole-free
protectant, Sylvania plugged up one
end of a waveguide, poured in R-101,
plugged the other end, and swished. Ex-
cess R-101 went back in a bottle for
future use. Of course, UcarsiL Metal
Protectants can also be applied by
spraying, dipping and brushing.

UcarsiL Metal Protectants are economi-
cal to use, offering positive protection
for one or two pennies per square foot.
Other possible uses are on printed cir-
cuits, tubes and similar electronic gear.

As the originator of these protectants,
and the leading innovator in silicone
technology, Union Carbide is constantly
developing new products to do a better
job. Information on silicones for metals
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and general applications is available
from your Silicones Man. See him soon!
And in the meantime, complete and mail
the coupon below.

UNION CARBIDE WINS
1963 ANNUAL COPPER AND BRASS
ACHIEVEMENT AWARD

The Industrial
Achievement Award
of the Copper and
Brass Research As-
sociation was re-
cently presented to
Union Carbide for
the development of
these silicone metal
protectants, cited
as the year’s out-
standing contribution to advancing the use
of copper, brass, bronze, and other copper-
base alloys.

UNION
CARBIDE

SILIGONES

UNi1ON CARBIDE and UCARSIL are registered
trade marks of Union Carbide Corporation.

| Silicones Division
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illumination the inhibitory process pre-
dominated; it decayed, howevel more
rapidly when the light was shut off,
leaving a residual, slowly decaying ex-
citation in its wake that produced the
off-response [see bottom illustration on
page 126]. In other words, firing of the
neuron occurs only when the net sum of
inhibitory and excitatory processes ex-
ceeds the firing level or threshold of the
cell. These observations and deductions
suggested that the inhibitory process in
Spisula is mediated by a blue-sensitive
pigment and the excitatory process by
a red-sensitive one, with the two pig-
ments overlapping considerably in ab-
sorption.

Support tor this hvpothetical scheme

was obtained by taking advantage of
the contrasting specificity of response
shown by the nerve to wavelengths at
opposite ends of the spectrum. All photo-
sensitive pigments in the light-receptors
of animals undergo a change when thev
absorb light; that is how they communi-
cate excitation. This “bleaching” of the
pigments, although reversible, can tem-
porarily desensitize the receptor by re-
ducing its supply of light-sensitive pig-

TeATETY g e
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TWO MARINE INVERTEBRATES whose photoreceptive systems
resemble that of Spisula are depicted. Neurons located within the
central nervous system of the shell-less mollusk Aplysia (left)
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ment. Thus in the familiar phenomenon
of light adaptation our own eyes become
less sensitive following exposure to in-
tense illumination. By exposing the
Spisula nerve to intense blue light for a
minute or so, it was possible to reduce
the inhibitory component, presumably
by the bleachlng ot the blue-absorbing
pigment. When the cell was now ex-
posed to a red stimulus, it produced im-
pulses at “light on” as well as at “light
off.” Within limits, the extent of the on-
response to red light increased as the
preadaptation to blue was lengthened.
That the red wavelengths also excite the
inhibitory process is demonstrated bv
the decay of the on-response under con-
tinued illumination. There seems no rea-
son, therefore, to doubt that the off-dis-
charge (or “shadow response”) of the
receptor neuron is a positive result of
excitation remaining after the stimulus,
although it is masked during the stimu-
lus by a more sensitive inhibitory proc-
ess. By selectively reducing the latter
one reveals the former.

The neuron that produces the dis-
charges recorded in these experiments
is a single cell. What guarantee is there
that these opposing processes are really
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taking place within this cell itselt? Might
it not be equally likely that the active
cell is actually secondary, receiving and
integrating primary neural messages
from receptors or other nerve cells in
which the inhibitory and excitatorv
events are segregated? Anatomical con-
siderations suggest otherwise; the area
of pallial nerve over which these re-
sponses may be produced by light is very
small, and there is no evidence for the
presence of any accessory receptors.
Fixed, stained sections of the region do
not reveal the required cluster of cells;
usually a single nerve cell body appears
—the likely, although not established,
candidate for the photoreceptor element.

It is highlv probable, then, that in
the off-receptor of Spisula inhibition is
a primary event, involving a kind of
coupling between mechanisms of energy
reception and transmission that is the
reverse of the one usually associated
with sense organs. There is another case.
also involving a mollusk, in which a
similar conclusion can be reached ex
post tacto. More than 20 years ago Hart-
line became interested in the strange
photoreceptors of the scallop Pecten.
These small eves, bright blue in color,

discharge impulses both at the onset and at the cessation of illumi-
nation. The long spines of the sea urchin Dieadema (right) move
in response to shadows falling across certain peripheral nerves.
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NASA CAPSULE FAITH 7e¢+FOR 34 HOURS AND 20 MINUTES THE SECRETS OF SPACE
WERE RECORDED. HUNDREDS OF TELEMETRY SIGNALS, TRANSMITTED SIMULTANEOUS-
LY FROM FAITH 7, WERE GATHERED AND STORED FOR FUTURE STUDY. BEHIND THE
SCENES, VITRO ELECTRONICS EQUIPMENT WORKED AROUND THE WORLD GATHERING

THESE SIGNALS WHILE VITRO SERVICES PERSONNEL MAINTAINED AND OPERATED
MERCURY TRACKING STATION 17.

VITRO CORPORATION OF AMERICA « 261 MADISON AVENUE + NEW YORK 16, NEW YORK Ill'a
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CRAYFISH (Cambarus) has, in addition to its typical arthropod eyes, two photosensitive
nerve fibers located near the under surface of its segmented abdomen. Light passing
through the translucent exoskeleton activates a pair of neurons in the last abdominal gan-
glion; these also serve as relays for impulses originating in the sensory hairs of the tail.

stud the edge of the scallop’s mantle;
each one has a tiny lens, a reflecting pig-
ment coat and a double-layered retina.
Both layers contribute bundles of fibers
to the optic nerve. Hartline was able to
dissect single fibers from each set, and
he showed that whereas those from the
inner layer discharge impulses at “on,”
those from the outer laver respond only
to shadows. At the time it was not possi-
ble to decide whether the outer layer
was truly made up of receptor cells or
whether instead it consisted of a layer
of second-order nerve cells. Electron
micrographs made recently at the Rocke-
teller Institute by Miller, however, seem
to answer the question. They show clear-
ly that the outer layer is composed of
primary sensory cells, which contain the
typical lamellar organelles characteristic
of all other photoreceptors. It is hard to
avoid the conclusion that in this case too
inhibition—and shadow responses—are
the primary result of the absorption of
light energy by the receptor. In Limulus
or mammalian retinas, in contrast, inhi-
bition arises as a secondary effect through
the interaction of receptor cells, all of
which produce on-discharges.

]t is significant in connection with the
- evolution of vision that the receptor
element in Spisula is a nerve cell. The
idea that neurons—and other “excitable”
cells—can respond to light is not new. In
their laboratories at Lyons and in Mon-
aco, A. Arvanitaki and her husband, N.
Chalazonitis, have found that in the
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mollusk Aplysia, as in Spisula and oth-
ers, neurons within central ganglia often
possess a rich variety of intracellular pig-
ments. Some of these neurons change the
frequency of spontaneously discharged
impulses when they are illuminated. In
certain cells the effect is excitatory; in
others light appears to reduce the im-
pulse frequency. Such findings form a
kind of precedent for the operation of
the photoreceptor system I have de-
scribed. It may be that Spisula has mere-
ly taken advantage of a general property
of its neurons by moving one to the
periphery, making it more sensitive and
using it as a functional receptor.

If this has happened in one mollusk,
why not in others? It would be of great
advantage if receptors could be found
that combine the accessibility and large
size of the Aplysia neurons and the in-
teresting sensory properties of the
Spisula cell. In such a system one might
hope to correlate impulse discharge (or
the lack of it) with those local changes
in membrane potential that are known
to control the generation of conducted
impulses in nerve cells. We are hopeful
that the right organisms have now been
found: John Barth of our laboratory at
Stanford University has succeeded in
recording with microelectrodes from in-
side single receptor neurons in the eve-
spots of several species of Pacific coast
nudibranchs. These gastropod mollusks
have no shell; their eyespots sit above
the brain, and they generally consist of
a tiny lens with a cluster of a dozen
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or more large nerve cells beneath it. The
cells may depolarize and fire impulses
when the light goes on, just as primary
sensory cells from a variety of other sys-
tems do. In some cases, however, they
exhibit complex changes in membrane
potential, including increases as well as
decreases. When increases in membrane
potential occur, the cells are inhibited
from discharging spikes; and in some
cells the interaction of these opposite ef-
fects produces off-responses much like
those in Spisula. Like Spisula, some
nudibranchs also show pronounced be-
havioral responses to shadows. Barth is
now working out the wavelength de-
pendence of these responses.

Light sensitivity on the part of neu-
rons raises a still more interesting pros-
pect. It may be that photosensitivity
is not the unique endowment of highly
specialized receptor cells with a com-
plex fine structure but a much more ba-
sic property. In the sea urchin Diadema,
for example, N. Millott of the University
of London has shown that the spine
movements with which the animal re-
sponds to shadows are elicited only when
the stimuli fall directly on certain pe-
ripheral nerves.

At Stanford we have also been work-
ing on certain neurons in the ventral
nerve cord of the crayfish. Although
these cells function as perfectly conven-
tional interneurons, relaying impulses to
the brain from mechanically sensitive
receptors on the tail, they have the
additional function of responding to
light that falls on the last abdominal
ganglion through the translucent exo-
skeleton. Thus the same element serves
as a second-order unit for one sensory
system and as a primary receptor for an-
other. Only one nerve fiber in each half
of the nerve cord exhibits these re-
sponses; we are now able to isolate the
specific fiber by fine dissection from the
nerve. The endowment of photosensitiv-
ity is no “accident”; in every case the
same interneuron (in terms of its other
functions) serves as the photoreceptor.

Nor does this complete the list of
excitable cells that show “incidental”
photosensitivity. The heart muscle of
certain snails, muscle fibers in the pupil
of many vertebrates, the brain cells of
some insects, and even smooth-muscle
cells from the walls of arterioles in
mammalian skin are all light-sensitive.
The ubiquity of this property, surely
only partly represented by our present
inventory, may perhaps urge physiolo-
gists to look for relations between nor-
mal pigmented constituents of cells and
the important events that lead to the ex-
citation of nerve and muscle membranes.



fto go
a crooked

mile...

Ling-Temco-Vought's GAMA GOAT has traveled ‘‘crooked miles”
all over the world to prove it's the goingest wheeled vehicle alive.
In Thailand, it plowed through rice paddies and rain forests.
Before impressed NATO officials in Europe, it scrabbled
up — down — across sixty percent slopes and swam rivers with
amazing ease.

Back in the States, GAMA GOAT took on many cross-country vehi-
cles in a bone-jarring evaluation over an Army proving ground.
GAMA GOAT passed all the tests. This kind of all-round perform-
ance had to be the result of a totally new approach to vehicle
design.

GAMA GOAT can travel at highway speeds because it's a wheeled
vehicle. But it won't bog down. Each wheel is fitted with oversize
tires and is powered. Deep gullies and obstacles won't break it
because we broke it first — into two articulated units. Lightweight
construction makes it air-transportable and swimmable.

Utilizing the GAMA GOAT concept, LTV is presently developing
the U. S. Army’s new 13Y/-ton truck, the XM561. The work will
be done by Chance Vought Corporation, a division of Ling-
Temco-Vought, Inc.

L ’ VLIEADERSHIP THROUGH VERSATILITY
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SCIENTISTS AND ENGINEERS:
From undersea navigation equipment for test on the research
vessel Trieste to the development of non-inertial systems
for deep space rendezvous, Motorola performance spans the
broad spectrum of environments in advanced systems.
In the area between, current programs include: advanced
random access communications and side looking radar sur-
veillance systems for the Army...air-to-air missile guidance
and digital command systems for the Navy...data transfer
and high speed teleprinting systems for the Air Force...
satellite tracking, telemetry and instrumentation for NASA ...
and extensive company funded R & D projects. & Scientists
and engineers interested in joining an electronics company
with versatile interests unbounded by narrow specialization
write today describing your background and training in:

ZERO TO INFINITY

Systems Design « operational and functional mission
analysis, optimum time-bandwidth utilization, redundant system
organization for reliability, phased arrays, digital and voice
communications, and A-J secure communications.
Equipment Design # solid state receivers, transmitters
and transponders, distributed parameter microwave equipment,
digital Modems, controls and displays, low-level switching
circuits, and digital data processing circuitry.
Familiarity with State-of-the-Art » spread spectrum tech-
niques, visual spectrum intelligence transmission, statistical theory
of communication, integrated circuit applications, multiple logic
element techniques, organization of digital data handling systems,
correlation and phase-lock techniques, and coding and modulation.

We are particularly interested in programs on which your
experience was obtained and the extent of your technical
responsibility. Please address this information to our Manager
of Engineering for immediate and confidential attention.

MOTOROLA
An equal opportunity employer

Military Electronics Division

SCOTTSDALE, Arizona, 8201 East Mc Dowall Road
CHICAGO S1. lllinois, 1450 North Cicero Avenua
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BENGHED!

for greater
floor space
gconomy

(24" W x 36” H x 35” D Overall)

NEW ECON-0-CADE LOW/HIGH
TEMPERATURE TEST CHAMBER

fills the need for a compact, yet highly-efficient
bench mounted spacesaver. Built with all the
care we put into our larger units, Econ-o-Cade’s
full one cubic foot of internal working volume
(14” Wx 14” Hx 10” D) makes it a "little giant”,
but with all the economies of mass production.
Available with a basic cascade refrigeration
system for low temperature operation, the new
Econ-o-Cade offers, asan added feature at no extra
cost, the rapid pull-down of liquid CO, refriger-
ation. A CO, Scrubber is standard equipment;
too. Temperature range is —100°F to -+350°F.
Rise time: Room ambient to +350°F in 45 min-
utes. Pull-down time: (Cascade Refrigeration)
room ambient to —100°F within 60 minutes;
(Liquid C0,) room ambient to —100°F within 10
minutes. A hinged or removable door and a com-
plete stainless steel liner makes it serviceable
and maintenance worry-free!

For information on Econ-o-Cade write for Bulle-
tin C-26. If you'd like details on our other test
equipment ask for our complete catalogue.

Associated

ASSOCIATED TESTING LABORATORIES, INC.
164 Highway 46, Wayne, New Jersey
Phone: (201) CLifford 6-2800 TWX: 201-256-4674
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MATHEMATICAL GAMES

Topological diversions, including

a bottle with no inside or outside

by Martin Gardner

Three jolly sailors from
Blaydon-on-Tyne
They went to sea in a bottle by Klein.
Since the sea was entirely inside
the hull
The scenery seen was exceedingly dull.

The Space Child’s Mother Goose,
by Frederick Winsor

r I Yo a topologist a square sheet of
paper is a model of a two-sided
surface with a single edge. Crum-

ple it into a ball and it is still two-sided
and one-edged. Imagine that the sheet is
made of rubber. You can stretch it into a
triangle or circle, into any shape you
please, but you cannot change its two-
sidedness and one-edgedness. They are
topological properties of the surface,
properties that remain the same regard-
less of how you bend, twist, stretch or
compress the sheet.

Two other important topological in-
variants of a surface are its chromatic
number and Betti number. The chro-
matic number is the maximum number
of regions that can be drawn on the sur-
face in such a way that each region has

a border in common with every other
region. If each region is given a different
color, each color will border on every
other color. The chromatic number of the
square sheet is 4. In other words, it is
impossible to place five differently col-
ored regions on the square so that each
pair has a boundary in common. (This
should not be confused with the famous
four-color theorem, which involves maps
with any finite number of regions.) The
Betti number, named after Enrico Betti,
a 19th-century Italian physicist, is the
maximum number of cuts that can be
made without dividing the surface into
two separate pieces. If the surface has
edges, each cut must be a “crosscut”:
one that goes from a point on an edge
to another point on an edge. If the sur-
face is closed (has no edges), each cut
must be a “loop cut”: a cut in the form
of a simple closed curve. Clearly the
Betti number of the square sheet is 0. A
crosscut is certain to produce two dis-
connected pieces.

If we make a tube by joining one
edge of the square to its opposite edge,
we create a model of a surface topologi-
cally distinct from the square. The sur-
face is still two-sided but now there are
two separate edges, each a simple closed
curve. The chromatic number remains 4
but the Betti number has changed to 1.
A crosscut from one edge to the other,

Mébius surface constructed with a square
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EM reports on the field of applications programming.
Who trains computers for new jobs?

The program that a computer follows in doing its work is
a logical series of simplified directions. To develop these,
the programmer must thoroughly understand the problem
he wishes the computer to solve. IBM has studied its cus-
tomers’ problems diligently and has worked out families
of applications to which general program systems may be
most efficiently applied.

In an unusual example of applications programming,
IBM assisted the U. S. Weather Bureau in programming
a system for global weather simulation on an IBM
STRETCH (7030). The computer program is based upon
a mathematical model formulated by the General Circu-
lation Research Laboratory at the Weather Bureau, for
research on the problems of long-range forecasting. In
this massive system the basic processes of weather are
simulated for the entire globe in a more detailed and

fundamental manner than ever before. The simulated
weather is calculated for as many as 10,000 grid points at
each of nine atmospheric levels and for time intervals as
small as five minutes, so that over ten billion calculations
may be required to simulate the weather for a single day.
Even in the highly efficient STRETCH language, over
15,000 instructions were required for this versatile system,
which incorporates such varied factors as radiation, tur-
bulence, clouds, oceans, mountain ranges, and forests.
The breadth of applications being studied by IBM is
demonstrated by these current projects: aerospace, air-
lines, banking, biomedicine, brokerages, public utilities,
railroads, steel industries, and warehousing. If you wish to
look into the opportunities open at IBM, an Equal Oppor-
tunity Employer, write to: Manager of Employment, IBM
Corp., Dept. 659G,590 Madison Ave., New York 22, N. Y.
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baé East 70th St. o Cleveland 3, Ohio |

APPLIED AND
BASIC RESEARCH

PROJECT ENGINEERING
SERVICES

in CRYOGENICS « heat transfer
o systems design e instrumentation
o equipment design and development
o equipment and prototype fabrica-
tion.

Ryan with its engineering and fab-
rication leadership in Cryogenics
now offers its expanded engineering
facilities to handle your problems
in cryogenics and related fields.

‘Write for technical literature.
ENGINEERING SERVICES DIVISION

RYAN INDUSTRIES, INC.

White Fou Free Books

Help for You in Applying

NEW TRENDS

in Blower/Vacuum Service

1. CycloBlower®
Blower Compressors
Compact, exclusive
helical screw design.
50 to 3350 c¢fm. To 18
psig pressure. To 16”
Hg dry vacuum and to
24" Hg wet vacuum.
Complete construction
features, engineering
and performance data.
Plus “where to use”
check list.

2. Pneumatic Convey-
ing of Bulk Materials
New, 52-page book com-
posed of recent authori-
tative articles from lead-
ing trade publications on
pneumatic conveying in
wide variety of industries.

_________________ -
| Gardner-Denver Company , Dept. CB-2 ]
Quincy, Illinois |

Please send these two books {
Name Position |
Company _ — |
Address . SRS :
City State I
_________________ ]
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Torus surface folded from a square

although it eliminates the tube, allows
the paper to remain in one piece.

A third type of surface, topologically
the same as the surface of a sphere or
cube, is made by folding the square in
half along a diagonal and then joining
the edges. The surface continues to be
two-sided but all edges have been elimi-

nated. It is a closed surface. The chro-
matic number continues to be 4. The
Betti number is back to 0: any loop cut
obviously creates two pieces.

Things get more interesting when we
join one edge of the square to its op-
posite edge but give the surface a halt-
twist before doing so. You might sup-

Klein bottle: « closed surface with no inside or outside
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RCA Thermionic Converter at work in an Atomic Reactc

Out of Stillness...electric power for tomorrow

THROUGH RCA ELECTRON TUBE TECHNOLOGY

Today man stands on the threshold of revolu-
tionary new ways to make electric power directly
from light or heat through Direct-Energy Con-
version—without moving machinery.

One of these unique methods, known as thermo-
electricity, generates a flow of current when
certain unlike materials are joined together and
heat is applied to the junction. Another,
thermionic energy conversion, uses the principle
of the electron tube.

Both methods produce electricity directly from
. . nuclear heat . . . heat from conventional
fuels . . . heat from the sun.

A third major development, solar cells, even
makes electricity from sunlight!

Until recently, only a feeble flow of electricity
could be developed by these methods. But now,
at RCA, significant advancements in these tech-
nologies are making possible greater and greater
amounts of electric power.

Silent and mobile, Direct-Energy Conversion
holds promise of bringing low-cost electric
power to any place on earth, or in outer space.
It is another way RCA is working to benefit
mankind—through electron tube technology in
science, industry and the national defense.

RCA Electron Tube Division

Segment of thermoelectric module used i
electric power generation (shown approxi
mately one-half actual size).

The Most Trusted Name in Electronics
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Decision-Making: Logistics Support... What, Where, When?

Centuries ago the critical factor in logistics
support was providing basic supplies—
food, armaments, raw materials for simple
industries. A few decades ago, carrying
capacity—sea and land transportation—
ruled as the decisive element. Within the
last decade, a new critical element in
logistics support has emerged. It has been
created by the complex, interfacing gov-
ernmental, industrial and military structure
of today. This new factor is up-to-the-
minute information—gathered from afar,
varied in content, immense in volume.

To help provide and control this flow of
information, SDC scientists, and engineers

have helped create a new technology: in-
formation systems which aid managers in
determining the “what, where and when”
of logistics support for world-wide and
continental activities and forces.

In developing these systems which pro-
vide information processing assistance,
SDC scientists and engineers have evolved
an interdisciplinary approach. Teams of
operations research scientists, engineers,
computer programmers and human factors
scientists work together in these major
system development steps: analyzing the
system, synthesizing the system, instruct-
ing computers within the system, training

the system, evaluating the system—and
helping adapt the system to the changing
needs of its users.

Scientists and engineers interested in join-
ing this growing field are invited to write
Dr. H. H. Best, SDC, 2430 Colorado Ave.,
Santa Monica, California. Positions are
open at SDC facilities in Santa Monica;
Washington, D.C.; Lexington, Massachu-
setts; Paramus, New Jersey; Dayton, Ohio.
“An equal opportunity employer”

/e SDC

System Development Corporation
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pose that this cannot be done with a
square piece of paper, but it is easily
managed by folding the square twice
along its diagonals, as shown in the
illustration on page 134. Tape together
the pair of edges indicated by the arrow
in the last drawing. The resulting sur-
tace is the familiar Mdobius strip, first
analyzed by A. F. Mobius, the 19th-
century German astronomer who was
one of the pioneers of topology. The
model will not open out, so it is hard to
see that it is a Mobius strip, but careful
inspection will convince vou that it is.
The surface is one-sided and one-edged,
with a Betti number of 1. Surprisingly,
the chromatic number has jumped to 6.
Six regions, of six different colors, can
be placed on the surface so that each
region has a border in common with
each of the other five.

When both pairs of the square’s op-
posite edges are joined, without twist-
ing, the surface is called a torus. It is
topologically equivalent to the surface
of a doughnut or a cube with a hole
bored through it. The top illustration on
page 136 shows how a flat, square-
shaped model of a torus is easilv made
by folding the square twice, taping the
edges as shown by the solid gray line in
the second drawing and the arrows in the
last. The torus is two-sided, closed (no-
edged) and has a chromatic number of 7
and a Betti number of 2. One way to
make the two cuts is first to make a loop
cut where you joined the last pair of
edges (this reduces the torus to a tube)
and then a crosscut where you joined the
first pair. Both cuts, strictly speaking, are
loop cuts when they are marked on the
torus surface. It is only because you
make one cut before the other that the
second cut becomes a crosscut.

It is hard to anticipate what will hap-
pen when the torus model is cut in vari-
ous ways. If the entire model is bisected
by being cut in half either horizontally
or vertically, along a center line parallel
to a pair of edges, the torus surface re-
ceives two loop cuts. In both cases the
resulting halves are tubes. If the model
is bisected by being cut in haltf along
either diagonal, each half proves to be a
square. Can the reader find a way (be-
fore the answer appears in this depart-
ment next month) to give the model two
loop cuts that will produce two separate
bands interlocked like two rings of a
chain?

Many different surfaces are closed
like the surface of a sphere and a torus,
yet one-sided like a Mobius strip. The
easiest one to visualize is a surface
known as the Klein bottle, discovered in

1882 by Felix Klein, the great German
mathematician. An ordinary bottle has
an outside and inside in the sense that
if a flv were to walk from one side to
the other, it would have to cross the
edge that forms the mouth of the bot-
tle. The Klein bottle has no edges, no
inside or outside. What seems to be its
inside is continuous with its outside, like
the two apparent “sides” of a Mdabius
surface.

Unfortunatelv it is not possible to
construct a Klein bottle in three-dimen-
sional space without self-intersection of
the surface. The bottom illustration on
page 136 shows how the bottle is tradi-
tionallv depicted. Imagine the lower end
of a tube stretched out, bent up and
plunged through the tube’s side, then
joined to the tube’s upper mouth. In an
actual model made, say, of glass there
would be a hole where the tube inter-
sects the side. You must disregard this
defect and think of the hole as being
covered by a continuation of the bottle’s
surface. There is no hole, only an inter-
section of surfaces. This self-intersection
is necessary because the model is in
three-space. If we conceive of the sur-
tace as being embedded in four-space,
the self-intersection can be eliminated
entirely. The Klein bottle is one-sided,
no-edged and has a Betti number of 2
and a chromatic number of 6.

Daniel Pedoe, a mathematician at
Purdue University, recently wrote The
Gentle Art of Mathematics. 1t is a de-
lightful book, but on page 84 Professor
Pedoe slips into a careless bit of dogma-
tism. He describes the Klein bottle as a
surface that is a challenge to the glass
blower, but one “which cannot be made
with paper.” Now, it is true that at the
time he wrote this apparently no one
had tried to make a paper Klein bottle,
but that was before Stephen Barr, a
science-fiction writer and an amateur
mathematician of Woodstock, N.Y.,
turned his attention to the problem.
Barr quickly discovered dozens of ways
to make paper Klein bottles. He is cur-
rently at work on a book of topological
recreations, to be published later this
year by the Thomas Y. Crowell Com-
pany. It will be crammed with all sorts
of elegant new topological models fold-
ed out of paper. Here I will describe onlv
one of Barr’s Klein bottles; one that
enables us to continue working with a
square and at the same time follows
closely the traditional glass model.

The steps are given in the illustration
at the right. First, make a tube by
folding the square in half and joining
the right edges with a strip of tape as

© 1963 SCIENTIFIC AMERICAN, INC

Folding a Klein bottle from a square
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L3R ] ARE THE NAVAL

LABORATORIES
IN CALIFORNIA?

Physically, the U. S. Naval Lab-
oratories in California are head-
quartered in California, which is no
surprise. However, this is only part
of the story ... for, in a sense, their
activities extend throughout the
world. For instance, scientists and
engineers from the laboratories
work in such far-flung and diver-
gent areas as Eniwetok, the Union
of South Africa, Alaska, Australia
and Hawalii, to name a few.

Laboratory personnel and facili-
ties also occupy missile/satellite
tracking ships in the Indian Ocean,
participate in Operation Deep
Freeze in the Antarctic, operate
radar sites in Japan and probe the
deep water secrets of, for example,
the Mariannas Trench in the
Phillipines.

The extensive global activities of
the Naval Laboratories in Califor-
nia match the collective and indi-
vidual capabilities of each facility.
Typical activities could involve,
for example, oceanography studies
(NEL); launching and tracking a
Discoverer type satellite (PMR);:
arctic snow/ice research (NCEL):
fleet ordnance development
(NOTS); missile firing evaluation
(NOLC); and nuclear radiation
studies (NRDL).

Whether your scientific/technical
interests are stimulated by working
in a mainland laboratory or partici-
pating in a specialized research
project in the distant tropics or the
arctic, the U. S. Naval Laboratories
in California offer a maximum chal-
lenge. Qualified scientists, engineers,
and technicians who wish to ex-
plore employment opportunities at
any of the laboratories listed below
are invited to contact the Personnel
Director, Dept. A, at the facility of
their choice.

U. S. Navy Electronics Laboratory (NEL), San
Diego

Pacific Missile Range (PMR) and U.S. Mis-
sile Center (NMC), Point Mugu

U.S. Naval Civil Engineering Laboratory
(NCEL), Port Hueneme

U.S. Naval Ordnance Test Station (NOTS),
China Lake and Pasadena

U.S. Naval Ordnance Laboratory (NOLC),
Corona

U. S. Naval Radiological Defense Laboratory
(NRDL), San Francisco

U.S. Naval Personnel Research Activity
(NPRA), San Diego

All qualified applicants will be considered
for employment without regard to race,
creed. color, sex, or national origin,

U. S. NAVAL
LABORATORIES
IN CALIFORNIA
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shown in Step 1. Cut a slot about a (uar-
ter of the distance from the top of the
tube (Step 2), cutting only through the
thickness of paper nearest you. This cor-
responds to the “hole” in the glass
model. Fold the model in half along the
broken line A. Push the lower end of the
tube up through the slot (Step 3) and
join the edges all the way around the top
of the model (Step 4) as indicated by
the arrows. It is not difficult to see that
this flat, square model is topological-
ly identical with the glass bottle shown
in the bottom illustration on page 136. In
one way it is superior: there is no actual
hole. True, you have a slot where the
surface self-intersects, but it is easy to
imagine that the edges of the slot are
joined so that the surface is everywhere
edgeless and continuous.

Moreover, it is easy to cut this paper
model and demonstrate many of the bot-
tle’s astonishing properties. Its Betti
number of 2 is demonstrated by cutting
the two loops formed by the two pairs of
taped edges. If you cut the bottle in half
vertically, you get two Mobius bands,
one a mirror image of the other. This is
best demonstrated by making a tall, thin
model [see illustration below] from a
tall, thin rectangle instead of a square.
When you slice it in half along the
broken line (actually this is one long
loop cut all the way around the surface),
you will find that each half opens out
into a Mobius strip. Both strips are par-

Bisected bottie makes two Mobius strips
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How to make a switch hitter see red

Design a manual switch that’s to be punched on cue from
colored light and you’ll need a color filter that holds its hue
and its shape.

Our new CrLEARFORM® Color Filters do just that and more,
simply because they’re glass.

Take heat, for example. You could boil water inside some
switches. Temperatures often get close to 300°F. Organic dyes
discolor or fade in heat like that. Organic materials may warp
out of shape.

CrearrorM Color Filters hold their color because glass is
inorganic. They hold their shape because we make them of low-
expansion borosilicate glass. And we can press them into circles,
rectangles, squares, domes, or rods with common tolerances of
0.010” per inch.

There’s no problem with color variation from filter to filter.
We can meet MIL-C-25050 color specifications, or custom
specifications if required.

If you're concerned with panel-surface indicator lights, you
can get exceptional wide-angle recognition with CLEARFORM
Color Filters.

That’s because they are uniformly translucent. They obscure
the lamp effectively, but transmit even color to nearly every
viewing angle.

You can forget deterioration of color and material caused by
aging or weathering. Glass just doesn’t recognize the calendar
or the environment.

If you’d like a bulletin on CLEARFORM Color Filters and their
possibilities, write to our Lighting Market Development Group.

S GLASS

A bulletin
of practical

new ideas from

CORNING

How to get properties you want in
the shape you must have

If a component shape dictated
by your design is the only fac-
tor that has kept you from
benefiting from the properties
of glass, then you should know
about our Multiform glass.
You can get the chemical,
dielectric, moisture, thermal,
and transparent properties of
glass in just about any shape
you need — cylinders, domes,
rods, slabs, or irregular objects.
What’s more, you can bal-
ance properties the way you
want them because we can
make Multiform from a great
variety of glass compositions.
Aside from standard commer-
cial glasses, you can have Mul-
tiform components of high-
temperature 969 silica glass
or of ultrapure fused silica.
The physical limitations are

few. We can dry-press up to
4”7 O.D. with a %=0.005" tol-
erance up to 1” thick with
a +0.010" or 29 tolerance.
Through slipcasting, we can
form circular cross sections or
cylinders up to 60 pounds.

Standard Multiform parts
are opaque or translucent. We
can color-code parts for you if
desired. If you want transpar-
ency, we can process them
further into CLEARFORM parts.

We can help you choose the
glass that gives you the prop-
erties you want, make it to the
shape you need, and tell you
how best to seal it to Dumet,
platinum, molybdenum, Kovar.

The men in our Industrial
Components Market Develop-
ment group are the ones to
contact.

How to get help from us

If there’s one thing we really
enjoy, it’s being helpful. So
often it leads to selling glass.

But with 35,000 “products”
on our shelves and more than
100,000 glass compositions and
property trade-offs in our files,
we sometimes have trouble
knowing where to start being
helpful.

Here’s how you can help us.
If you think glass holds the
answer to one of your design
problems—and it probably does
—write us a letter that covers
these points:

* what the problem is, and in
what application

e include a drawing of the part,
with critical dimensions in-
dicated.

* which of these properties are

important — thermal, physi-

cal, optical, chemical, elec-

trical?
* projected volume
* price goal
* your timing

We don’t mean to pry, but
the more you can tell us about
the problem, the better we’ll
be able to find the right an-
swer in glass for you. And the
quicker.

Address such letters to Tech-
nical Products Division, Corn-
ing Glass Works, 4907 Crystal
St., Corning, N. Y.

A request to the same ad-
dress will bring you a copy of
our new bulletin on “Engi-
neering With Glass.” It can
give you many good ideas on
glass as a design material.

CORNING

CORNING GLASS WORKS
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Not dry enough

Most Lectrodryer customers are seeking
a dryness that makes dinosaur bones seem
sopping wet. We provide them with equip-
ment that will dry air, gases and organic
liquids. In addition to the usual process-
ing operations, Lectrodryers have an im-
portant place in cryogenics, space aero-
nautics and communication, atomic
research and other exotic assignments.
Seeking dryness ? Write Pittsburgh
Lectrodryer Division, McGraw-Edison
Company, 336 32nd St., Pittsburgh 30, Pa.
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Folding « cross-cap and projective plane from a square

tially self-intersecting, but you can slide
each strip out of its half- slot and close
the slot, which is not supposed to be
there anyway.

If the bottle can be cut into a pair of
Mobius strips, of course the reverse pro-
cedure is possible, as described in the
following anonymous limerick:

A mathematician named Klein
Thought the Mobius band was divine.
Said he: “If you glue
The edges of two,
You'll get a weird bottle like mine.

Surprisingly, it is possible to make a
single loop cut on a Klein bottle and
produce not two Mobius strips but only
one. A great merit of Barr’s paper models
is that problems like this can be tackled
empirically. Can the reader discover
how the cut is made?

The Klein bottle is not the only simple
surface that is one-sided and no-edged.
A surface called the projective plane
(because of its topological equivalence
to a plane studied in projective geome-
try) is similar to the Klein bottle in both

© 1963 SCIENTIFIC AMERICAN, INC

respects as well as in having a chromatic
number of 6. As in the case of the
Klein bottle, a model cannot be made in
three-space without self-intersection. A
simple Barr method for folding such a
model from a square is shown in the
illustration above. First cut the square
along the solid black lines shown in Step
1. Fold the square along the diagonal
A-A’, inserting slot C into slot B as shown
in Steps 2 and 3. You must think of the
line where the slots interlock as an ab-
stract line of self-intersection. Fold up
the two bottom triangular flaps E and F,
one on each side (Step 4), and tape the
edges as indicated.

The model is now what topologists
call a cross-cap, a self-intersecting Mo-
bius strip with an edge that can be
stretched into a circle without further
self-intersection. This edge is provided
by the edges of cut D, originally made
along the square’s diagonal. Note that
unlike the usual model of a Mobius strip,
this one is symmetrical: neither right-
nor left-handed. When the edge of the
cross-cap is closed by taping it as shown
in Step 5, the model becomes a projec-



Why you should wear
ACCUTRON instead of a watch

ONLY THE ACCUTRON TIME-
PIECE is'guaranteed 99.9977%
accurate on your wrist {not just
in a test laboratory)

ONLY THE ACCUTRON

PIECE does away with the hair-
spring and balance wheel, the
parts which limit the accuracy
of all watches.

ONLY THE ACCUTRON TIME-
PIECE—with jus moving
parts—is so rugged, so trouble-
free you can forget about usuval
watch maintenance and repair

ONLY THE ACCUTRON TIME-
PIECE keeps time by the con-
stant vibrations of a tuning
fork activated electronically

It doesn't tick. It hums.

never, never needs winding —
even off your wrist. Power cell
lasts a full year. Second year's
cell free. Additional cell only
$1.50.

ACCUTRON has been selected
as a timing device in U. S.
space satellites and Telstar 1.

Above: Revolutionary electronic tuning fork mechanism of
ACCUTRON seen through transparent dial of “Spaceview”
model. 14-KT gold case. $200*

ACCUTRON is the only timepiece guaranteed 99.9977%
accurate on your wrist. It makes the finest watches—

even electric watches—obsolete.

= The ACCUTRON timepiece

E‘T- keeps time by a revolutionary

\ new principle. This miniature

/ tuning fork, driven by a tran-

EJ sistorized electronic circuit,

_vibrates at a constant 360

times a second. Result? ACCUTRON is

the only timepiece that’s guaranteed
99.9977% accurate on your wrist.

The ACCUTRON timepiece already
has become the new world standard of
accuracy. It was purchased by the U.S.
Air Force for every X-15 pilot. It's
approved for use by all major railroads.
And it’s the timepiece of leaders in
science, industry and government.

See ACCUTRON-—the most distinctive
timepiece you can own, the most unique
gift you can give. Your choice of many
distinguished waterproof* and shock-re-
sistant styles, from $125 to $2500*.

For name of nearest ACCUTRON
dealer and free booklet, write Bulova
Watch Co., Inc., Dept.SA, 630 Fifth Ave-
nue, New York 20, New York. Don’t you
owe it to yourself to wear ACCUTRON
instead of a watch?

Read the ACCUTRON guarantee of accuracy!
ACCUTRON is guaranteed by Bulova not to gain or
lose more than one minute a month in actual daily
use on your wrist. For one full year from date of
purchase, the authorized jeweler from whom you
purchased your ACCUTRON timepiece will adjust
it to this tolerance, if necessary, without charge.

ACCUTRON ‘214" Brilliant stainless
steel case, raised dial markers. $125%

ACCUTRON 4 researcr sreaxtrroves sy BULOVA

©1963 Bulova Watch Company, Inc., New York, Toronto, Bienne, Milan. *All prices plus tax —waterproof when case, crystal and crown are intact.
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Lincoln Laboratory, a research center of the Massachusetts Institute
of Technology. conducts investigations in advanced electronics
directed toward the solution of problems of national defense and space
exploration  The General Research program provides a background
of expenience and ideas for programs concerned with specific defense
and space problems. as well as a continuing source of contributions

to electronics science and technology  All qualhfied applicants

will receive consideration for employment without regard to race
creed. color or national ongin Lincoln Laboratory. Massachusetts
Institute of Technology, Box 18, Lexington 73, Massachusetts
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tive plane. You might expect it to have
a Betti number of 2, like the Klein bottle,
but it does not. It has a Betti number of 1.
No matter how you loop-cut it, the cut
produces either two pieces or a piece
topologically equivalent to a square
sheet that cannot be cut again without
making two pieces. If you remove a disk
from anywhere on the surface of the pro-
jective plane, the model reverts to a
cross-cap.

The chart at the right summarizes all
that has been said. The square diagrams
in the first column show how the edges
join in each model. Sides of the same
color join each to each, with the direc-
tion of their arrows coinciding. Corners
labeled with the same letter are corners
that come together. Broken lines are
sides that remain edges in the finished
model. Next to the chromatic number
of each model is shown one way in
which the surface can be mapped to ac-
commodate the maximum number of
colors. It is instructive to color each
sheet as shown, coloring the regions on
both sides of the paper (as though the
paper were cloth through which the
colors soaked), because you must think
of the sheet as having zero thickness. An
inspection of the final model will show
that each region does indeed border on
every other one.

Iast month’s problem was to determine

4 the length of the red stripe on a
barber’s pole, given that the pole is four
feet high and that the stripe cuts the
elements of the pole (vertical lines
parallel with the axis) at a constant
angle of 60 degrees.

If a right triangle is wrapped around
any type of cylinder, the base of the
triangle going around the base of the
cylinder, the triangle’s hypotenuse will
trace a helix on the cylinder. Think of
the red stripe of the barber’s pole as the
hypotenuse of a right triangle, then “un-
wrap” the triangle from the cylinder.
The triangle will have angles of 30 and
60 degrees. The hypotenuse of such a
triangle must be twice the altitude.
(This is easily seen if you place two such
triangles together to form an equilateral
triangle.) In this case the altitude is
four feet, so that the hypotenuse (red
stripe) is eight feet.

The interesting part of this problem
is that the length of the stripe is inde-
pendent not only of the diameter of the
cylinder but also of the shape of its cross
section. The cross section can be an
irregular closed curve of any shape
whatever; the answer to the problem
remains the same.

BETTI
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Conducted by C. L. Stong

[Among the most interesting constitu-
ents of matter are the molecular
fragments known as free radicals,
the ephemeral debris of molecules shat-
tered by some energetic process such as
heat, ultraviolet light, chemical reaction
or electric discharge. When isolated and
preserved, some free radicals emit light
spontaneously. Others exhibit strange
patterns of spectral absorption. All are
highly reactive chemicallv. Free radicals
can be generated in quantitv merelv by
striking a match. The flame consists of
a seething atmosphere of both molecular
fragments and whole molecules that
continuously collide, merge, dissociate
and recombine while migrating toward
the cool surrounding air, where the end

THE AMATEUR SCIENTIST

How to generate free radicals

and collect them for analvsis

products of the reaction emerge as a
mixture of stable molecules. At the tem-
perature of flame and at normal atmos-
pheric pressure few fragments escape
immediate collision with their neigh-
bors, and none survive for more than a
few thousandths of a second. Although
the generation of free radicals poses no
difficulty, the problem of unscrambling
the mixture and preserving the unstable
reaction products is another matter.
Reasonably stable free radicals were
prepared by chemical methods at the
turn of the centurv, but techniques for
coping with the more interesting and
reactive tvpes are a recent development.
In one ingenious procedure raw material
in the form of gas at low pressure is
piped through a high-frequency electro-
magnetic field that breaks up the mole-
cules; the free radicals then migrate into
an evacuated vessel and condense on a
cold surface [see “Frozen Free Radi-
cals,” by Charles M. Herzfeld and
Arnold M. Bass; SCIENTIFIC AMERICAN,
March, 1957]. An apparatus based on

to vacuum system@*
|

radio-frequency | I
generator

iIce and water dry ice and acctone liquid mtrogen

Schematic arrangement of reaction system
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this principle was constructed last year
by Fred Swift of Maquoketa, Iowa, now
a student at the State University of
Towa. Instead of using a single condens-
ing surface Swift equipped his system
with a series of three traps: U-shaped
glass tubes that are maintained at pro-
gressively lower temperatures. The ap-
paratus was constructed primarily for
decomposing carbon tetrachloride into
tree radicals and collecting the more or
less stable reaction products according
to the temperature at which each con-
denses.

“Essentially,” writes Swift, “the ap-
paratus consists of five parts: a vesscl
from which carbon tetrachloride or some
other compound is introduced into the
system at low pressure, a tube in which
the vapor is bombarded by a high-fre-
quencyv electromagnetic field, the radio-
frequency generator, a series of threc
traps respectively maintained at tem-
peratures of 0, — 79 and — 197 degrees
centigrade and a pair of vacuum pumps
for exhausting the system. To make an
experimental run the storage vessel is
first charged with a few milliliters of
carbon tetrachloride and the Dewar
flasks that surround the traps are filled,
in the order of their temperature, with
ice water, a mixture of dry ice and
acetone, and liquid nitrogen. The system
is then evacuated, the power is applied
and the vapor of carbon tetrachloride
is decomposed at controlled pressure.
After the materials have reacted and
condensed, all three traps are immersed
in liquid nitrogen to freeze the products,
and helium is admitted until the pres-
sure of the system is in equilibrium with
atmospheric pressure. The traps are then
disconnected and the products are re-
moved for analysis.

“The radio-frequency generator de-
velops a maximum output of 600 watts
at a fixed frequency of 14 megacycles.
It consists of a seven-megacycle crystal-
controlled oscillator, a frequency dou-
bler, final amplifier and appropriate
power supplies. The output can be con-
tinuouslv adjusted from 0 to 600 watts
by means of a variable transformer that



Vapor of carbon tetrachloride ionized by high-frequency field Bands of reaction products condensed from vapor at 20 degrees C.

. 5
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Hexachloroethane and tetrachloroethane condensed at — 78 degrees Dichlorocarbene and dichloroacetylene condensed at — 195
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Here, in Lockheed Missiles & Space Com-
pany's Physical Sciences Laboratories,
scientists are engaged in a comprehen-
sive space physics research program em-
bracing experimental and theoretical work
in space radiation, aurora, atmospheric
structure, geomagnetic micropulsations,
x-ray astronomy, and the propagation of
electromagnetic waves in space. Experi-
mental programs include the measure-
ments of geophysical and space proper-
ites, both in space and in the laboratory.
Currently, measurements of variations
on the earth's magnetic field are being
made at remote islands in the Pacific
Ocean, providing clues to the effect of
solar activity on its shape and stability.
The influence of solar wind on the geo-

LOOK AT LOCKHEED '

Continuing investigation of matter and forces in space

magnetic field is also being investigated
in laboratory experiments, by bombarding
magnetic fields with clouds of highly
ionized gases.

Scientists at Lockheed are engaged in a
continuing program of designing and plac-
ing density gages, mass spectrometers,
ion traps, and similar instruments on
space vehicles to measure the density,
composition, and temperature of matter
in space. These experiments lead to a
better understanding of the chemical re-
actions occurring in the atmosphere high
above the earth.

Important investigations of the low en-
ergy x-rays emitted by stars are being
carried out and interpreted to give infor-
mation on the structure of stellar coronas.

LOOK AT LOCKHEED...AS A CAREER
Consider Lockheed's leadership in space
technology. Evaluate its accomplishments
—such as the Polaris missile, the Agena
vehicle's superb record of space mis-
sions. Examineits outstanding advantages
—Ilocation, advancement policies, creative
climate, opportunity for recognition.
Then write for a brochure that gives you
a more complete Look at Lockheed.
Address: Research & Development Staff,
Dept. M-44G, P.O. Box 504, Sunnyvale,
California. Lockheed is an equal oppor-
tunity employer.
SCIENTISTS & ENGINEERS: In addition
to positionsin the physical sciences, other
important openings exist for specialists
in: Trajectory analysis « Gas dynamics «
Orbit thermodynamics « Electromagnetics
«Chemical & nuclear propulsion « Systems
engineering « Electronic engineering
Communications & optics research

LOCKHEED

MISSILES & SPACE COMPANY

A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATION

Sunnyvale, Palo Alto, Van Nuys, Santa Cruz,
Santa Maria, California - Cape Canaveral,
Florida - Huntsville, Alabama - Hawaii
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energizes the high-voltage power supply
for the final amplifier and can be varied
through the full range of power without
influencing the frequency to which the
unit is tuned. The final amplifier is also
designed to operate under a wide range
of loads without affecting the tuning.
The alternating-current output of the
generator flows through a coil of copper
tubing that surrounds the glass tube
conducting carbon tetrachloride from
the storage vessel to the traps. The ends
of the coil are connected to the amplifier
through capacitors for insulation from
the dangerously high voltage that ener-
gizes the final stage. The electronic ap-
paratus was made entirely from parts
for amateur radio transmitters.

“The vacuum system includes a me-
chanical fore pump and a single-stage
mercury diffusion pump. The fore pump
was not easily acquired. I first tried to
reverse a small compressor of the piston
type but could not make it produce a
vacuum better than 40 millimeters of
mercury. The sealed rotary compressor
from a Frigidaire was then converted
for operation in reverse by sealing the
oil-bypass line and removing the intake
check valve and screens. At its best this
unit produced a vacuum of two milli-
meters. Three Norge Rollator compres-
sors were then converted. Two of the
units had been operated with sulfur
dioxide and contained a large amount
of sludge. The third, in which Freon 12
had been used, was much cleaner. The
oil seals on the shafts were polished with
fine emery paper, all screens and intake
check valves were removed and new
gaskets were installed. The three pumps
were then filled with Welch Duo-Seal
vacuum-pump oil and tested. The unit
that had used Freon performed best,
producing a vacuum higher than .1
millimeter at 600 revolutions per min-
ute. I found that refrigerator compres-
sors are inferior to conventional fore
pumps in two respects: their pumping
speed at pressures below one millimeter
is relatively low, and lubricant is drawn
into the system when vacuum is main-
tained at the input of the idle pump.

“My diffusion pump is of the water-
cooled type. Running water could not be
used, however, because the apparatus
was designed for portable operation.
The pump was therefore equipped with
a refrigeration unit removed from a dis-
carded soft-drink cooler. The evaporator
coil of this particular unit was manu-
factured as an integral part of a heat
exchanger that included a second coil
for cooling water. The heat exchanger
was wrapped with insulation to prevent

the condensation of water vapor; alcohol
was circulated through it and the jackets
of the diffusion pump by a small rotary
pump from a washing machine.
“Pressure in the system is measured
by a sealed-end manometer calibrated
from 50 millimeters to one millimeter of
mercury and a McLeod gauge calibrated
from one millimeter to .001 millimeter.
The McLeod gauge is of the Stokes type,
in which mercury is forced into the
capillary tubes by tilting the unit 90
degrees [see “The Amateur Scientist,”
SCIENTIFIC AMERICAN, January, 1959,
and March, 1960]. Only the glass part
of the gauge was bought. The support-
ing framework and bearing were impro-
vised from aluminum strip and pipe.
Pressure is determined by the McLeod
gauge by first trapping part of the resid-
ual gas in a vessel of known volume,
then compressing it by means of a mer-
curv column into a capillary tube closed
at the outer end. Simultaneously the
mercury is allowed to rise in an identi-
cal capillary that is connected to the
vacuum system under measurement.
Pressure is indicated by the relative
height to which the mercury rises against
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the gas trapped in the sealed capillary.
The gauge is calibrated by determining
the volume of the trapping vessel and
the cross-sectional area and length of the
capillaries. I made the volume deter-
minations by measuring the amount of
water required to fill the respective
parts of the gauge.

“The evacuated portion of the appa-
ratus is constructed of sections of Pyrex
glass that are interconnected by tapered
joints. It includes stopcocks for control-
ling the flow of raw material from the
dispensing vessel, for connecting the
vacuum gauges and pumps and for ad-
mitting air or helium to the system as de-
sired. All joints and stopcocks are lubri-
cated with Apiezon vacuum grease. The
discharge region in which the raw mate-
rial is dissociated by high-frequency
bombardment consists of a straight sec-
tion of tubing with an outside diameter
of 20 millimeters supported near the
ends so that the excitation coil of the
generator can be moved to any position
along the tube.

“I experienced no particular difficulty
in handling the cold fluids that are used
for refrigerating the traps. The liquid
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Apparatus for fractionating carbon tetrachloride
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nitrogen was received and kept in a 15-
liter Dewar flask. A simple dispensing
apparatus was improvised out of copper
tubing and a small air compressor for
transferring liquid nitrogen from the
shipping container to the appropriate
trap. A long section of tubing, bent over
at the top for a spout, and a shorter
length connected to the air compressor
were inserted in a rubber stopper that
fitted the shipping container. Com-
pressed air entering the short tube
forced liquid nitrogen up through the
spout as needed. I found that some care
must be taken in handling dry ice and
acetone. When the mixture absorbs heat
too quickly, carbon dioxide forces ace-
tone out of the container, damaging the
equipment and presenting a fire hazard.

“To make the apparatus portable and
self-contained, all the components were
mounted according to function on a
three-tiered tool cart 32 inches high, 28
inches wide and 20 inches deep. The
cart was modified by bolting a quarter-
inch steel plate to the underside of the
bottom tray for extra strength and by
adding a set of rubber casters. The fore
pump, refrigerator system and variable
transformer occupy the bottom tray.
The radio-frequency unit was placed on
the middle tray. The reaction system,
together with the diffusion pump and
necessary apparatus supports, was on
top [see illustration on preceding page].

“A small laboratory was set up in
which to analyze the reaction products.
The problem of analysis consists in de-
termining the atomic ratios of two-ele-
ment compounds that can be dissolved
in water and whose constituent elements
are known. The major items of equip-
ment include an analytical balance, a
centrifuge and a drying oven. A used
balance was obtained and renovated by
cleaning the knife edges and replacing
the level, which was badly corroded, by
a hand level. Weights were then made
up and calibrated against a set of stand-
ards. The drying oven is merely a box
of sand heated by an infrared lamp. A
test tube containing the sample is placed
in the hot sand and its temperature is
determined by a thermometer. In mak-
ing an analysis a three-milliliter test tube
is weighed after drying; the sample,
purified by vacuum recondensation if
necessary, is added and the tube is
weighed again. The sample is then dis-
solved in water and one of the ions is
precipitated.

“After being washed and centrifuged
the sample is dried in the temperature-
controlled oven. Because the precipitate
is known, the highest temperature at
which it can be dried is determined by
its heat of formation. The precipitate
and test tube are weighed. Since the
total weight of the compound and the
weight of one of its elements are deter-

mined by this analysis, the atomic ratio
can be calculated. A simple formula can
then be written and the substance iden-
tified. The melting and boiling points of
the sample are determined by a method
that requires only minute amounts of
material. The sample is placed in a small
capillary tube, the ends of which are
sealed in a gas flame. The tube is then
placed in a beaker of mineral oil and
heated gradually over a hot plate con-
trolled by a variable transformer. An
electric stirrer keeps the temperature
of the oil uniform. The temperature is
indicated by a thermometer immersed
in the oil; changes in the state of the
sample are observed visually.

“A spectrophotometer has also been
constructed for identifying products
by their characteristic spectral absorp-
tion. Light from a tungsten lamp pass-
es through the sample, is diffracted by
a replica transmission grating and is
analyzed by a photoelectric cell. The
mechanical parts of the instrument were
salvaged from an old spectrometer of
the Bunsen type. All lenses were re-
placed by adjustable slits made from
safety razor blades and the optical sys-
tem was lined with black felt to min-
imize internal reflection. The spectrum
is scanned by rotating the tube that
holds the photocell through an appro-
priate angle with a motor-driven jack-
screw. The output of the photocell,
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Basic Research at Honeywell

Research Center
Minneapolis, Minnesota

The Measurement of Surface Roughness
by Radioactive Adsorbents

Roughness of surfaces affects several parameters
including physical movement, magnetic properties
and rate of reaction. Radioactive adsorbents now
offer a means of accurate repeatable measurement of
roughness on a molecular scale.

Scientists have long known that the degree
of surface roughness has a profound cffect
on the physical movement between sur-
faces, on the physical and chemical proper-
ties of materials and on the rate of reaction
with a reacting agent. If the degree of
roughness could be accurately and quickly
measured, the characteristics of the surface
could be predicted.

The problem facing the scientist is simi-
lar to the topographer measuring a moun-
tain range but the scientist is dealing with
a molecular scale in attempting to measure
the true profile of a surface.

Langmuir, in 1918, discovered that cer-
tain gases were adsorbed on a surface in
certain cases as a monomolecular layer. In
a closed system he would measure the
amount of gas adsorbed by the surface.
Knowing the area of cach gas molecule he
could then determine the surface arca. The
technique was limited in its sensitivity and
did not apply to multi-layer adsorption.
Langmuir extended his technique to liquids
when by dipping a clean glass plate in oleic
acid floating on water, he found that the
surface was covered with a monomolecular
layer of the acid. With diflraction tech-
niques he was able to make a rough mecas-
urement of the surface.

Today progress is being made using the
new techniques of radioactive tracing.

If a species that would be adsorbed as
a monomolecular layer is tagged with a
radioactive material of known specific ac-
tivity (number of counts per unit weight),
measurement of the counts on the surface
will yield the number of molecules ad-
sorbed. Thus, as with Langmuir’s tech-
nique, if the area occupied by an adsorbed
molecule is known, the total surface arca or
roughness can be calculated.

Stearic acid was the adsorbent usually
used but it would not stick on some sur-
faces and could not be used on many
materials.
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Honeywell scientists were particularly
concerned with measuring the surface
roughness of glass and searched for a rapid
technique that would work in an aqueous
solution. Since detergents are known to
coat materials they were considered as a
promising group to be tried. They offered
wider applications and could be used on
plastics, glass and metals. By varying the
concentration of detergent it was found
that there is a range in water at which the
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detergent is adsorbed as a monomolecular
layer (See Fig. 1.). Hexadecyltrimethyl-
ammonium Bromide (HMAB) was chosen
and tagged with C". The radioactivity of
the detergent adsorbed on the glass surface
was measured and from this the number of
molecules on the surface was determined,
and thus the area was calculated.

Accurate measurement of surfaces has
led to some interesting insights into sur-
face characteristics.

In thin Permalloy filims the effect of mod-
crate roughening did not change the
coercive force. Upon further roughening,
however, there was a sharp rise in coercive
force.

When the surface of the substrate was
varied by unidirectional scratching a phe-
nomenon known as bi-axial anisotropy
(two easy directions of orientation by a
magnetic field) was noted for the first time
in the material. In addition, aging of the
surface was observed as the investigation
proceeded.

Measurement of the surface area has also
permitted Honeywell scientists to deter-
mine the effect of varying roughnesses of
glass on the speed of movement of mercury
— leading to predictable response in faster-
acting mercury switches.

Further understanding of the effect of
surface roughness is looked for as the
surface area measurement techniques are
refined.

If you arc actively engaged in work in
this field and wish to know more about
Honeywell’s techniques you are invited to
correspond with Dr. Joseph Kivel, Honey-
well Research Center, Hopkins, Minnesota.

If you are interested in a career at
Honeywell’s Research Center and hold an
advanced degree, you are invited to
write Dr. John Dempsey, Director {
of Research at this same address, ™™

Honeywell
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PHOENIX
GOODYEARAEROSPACE

(Arizona Division)
Offers career opportunities that will chal-
lenge your talent in the technical areas
listed below.
RADAR SYSTEMS
Provide systems concepts and conduct
analysis and experimental systems work.
CIRCUIT DESIGN & DEV.
Radar Circuits, IF, video, pulse circuitry,
D.C. Amplifiers, CRT, ground range,
Sweep Circuits, networks.
MI!CROWAVE
Research, original investigations in micro-
wave circuits and devices, design and de-
velop microwave amplifier, modulators,
oscillators, parametric amplifiers and an-
tennae design.
SERVO

Design & develop of Antenna stabiliza-
tion, positioning servos and navigational
systems.

THERMODYNAMICS
Perform thermo analysis of airborne elec-
tronic equipment. Make tests to assure
optimum equipment cooling.

PACKAGING ENGR.
Packaging of airborne electronic and
mechanical equipment.
Request Application or Send Resume to:

M. J. McColgan

Engineering Personnel

Goodyear Aerospace Corporation
Litchfield Park, Arizona

An equal opportunity employer

Similar positions at Goodyear Aerospace
Corporation, Akron, Ohio
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With artificial satellites already launched and
space travel almost a reality, astronomy has
become today's fastest growing hobby.
Exploring the skies with a telescope is a
relaxing diversion for father and son alike.
UNITRON’s handbook contains full-page
illustrated articles on astronomy, observing,
telescopes and accessories. |t is of interest
to both beginners and advanced amateurs.

CONTENTS INCLUDE:

Observing the sun, moon, planets and wonders of the sky
Constellation map « Hints for observers « Glossary of telescope
terms o How to choose a telescope « Astrophotography

UNITEON

INSTRUMENT COMPANY « TELESCOPE SALES DIV.
66 NEEDHAM ST., NEWTON HIGHLANDS 61, MASS.

Please rush to me, FREE of charge,
|UNITRON'S OBSERVER'S GUIDE and TELESCOPE
1 CATALOG # 6-N

Lclly State

which varies between a tenth and a hun-
dredth of a microampere, drives a three-
stage direct-current amplifier that in-
cludes a negative-feedback circuit for
minimizing both drift and distortion.
Output, proportional to the spectral
characteristics of the sample, is indi-
cated by a microammeter. The char-
acteristics of the instrument were deter-
mined by scanning the spectrum without
a sample and plotting the amplified
photocurrent against the wavelengths
of the spectrum. This standard graph is
then added to graphs subsecuently made
of samples in order to correct for vari-
ations in the spectral emission of the
light source and the spectral sensitivity
of the photocell. In addition to these
instruments I had access to an infrared
spectrophotometer through the co-opera-
tion of a local organization. The result-
ing graphs made by professional workers
have been most useful in identifying
some of the reaction products.
“Although the apparatus was con-
structed for experimenting with chemi-
cal reactions, I made a number of pre-
liminary tests with air, mercury, helium
and vaporized compounds in order to
learn how the various components of the
system worked physically and, in par-
ticular, to become familiar with the ef-
tects that occur in the section exposed
to the high-frequency field. When an
ionizing reaction is initiated in this re-
gion, at pressures that enable a gas or
vapor to emit light, effects of two dis-
tinctly different types are observed. High
power applied to the vapor of carbon
tetrachloride at a pressure between
one micron (.001 millimeter) and 50
microns of mercury causes an intense
glow, rich in ultraviolet light, that fills
most of the available space. The tube
of the final amplifier draws a high cur-
rent but the over-all strength of the high-
trequency field is low. When the power
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is lowered, the character of the glow
changes abruptly to that of a conven-
tional high-voltage discharge and is
confined to the region near the coil.
The current to the final amplifier de-
creases and the intensity of the field in-
creases. A discharge of the low-power
type can be maintained in the case of
carbon tetrachloride at pressures be-
tween .1 micron and five millimeters.
Both types of discharge appear to be
effective in decomposing test materials.
I used the low-power type in most ex-
periments, however, because less heat is
produced by the discharge and better
temperature control is possible.

“Tests were also made of various sub-
stances before I selected carbon tetra-
chloride for extensive experimentation.
A series was run on aluminum chloride,
for example. The sample had to be heat-
ed to 50 degrees C. to develop a vapor
pressure high enough to sustain a glow
in the high-frequency field. As the re-
action progressed a yellow deposit con-
densed in the first trap that could not
be analyzed because it decomposed on
contact with the air. In addition a
coarse, silver-gray powder accumulated
in the first and second traps. This mate-
rial appeared to be aluminum chloride
that had recrystallized before entering
the discharge region and had then ac-
quired a coating of metallic aluminum.
This would explain why the heavy par-
ticles were swept through the system
without condensing.

“Similar difficulties were experienced
with other compounds that required
heating for the development of adequate
vapor pressure. All recrystallized or
changed in some other undesirable way
when entering the lower temperature of
the discharge region. The glass tubing
of these sections could not be warmed
convenientlv because expansion induced
by the heat could break the tapered
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Infrared spectrogram of fractionated carbon tetrachloride
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joints. This limits the apparatus to ex- '

periments with substances that develop
udequate vapor pressure at room tem-
perature.

“Other considerations also restrict the
choice of specimen materials. When a
compound of very low vapor pressure at
room temperature is used, decompo-
sition proceeds slowly and the yield is
correspondingly small. If the vapor pres-
sure is substantially below one micron
—too low for the discharge to exist—
the total pressure can be increased and
decomposition carried out by admitting
helium as a carrier gas. Conversely, test
substances must not develop a higher
pressure at the temperature of the sys-
tem than will sustain ionization. Finally,
the vapor pressure of the most volatile
product expected must be negligible at
the lowest trap temperature to prevent
harmful products from entering the
vacuum gauges and the pumps.

“Carbon tetrachloride meets all these
requirements. In a typical experimental
run the supply vial is filled, connected
to the system and periodically immersed
in a bath of dry ice and acetone as
required to maintain a vapor pressure
between two and five millimeters. The
material is decomposed at a rate of about
10 milliliters per hour. The first product
forms on the wall of the discharge tube,
its composition depending on the tem-
perature of the glass. At room tempera-
ture or higher the product is dark
brown and nonvolatile. When it forms
below 10 degrees C., it is a colorless
solid that can be sublimed in high
vacuum. I did not succeed in collecting
enough of either substance for analysis,
but they appear to be polymers of car-
bon and chlorine.

“A clear viscous oil collects in the first
trap. The infrared spectrum of this oil is
characterized by six medium-sized to
high peaks at 11.8, 12, 12.3, 13, 13.4
and 13.6 microns. When the oil is al-
lowed to stand, it crystallizes into color-
less crystals that melt at between 65 and
67 degrees C.

“Two fractions collect in the second
trap. The least volatile was identified
as hexachloroethane from its sealed-tube
melting point and infrared spectrum.
The second was established to be tetra-
chloroethylene by comparing its boiling
point and infrared spectrum with those
of a known sample.

“Two products collected in the third
trap, one condensing on the wall of the
entering arm of the U and the other at
the bottom. The first substance breaks
down into a variety of substances when
evaporated at room temperature fol-

lowed by recondensation at — 190 de- |
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TRG's Ballistic Thermopile (model 100) is a new, long life precision instrument for direct
primary calorimetric measurements of laser output. The Model 100 offers new levels of sen-
sitivity over a dynamic range of 3 x 16* from 100 micro joules to 300 joules. m This ruggedly
built thermopile comprises two nickel-plated silver cones (receiver and reference). The
laser output is directed into the receiver cone aperture where it is almost entirely absorbed
due to the Mendenhall wedge effect. The temperature rise of the receiver cone with
respect to the reference cone causes an emf to be generated in the thermopile. A micro-
voltmeter is used to indicate this emf. The receiving surface is treated to resist the destruc-

tive effects encountered in laser work. The TRG thermopile provides

consistent results up toits 300 joule maximum rating. = A companion
model 101 also includes a fast photo diode for scope display. = For
further information write for bulletin 100-1.
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ter’'s findings in studies L

(Mobile Mid-Range Ballistic ﬁ

grees C. The principal constituents of
the decomposed mixture are tetrachloro-
ethylene and carbon tetrachloride. A
small amount of hexachloroethane is also
present, along with a highly volatile con-
stituent that appears to be dichloro-
acetylene. The product collected at the
bottom of the third trap is a pale yellow
crystalline substance that melts at slight-
ly below — 100 degrees C. and contains
chlorine plus a small amount of dichloro-
acetylene. The mixture appears to be
identical with material previously identi-
fied as dichlorocarbene. It reacts readily
with air to yield phosgene, and on being
stored at room temperature it yields a
mixture of compounds, chiefly hexa-
chloroethane.

“The mixture of all fractions collected
in the third trap was aged for two
months in a sealed ampoule free of oxy-
gen. Infrared spectra of the decomposed
residue indicated the presence of hexa-
chloroethane and possibly a small quan-
tity of hexachlorobenzene. No tetra-
chloroethylene could be detected in
spite of the fact that it is one of the
products of the material that condenses
in the entering arm of the third trap.

“The positions of the traps and rel-
ative variations in the temperatures of
the interconnecting tubing have a ma-
jor effect on reactions. Condensation
in sharply defined bands is encour-
aged by uniform temperature in a spe-
cific section and the composition and
yield of products both by the velocity
at which the dissociated material mi-
grates from the discharge section to the
traps and by the temperature of inter-
vening zones.

“The technique of decomposing car-
bon tetrachloride by a high-frequency
field appears to have several advantages
over the conventional procedure of pass-
ing vapors at a pressure of one micron
or less over tungsten or carburized
tungsten heated to temperatures rang-
ing from 1,200 to 2,000 degrees C.
When vapors are decomposed by a high-
frequency field, pressures of several
millimeters and a high rate of flow
can be maintained. All molecules are
fragmented and the yields are much
higher. In addition manipulation is
greatly simplified and the process re-
quires only a few watts of power.

“One characteristic of the radio-fre-
quency generator was responsible for a
side effect of possible interest to anyone
who undertakes this experiment. The
final amplifier radiates harmonics that
interfere with television reception. Ac-
cordingly our neighbors firmly suggested
that I find something else to do except
between 1:00 a.m. and 7:00 a.Mm.”
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Remote Area Conflict

The Research Analysis Corporation has been expanding
its activities in the field of Remote Area Conflict (encom-
passing counterinsurgency, guerrilla and counterguerrilla
action and other types of irregular and unconventional
warfare). As a consequence, RAC can now offer outstand-
ing new career opportunities for work in scientific problem-
solving of high challenge and complexity.

The threats and implications of Remote Area Conflict
are clear and steadily growing. We must learn how to
prevail decisively in wars that have no front lines, no
clearly defined friendly and enemy territory . . . and to
achieve objectives which are political, economic, and social
as well as military.

RAC’s professional staff members—both in the organi-
zation’s Washington-area headquarters and its Bangkok,

Saigon and Stuttgart field offices—share the realization
that their work is of positive, substantial importance to our
national security. If you enjoy seeking practical answers
to practical problems, and if you hold an advanced degree
in mathematics, statistics, a physical science, economics,
or engineering, you will do well to consider an operations
research and systems engineering career at RAC. RAC’s
dynamically growing scope and responsibilities suggest
an unusual personal and professional growth potential,
with appropriate compensation and liberal career benefits.
Please send your resume to Mr. John G. Burke, Profes-
sional Staffing, Research Analysis Corporation, 6935
Arlington Road, Bethesda 14, Maryland (a residential
suburb of Washington, D. C.). An equal
opportunity employer.
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Alomic and Radiation Science.

Clark:
ENCYCLOPEDIA OF X-RAYS AND GAMMA RAYS

Edited by George L. Clark, Research Professor Emeritus, Noyes
Chemical Laboratory, University of lllinois. 1963, 7 x 10, approx.
1200 pages, $35

300 specialists, representing the “who’s who” of radiation sci-
ence, have pooled their vast wealth of experience to produce this
major scientific encyclopedia, under the editorship of a professor
with more than forty years in the radiation field.

The 350 articles included represent many areas of this tre-
mendous subject, by authors from all parts of the world. Many
are from colleges of medicine and dentistry; others are from
hospitals, clinics, research institutes, and government agencies
involved in atomic energy research. The book includes such recent
topics as atomistics, nuclear materials and reactors, space, missile,
aeronautical, astrophysical and astronautical projects. The more
conventional types of industry are represented by scientists writ-
ing on alloys, automotive materials, light elements (e.g., beryl-
lium, magnesium, carbons), cement and other building materials,
chemicals, clay products, electronics, foods, drugs, polymers and
plastics, and many others. The most advanced stages, mathemati-
cal and theoretical, of such widening and deepening segments
of knowledge as McLachlan’s Information Theory, Bonart’s Fold
(Faltungs) Integrals and the Paracrysalline State, Hauptman’s
Phase Problem, and Rudman’s Line Breadth Analysis, are covered
in this important book.

The guiding principle of this encyclopedia was to cover every
conceivable phase of X and G radiation. This has been achieved
with the thoroughness and clarity that is the hallmark of all
Reinhold scientific encyclopedias. The excellent coverage of topics
in the public eye makes for reading as newsworthy as today’s
headlines. There is an accurate evaluation of the biological con-
sequences on the survivors of the 1945 Nagasaki and Hiroshima
atomic bombings, plus accounts of the latest strides in X-ray
microscopy, flash radiography and high-speed cineradiography.

Pin-pointing specific information is easy. All articles are listed
alphabetically under the key word of the title. Other significant
words in the title, or important sections in the text not expressly
indicated, are appropriately listed, with reference to the actual
location of the article, in a continuing topical index throughout
the book, in addition to a conventional index at the end of the
volume.

The “Encyclopedia of X-Rays and Gamma Rays” surpasses
all other printed works on the subject. Surely it is the definitive
work on the half-century-old radiation field.

Hogerton:
THE ATOMIC ENERGY DESKBOOK
by John F. Hogerton, Consultant to Arthur D. Little, Inc. 1963,
7 x 10, 673 pages, 311

This is the first book of its kind on this subject, a monumental
dictionary-encyclopedia that brings together in one volume more
than 1000 subject entries on the principles and applications of

atomic energy. Major topics are covered in full length articles;
definitions of terms are given clearly and briefly. All entries have
been carefully reviewed and brought up-to-date just prior to
publication. They are alphabetically arranged au:d liberally cross-
referenced; two appendices permit the reader to locate specific
topics quickly and easily. The Deskbook, prepared under contract
between Arthur D. Little, Inc., and the U. S. Atomic Energy
Commission, is primarily concerned with U. S. peaceful uses of
atomic energy, but also includes information on military applica-
tions and foreign atomic energy programs. Technical Principles,
Program Information, Framework of Law and Policy are thor-
oughly covered. Businessmen, students, scientists and engineers
will find it a comprehensive reference — a unique work of vital
interest on the most important subject of our age.

Isbin:
INTRODUCTORY NUCLEAR REACTOR THEORY

by Herbert S. Isbin, Department of Chemical Engineering, Uni-
versity of Minnesota. The Reinhold Chemical Engineering Series
Consulting Editor: Charles R. Wilke, University of California
at Berkeley. 1963,6 x 9, 640 pages, $22.50

Ideal for reference and self-study, this new book on reactor
theory will be an essential part of your working library. Introduc-
tory Nuclear Reactor Theory covers basic principles and theory
in a clear and concise manner, and presents hard-to-find material
on reactor dynamics, characteristic dimensions, and applications
to homogeneous and heterogeneous reactors. It includes an ex-
tensive bibliography, analyses of current literature, and auxiliary
material. This important work provides new insight and valuable
perspective for the scientist and engineer concerned with the
expanding complex of nuclear engineering.

Chapter Headings: Nuclear Reactors / Nuclear Reactions /
Neutron Moderation/Neutron Diffusion/Non-Multiplying Media;
Steady-State Solutions /Bare, Critical Homogeneous Reactor /
The Reactor with a Reflector / Characteristic Dimensions and
Theory / Reactor Dynamics (Part 1.)/Transport Theory / Gen-
eralized Treatment for the Bare, Homogeneous Reactor/ Per-
turbation Theory/Multigroup Methods/Homogeneous Thermal
Reactors/ Heterogeneous Thermal Reactors/Reactor Dynamics
(Part II).

Clip Out and Mail Today—30 Day Examination Offer
Reinhold Book Division, Dept. M-115, 430 Park Ave., New York 22, N.Y.
Please send me a copy of the book(s) checked below for 30 days’
examination under the following terms:

[0 Purchase price enclosed (Reinhold pays regular delivery charges)
[J Bill me (plus delivery charges)

[0 Encyclopedia of X-Rays and Gamma Ravs ($35)

[J Hogerton: Atomic Energy Deskbook ($11)

[J Isbin: Introductory Nuclear Reactor Theory ($22.50)

Name_ 0000000000000 - S
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AT RADIATION, IDEAS BEGCOME REALITY
Example: APOLLO’s PCM Telemetry Systems.

Radiation Incorporated offers the most advanced capability in
PCM command, control and telemetry for aerospace. Because
of Radiation's successful pioneering experience, the company
was selected to design an entirely new telemetry system to ac-
company astronauts on the NASA Apollo lunar Expedition.

The PCM system requirements: Automatic in-flight self-check
analysis permitting maintenance by the astronauts through use
of replaceable modules; approximate weight 50 Ibs.; occupies
approximately one cubic foot; channels are parallel and serial
digital input, high-level 0-5V and low-level 0-40 mv analog
inputs. Highly reliable qualified components are used through-
out the system enabling highest MTBF to be achieved in mis-
sion performance.

Also, two 33 rack ground information handling systems will
serve as primary data reduction centers. One will handle data
from the capsule and the other from Saturn's second stage
booster.

Radiation engineers are experienced in complete systems
development, and design for maximum effectiveness within an
entire project. The success of this project-oriented approach
has been demonstrated on operational programs such as Titan,
Minuteman and Telstar.

If you'd like to take part in future contributions to aerospace
communications, you'll find a challenging and rewarding op-
portunity at Radiation. Send your resume, or write for informa-
tion. Personnel Director, Dept. SA073, Radiation-Melbourne,
Melbourne, Fla. Radiation is an equal opportunity employer.

A _
RADIATION

NMelbourne

A Divisionof Radiation Incorporated

Ground/Aerospace Information Handling Systems—Automatic Checkout—RF Systems—Manufacturing
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by Edwin G. Boring

THE WoRLD oF PsycHoLoGY, edited by
G. B. Levitas. George Braziller, Inc.
($17.50).

he World of Psychology, with its
I two volumes, 1,152 pages and
more than half a million words,
undoubtedly constitutes some kind of
world, but among psychologists only
those who investigate personality would
think that the title is appropriate. A
better name for the book would be Per-
sonality: Facts and Models, and perhaps
for accuracy one ought to say Literary
Models. The editor’s scheme has been
to set up 15 principal topics, grouped
under three heads, and to reprint under
each topic between four and a dozen
excerpts from the writings of important
authors, giving the factual accounts first
and following them with the literary
models. Altogether there are 88 excerpts
from 86 authers, with Freud and Ernest
Jones cited three times each and Aris-
totle, St. Augustine, Swift, Browning,
Kafka and Sartre twice. Many of the
selections make fascinating reading, and
no wonder—one can have for the picking
Henry James, William James, Proust,
Thomas Hardy, D. H. Lawrence, Dos-
toevsky, Voltaire, William Blake and
Aldous Huxley.

The collection seems designed pri-
marily for enjoyment. It is doubtful that
the publishers expect any reader (ex-
cept perhaps the reviewer, poor soul)
to read the collection through. They,
practical men that they are, say “it is
a superb book for browsing and casual
reading,” and indeed it is. If, however,
it is wisdom as well as pleasure that you
seek, then you must be your own teach-
er: the editor emerges only briefly with
an abbreviated introduction to each
topic, a Delphian prelude that leaves
you guessing as to how some of the ex-
cerpts explain the topic. Still, the scheme
of having the factual pieces first and the
literary illustrations second suggests a

BOOAY

An anthology of writings about psychology,

including the perceptions of creative writers

didactic intent—one that could have
been realized if the editor had furnished
more guidance, say a total of 75 pages
instead of 15. Such an addition would
not have made it necessary to increase
the size of these fat volumes: there are
at least 60 other pages that could be
omitted without loss, pages whose di-
dactic contribution is thin enough to be
negligible.

There may be some who will say that
the title of this book does not claim
too much, but there can be no doubt
that personality is a much smaller sub-
ject than psychology. Psychological Ab-
stracts, which classifies the factual and
theoretical contents of psychology for
the use of psychologists, uses 132 topics.
The World of Psychology touches on 18
of them and emphasizes only four. Quite
an exciting psychological anthology
could be put together from the topics
omitted here, but it would be one that
did not lend itself to literary examples.

It is plain that the editor does not
find physiology very interesting. The
editor, it happens, is a woman: Gloria
B. Levitas, who writes book reviews
for the New York Herald Tribune and
studies anthropology, although one
would never know this from these jack-
etless volumes, neatly fitted into a taci-
turn box. Is it possible that women are
less interested than men in the nervous
system and the glands, the sense organs
and the muscles? It would appear that
Mus. Levitas, at least, prefers to provide
information about how the people who
own these organs behave. She is quite
well informed about psychoanalysis, and
she must know a great deal about liter-
ature or she could never have coaxed
all these lovely literary models out of
what is to the ordinary psychologist
sheer oblivion.

Is there anything in these volumes
other than facts and literary models?
The most factual facts that Mrs. Levitas
has for us are those of Walter B. Cannon
on the physiology of emotion, as he
expounded them in Harper’s in 1922.
These principles are simply presented
as being true. There they stand, with-
out addition or correction. Something
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else, however, enters in when Ernest
Jones supplements Cannon on fear, guilt
and hate. His theory-infiltrated exposi-
tion, which speaks with the assurance
of fact and needs a little glossary to
make it intelligible even to most psy-
chologists, is rather like a painting that
an artist creates and hangs for viewing,
hoping it will impart a message of truth.
Psychoanalysis lacks the validity of ex-
perimentally verified fact, so perhaps
one can say that The World of Psychol-
ogy contains facts, pictures and models.
A case history can also be regarded as
a picture, and a number of enlightening
ones are provided in these volumes.

How does the literary model work?
Can one really psychoanalyze Hamlet
and so learn about human nature? The
novelist stores up case histories in his
notebooks, his memory and his uncon-
scious, and he writes these observations
into his characters. To use a model you
have to trust it, at least for the time
being. So here you may trust the writer
who made the model as knowing more
about human nature than you do your-
self; or you may rely on experts who
say they find the model valid; or you
may trust your own intuition that a real
person would act, given particular cir-
cumstances, just about as this fictional
character did. The model is the great
20th-century substitute for the 19th-
century theory. It is an “as if.” It does
not claim to be true but asserts itself as
a plausible hypothesis. It is to be used
pro tanto—for as long as it works—and
it is abandoned or modified when new
knowledge makes the demand. Certainly
the literary models in this book have the
advantage of rendering some of the sub-
tleties of personal dynamics explicit,
even though they may represent many
more mechanisms of character than are
indicated by the titles under which they
are subsumed. Judith Merril's Toby
means something specific about the logic
of childhood. Conrad Aiken’s Paul makes
clear something about what schizo-
phrenia is like from the inside. And so
on for at least 30 other good literary
models that these volumes provide.

It is too bad that there are no citations
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given for the excerpts. Even if the vol-
umes were meant only for browsing and
enjoyment and not for wisdom and in-
struction, there might have been this
concession to scholarship—even scholars
browse. It takes quite a little research to
discover when a given excerpt was writ-
ten. There is a list of acknowledgments
at the beginning of Volume I, in small
type and arranged alphabetically by
publisher, but it often gives the date of
a volume of collected works and it omits
reference to what is already in the com-
mon domain. In general the earlier
writer is represented first: Aristotle be-
fore Proust, Descartes before Pavlov,
Kraepelin before Freud; but not always.
Erik Erikson is put ahead of Kraepelin,
Aldous Huxley ahead of Kipling, Sartre
ahead of Henry James.

Had the dates been given and the his-
torical order maintained or deviation
trom it explained by the editor, it would
be possible to chuckle over some of the
anachronisms. Mark Twain’s story of
how a group of people stalled by a bliz-
zard in a train avoided starvation by can-
nibalism according to democratic parlia-
mentary procedure could have been
funny as an example of 19th-century
humor. Poe’s horror story about William
Wilson is unimpressive in these post-
Freudian days, when one can no longer
horrify a reader simply by telling him
how horrible the situation is. And is
Voltaire’s Candide amusing any more
except when one considers its date? St.
Augustine undoubtedly felt guilty about
his boyish greed for apples and freely
lets us perceive his feelings, but today
he only seems naive. Hawthorne’s “The
Birthmark” is 19th-century scientific non-
sense and has no business here ex-
cept to make a historical point. Actually
it comes after Sartre’s 1948 story “Inti-
macy,” which in turn follows Maurice
Vaisberg’s 1961 existential account of
schizophrenia. Even the great Leibniz’
discussion of freedom and determinism
seems unsophisticated unless it is taken
in its historical perspective. Surely some
of these items could have been spared.

Even more dispensable are the items
that are irrelevant, trivial and unintelli-
gible. Here nominated for exclusion as
irrelevant are Lewis Carroll's “He
thought he saw an Elephant/... He
looked again, and found it was,” pre-
sented as an illustration of how percep-
tion under attitudinal influence tran-
scends its sensory core; Browning’s
“Soliloquy of the Spanish Cloister,” as
explaining theexpressionof the emotions;
Yeats’s “Sailing to Byzantium,” as a good
illustration of fatalism. Nominated as
unintelligible are Kafka’s seven-line
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fable of the mouse ill-advised by the
cat, Allen Ginsberg’s “Howl” and (of
all things) Emerson’s “Ode Inscribed
to W. H. Channing.” Undoubtedly these
items are intelligible to people other
than Kafka, Ginsberg, Emerson and
Mrs. Levitas, but that they will edify
the majority of the readers of this book
seems highly improbable. Nominated
for sheer silliness is Alan Nelson’s “The
Shopdropper,” which concerns what
happens if you get magic kleptomaniac
gloves on wrong side out so that you are
compelled to take things to shops and
leave them there. To proceed from Aris-
totle to Hardy or D. H. Lawrence or
Sartre makes sense—one moves from one
kind of good sense to another. To move
from the sublime to the ridiculous com-
mands no attention at all.

Perhaps, however, one should con-
sider the success or failure of the various
sections of the book. The first half of the
first volume is called “The Worlds of
Perception” and starts off with “The
World of the Child”: a formal brief
background by Rousseau, a splendid ex-
cerpt from the current work of Jean
Piaget, which shows how the logic of
the child differs from the rational life
of the adult, and then a model by Judith
Merril, the story of a boy who seeks to
find and help his father by disastrously
secreting himself in a rocket before it is
launched—a moving tragedy that makes
you feel the child’s world is somehow
right, wrong as it may be objectively.

“The Worlds of the Blind and the
Deaf” shows how visual dreams persist
for the blind who have had vision in
early childhood, but the account of
deafness deals psychoanalytically with
the ear as a bodily orifice and has no
place in this setting. Nor does William
James’s contribution about giddiness in
deaf-mutes and their inability to swim
under water have anything to do with
their deafness, pertaining as it does to
the static sense, which is also located
within the inner ear. Jacob Twersky’s
stories of how the blind adapt to their
environment are excellent, but Carson
McCullers” 15,000 words on the inti-
macy between two deaf-mutes, one the
ruling slave of the other, has little to do
with the business in hand.

Taste and smell are not clearly pre-
sented because the editor suggests that
smell is a degenerating sense in man,
whereas a selection from George C.
Wavne and Arthur A. Clinco indicates
that it may be suffering from social
taboo. E. B. Titchener should have been
quoted here on the lack of degeneration
in this wonderfully acute sense, but un-
fortunately he never published at length
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on the subject he championed so wel in
his lectures. Since there is little else to
say on this topic, the capacity of smells
to revive memories is stressed, and in
this regard O. Henry’s moving and tragic
storv of the mignonette-scented hand-
kerchief fits in handsomely.

The next section deals with what has
been called “the new look in percep-
tion™: perception as it is subjectively in-
fluenced by attitude and wishes. Mrs.
Levitas, however, introduces the new
look by way of Francis Bacon’s idols,
which is just right. The last section on
perception might better have been left
out. It deals with extrasensory percep-
tion and paranormal phenomena: Aris-
totle on prophetic dreams, H. H. Price
on apparitions and Daniel Defoe’s story
“The Apparition of Mrs. Veal.” To con-
demn this line of intransigent wish-pro-
jection is to expose oneself to the charge
of scientific bigotry, but will the long
history of failure to establish rigorous
conditions under which these phenom-
ena occur never discourage those who
cannot be content with a world robbed
by science of all magic?

The second half of the first volume
is labeled “Man and His Emotions” and
begins with “The Expression of Emo-
tions”: Cannon on their physiology,
Harold Jones and his wife on their
maturation, Ernest Jones, as already
noted, on how to obscure the issue with
psychoanalytic jargon. Then we have
Freud himself on humor, a bit out of the
psychopathology of everyday life, and
Otto Klineberg on Chinese facial ex-
pression of meanings. There are two
splendid short stories, one by Graham
Greene and the other by D. H. Law-
rence, the former showing the irrational
fear of a little boy of parties and the
latter the inner life of a woman who
learns of her husband’s sudden death
in an accident.

Next we come to the psychoses: a
good case history of a schizophrenic child
by Erik Erikson; the great Kraepelin’s
classic description of the psychoses; and
two first-class stories by Conrad Aiken
and Janet Frame, each depicting schizo-
phrenia vividly from the point of view
of the patient. One feels that here fiction
speaks true. Then there are the neu-
roses: Edward Strecker’s clear and ex-
cellent primer of psychoanalytic dynam-
ics; Erich Fromm on how the child,
accepting rational authority, fights to
free himself from irrational authority;
Gordin Raf’s analysis of a case history
of kleptomania; Freud on Dostoevsky;
Theodore Dreiser’s story “The Hand,”
concerning a paranoid delusion; and
Dostoevsky’s “The Gambler,” about the
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dominating compulsion from which

there is no escape.

The second volume is devoted to
“Identity and Motivation” in seven sec-
tions, of which the first two illustrate
determinism and freedom. Determinism
is represented seriously by Plato, Des-
cartes, Pavlov and Freud, and in literary
model by Voltaire’s Candide, Oliver
Goldsmith’s “Asem,” Katka’s “The Hunt-
er Gracchus” and Eugene Zamiatin’s
“We.” Freedom on the sober side is
argued by Cicero, Leibniz and Nietz-
sche. Mrs. Levitas thinks that existential-
ism carries with it a necessity to believe
in freedom, and she cites Vaisberg’s ex-
istential case history of a schizophrenic
and Sartre’s “Intimacy.” Nathaniel Haw-
thorne furnishes a preposterous anti-
climax.

There follow “The Power Seeker and
the Security Seeker,” “The Guilt-Rid-
den,” “The Alienated” and “The Reli-
gious Man.” For power- and security-
seeking we have Alfred Adler, Martha
Wolfenstein on the effects of cultural dif-
ferences, and stories by Aldous Huxley
and Rudyard Kipling. St. Augustine
comments on guilt, Theodor Reik on
myth in relation to belief, Ernest Jones
on the death of Hamlet’s father, and

| then there is a magnificent story by

Philip Roth about a lawyer who, pressed
into anti-Semitic action by his clients,
atones for it by wearing Hasidic clothes.
The best items among the seven in the
section “The Alienated” are Mason
Griff’s analysis “The Commercial Artist,”
a study from real life of the opprobrium
suffered by a fine artist who ‘cannot make
his living at his vocation and the coun-

Iteropprobrium he dispenses when he

turns to commercial art in order to live;
Sartre’s intimate story of the child who
is developing as a Nazi and an anti-
Semite; Robert Louis Stevenson’s ac-
count of Frangois Villon’s code of honor
as contrasted with that of a conven-
tional warrior knight’'s—the two alike yet
the one alienated from society and the
other not; and Henry James’s “The Fig-
ure in the Carpet,” the story of the secret
source of genius in a Great Man, a secret
in whose existence his worshiping dis-
ciples so ardently believed, yet a secret
that had no real existence after all.

So far the stories in the collection are
either unpleasant, tragedies or centered
at least on the problems and difficulties
of mankind. For this same reason the
psychology of personality was born as
part of abnormal psychology, and the
daily press stresses accidents and dis-
asters as being what interest people
most. It is easy to produce unpleasant-
ness in the laboratory: pain or even frus-
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tration will do the trick. There is no sure
way to produce pleasantness. Neverthe-
less Mrs. Levitas has found it possible
to end her collection on a cheerful note:
“The Whole Man,” by which the editor
means the healthy man, the emotionally
mature man, the well-adjusted man, and
certainly not the normal man if normal
means average or most frequent. The
factual side of this final exposition is A.
H. Maslow’s “Self-Actualizing People,”
people whose goal is self-realization, who
have few fears, conflicts or anxieties,
who perceive reality readily and vividly,
who work hard for change but accept
with patience the slowness of social
change. The fictional model is C. E.
Montague’s story “Action,” in which a
mountain climber, a successful business-
man but alone in the world, decides on
suicide arranged as a mountaineering
accident and then is brought back to an
appreciation of living by accepting re-
sponsibility for rescuing two other climb-
ers whom he finds on the edge of dis-
aster. In this manner Mrs. Levitas has
contrived to compile an anthology with
a moral; she leaves the reader who fin-
ishes the book not mired in the Slough
of Despond but safely extricated to fol-
low the path of progress in the way
only a Whole Man can.

Short Reviews

VHE ARCHITECTURE OF MATTER, by
Stephen Toulmin and June Good-
field. Harper & Row, Publishers ($7.50).
The second book of a series—the first
being The Fabric of the Heavens—that
aims to retell the story of the evolution
of scientific ideas from a fresh point of
view. The authors review the various
theories of animate and inanimate mat-
ter that were advanced from ancient
times up to the present—the history, in
other words, of physics, chemistry and
biology. No attempt is made at a com-
prehensive chronological survey; in-
stead, in unraveling into separate strands
a tangled skein of problems, Toulmin
and his wife emphasize three recurrent
themes. The first is the contrast between
theories that “treat the development of
living creatures as the pattern character-
istic of all material change, and those
that find the fundamental pattern in the
behavior of passive, inanimate objects”;
the second is the contrast between struc-
tural and functional theories; the third
is the oscillation between “atomistic” and
“continuum” theories. This is a difficult
plan to execute. History does not tell it-
self, nor does it fit tidy formulas. All the
same, the book provides a frequently
skillful, sometimes brilliant exposition of



high lights, turning points and break-
throughs in the growth of scientific
knowledge. One is impressed by the
felicity of the examples and by the lively
clarity with which significant experi-
ments and ideas are explained. The story
is nonetheless uneven. Sometimes the
authors stumble, and the reader is left
still reaching for understanding of why
a particular advance occurred at the
time it did, what led up to it and how it
influenced the work that followed. Per-
haps too much has been attempted in a
limited space. A partially impressionistic
account of the evolution of ideas may
produce more bewilderment than com-
prehension. It would be quite unfair,
however, to belittle this book or to de-
preciate the sense of intellectual adven-
ture and excitement that pervades it.
No other history of science is so con-
sistently challenging.

(‘HILDREN Wno KiLr, by Lucy Free-

A man and Wilfred Hulse. Berkeley
Medallion (50 cents). Five accounts of
murders committed by young people,
and one account of an unconsummated
murder, psychotherapy having been suc-
cessfully applied after the attempt. The
“children” in the title is largely a psy-
chological designation: two of the mur-
derers are over 20 and the others range
up to the late teens. The six subjects
include middle-class as well as economi-
cally deprived youngsters, individuals
of high intelligence (1.Q.’s of 118, 132
and 135) as well as of average and low-
average. The authors underline the fact
that psychopathology and violence ex-
press themselves in the lives of the af-
fection-deprived whether or not they
are endowed with worldly goods or in-
tellectual gifts.

"J'HE SciENTIFIC PAPERS OF JAMES

PrescoTrT JouLE. Dawsons of Pall
Mall (10 pounds 10 shillings). A fac-
simile reprint of Joule’s collected scien-
tific papers, first published in 1884 by
the Physical Society of London. Joule
was not only one of the greatest physi-
cists of the 19th century, particularly
noted for his researches in electricity and
the mechanical equivalent of heat (the
physical unit of work equivalent to 10
million ergs is named for him), but also
a singularly lucid writer and lecturer,
so that his experimental procedures can
be followed step by step and most of
his papers are a joy to read.

r I’l“x LocicAL SysTEMS OF LESNIEWSKI,
by Eugene C. Luschei. North-Hol-
land Publishing Co. ($10). This book

gives an account of the work of the
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Polish logician Stanislaw Lesniewski
(1886-1939), who with Jan Lukasie-
wicz and Tadeusz Kotarbinski founded
the Warsaw center of research in logic,
philosophy, semantics and the founda-
tions of mathematics. Various circum-
stances, among them the intrinsic diffi-
culty of his writings (the logician Z. Jor-
dan, for example, has spoken of the
“somewhat excruciating experience of
going through Lesniewski’s writings”)
and the effects of the war, which in-
cluded not only the dispersal of the
Warsaw center but also the destruction
in an air raid of another Polish logician’s
1,000-page manuscript that reconstruct-
ed a part of Lesniewski’s systems, have
made his work much less well known
than that of his colleagues and pupils
such as Lukasiewicz and Alfred Tarski.
Lesniewski’s basic achievement is de-
scribed as a “construction of a complete-
ly formalized system of logic comparable
in scope and power to'[Whitehead and
Russell's] Principia Mathematica as
logical foundation for classical mathe-
matics.” Luschei gives an introductory
review of Lesniewski’s work and a tech-
nical exposition of the “complete archi-
tectural blueprints” for his standard
logical systems.

r[‘HE BEHAVIOR OF DOMESTIC ANI-

maLs, by E. S. E. Hafez. The Wil-
liams and Wilkins Co. ($13.50). An
unendingly interesting co-operative sur-
vey of present knowledge of the be-
havior of domestic animals. In addition
to general articles on domestication and
the evolution of behavior, the genetics
of behavior, the relation between physi-
cal and social environment, behavior
patterns and behavioral mechanisms, be-
havioral pharmacology and techniques
of measurement and evaluation, there
are separate chapters on different mam-
mals and birds. In these one can find
information on such matters as the feed-
ing patterns of ducks, how turkeys fight,
the distress and pleasure noises made by
chickens, the spatial orientation of cats,
the learning capacity and social hier-
archy of dogs, the vices of horses and
their methods of communication, the
love life of swine, the play of cattle, the
polygamy of rabbits and the tendency
of whole rabbit populations to behave
like lunatics by frisking and leaping in
the air, kicking their legs, rolling on their
backs and throwing themselves against
one another. Photographs and diagrams.

\\mu, DiSPERSION IN RELATION TO

SociaL BEHAVIOR, by V. C. Wynne-
Edwards. Oliver & Boyd Ltd (55 shil-
lings). This large, learned and well-

| 64

argued book advances and supports by
examples a grand generalization about
biology that, if true, is of the highest
importance. Very briefly, the argument
runs along these lines. It is an accepted
belief, following Malthus and Darwin,
that the upper limits of various animal
populations in any region are fixed by
the total available food supply. A variety
of factors can of course intervene to in-
crease or decrease the supply, to select
animals that possess an advantage over
others in obtaining food, in doing with
less, in finding substitutes, in enlarging
their food-gathering domain and so on.
But it seems almost a truism that when
there is not enough food to go around,
some members of the population will die
of starvation. Wynne-Edwards intro-
duces an intriguing modification of this
view. If, he says, animal populations
were limited primarily by the blind and
brute mechanism of starvation, this
would lead to innumerable instances of
“hopeless instability,” to sudden and
precipitous falls in animal populations
after the actual starvation point had
been reached. Such catastrophes, it is
said, occur only rarely; thus a strong
prop for the accepted theory is removed.
Instead, he suggests that the higher ani-
mals, particularly the vertebrates and
insects, live in “sufficiency” rather than
always on the edge of poverty; that they
are able to control population densities
in order to achieve this balance; and
that their method of achieving it is to
substitute “conventional goals of com-
petition—territorial rights and social
status—in place of any direct contest for
food itself.” In short, by their social be-
havior they are able to match their num-
bers to the available food supply. Many
examples are given from different parts
of the animal kingdom to support the
theory; also discussed are various sup-
plementary topics bearing on the central
theme, such as methods of communica-
tion among animals, migrations, longev-
ity, mimicry and cannibalism. Biologists
will undoubtedly have much to say
about Wynne-Edwards™ generalization,
and even the ordinary reader can find
points where the chain of argument does
not hold together as well as could be
wished. But this is a readable book with
an engrossing theme and it deserves
serious attention.

EARLY AeropLANES: 1907-18, illus-

trated and described by Roy Cross.
The Stephen Greene Press ($18). An at-
tractive color-plate book that portrays
leading examples of early airplanes. A
brief descriptive essay accompanies each
illustration. In the group are the Wright
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Flyer of 1907; the fragile 25-horsepower
Blériot XI of 1909, the first plane to
fly across—or perhaps one should say to
cough its way across—the English Chan-
nel; the 50-h.p. Antoinette, which had
an eight-cyvlinder steam-cooled Vee en-
gine with an array of pipes reminiscent
of a small church organ; the 1910 Light
Henri Farman, which looked like a cross
between a water bug and a bathtub; the
motley of military craft, which began to
resemble modern planes, that were flown
during World War 1. Among the last
were the Albatros Scout, the Sopwith
Camel (which had a service ceiling of
18,000 feet), the 220-h.p. Spad S.13,
the famous 1918 Fokker D-VII and the
immense and clumsy Handley-Page
0/400, which had two 12-cylinder,
360-h.p. Rolls-Royce engines and could
carry a bomb load of 16 112-pound
bombs—a forerunner of the bombing
craft of our own age.

\/lOUNT EveEresT: FormaTiON, Popu-
+ LATION AND EXPLORATION OF THE
Everest RecioN, by Toni Hagen, G.-O.
Dyhrenfurth, Christoph von Fiirer-
Haimendorft and Erwin Schneider. Ox-
ford University Press ($8). The con-
tributors to this volume, first published
in German in 1959, present a detailed
picture of the highest point on the sur-
face of the earth, once known as Peak 15
but later (1855) named Mount Everest
after Sir Geuige Everest, the head of the
Survey of India from 1823 to 1843.
Hagen, a geologist who has lived for
many years in Nepal, discusses the
evolution of the mountain; Dyhrenfurth,
a geologist, geographer and pioneer of
Himalayan exploration, chronicles the
ascents of the peaks around Everest and
the final triumph of Hillary and Tensing
in 1953; von Fiirer-Haimendorf, pro-
fessor of Asiatic ethnology in the Uni-
versity of London, who long sojourned
in this part of the world, describes the
life, habits, home and country of
the Sherpas; the famous mountaineer
Schneider provides a folding map of
Everest based on his own cartographic
researches and photographs. Included
are a number of exceptionally beautiful

plates and full bibliographies.

%L\IULATION IN  SociAL  SCIENCE:
»’ ReapinGs, edited by Harold Guetz-
kow. Prentice-Hall, Inc. ($5.25). Simu-
lation is a general approach to the study
and use of models. The readings in this
volume deal with the use of models in
economics, political science, psychology
and sociology, also with military and in-
dustrial operations. Within the past few
vears the method, which is certainly not
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new, has become fashionable and large
sums of money have been spent on
simulation-research programs, many of
which are nebulous and pretentious. It
is one thing to construct a dynamic flight
simulator for Air Force training from
which student pilots can learn, and quite
another to attempt to simulate “think-
ing” by means of computers, to simulate
by question-and-answer methods and by
organizational models “bureaucracies,”

| management problems and administra-

tion procedures. Among the better ex-
amples discussed in this volume is a
computer simulation of peak-hour traffic
in a bus terminal in which Monte Carlo
methods were introduced, the purpose
being to arrive at a better understanding
of passenger and bus arrivals, to promote
efficient scheduling in order to reduce
waiting lines and to make the best use
of parking facilities.

A Gume T0 SciextiFic READING,
+ X compiled and edited by Hilary J.
Deason. Signet Science Library (60
cents). This paperback, prepared under
the auspices of the American Association
for the Advancement of Science, is a suc-
cessor to the same organization’s widely
consulted volume An Inexpensive Sci-
ence Library. From a list of some 18,000
paper-bound books the compilers have
chosen more than 900 of the best in
various branches of science and tech-
nology. Each book is succinctly de-
scribed and the necessary bibliographi-
cal data are given. No one interested in
science, whether student, teacher or
general reader, can afford to overlook
this tidy register of information about
the literature of science.

TREASURY OF SCIENTIFIC PROSE,

edited by Howard Mumford Jones
and I Bernard Cohen. Little, Brown and
Company ($6.75). Selections from the
writings of British scientists during the
first 60 years of the 19th century, at
which point, according to the editors,
the trend to mathematization “got the
upper hand in the physical sciences” and
therefore closed the door to the ordinary
reader. Some 18 selections represent the
writings of, among others, William
Paley, Charles Babbage, John Herschel,
John Dalton, Humphry Davy, Michael
Faraday, James Prescott Joule, Charles
Lyell, John Playfair, William Whewell,
Charles Darwin and James Clerk Max-
well. Readable and entertaining but a
source of at least two puzzles: why no
less than two editors and an assistant
(Everett Mendelsohn) are needed to
put together an anthology of 365 pages
with a few short notes; and why this
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volume, all of whose material is in the
public domain, and with only a half
dozen or so simple illustrations or dia-
grams, should cost $6.75.

YHReEE Essays oN THE THEORY OF
SexuaLITY, by Sigmund Freud. Bas-
ic Books, Inc. ($3.95). A new transla-
tion by James Strachey of Freud’s three
essays “Sexual Aberrations,” “Infantile
Sexuality” and “The Transformations of
Puberty,” which are thought to rank with
The Interpretation of Dreams as the
most influential of his contributions.
They also provoked the most vehement
opposition. The translation is based on
the German sixth edition of 1925 and
shows how much Freud’s ideas changed
over a period of 20 years, during which
the essays were frequently revised. The
editor has indicated with dates every
alteration of substance introduced into
the work between 1905 and 1925.

Notes

Sciexce, ETHics axp Povritics, by
Albert Szent-Gyorgyi. Vantage Press
(82.50). A collection of essays and lec-
tures dealing with atomic war, disarma-
ment and the social responsibilities of
science. Szent-Gyorgyi has the rare abil-
ity to get to the heart of complex issues,
to express himself simply, forthrightly
and with warm human sympathy.

PHOTOGRAPHIC LITERATURE, edited
by Albert Boni. Morgan & Morgan, Inc.,
in association with R. R. Bowker Co.
($22.50) . A bibliographic guide to world
literature in all fields of photography:
technical, scientific, industrial, histori-
cal, artistic, professional and commer-
cial.

Ax OuTLINE OF EUROPEAN ARCHI-
TECTURE, by Nikolaus Pevsner. Penguin
Books, Inc. ($2.25). Now in its seventh
edition, this survey keeps getting bigger
and better. A hard-cover “Jubilee” edi-
tion costing $30 was published in 1960
and is still in print; this new paperback,
with fresh material and beautiful illus-
trations, is offered at an irresistible bar-
gain price.

BroeLecTrICITY, by E. E. Suckling.
McGraw-Hill Book Co., Inc. ($8.75).
A simply written book, addressed to
physicians, physiologists and biologists,
that explains the electrical behavior of
living tissue and the methods invented
torecordand interpret these phenomena.

THE INTERPRETATION OF ULTRA-
STRUCTURE, edited by R. J. C. Haris.



Academic Press ($14). Based on a sym- |

posium held in Bern, Switzerland, in
1961, this volume, the first symposium
of the International Society for Cell
Biology, presents a critical analysis of
current studies of the fine structure of
the living cell.

STUDIES IN MATHEMATICAL ANALYSIS
axp ReELAaTED Topics, edited by Gabor
Szego, Jerzy Neyman and others. Stan-
ford University Press ($10). These
essays in honor of the distinguished
mathematician George Pélya consist of
some 60 research papers, all published
for the first time, by leading mathemati-
cians from the U.S. and Europe. The
essays are as varied in content as Polya’s
own contributions to pure and applied
mathematics, a list of which is also in-
cluded in this Festschrift.

TeE AnmazoN, by Emil Schulthess.
Simon and Schuster, Inc. ($15). A
photographic survey of the Amazon: the
lands it waters, the mountains and for-
ests it traverses, the people who live on
or near its shores. The photographs,
some in color, some black and white, are
stunning; there is an informative accom-
panying text by Emil Egli.

ProsLeEMs OF ExTra-Gavractic Re-
searcH, edited by G. C. McVittie. The
Macmillan Co. ($11). Proceedings of
the International Astronomical Union
Symposium No. 15, consisting of 35 pa-
pers on all aspects of present-day ob
servational work on galaxies outside our
own Milky Way system.

SyamBoLIiCc LANGUAGES 1N DaTa Proc-
ESSING. Gordon and Breach Science Pub-
lishers, Inc. ($34.50). This book con-
sists of 50 lectures presented at a sym-
posium on the current and future roles
of symbolic languages in the computer
art, held in 1962 at the International
Computation Centre in Rome.

MICROORGANISMS  INDIGENOUS — TO
Max, by Theodor Rosebury. McGraw-
Hill Book Co., Inc. ($15). An exhaus-
tive, scholarly review, the first of its
kind, of the voluminous world literature
on bacteria, fungi, protozoa and their
kin; in short, of the small creatures that
live on or inside us, which are either
essential to our health or harmful to it.

ZUGBEANSPRUCHTE KONSTRUKTIONEN:
VorLuMme I, by Frei Otto and Rudolf
Trostel. George Wittenborn, Inc.
($38.50). This architectural monograph
deals with stressed structures that incor-
porate cables, nets, membranes of rub-
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The Challenge of
the materials age

The single crystal — one of nature’s most beautiful geo-
metrical forms. . . . Here man is searching for materials of the
future — to find answers to many of the secrets of material
behavior. With this knowledge he will be better prepared to
design materials with vastly superior properties. .. materials
to satisfy the urgent needs of space travel and nuclear
energy . .. and the competitive demands of industrial society.

Even beyond the perfection of a single crystal, with its rows
and planes of atoms in ordered array, there is much scientific
interest in the minute imperfections in the symmetry of the
atomic lattice. These “‘errors” in symmetry cause precious
gems to show their beautiful colors and semiconductors to
exhibit their important electrical properties. Also, the stress-
strain behavior of a crystal is influenced, to a marked degree,
by the kind and number of these lattice imperfections. If we
can better understand the mechanisms by which these “mis-
takes” influence material properties, we may hold the key to
the synthesis of new materials — materials from which we
will fashion the tools of the future!
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work of outstanding men in this new technology of materials.
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in single crystals, or any other material, tell us your field
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ber and plastic, pneumatic inflated sur-
faces and so on. Many descriptions,
illustrations and practical computations.

F1ve FayiLies, by Oscar Lewis. Sci-
ence Editions, Inc. ($1.95). A soft-cover
reissue of Lewis” moving and highly
readable account of the daily lives of the
men, women and children of five Mexi-
can families.

Co~TINENTAL DRIFT, edited by S. K.
Runcorn. Academic Press ($12). Vari-
ous contributors deal with the hypoth-
eses of large displacements in the
earth’s crust. Included are such topics as
paleoclimatology and continental drift,
movements in the earth’s crust as indi-
cated by earthquakes, mountain-build-
ing hypotheses, thermoconvection in the
earth’s mantle and magnetic evidence
of horizontal displacements in the floor
of the Pacific Ocean.

EvoLuTion oF STars aNxD GALAXIES,
by Walter Baade. Edited by Cecilia
Payne-Gaposchkin. Harvard University
Press ($6.75). Mrs. Payne-Gaposchkin
has edited a series of lectures that the
late Walter Baade gave at the Harvard
College Observatory in the fall of 1958.
Addressed to students of astronomy,
this is an informal, personal but uite
technical summing up of our knowledge
—to which Baade himself made major
contributions, such as the discovery of
two stellar populations—of the processes
of development in stars and galaxies.

THe Hormones i Humax REPRrO-
pucTioN, by George W. Corner. Athe-
neum Publishers ($1.65). A soft-cover
reissue with the original plates and dia-
grams of a popularization of the subject
of hormone function in human repro-
duction. This is the kind of survey—ac-
curate, vivid in its descriptions, lighted
with imagination—that only a master
can write.

A Stupy OF THINKING, by Jerome S.
Bruner, Jacqueline J. Goodnow and
George A. Austin. Science Editions.
John Wiley & Sons, Inc. ($1.95). A
soft-cover reissue of a well-received in-
vestigation of thinking, illustrated by
some 30 originul experiments.

THE AToy, by Sir George Thomson.
Oxford University Press ($1.50). The
sixth edition, brought up to date with
its illustrations redrawn and their num-
ber substantially increased, of a deserv-
edly popular introduction to the physics

| of the atom.
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Research-
minded

Ph.D’s

Conduct industrial research as college faculty members

in Charlotte, North Carolina

Here is a unique opportunity for engineers and scientists with
Ph.D. degrees. Douglas Aircraft Company, Charlotte Division,
and Charlotte College invite you to participate in a joint program
of industrial research and college teaching.

Charlotte College has just expanded into a four year, degree-
granting Engineering Institution and needs competent instruc-
tors. Douglas has an expansion program under way in such basic
and applied research areas as Fluid Mechanics, Penetration Phe-
nomena, Fire Control Systems, Operations Research, Advanced
Navigation, Control System Optimization and Laser Application.

The division of time between your research and academic
activitieswill be apportioned in accordance withyour preference.

Charlotte, the largest city in the Carolinas, offers many recrea-
tional advantages. Facilities include a civic auditorium which
offers concerts and stage shows and a coliseum that maintains a
year-round calendar of sports events. Parks, playgrounds, year-
round golf courses and excellent boating facilities offer many
hours of enjoyable activity in a pleasant, moderate climate.

Should this unique opportunity to combine both college instruc-
tion and industrial research be of interest to you, send resume to:
Mr. J. L. Brogan, Chief Engineer, Douglas Aircraft Company,
Inc., P.O. Box 10338, Charlotte, North Carolina.

aaual.gswg__

(Y CHARLOTTE OIVISION

An equal opportunity employer
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This abandoned cabin was nearly a mile away,
yet every tiny crack and rusty nail could be seen
visually with Questar’s 56-inch (1422 mm.)

focal length. We took this photograph in 1956

to show the tremendous resolving power and
magnification of the finest small telescope in the
world. This is only one of the things the versatile
7-pound Questar does supremely well. Write for
32-page illustrated booklet. Priced from $995.

QUESTAR

BOX 20 NEW HOPE, PENNSYLVANIA
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the Stars, Moon, Planets Close Up

3" lSTRONﬂMIGlL REFLECTING TELESBUPE

SEE AND PHOTOGRAPH SUN’S ECLIPSE JULY
20TH. Be visually safe and use Edmund’s Combina-
tion Sun Projection Screen and Camera Holder,

No. 70,162-S . $9.95 Postpald
60 to 180 Power—Famous Mt. Palomar Type! An Unusual Buy!

£ See the Rings of Saturn,
D

the fascinating planet
huge craters on
Moon, phases of
Venus. Equatorial
mount with lock on both
axes. Aluminized and
overcoated 3” diameter
high-speed £/10 mirror.
Telescope comes
equipped with a 60X
eyepiece and a mounted
Barlow Lens. Optical
Finder Telescope in-
cluded. Hardwood, port-
able tripod. FREE with
Scope: Valuable STAR
CHART plus 272-page ‘“HANDBOOK OF HEAVENS™
nlus “ITOW PO USE YOUR TELESCOPE’ BOOK.
Stock No. 85,050-S..........................$29.95 Postpaid

44" Astronomical Reflector Telescope!
255 Power. New Vibration-Free Metal IPPedestal Mount.
Stock No. 85,105-S $79.50 F.0.B. Barrington, N. J.

UPERB 6" REFLECTOR TELESCOPE!
Inc. electric clocl , setting circles, equamnal mount,
pedestal base, 4 GY es for up to 57
Stock No. 85,086-5 ..$195.00 F.0.B. Barrmgton N. J.

‘FISH" WITH WAR SURPLUS MAGNET

SCIENTIFIC ITEMS €5

Marvels of the Universe
OM SLIDES

o litencified S5
e drama 1ty

[
Wondertil for Tomne study and as e

Stock No. 60,167-S

ke
$16.00 Postpaid

-

War Surplus!
American-Made 7x50 Binoculars
Big savings! Brand new! Crystal-
clear viewing—7 power. Every optical
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. Carrying
Case included. American 7x30's nor-
mally cost $274.50. Our war surplus

price saves you real money.
Stock No. 1544-S ...only 574.80 pstpd.
ax included)

8 x 30 Binoculars—similar to above and a ternﬂc bargain.
Stock No. 963-S..........$33.00 pstpd. (Tax included)

MAKE YOUR OWN POWERFUL
ASTRONOMICAL TELESCOPE
|GRIND YOUR OWN ASTRONOMICAL MIRROR

Kits contain mirror blank, tool, abrasives, diagonal mirror,

eyepiece lenses. You build instruments valued from $75.00

lo hundreds of dollars.
K

Go Treasure Hunting On The Bottom | f i

sreat idea! Fascinating fun and sometimes
tremendously profitable! Tie a line to our i-
Ib. Magnet—drop it overboard in bay, river, lake or
ocean. Troll it along the bottom—your ‘“‘treasure’”
haul can be outboard motors, anchors, fishing
tackle, all kinds of metal valuables. 5-1b. Magnet
is war surplus—Alnico V Type—Gov’'t Cost, $50.
Lifts over 125 1bs. on land—much greater weights
under water. Order now and try this new sport.
Stock No. 70,571-S 5 Ib. Magnet. $12.50 Postpaid
Stock No. 70,570-S 3! Ib. size .. . $8.75 Postpaid
Stock No. 70,572-S 7'/ Ib. Magnet................. $18.75 Postpaid
Stock No. 85,152-S 15 Ib. size, lifts 250 Ibs........$33.60 FOB

MINIATURE SUBMERSIBLE WATER PUMP
FOR HOBBIES, EXPERIMENTS

Sturdily built, self-priming, elec-
tric water pump. Ideal for science

classes, advertising exhibits, mini-
ature waterfalls, fountains, etc,
Operates under water on 8 to 20V
e AC. At 20V, pumps 1 pint per
- minute at 12” head, Spare valve,
spring and instructions included.
Plastic, 2%” lg., 1”7 dia., wt. 134 oz.
Stock No. 60,307-S.......ccccouuvereeevnnne $2.98 Postpaid
TP L LSRR S
== 4y /. DRAPES OF
W EETE SR THE STARS
Fy

Give your den. office.
hobby room or lab an
astronomical atmosphere
with slip covers and

. window draperies fea-
turing this unusual Galilean motif. (xu‘\rdmeed vat colors
and pre-shrunk. Residual shrinkage 1% : can be safely dry
cleaned or laundered. 48” to 50” \\1de \cene repeated ap-
prox. every 20%”

Stock No. 25,110-S................ per yard $2.50 Ppd.

ANALOG COMPUTER KIT

Ideal introduction to the increas-
ingly important electronic com-
I, puter field. For bright students,
or anyone interested in this new
science. Demonstrates basic ana-
g principles—can be used for multiplica-
tion, division, powers, roots, log. operations, trig
problems, physics formulae, electricity and magnetism
problems. Iasily assembled with screwdriver and pliers.
Operates on 2 flashlight 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..........c.ceveeneeen...$14.95 Postpaid

MAIL COUPON FOR FREE CATALOG!'

YOURS FREE FOR THE ASKING

Write today for free 164 page
catalog full of interesting optical
and scientific items. Includes a
wide variety of optical parts (im-
ported, war surplus) and hard to
get items for the experimenter and

hobbyist. Request catalog “S
EDMUND SCIENTIFIC CO., Barrington, N.J.
Name
Address
City

-t oy

T - 1

log comput

State

Zone,

172

ORDIR BY STOCK NUMBER .SEND CHECK OR MONEY ORDIR .

EDMUND SCIENTIFIC CO.,BARRINGTON, N.J.

0 o Dia. ervor Thickness Price
7 ,003-S ll/ 3/8” $ 7.50 postpaid
70, S 11.95 postpaid
7 S 134" 19.50 postpaid
70,006-S 10”7 1374”7 30.75( F.0.B.
70,007-5 12127 215" 59.95 | Barrington

American Made—
Over 50°: Saving
STEREO MICROSCOPE

Years in development. Equals $300 to $400
instrument. Precision American made.
Used for checking, inspecting, small as-
sembly work. Up to 3” working distance.
Clear, sharp, erect image. Wide 3 dimen-
sional field. 2 sets of objectives onrotating
turret. 23X and 40X. 10 Day Free 'Trial.

Stock No. 85,056-S...............$99.50

' E %
periments. 24 page instruction book-

k E!E'\
let included.

Order Stock No. 70,070-S............... $12.95 Postpaid

Now . .. Accurate Weather
@ @ Forecasting for Schools,
Homes, Hobbyists

New ““Weather Station’ is highly sensitive to weather
changes. Ccnsistently accurate thermometer, barometer
and humidity wmeter. Foretells weather changes from 12

P Humidity meter calibrated in

NEW! STATIC
ELECTRICITY GENERATOR
Sturdy, Improved Model
See a thrilling spark display as you
set off a miniature bolt of lightning.
Absolutely safe and harmless. Sturdi-
ly made—stands 14” high. Turn the
handle and two 9” plastic discs rotate
in opposite directions. Metal collector
brushes pick up the static electricity,
store it in the Leyden jar type con-
denser until discharged by the jump-
ing spark. Countless tricks and ex-

24 hours in advance.
‘‘percent relative humidity”’. Thermometer accurate to 1°I°.
Excellent for teaching weather phenomena and meteorological
hobby work. Instruments mounted on handsome wood-
grained panel 15%” x 53,”. Meter cases heavily metalized
—combine beauty and protection. Dials, in etched alumi-
num, made with micrometer precision. Full instructions.

Stock No. 70.607-S..........cooooveierireiereeee e $9.95 Postpaid
P & BUILD A SOLAR ENERGY FURNACE

A fascinating new field. Build your own Solar

Furnace for experimentation—many practical uses.

Easy! Inexpensive! TUse scrapwood! We furnish
- g instructions. Tlus sun powered furnace will gen-
erate terrific heat—2000° 3000°. Fuses enamel to metal.
Sets paper aflame in sc('onds Use our Fresnel Lens—14”
diameter f.1. 14”7,
Stock No. 70,130-S Fresnel Lens
11”7 Sq. Fresnel Lens f.1. 19

Stock No. 70,533-S.....

$6.00 Pstpd.
Slight second

... $4.75 Pstpd.

ADJUSTABLE SPANNER WRENCH

Remove Your Retaining
Rings, Disassemble Lenses,
ameras, etc.

Made for U. 8. Air Force—

available at a fraction of

Government cost. A top

grade, versatile tool that every

instrument and camera repair

man or just plain tinkerer should own. Adjustable for %”
to 12”7 diameter retaining rings. Complete with six different
pairs of points to fit all types of slots and holes. 3”, 6” and
12” main bars. All steel and nicely plated. The finest tool
we have ever come across for this type of retaining ring
l work AND a real bargain at our low price.

Stock No. 70,355-S..

..$12.50 Postpaid
SAYIS'ACHON GUARANTEED!
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MORPHOLOGISCH UND HISTOLOGISCHE
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TRIX (PaLras 1766) (TOXOTIDAE)
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THE FERMI SURFACE
OF METALS

ELEcTRONS IN METALS: A SHORT GUIDE
TO THE FERMI SURFACE. . M. Ziman.
Taylor & Francis Ltd, 1963.

Tue Ferami Surrace. Walter A. Harri-
son in Science, Vol. 134, No. 3483,
pages 915-920; September 29, 1961.

THE Fermi Surrack, edited by W. A.
Harrison and M. B. Webb. John Wilev
& Sons, Inc., 1961.

INHIBITION
IN VISUAL SYSTEMS

EXCITATORY AND INHIBITORY PROCESSES
INITIATED BY LIGHT AND INFRA-RED
RADIATIONS IN SINGLE IDENTIFIABLE
NErVE CeLLS. A. Arvanitaki and N.
Chalazonitis in Nervous I[nhibition,
edited by Ernst Florey. Pergamon
Press, 1961.

INHIBITORY INTERACTION IN THE RETINA
AND ITS SIGNIFICANCE IN Vision. H. K.
Hartline, F. Ratliff and W. H. Miller
in Nervous Inhibition, edited by Ernst
Florey. Pergamon Press, 1961.

NEURAL PHOTORECEPTION IN A LAMEL-
LIBRANCH MorLrusc. Donald Ken-
nedy in The Journal of General
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MATHEMATICAL GAMES

INTUITIVE CONCEPTS IN ELEMENTARY
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YOU REDUCE
A BATTERY ?

Sylvania/ECG has the answer

The Sylvania Electronic Components Group has used its
electron tube skills in solving the difficult problem of storing
more electric energy in a smaller package with less weight.

The result is smaller, rechargeable batteries which will aid in
further reducing the size and weight of transistorized equip-
ment for both ground and space communications.

This achievement is a direct outgrowth of Sylvania’s pioneer
work in ‘“film forming'’—a technique originally developed to
produce superior nickel sleeves for electron tube cathodes.

SYLV/

SuBSsIDIARY OF

Packing more power into less space is but one example of
advanced component design resulting from Sylvania ECG
integrated research and engineering activities in all of the
basic sciences, from chemistry to solid-state physics.

One of the many new electronic components developed by Syl-
vania ECG may well solve a problem you have in system design.

Sylvania Electronic Components Group, Sylvania Electric
Products Inc., 730 Third Avenue, New York 17, New York.

1A

GENERAL TELEPHONE 8[[[6'7'/70///06’

SYLVANIA/ECG OFFERS NEW CAPABILITIES IN: ELECTRONIC TUBES e SEMICONDUCTORS e MICROWAVE DEVICES « SPECIAL COMPONENTS e DISPLAY DEVICES
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Skywatching by moonlight—Mark Shaw photo

For a better way to take care of your nest egg
talk to the people at Chase Manhattan

Investment cares need not intrude
when the moment calls for fullest con-
centration.

Nor will they ever if portfolio chores
are placed in the hands of the people
at Chase Manhattan. Eagle-eyed and
rock-steady Personal Trust Division
people stand ready to free you of keep-
ing tabs on monotonous details like
call dates, coupons and record keeping,.

Experienced Personal Trust people
will take over as Custodian of your
securities, plot an investment program
for you, plan your estate with you and
your lawyer and serve as your Execu-
tor and Trustee.

All you need do to get complete in-
formation is ring LL2-6605 and ask
for the Personal Trust Division, or
write to The Chase Manhattan Bank
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at 1 Chase Manhattan Plaza, New

York 15, New York.

THE
CHASE
MANHATTAN
BANK




