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Eastern opens The Space Corridor.

Along it lie 4 key centers of aerospace activity. The kind of service that has made Eastern the
Boeing in Seattle. McDonnell in St. Louis. The choice of one in six of the nation’s air passengers.
George C. Marshall Space Flight Center in Hunts- A reservation confirmed in seconds.
ville. And Cape Kennedy. A leisurely meal with your choice of gourmet
Now Eastern links them all in one direct route. entrées. Expertly prepared.
With daily round-trip jet service from Seattle to And a competence of flight and maintenance
Orlando and Melbourne. personnel second to none.
The Space Corridor means new convenience for Because we offer more than a shortcut to space.
the traveler. As well as a new kind of service. We make it more enjoyable getting there.
EASTERN

We want everyone to fly.
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Report from

BELL
LABORATORIES

“Functional” Tantalum

Integrated Circuits

The new ‘‘functional” thin-film  NEW

circuit, shown in the above photo ~ “FUNCTIONAL”
and in the drawing, right, is a CIRCUIT
two-terminal network consisting
of thin films deposited on a glass
substrate. For equivalent elec-
trical performance, a conven-
tional thin-film circuit would re-
quire at least three resistors and
four capacitors (drawing, below). © RESISTIVE FILM
SUBSTRATE
EQUIVALENT
CONVENTIONAL
THIN-FILM
CIRCUIT
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——— ACTUAL of equations which relate
frequency response to the
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As electronic systems have grown in
size and complexity, tantalum inte-
grated circuits have reduced costs
while increasing reliability and per-
formance. To obtain even further inte-
gration of circuit functions, however,
engineers at Bell Telephone Labora-
tories have used tantalum technology
to build single thin-film components
equivalent to networks of thin-film
resistors and capacitors.

This new single, "‘functional’” com-
ponent (left) is basically a film capacitor
with one electrode of resistive tantalum
and a second electrode of conductive
gold, separated by a dielectric layer of
tantalum pentoxide. The component is
made by depositing a thin film of tanta-
lum onto a glass substrate, converting
a portion of this layer to the insulating
oxide, and then depositing the conduc-
tive gold electrode onto the oxide. In
this arrangement, resistance and
capacitance are distributed throughout
the structurerather than among discrete
electrical components. In addition to
providing reliability and economy, this
approach also offers the advantages of
simpler fabrication and fewer electrical
parasitics.

As an important contribution to the
design of such structures, Bell Labora-
tories engineer Ralph W. Wyndrum, Jr.,
showed that it was possible to convert
circuit performance specifications
directly to tantalum thin-film patterns.
Furthermore, he showed how appropri-
ate geometries and film compositions
could yield a wide range of impedance
and transfer functions.

Wyndrum developed this synthesis
technique while doing graduate work at
New York University. He has advanced
this technique further at Bell Labora-
tories, where tantalum integrated
circuits were first created some ten
years ago.

o

iz ) Bell Telephone Laboratories

. * o Research and Development Unit of the Bell System



RECENT
FINDINGS

RESEARCH LABORATORIES

Jora

Nuclear magnetic resonance spectroscopy (NMR) has
been used to study normal paraffin molecules, CHs-
(CH2)2-CHs, in solution. These molecules are low
molecular homologues of polyethylene. In this
investigation, a new understanding of polyethylene
structures in solution was obtained by examination of
these homologous molecules. A precis of the essential
experimental evidence is given below.
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Figure 1

A. Methylene resonance of nonane (CgHzo) in carbon tetrachloride solution at 35° C.
B. Methylene resonance of eicosane (C20H42) in carbon tetrachloride solution at 35° C.
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Figure 2

A. Methylene resonance of hexadecane (CigH3a) in « -chloronaphthalene solution at

35° C. B. Methylene resonance of tetracosane (C2sH3o) in « -chloronaphthalene
solution at 35° C. « Note: that the tetracosane resonance is split though the hexa-
decane has a single peak.

Except for penultimate groups, the CHz resonance
of the normal paraffins is expected to be a singlet.
Figure 1.

In certain aromatic solvents, this CH; resonance
becomes more complex (provided that the chain length
of the molecule is sufficiently long). Figure 2.

The complexity in the NMR spectrum tends to
disappear as the temperature of the solution is raised.
Figure 3.

The results enumerated above are insensitive to

Evidence of
chain folding of
polymers 1n solution

the solution concentration over a wide range (0.2% to
10%).

It follows from these experiments that under cer-
tain conditions, as in Figure 2b, the carbon atoms of
the chain molecules are arranged in such a way that
certain -CHs-groups are in very different chemical en-
vironments from others on the same molecule. There
is no simple direct evidence which tells what causes
these different chemical environments.

N

Methylene resonance of docosane (Cz2Hag) in « -chloronaphthalene solution. A. At
51° C. B. At 94° C. At still higher temperature the peak becomes a simple singlet.

It is known that polyethylene and other polymeric
molecules fold back and forth in the crystallic solid.
The hypothesis that these folded chain arrangements
persist in some solutions for polyethylene and the
normal paraffins, which are low molecular weight poly-
ethylene, is an attractive one. An analysis of the prob-
lem indicates that the dependence of chain folding on
temperature and chain length is entirely consistent
with the experiments shown in Figures 2 and 3.

The conclusion that chain folded arrangements
are actually found in normal paraffin hydrocarbons is
a probable one, though this may not be considered as
firmly established. By implication, it would follow that
similar structure may be found in other polymeric sys-
tems in solution. Further investigations are in progress
to discover whether this is true, and if true, where the
phenomenon is found.

Ford scientists and engineers have long known
that improvements are most likely obtained when
knowledge of the systems and materials under investi-
gation is both sophisticated and profound. It is in this
context that fundamental studies such as these become
natural objectives of Ford research.

PROBING DEEPER FOR BETTER IDEAS
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Garrard’s new
Synchro-Lab™ Motor
turns records at
perfectly constant
synchronous speed
“locks in” to your
electric current

Early evening. Lights and appliances go
on all over the area—a heavy drain on the
electric supply. No matter, if you're playing
your records on a new Garrard Synchro-Lab™
Series Automatic Turntable! Record speed

THE COVER

The painting on the cover shows an experimenter painting the fleshy ring
around the eye of a gull, a step in an investigation of how closely related
species that live together discriminate between each other. In this case
the species are four gulls of the genus Larus that closely resemble one
another, nest together in various combinations in the Arctic and yet do not
interbreed (see “Visual Isolation in Gulls,” page 94). One possible explana-
tion is that subtle variations in features are perceived by the gull, and one
such feature is the color of the eye-ring. To test this hypothesis the eye-
ring color of various gulls was changed by painting the eye-ring, and the
effect of the alteration on the mating behavior of the gulls was observed.
The gull in the painting is the glaucous gull (Larus hyperboreus). In this
species the eye-ring is normally bright yellow. Here it has been painted
orange to resemble the eye-ring of the herring gull (L. argentatus). While
the gull is being painted it is anesthetized. The matchbox in the gull’s bill
was placed there by the experimenter to prevent his being nipped by the
gull if it came out of anesthesia. The matchbox also prevented the gulls
from possibly choking on regurgitated food while they were under anesthesia.

cannot vary with changes in voltage, record
load, stylus pressure, or temperature. The
new Garrard Synchro-Lab Motor “locks in”
to the 60-cycle frequency of the current—yet,
unlike old-fashioned synchronous motors, it
starts powerfully, accelerates instantly. The
secret: two motor sections: an induction ele-
ment for high torque; a synchronous element
that holds speeds absolutely constant.
Consistent engineering leadership helps
explain why Garrard builds the world’s finest
automatic turntables—bought by more owners
of component music systems than all other
record playing units. Now, with synchronous
power, the new Garrard Synchro-Lab Series
is the inevitable choice of the critical listener.
Four superb models, from $129.50 to $59.50
less base and cartridge.
Write for the new edition of the Garrard
Comparator Guide. Garrard, Dept. R-16A,
Westbury, N.Y. 11590.

British Industries Corp., a division of Avnet, Inc.

WORLD'S FINEST
SYNCHRO-LAB SERIES
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Cover painting by Rudolf Freund
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Helping the
Federal Aviation
Agency
scuttleits
“shrimp boats”

What does it take to control an estimated
9,000 aircraft taxiing, taking off, flying, and
landing within the U.S. atany given moment?
For the FAA — overseer of all flights operat-
ing under instrument flight rules (IFR) in the
U.S. — it takes 14,000 highly trained men, ex-
tremely sophisticated electronic equipment,
and ... a large supply of small plastic mark-
ers called “‘'shrimp boats".

Today, skilled controllers at FAA enroute
air traffic centers use these ‘'shrimp boats”
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to record the altitude and identity of each
flight under control. In practice, the con-
troller places a ‘‘shrimp boat”, with its hand-
written information, on his CRT display next
to each radar target that represents an
“IFR' aircraft. He then must update the in-
formation and constantly reposition each
“'shrimp boat" to match the progress of the
flight it identifies.

The FAA, in anticipation of the air traffic
control needs of the future (see chart), is

Airspace System (NAS) which will scuttle
the *'shrimp boats' and free both pilots and
controllers from tedious repetitive actions,
permitting them to devote most of their atten-
tion and energy to their primary tasks —
flying the planes and keeping flights safely
separated.

CDC In — *"*'Shrimp Boats" Out

A key element in the NAS is the Computer
Display Channel (CDC), being developed
and produced by Raytheon, which will pro-
vide the interface between the controller and
an enormous amount of data being proc-
essed by a central computer complex.

The CDC will replace the old fashioned
“'shrimp boat" markers with electronically-
generated alpha-numeric tags that will ap-
pear automatically on the controller's CRT
display. Most of the vital flight information,
formerly recorded manually, will be displayed
and updated electronically as each tag fol-
lows its target across the scope. The elec-
tronic tags can supply the controller with
current information about the identity and
altitude of each flight, so he will have what
amounts to an accurate ''3-D" picture of air
traffic in his area.

Greater Information Display Selectivity

The new CDC system gives the controller
extraordinary selectivity in the type of infor-
mation he can extract from the computer and
how itis displayed. For example, when traffic
is light, a few consoles can be used to display
large control sectors. During peak periods,
more displays can be brought into action to
‘'zoom-in"' on smaller areas for closer sur-
veillance. Because input data is relayed
simultaneously to all displays from a com-
mon refresh memory (see diagram), informa-
tion appearing on separate consoles may be
compared accurately, regardless of range
scales used. In addition, the ‘‘electronic"
center of each display can be positioned any-
where on the map, allowing the controller to
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FAA air route traffic controllers continu-
ously monitor all “IFR" aircraft in flight.
Radar returns from surveillance radar an-
tennas are displayed on a CRT to indicate
the range and bearing of aircraft within a
given area. Altitude, now, is determined
by radio contact with each flight. Soon, a
new display system, developed by
Raytheon, will combine this information
automatically, giving the controller a
‘*3-dimensional’’ picture of aircraft
under control.

monitor an entire air corridor or to select a
particularly dense air traffic area for special
attention.

The displays themselves represent a radi-
cal improvement over similar equipment in
operation today. Because all information is
digitally generated, the image is always
sharp and flicker-free. Resolution is five
times greater than that presently achieved
by conventional displays. Each flight with its
identifying tag is clearly defined at all times.

What About Flight **Hand-Offs"'?

Today, when an aircraft leaves one FAA
regional control sector to enter another, the
controller ‘*hands-off" the flight to the ad-
jacent area by direct-wire telephone. The re-
ceiving controller must make positive identi-
fication of the approaching aircraft by radio
before clearing the flight to enter. The CDC
system, working in conjunction with other
NAS equipment, allows this hand-off to be
accomplished electronically, without tele-
phone or radio contact, and without delay.

Applied Systems Management
The ultra-modern CDC equipment is being
produced by Raytheon under the largest con-
tract ($44 million) ever awarded by the FAA
for air traffic control equipment. The system
will utilize the very latest advances in elec-
tronic technology, including monolithic in-
tegrated circuits and high-speed core mem-
ories produced by Raytheon, to help insure
greater accuracy and reliability. Result: a
highly efficient and effective system requir-
ing less space and less power at lower cost.
Solving complex problems by ‘'systematic”
thinking and utilization of the company’s
wide range of technical skills is typical of the
way Raytheon works to assure complete cus-
tomer satisfaction ... in defense and other
government systems and in such commercial
markets as education, home appliances, nat-
ural resources development, electronic com-
ponents, marine products and communica-
tions. Raytheon Company, Lexington, Mass.

LRAVTHEON,



LETTERS

In your June issue J. Herbert Hollo-
mon wrote a rather extensive defense
of the recently issued recommendations
of the President’s commission on the
study of the U.S. patent svstem. As an
inventor with some considerable num-
ber of patents, and not an inconsider-
able amount of experience in innovat-
ing, I feel compelled to register a strong
objection to many of the statements in
the article.

It is simply impossible in this letter to
discuss, even briefly, the commission’s
report or Dr. Hollomon’s paper. I
should like to touch on only a few points.

Both the report and the article stress
the early publication of the invention as
the main aim of our patent system. This
is not correct. The main aim of the pat-
ent system is to get the invention into
commercial and public use.

The whole drive for new laws, I be-
lieve, is based not so much on the diffi-
culties experienced by our inventors
and their employers as it is on the diffi-
culties suffered by our Patent Office
and by Dr. Hollomon’s desire to promote
the very worthwhile objective of getting
an international patent system.

Scientific American, October, 1967; Vol. 217,
No. 4. Published monthly by Scientific American,
Inc., 415 Madison Avenue, New York, N.Y. 10017;
Gerard Piel, president; Dennis Flanagan, vice-
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Dr. Hollomon objects to secrecy, and
so do I, but the proposed new laws will
certainly increase secrecy rather than
decrease it. We shall reward him who
rushes to the Patent Office first, and
since by Dr. Hollomon’s own admission
the keeping of records no longer will be
needed, anyone who learns of another’s
invention can get full credit for it if he
files first. He will not need any other
proof of being the inventor.

The importance of the independent
inventors and the inventors working for
small companies is excellently brought
out in Dr. Hollomon’s article, yet many
of us who have studied the commis-
sion’s report have come to the conclu-
sion that its proposals are directed
against this group of inventors.

I also want to disagree with Dr. Hol-
lomon’s last statement: “It does seem
evident, however, that agreement on
the need to modernize the patent sys-
tem is virtually unanimous.” I know of
no such unanimous feeling that our sys-
tem has to be changed. If it does need
changing, I do not believe that the pro-
posed changes are “modernizations.”

It seems to this observer that the
whole drive for establishment of a new
patent system is spurred by the difficul-
ties our Patent Office is undoubtedly ex-
periencing in trying to keep up with the
growing modern technologies. I should
like to echo the suggestions made many
times before that the Patent Office
needs more staff, more examiners
trained in advanced technologies, high-
er salaries, better facilities and all the
other things that money can provide.

I agree that an international patent
system would be a highly desirable goal
and that therefore the minimum num-
ber of changes should be made in order
to help achieve such an international
system. But let us not becloud this issue
by adopting a great many changes—
changes that in total will reduce the in-
centives to invent and innovate. In the
biased opinion of people like myself
these incentives today are at best mar-
ginal.

J. RaBivow

President

Rabinow Engineering Division
Control Data Corporation
Rockville, Md.

Sirs:

I am glad that Dr. Rabinow feels, as
I do, that an international patent sys-
tem would be a “very worthwhile ob-
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jective.” T disagree, however, that “the
whole drive for new laws...is based...
on...Dr. Hollomon’s desire to promote
the very worthwhile objective of getting
an international patent system.”

Many persons who have studied the
problem over several years have con-
cluded that the patent system needs
modernization if it is to meet tomor-
row’s needs adequately. A good exam-
ple is what Dr. Rabinow calls “the main
aim of the patent system,” namely “to
get the invention into commercial and
public use.” The members of the Presi-
dent’s Commission on the Patent Sys-
tem “unanimously agreed”—I quote
from the commission’s report—“that a
patent system today is capable of con-
tinuing to provide an incentive to re-
search, development and innovation.
They have discovered no practical sub-
stitute for the unique service it ren-
ders.” President Johnson, in submitting
the Patent Reform Act of 1967 to the
Congress on February 21, reiterated
the necessity for modernization of the
patent system so that it can better
“serve the technological advances it
was designed to foster.” In my article I
quoted the President’s declaration in
transmitting the act, that “its purposes
are threefold: (1) to raise the quality
and reliability of U.S. patents; (2) to
reduce the time and expense of obtain-
ing and protecting a patent; (3) to
speed public disclosure of scientific and
technological information.” Only after
listing those primary purposes did the
President state “another important ob-
jective—they will bring the U.S. patent
system more closely into harmony with
those of other nations.”

Dr. Rabinow and I agree on the im-
portance of independent inventors and
inventors working for small companies,
and whether the Patent Reform Bill
would be in their interests is a matter of
opinion. Both the American Society of
Inventors and the National Small Busi-
ness Association have expressed sup-
port for a first-to-file system of priori-
ty—to take one key provision of the Pat-
ent Reform Bill.

The proposals of the commission and
the Patent Reform Act include a num-
ber of changes that would tend to har-
monize our system with those of the
other countries of the world. One is the
proposed first-to-file system. Seventy-
four of the 77 countries that belong
to the International Patent Conven-
tion (the Paris Union) have a first-to-file
rule, and only three (the U.S., Canada
and the Philippines) have the obverse,
a first-to-invent rule. Businessmen, in-



SCIENCE. "SCOPE

A new infrared missile for air-to-air combat with swift enemy fighters has
blasted more than a score of jet target drones from the skies in test launches
from Air Force F-4s. Latest addition to the Falcon family of air-to-air
missiles, the AIM-4D was produced by 'cross-breeding'" two other Falcons, giv-
ing the Air Force a new, more effective missile of proven reliability at lower
cost than developing a new model.

The F-4 will carry four AIM-4D missiles on wing pylons when they become opera-
tional. The AIM-4D can also be carried by the F-102 and F-101 interceptors.

Biggest communications satellite ever built will be the experimental tactical
communications satellite now under construction at Hughes for the U.S. Air
Force's Space & Missile Systems Organization. It will have an array of five
UHF antennas extending from the top, each nearly eight feet long. Satellite
will be spin-stabilized in its synchronous orbit.

A military magnetic drum system with a mean-time-between-failure in severe air-
borne or ground environments that is conservatively estimated at 10,000 hours,
based on several drums now in operational use, has been developed by Hughes.

New memory system has a capacity of 5%10° bits, with rapid access. It is
sealed for two years of operation, and is interchangeable in the field without
ad justment or harmonization.

New commercial products from Hughes: a numerically-controlled wire-laying
machine that reduces electronic assembly production time by a ratio of five to
one...a six-color krypton laser for industrial and academic laboratories; it
can be converted to an argon laser simply by changing tube and mirrors...a
thermocompression bonder for bonding gold wire to cold substrates; its pulse-
heated tip eliminates pre-heating of parts prior to bonding.

Hughes has immediate opportunities for engineers with at least two years of ex-
perience in weapon systems, radar system design and development, computer de-
sign, or communications systems. Requirements: accredited degree and U.S. ci-
tizenship. Please send your resume to Mr. J. C. Cox, Hughes Aircraft Company,
Culver City, Calif. Hughes is an equal opportunity employer.

An improved infrared spectrometer for the Nimbus D satellite to be launched
in 1969 is being built by Santa Barbara Research Center, a Hughes subsidiary.
It will measure the temperature and humidity of the troposphere, providing
useful data for weather forecasting.

An infrared radiometer to measure the surface temperature of Mars is also be-
ing developed by SBRC. The two-channel, five-pound instrument will be carried
by the two Mariner flyby spacecraft to be launched in 1969.

Creating a new world with electronics
e e e i
[} ]
] [}
1 1
I I

HUGHES

HUGHES AIRCRAFT COMPANY
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TRW

1s Tom Vickers

& Linda Howard
analyzing

a mission to Mars

- |

If i’s deep space or inner space
...rapid transit or intensive med-
ical care...these are the kinds of
problems we work daily at TRW.

Tom and Linda are Programmer/
Analysts at TRW Systems Group,
where they’ve made Computer Science
a career. At TRW we design and build
major space systems, are involved in
undersea defense, civil systems, com-
munications by satellite and many,
many more challenging projects.

To support this activity, we need engi-
neers and scientists. People who are
thinkers, innovators, planners and
problem solvers. If this is you, drop a
line (and a resume) today to James
G. Lacy, Room 150-J, TRW Systems
Group, One Space Park, Redondo
Beach, California 90278. TRW is an
equal opportunity employer m/f.

We need men and women in:

Systems Engineering / Computer Sci-
ences / Materiel / Analytical Research
| Propulsion / Chemistry / Aerosci-
ences / Information Systems / Com-
munications / Digital Systems /
Electronic Warfare / Product Engi-
neering / Product Support & Logistics
| Aerospace Ground Equipment /
Guidance Control & Sensor Systems
/ Microelectronics / Manufacturing
Engineering / Electric Power / Admin-
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ventors, patent practitioners and scien-
tists and engineers in the first-to-file
countries testify that this feature works
satisfactorily in the public interest and
in the private interests of all, with no
significant problems, that is, no prob-
lems of secrecy, rush to the Patent Of-
fice and so on.

It seems to Dr. Rabinow “that the
whole drive for establishment of a new
patent system is spurred by the difficul-
ties our Patent Office is undoubtedly
experiencing in trying to keep up with
the growing modern technologies.” That
is not correct. The proposed statutory
changes are not aimed at relieving the
pressures on the Patent Office, except
for deferred examination, for which the
Patent Reform Act asks only for standby
authorization. The commission recom-
mended first-class housing, staffing and
equipping, regardless of whether the
basic patent laws remain the same or
are changed.

The last paragraph of my article sum-
marizes my thoughts on the matter of
patent reform. “The Patent Reform Act
has drawn some opposition, as might
be expected with any proposal to make
fundamental changes in a long-estab-
lished system that has built up an elab-
orate structure of traditional practices.
I would not argue that the act is the
last word on patent reform. It does
seem evident, however, that agreement
on the need to modernize the patent
system is virtually unanimous.”

J. HERBERT HoLLOMON

Acting Under Secretary
Department of Commerce
Washington, D.C.

Sirs:

I am writing in reference to the ar-
ticle “Pre-Columbian Ridged Fields,”
by James ]. Parsons and William M.
Denevan [ScIENTIFIC AMERICAN, July].

Their findings of ridged fields in
widely separated areas of South Amer-
ica support the notion they have ex-
pressed as “the idea that similar envi-
ronmental adaptions are independently
invented again and again.”

There is further supporting evidence
in the ridged tillage fields of East Africa
in south central Tanzania between Irin-
ga and Njombe. These fields are similar
in appearance to the Columbian illus-
tration at the head of the Parsons-
Denevan article. The African fields
[see photograph at right] are found in
tropical highland country of over 5,-
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000-foot elevation and in a climatic re-
gime of pronounced wet and dry sea-
son. They are constructed in seasonal
swamps and are planted to root crops
and grains. The swamp cultivation is
found in association with ridged fields
on the upper slopes or valley sides.

I conjecture that the ridged fields in
the swamps serve to broaden the sub-
sistence base of local cultivators be-
cause the swamps have a more reliable
supply of soil moisture over a longer pe-
riod of the year than is the case with the
dry ridged fields of the hillsides. This is
the country where tillage cultivation on
the hillslopes is precarious because soil
moisture is available for relatively short
and fluctuating periods of the year. The
latter assertion is supported by exami-
nation of any of the available water-
balance diagrams for this and other ar-
eas of the wet and dry Tropics.

It is likely that when high-resolution
orbital-altitude photography becomes
available we will locate additional
widely dispersed examples of this and
other technically simple man-altered
land surfaces.

WALTER DESHLER
Department of Geography

University of Maryland
College Park, Md.

Ridged fields in East Africa



Tape it with a Sony Solid-State Stereo 560

There’s a world of beautiful music waiting for you and it's yours for the taping. Let Sony-superb 4-track
stereo capture every note faithfully while you relax in your easy chair. Simply connect your stereo tuner
to the Sony Solid-State 560, ““Stereo Compact Portable,” and tape your favorites off the air. Here is the
nucleus of a complete stereo sound system with an ESP automatic reversing stereo tape recorder as its
main component. The Sony-unique Stereo Control Center permits four separate stereo components to
be connected to its stereo preamplifier and 20-watt music power amplifier. Push buttons select your
component source for listening or recording. Individual input level controls balance output whenever
you switch between components. Sony’s revolutionary ESP Reverse electronic brain constantly scans and
automatically senses the voice of music modulations on your recorded tapes. When these modulations
stop, the ESP (Electronic Sensory Perceptor) automatically reverses the tape direction in 10 seconds. The
Sony Solid-State 560 incorporates the most advanced electronic developments for sound-quality control.
The Sony-exclusive Servo-Control Motor provides, among other things, the flexibility of AC/DC
operation and variable musical pitch tuning. Non-Magnetizing Heads eliminate the most common cause
of tape hiss. The exclusive Scrape Flutter Filter eliminates tape modulation distortion providing the
purest recordings ever. An exclusive Noise Suppressor Switch eliminates any undesirable hiss that may
exist on older recorded tape without affecting the sound quality. All of this is yours, with two Sony F-98
cardioid dynamic microphones for less than $499.50! Check these Sony-exclusive features for luxury
listening: M ESP Automatic Tape Reverse B Stereo Control Center B Scrap Flutter Filter B ServoControl
Motor B Noise Suppressor Switch B Non-magnetizing Heads.

SONY'S PROOF OF QUALITY — A FULL ONE YEAR WARRANTY

SONY. IRLITTATIIN 7 roseess 10 sere0

8146 VINELAND AVENUE ¢ SUN VALLEY, CALIFORNIA e« 91352

Sony Solid-State 560D ESP Automatic Reverse Stereo Tape Deck Recorder. If you already have components or a package
stereo system, simply connect the Sony Solid-State 560D Stereo Tape Deck Recorder and add the incomparable advantage
of stereo tape to your present stereo sound system. Here is the same superb ESP Reverse stereo tape deck that is the
main component of the Sony 560. You will find every feature and the same advanced electronic developments for sound-
quality control less the Stereo Control Center and speakers. Yet, mounted in its own handsome, low-profile walnut cabinet
with recording amplifiers and playback preamplifiers, the Sony 560D sells for less than $349.50!
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-_Stronger than Steel, Lighter than Aluminum:
A report from General Dynamics

That elephant is standing on a plank
made of boron-epoxy composite.

So far, this new structural material
has been used only for aircraft and
space vehicle parts on a research ba-
sis, but it will be going into commer-
cial use in the near future. And it
could lead to radical change in aircraft
and vehicles of all types as we know
them now.

Take two identical aircraft, one
built of conventional aluminum, the
other with the same parts of boron
composite. The boron airplane theo-
retically could carry twice the payload
for the same distance, or go twice as
far on the same amount of fuel.

An auto with body and frame of
boron composite could be as big and
comfortable as a Cadillac yet lighter
than a Volkswagen. The combination
of lightness and size would mean the
car could be driven by a battery-pow-
ered aluminum engine and protected
against impact with polyurethane
foam bumpers.

For boron composites are a new
kind of material. This form, with
boron filaments embedded in epoxy
plastic, is as strong and stiff as high-
strength aircraft-quality steel, but 75
percent lighter. It is three times as
strong as aluminum but more than 25
percent lighter.

What is boron?

Boron is a semi-metallic element—the
fifthelementinthe atomictable. Widely

Each layer of the boron-epoxy filament
tape is oriented at a different angle. This
enables the laminated composite to with-
stand stress from any direction.

available, it is usually found in combi-
nation with other minerals. Best known
uses until now—and called for in limited
amounts—havebeen the familiarhouse-
hold boric acid, or the borax used in
glassmaking. In some chemical com-
binations it is almost as hard as dia-
mond (but with even greater heat re-
sistance), and is used to cut and shape
such extremely hard materials as car-
borundum.

But boron was rarely, until recently,
seriously considered as a structural
material. The demands of space vehi-
cles and high-performance military
aircraft called for a deeper look. New
kinds of materials, with hitherto-unre-
quired standards of strength, light
weight, and heat resistance, have be-
come crucially important.

For the past few years, General
Dynamicshasbeen workingwithboron
composites—filaments of boron in
“matrices” of plastics or metals—
largely under contract to the United
States Air Force. Sections of boron-
epoxy have already been successfully
tested in supersonic flight.

Brittle—and tough:

In many of the most common ways of
shaping metals (casting, for one) boron
is extremely brittle. But just as glass,
brittle in many ways, has high strength
in filament or fiber form, so has boron
filament—extraordinarily high usable
strength. And boron is also uniquely
stiff —six times stiffer than glass.

These boron filaments mixed with,
say, an epoxy plastic or molten alumi-
num, result in a composite which
possesses the best qualities of both ma-
terials. The form closest to commercial
use is the boron fiber in an epoxy ma-
trix, although aluminum and even ti-
tanium matrices are being tested for
more exotic uses.

For some militaryaircraft and space
vehicles,these remarkable new materi-
als offer an invaluable combination of
great strength, stiffness, light weight
and heat resistance.

But right now, boron is still expen-
sive. Steel averages out at 6 cents a
pound; glass fiber, at 60 cents a pound.
And aluminum, which once cost $6,000
a pound, now ranges from 22 to 75
cents a pound, depending on the grade.
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The boron-epoxy composite notlong
ago was priced at about $1,000 per
pound. However, over the last few
months, its cost has been reduced by
more than two-thirds. As more appli-
cations are worked out and more de-
mand arises, its price is already drop-
ping still further to more economic
levels, just as aluminum did.

It will be a while, however, before
boron composite becomes competitive,
on a pound for pound basis, with more
conventional materials. But other fac-
tors might compensate.

In construction, buildings with
structural members and other major
parts made of boron composite could
be built much taller—and in a wider
variety of architectural shapes than is
now practical.

Single span bridges twice as long as
the longest now existing should be pos-
sible. Boron vehicles generally —cars,
trucks, or planes—could go farther on
less fuel. New commuter trains built
of boron to aerodynamic principles
could carry passengers to their jobs
swiftly and comfortably.

The boron filament is made by
drawing an extraordinarily fine wire of
tungsten, heated to a bright-red tem-
perature, through achamberintowhich
boron trichloride and hydrogen gases
have been pumped.

Thin as a human hair:

In the vicinity of the hot tungsten
wire, chemical reaction yields pure
boron and hydrochloric acid. The par-
ticles of pure boron are deposited on
the moving wire and the hydrochloric
acid is removed from the chamber.

The final boron filament is four one-
thousandths of an inch in diameter,
about as thin as a human hair. It is 95
percent pure boron and 5 percent wire
core.

To build anything out of these fila-
ments, they are first made into a com-
posite in the form of a tape. About 212
boron filaments to the linear inch are
coated with and embedded in epoxy
on a glass-cloth backing to make a
continuous tape in any desirable width.
The tape is then rolled up on a spool
for easy handling.

To build something out of the com-
posite tape, a basic “sculpture,” which



might be a simple form for a flat panel
or have more complex curves than the
human body, serves as a mold.

Layer after layer of the tape is laid
down on the form in much the same
manner that any adhesive tape might
be applied. Each layer is placed at a
different angle (for instance, zero de-
grees, 45 degrees, 135 degrees) to en-
able the laminate to withstand stress
from various directions. Composite
products may be made in varying
numbers of layers depending on the
combination of weight, strength, and
directional stress they must meet.

Any size or shape:

Boron-epoxy panels have been hand-
laid experimentally in from three to
50 or more layers. Fully automated
machines are beingbuilt that willlay-up

An8'x 18" x 1" panel of boron-
epoxy composite would be light
enough for one man to lift—yet
strong enough to support 4 tons.

boron composite sections in almost any
size and shape that can be dreamed up.

When sufficient layers of tape have
been placed, the entire form or part is
“cured” in an autoclave —essentially a
large pressure cooker.

The weight-saving will vary depend-
ing on how directional the load re-
quirement is. The least reduction in
weight compared to the same applica-
tion in aluminum would be 45 percent.
The reduction can be as much as 75
percent.

A three-layer piece would be only
1/60 of aninch thick. A 32-layer piece
would be only 1/6 of an inch thick.
But this 1/6 of an inch could be equal
in strength to commercial building
steelfive times thicker, or aircraft-grade
aluminum, three times thicker.

To meet some special conditions of
space flight, General Dynamics is ex-
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perimenting with variations far more
exotic than the relatively simple boron-
epoxy. These include boron-silicone-
carbide filaments embedded in a whole
range of metals such as nickel, copper,
titanium, and aluminum.

General Dynamics is a company of sci-
entists, engineers and skilled workers
whose interests cover every major field
of technology, and who produce: air-
craft; marine, space and missile sys-
tems; tactical support equipment, nu-
clear, electronic, and communications
systems; machinery; building supplies;
coal and gases.

Reprints of this series are available.

GENERAL DYNAMICS

One Rocketeller Plaza, New York, New York 10020

©1967 General Dynamics



PAPERS THAT REPEL WATER

or absorb it, or maintain their strength
when wet, or virtually disintegrate. Papers
that burn practically without ash or
barely burn at all. Papers that perform a
specific function at lowest possible cost.
These are the VALUE-ENGINEERED
PAPERS FROM THE MILLS OF
MOSINEE. We’ll be happy to specify . . .
or develop . . . one to your need. Try us.

MOSINEE PAPER MILLS COMPANY
MOSINEE, WISCONSIN 54455
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o0 AND 100
YEARS AGO

OCTOBER, 1917: “Conditions in the
present war are changing so rapidly that
naval policy has to be alert and very
elastic. Secretary Daniels has shown that
he is keeping in close touch with de-
velopments; and the latest evidence of
this is his adoption and earnest support
of the proposal to build a large destroyer
fleet, additional to the one we already
possess. He recommends the expendi-
ture of $350,000,000 for the construction
of destroyers and the erection of new
yards or the enlargement of existing
yards to provide additional facilities for
building these most useful craft. Plans
have been prepared for a standardized
type, and it should be possible to lay
down from 250 to 300 destroyers with-
in the year.”

“In a notice of the epoch-making sani-
tary work of Gorgas on the Isthmus of
Panama, published in SciENTIFIC AMER-
1cAN five years ago, the remark was made
that ‘when malaria can be practically
extinguished in such a region, the same
thing can be done pretty much anywhere
else.” Strange to say, within the United
States proper, where malaria is an eco-
nomic factor of first-rate importance, ef-
fective measures to combat it have been
desultory or lacking. A National Com-
mittee on Malaria has now been formed,
and its personnel is highly impressive.
General Gorgas is honorary chairman
and Dr. Robert Blue, surgeon-general of
the Public Health Service, is active
chairman. The annual economic loss oc-
casioned by malaria in the United States
has been estimated at not less than
$100,000,000, and the annual number
of cases is supposed to be something like
1,500,000. It is evident that the national
committee has embarked on a practical
undertaking of the utmost importance.”

“The War Department chose wisely in
locating the majority of the training
camps for our drafted National Army in
the South; for they have decided not to
send these troops to France until they
have been toughened up by several
months of training under simulated war
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conditions. The southern camps will
benefit by the warmer temperatures and
absence of snow, as compared with the
winter conditions in the northern states.
The War Department is justified in its
determination not to send our drafted
army into the trenches until it is in ab-
solutely first-class shape.”

“The 100-inch mirror of the new
Mount Wilson reflector, the largest tele-
scope in the world, has been taken from
the shops in Pasadena, where it was
ground and figured, to the top of the
mountain. It was carefully packed in a
large octagonal box, lined with paraffin
to make it dustproof and placed on a
specially constructed truck geared to a
maximum speed of two miles an hour. A
pilot truck preceded the one carrying the
mirror, and men also went ahead to re-
pair any weak spots in the road.”

“It is very gratifying to learn that the
attempt of the German government to
wreck the fine merchant ships of the Ger-
man lines that were interned in Ameri-
can ports, by destroying their machinery,
has been foiled. Thanks to the resource-
fulness and energy of our shipyards, both
naval and private, these ships will be
available as transports for our troops to
Europe as soon as the troops with their
artillery and supplies are ready to sail.
For some weeks the American flag has
been flying on the Vaterland—the world’s
largest ship—and those two fliers, the 23-
knot Kaiser Wilhelm I1 and Cecilie, will
shortly be in service.”

OCTOBER, 1867: “With great regret
we have to announce the death of Elias
Howe, ]r., the inventor of the sewing
machine. He succeeded in 1845 in pro-
ducing a working machine, which would
cost at least $300, even if manufactured
in large quantities. So much opposition
was made in this country to his invention
that he was compelled to try to find a
market in England. He succeeded in dis-
posing of his right for 250 pounds, re-
serving a royalty of three pounds on
every machine sold. On his return to this
country he found that machines were
being made that infringed on his patent
and he immediately took means to de-
fend his rights and was driven into litiga-
tion to secure his patent from piracy.
This occupied years and demanded large
sums of money. In the meantime this in-
vention had begun to pay, and from a

’



few hundred dollars a year it rose to at
least $175,000 annually.”

“Among the many remedial agents
which organic chemistry has afforded us,
quinine occupies the first place, chloro-
form the second. Without quinine large
tracts, indeed whole countries, would
simply be uninhabitable for Europeans.
If the search for artificial quinine has
been as unsuccessful as that for the Phi-
losopher’s Stone, it has at least resulted
in some great discoveries. It does not ap-
pear to be generally known that the first
of the aniline colors was discovered dur-
ing a search for artificial quinine! The
cinchona plantations in India, where the
plant was recently introduced, are now
so flourishing that there need be no ap-
prehension of the supply of quinine’s
ever failing, and if artificial quinine
should now be made, it would have to
depend upon its cheapness for its value.”

“The boiler explosion which occurred
on September 9 in New York was so re-
markable that it has attracted the atten-
tion of engineers and practical men
throughout the country. This boiler,
which was eight feet diameter at the bot-
tom, six feet at the top and 14 feet six
inches high, and weighing five tuns, ex-
ploded about 4 p.Mm., ascending in the air
nearly vertically, with a slight westerly
inclination, and falling into the rear part
of a house at a distance of 450 feet. Two
persons were killed where the explosion
oecurred—the engineer and the fireman;
and two children of Mr. Houseman, by
its descent through his dwelling.”

“Whenever a boiler explosion occurs,
the attention of the coroner’s jury is di-
rected to the discovery of imperfection
in the material or workmanship. Fre-
quently the engineer and fireman, or the
individual who combines both these of-
fices in himself, is removed by the explo-
sion from all opportunity to give his testi-
mony, and the proprietors are unable, if
not unwilling, to give light on the sub-
ject. Sometimes the engineer or fireman
is censured, but seldom is the employer
reprimanded. A correspondent says that
it is surprising there are not more ex-
plosions. He says that in Connecticut
the engineer is often required to be his
own fireman, to do every ‘chore’ in and
around the whole establishment for
$1,50 to $2 per day. He asks, ‘Who is
going to study and fit himself for an
engineer with such remuneration and
such duties before him? Why doesn’t
our State Legislature make a law pro-
hibiting any one from running an engine
who is not a competent engineer? ”

profile

of a project

Project Sherwood is the U.S. share in
the world-wide effort to control thermo-
nuclear fusion for peaceful purposes.
The containment of a deuterium plasma
at temperatures of several hundred mil-
lion degrees under several hundreds of
atmospheres pressure for the duration
of one hundredth of a second would
spell success.

Confronted with the immensity of this
problem, a dedicated group of scientists
and engineers at Los Alamos find impe-
tus for continuing their research in the
promise of an almost unlimited source

los
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of energy awaiting the attainment of
their goal.

This group is composed of both Experi-
mental and Theoretical Plasma and
Nuclear Physicists; Computational Phys-
icists; Electrical, Communications, Con-
trols, and Microwave Engineers; Elec-
tronic and Mechanical Engineers;

‘ Draftsmen and Technicians.

;A limited number of opportunities exist
for highly qualified scientists and engi-
neers in Los Alamos research programs.
Interested individuals are invited to send

i resumes to:

|| Director of Personnel
Division 67-100

alamos

SCIENTIFIC LABORATORY
OF THE UNIVERSITY OF CAL FORNIA
{ L0 ALAMOS. NEW MEXICO

An Equal Opportunity Employer. U.S. Citizenship Required.
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How
the world's largest
tanker fleet
works to keep your
favorite beach plean.

Most ships used to pump oil overboard every
time they cleaned their tanks. Then Jersey
Standard put in a system to keep this oil out of
the sea. Other tanker fleets followed suit. Now a
major source of water pollution is almost gone.
And a lot of oil is being saved in the bargain.




.

The last thing you want to strike when you
go to the beach is oil.

But too often that's just where you find it. It
might have come from a sunken wreck. Or an
underwater oil formation. Or most likely from a
ship at sea.

In 1964, the chances of its coming from a
tanker went way down. And Jersey Standard
had a lot to do with it.

Previously, when a tanker cleaned its cargo
tanks (or any ship cleaned its fuel tanks), it took
in seawater, sloshed it around, and ended up
dumping a mixture of oil and water overboard.

This was standard practice. International reg-
ulations permitted it so long as it was done far
from shore. The amount of oil carried by sea
was a lot less than it is now. So the problem
wasn't too serious.

But in the last fifteen years the volume of
tanker-borne oil has more than tripled. That's why
Jersey, with other oil companies, developed a
new system to handle mixtures of oil and water.

It's called the load-on-top method. After the
tanks are cleaned, the oil and water are separa-
ted by adding a chemical developed by Jersey
Standard. Only the clean water is pumped over-
board. The oil stays behind. In the tanks.

The next load of oil goes right on top of the
oil in the tanks. Then, the whole cargo is pumped
off at the next port of call.

Jersey tankers—all 126 of them—use the load-
on-top method. So do most other major oil and
tanker companies around the world—with the
result that oil pumped overboard is down 95 per-
cent. And a lot of oil is saved in the bargain.

All of which pleases Jersey. Not to speak of
the beach lovers. The birds. And the fish.

STANDARD OIL
COMPAN Yt sersey

© 1967 SCIENTIFIC AMERICAN, INC




UOP helps conduct today’s advanced circuitry...

Through its recent acquisition of Norplex, UOP is now a leading
supplier of copper clad laminates used for the etching of printed
circuits in many modern applications. Color television sets by
leading manufacturers, for example. Telephone switching equip-
ment for another. Many missile and space programs, as well.
And that’s not all. Norplex® brand laminates are widely em-
ployed for fabricated parts in automotive transmissions and a
world of industrial applications. They set a quality standard in
keeping with the UOP reputation for technical excellence.

Universal Oil Products Company, Des Plaines, lllinois 60016

the better ideas are at LI—
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THE AUTHORS

WILLIAM MANGIN (“Squatter Set-
tlements”) is professor of anthropology
and chairman of the department of an-
thropology at Syracuse University. He
was graduated from that university in
1948, obtained a Ph.D. from Yale Uni-
versity in 1954 and has been on the
Syracuse faculty most of the time since
then. During the same period he has
worked extensively in Peru; his activities
have included a study of fiestas and the
use of alcohol from 1951 to 1953 and an
investigation of squatters from 1957 to
1959. From 1962 to 1964 he was deputy
director of the Peace Corps in Peru. He
spends a few days each month working
as a research associate at the Center for
Studies in Education and Development
in the Graduate School of Education at
Harvard University. Mangin writes: “I
have been particularly interested in mi-
gration to cities ard in problems of edu-
cation in urban areas. I was the coordi-
nator of a school for dropouts and boys
having troubles in school in Syracuse. I
was a losing candidate for the Syracuse
Board of Education in 1965 and am
running again this fall. (I came close.)”

NOEL pe NEVERS (“Liquid Natural
Gas”) is associate professor of chemical
engineering at the University of Utah.
He writes that he first became interested
in liquid natural gas while studying for
his doctorate at the University of Michi-
gan, where “the transportation of liquid
natural gas was one of the classic prob-
lems used to bedevil graduate students.”
The problem arises because natural gas
is a liquid only at temperatures below
—259 degrees Fahrenheit. Later De
Nevers worked for the Chevron Re-
search Ccmpany, a subsidiary of the
Standard Oil Company of California,
where he participated in a design study
for the transportation of 1'quid natural
gas. After five years with Chevron he
went to the University of Utah. His in-
terests include petroleum technology;
fluid mechanics, about which he is writ-
ing a textbock, and thermodynamics, on
which he is preparing educational films.

DAVID E. YOUNT (“The Streamer
Chamber”) is research associate in ex-
perimental physics at the Linear Accel-
erator Center of Stanford University.
His degrees are in physics: bachelor’s
from the California Institute of Tech-
nology in 1957, master’s and doctor’s

frem Stanford in 1959 and 1963 respec-
tively. He became an instructor in phys-
ics at Princeton University early in 1952
and was made assistant professor in
1964, shortly before leaving Princeton to
work on positron scattering at the Linear
Accelerator Laboratory in Orsay, France.
Yount joined the professional staff at the
Stanford accelerator in 1965 and has
been participating in photoproduction
experiments involving the two-meter
streamer chamber.

DESMCND KING-HELE (“The
Shape of the Earth”) is senior principal
scientific officer in the space department
of the Royal Aircraft Establiskment in
Farnborough, Englard. He was gradu-
ated from the University of Cambridge
in 1948 with first-class honors in mathe-
matics and has been at Farnborough
since then; last year he became the first
person to be elected a Fellow of the
Royal Society for contributions to space
science. King-Hele writes: “I am mar-
ried, with two daughters aged 10 and 7,
and we live on the outskirts of Farnham,
looking out over unbroken countryside
to the west. Apart from my scientific
work on space research I am interested
in poetry and literature and in the his-
tory of science, particularly the period
from 1750 to 1820, as evidenced by my
books on the poet Shelley and the poet-
scientist Erasmus Darwin. My recrea-
tions include playing tennis, writing
verse, walking in the countryside and
observing satellites in comfort frem my
back garden, with binoculars and a deck
chair.”

R. R. PORTER (“The Structure of
Antibodies”) was recently appointed
Whitley Professor of Biochemistry at the
University of Oxford and director of a
Medical Research Council Unit for re-
search into immunochemistry that is be-
ing set up at the university. Previously
he had been for seven years Pfeizer Pro-
fessor of Immunology at St. Mary’s Hos-
pital Medical School of the University of
London. Porter, who was elected a Fel-
low of the Royal Society in 1964, studied
at the University of Liverpool ard the
University of Cambridge. From 1949 to
1960 he was a member of the scientific
staff at the National Institute for Medi-
cal Research in London. He lists his
recreations as walking and fishing.

NEAL GRIFFITH SMITH (“Visual
Isolation in Gulls™) is a zoologist with the
Smithsonian Tropical Research Insti-
tute, operated in the Panama Canal
Zone by the Smithsonian Institution. He
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went to the Smithsonian in 1964, after
receiving a Ph.D. from Cornell Univer-
sity. His undergraduate work was done
at St. John’s University in New York.
Smith writes: “My research interests cen-
ter on experimental investigations in the
field of evolution of specific adaptations
in animals, particularly birds. Put less
ponderously, I like to manipulate birds
to discover how certain ‘tricks” they have
evolved work and why they have
evolved. I am currently investigating
scme tricks evolved by avian brood para-
sites such as tropical cowbirds and cuck-
oos and the evolution of the counter-
adaptations by their hosts. The strategies
involved are complex and fascinating;
among them are egg mimicry and be-
havior polymorphism.”

J. MAYO GREENBERG (“Interstellar
Grains”) is professor of physics and
astronomy at Rensselaer Polytechnic In-
stitute. He has been at Rensselaer since
1952, when he joined the department of
physics as assistant professor. Before that
he had been a physicist with the Nation-
al Advisory Ccmmittee for Aeronautics
from 1944 to 1946, obtained a Ph.D.
from Johns Hopkins University in 1948,
spent three years teaching at the Univer-
sity of Delaware and worked for a year
as research associate at the Institute of
Fluid Dynamics and Applied Mathe-
matics of the University of Maryland.

JOHN CERASO (“The Interference
Theory of Forgetting”) is at the Newark
campus of Rutgers University, where he
is a member of the department of psy-
chology and of the Institute for Cogni-
tive Studies. He went to Rutgers in Sep-
tember, after eight years at Yeshiva Uni-
versity; for the past two years he was
chairman of the department of psy-
chology there. Ceraso writes: “I am a
New York City boy and have had all my
education there: public grade school
in Brooklyn, Stuyvesant High School,
Brooklyn College (B.A.) and the New
School for Social Research (M.A., Ph.D.).
I was a research assistant for three years,
working with Selemon Asch and Wolf-
gang Kohler at Swarthmore College and
the Institute for Advanced Study in
Princeton. With the Ph.D. I went to
Yeshiva. At Rutgers I plan to continue
studying the processes involved in re-
call, especially as they may be involved
in thinking.”

L. PEARCE WILLIAMS, who in this
issue reviews Humphry Davy, by Sir
Harold Hartley, is professor of the his-
tory of science at Cornell University.



Our command car.

1O

This is our man in charge of
saying “No.”

No to Captains. No to Vice-
Presidents. And even noto The
Chairman of the Board.

Which is just what a good
mechanic ought to say.

He thinks nothing of keep-
ing a 7 million-dollar airplane
in the hangar because a 10¢

part needs replacing.

Or checking the burbling air
in a fan-jet 20 times—until he’s
satistied it’s burbling just right.

All of which, we’re proud to
say, has made American one of
the most dependable airlines in
the business.

We wouldn’t dare be other-
wise.

American Airlines

We built this airline with the
professional traveller in mind
—the man who rates an airline
on the service it gives, not how
glamorous it looks.

And if his plane is late on
Sunday, we know his Travel
Agent won’t be calling us for
tickets on Monday.

Or yours, either.

The airline built for professional travellers. (You’ll love it.)

20

© 1967 SCIENTIFIC AMERICAN, INC

’



SCIENTIFIC

Established 1845 AM ERIC AN October 1967

Volume 217

Number 4

Squatter Settlements

The shantytowns that have sprung up in developing areas are widely

regarded as being sinks of social disorganization. A study of such

communities in Peru shows that here, at least, the opposite is true

squatter settlements around large

cities have become a worldwide
phenomenon. In the rapidly urbanizing
but not yet industrialized countries mil-
lions of families from the impoverished
countryside and from the city slums
have invaded the outskirts of major cit-
ies and there set up enormous shan-
tytowns. These illegal usurpations of
living space have everywhere aroused
great alarm, particularly among the
more affluent city dwellers and govern-
ment authorities. Police forces have
made determined and violent efforts to
repel the invasions, but the tide has
been too much for them. The squatter
settlements give every sign of becom-
ing permanent.

The new shantytowns are without
public services, unsanitary and in many
respects almost intolerably insecure.
Most middle-class and upper-class ob-
servers are inclined to regard them as a
virulent social disease. Politicians and
the police see them as dangerous defi-
ance of law and order. Conservatives
are certain that they are seedbeds of
revolution and communism. City plan-
ners and architects view them as inef-
ficient users of urban real estate and
as sores on the landscape. Newspapers
treat them as centers of crime and de-
linquency. Social workers are appalled
by the poverty of many of the squatters,
by the high incidence of underemploy-
ment and low pay, by the lack of medi-
cal treatment and sewage facilities and

E ;ince the end of World War 1I

by William Mangin

by what they see as a lack of proper,
decent, urban, middle-class training for
the squatters’ children.

The truth is that the shantytowns are
not quite as they seem to outside ob-
servers. I first became acquainted with
some of these settlements in Peru in
1952. Conducting studies in anthropol-
ogy among villagers in the Peruvian
mountains at that time, I occasionally
visited some of their friends and rela-
tives living in squatter settlements
(they are called barriadas in Peru) on
the fringes of the city of Lima. I was
surprised to find that the squatter com-
munities and the way the people lived
differed rather widely from the outside
impression of them. Since then I have
spent 10 years in more or less continu-
ous study of the barriadas of Peru, and
it has become quite clear to me that
many of the prevalent ideas about the
squatter settlements are myths.

The common view is that the squat-
ters populating the Peruvian shanty-
towns are Indians from the rural moun-
tains who still speak only the Quech-
uan language, that they are unedu-
cated, unambitious, disorganized, an
economic drag on the nation—and also
(consistency being no requirement in
mythology) that they are a highly or-
ganized group of radicals who mean to
take over and communize Peru’s cities.
I found that in reality the people of the
barriadas around Lima do not fit this de-
scription at all.

Most of them had been city dwellers
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for some time (on the average for nine
years) before they moved out and
organized the barriadas. They speak
Spanish (although many are bilingual)
and are far removed from the rural In-
dian culture; indeed, their educational
level is higher than that of the general
population in Peru. The barriada fami-
lies are relatively stable compared with
those in the city slums or the rural prov-
inces. Delinquency and prostitution,
which are common in the city slums, are
rare in the Darriadas. The family in-
comes are low, but most of them are
substantially higher than the poorest
slum level. My studies, based on direct
observation, as well as questionnaires,
psychological tests and other measure-
ments, also indicate that the barriada
dwellers are well organized, politically
sophisticated, strongly patriotic and
Comparatively conservative in their so-
ciopolitical views. Although poor, they
do not live the life of squalor and hope-
lessness characteristic of the “culture of
poverty” depicted by Oscar Lewis; al-
though bold and defiant in their seizure
of land, they are not a revolutionary
“lumpenproletariat.”

The squatters around the cities of
Peru now number about 700,000, of
whom 450,000 live in the barriadas of
Lima itself. This is a substantial portion
of the nation’s entire population, which
totals about 12 million. Like the squat-
ter settlements in other countries, the
barriadas of Peru represent the world-
wide migration of people from the
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country to the city and a revolt of
the poor against the miserable, dis-
organized and expensive life in the city
slums. In the shantytowns they find
rent-free havens where they feel they
can call their homes and the land their
own.

The barriadas of Lima began some 20
years ago as clusters of families that
had spontaneously fled from the city
and set up communities of straw shacks
on the rocky, barren land outside. The
first, small settlements were short-lived,
as the police forcibly drove the settlers
off, sometimes with fatal beatings of
men, women and children, and burned
their shacks and household goods. Nev-
ertheless, the squatters kept returning,
as many as four times to the same place.
They soon learned that there was great-
er safety in numbers, and the invasions
of land and formation of barriadas be-
came elaborately planned, secretly or-
ganized projects involving large groups.
The enterprise generally took the
form of a quasi-military campaign. Its
leaders were usually highly intelligent,
articulate, courageous and tough, and
often a woman was named the “secre-
tary of defense” (a title borrowed from
Peruvian labor organizations and pro-
vincial clubs). For the projected barri-
ada community the leaders recruited
married couples under 30 with chil-
dren; single adults were usually exclud-
ed (and still are from most barriadas).
Lawyers or near-lawyers among the re-
cruited group searched land titles to
find a site that was owned, or at least
could be said to be owned, by some
public agency, preferably the national
government. The organizers then visit-
ed the place at night and marked out
the lots assigned to the members for
homes and locations for streets, schools,
churches, clinics and other facilities.
After all the plans had been made in
the utmost secrecy to avoid alerting the
police, the organizers appealed confi-
dentially to some prominent political or
religious figure to support the invasion
when it took place; they also alerted a
friendly newspaper, so that any violent
police reaction would be fully reported.
On the appointed day the people re-

cruited for the invasion, usually num-

HILLSIDE SHANTYTOWN in the Rimac
district of Lima is seen in the photograph on
the opposite page. Many squatter houses,
originally straw shacks, are being rebuilt in
brick and masonry whenever the earnings of
the owners permit. Visible behind an unex-
cavated pre-Columbian mound (top) is one
of the few public housing projects in Peru.

SQUATTERS BATTLE POLICE the morning after an “invasion” of unoccupied land near
the Engineering School, north of Lima’s city limits. The clash occurred in 1963; although
police managed to clear the site temporarily, the squatters soon returned to build there.

bering in the hundreds and sometimes
more than 1,000, rushed to the barriada
site in taxis, trucks, buses and even on
delivery cycles. On arriving, the fami-
lies immediately began to put up shelters
made of matting on their assigned lots.

More than 100 such invasions to set
up barriadas have taken place in the
Lima area in the past 20 years. The set-
tlers have consistently behaved in a dis-
ciplined, courageous, yet nonprovoca-
tive manner, even in the face of armed
attack by the police. In the end popular
sympathy and the fear of the political
consequences of too much police vio-
lence have compelled the government
authorities to allow the squatters to
stay. The present liberal regime of
President Belaunde tries to prevent
squatter invasions, but it does not attack
them violently when they occur.

Once a barriada has established a
foothold, it grows until it has used up its
available land. The original settlers are
joined by relatives and friends from the
provinces and the city. From the rela-
tively flat land where the first houses
are built, new shacks gradually creep
up the steep, rocky hillsides that over-
look the city.

The surface appearance of the Darri-
adas is deceptive. At first glance from a
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distance they appear to be formless col-
lections of primitive straw shacks. Actu-
ally the settlements are laid out accord-
ing to plans, often in consultation with
architectural or engineering students.
As time goes on most of the shanties
are replaced by more permanent struc-
tures. As soon as the residents can af-
ford to, they convert their original straw
shacks into houses of brick and cement.
Indeed, the history of each Darriada is
plainly written in the mosaic of its struc-
tures. The new houses clinging to the
high hillside are straw shacks; at the
foot of the hill the older ones are built
of masonry. One of the oldest barriadas,
known as San Martin, has a paved main
street, painted houses and elegant fronts
on stores, banks and movie houses.

The squatters improve their houses
as they accumulate a little extra money
from employment and find spare time.
At present the Darriada communities
are far too poor to afford the capital
costs of utilities such as water systems
and sewers. Water and fuel (mainly
kerosene) are transported in bottles or
drums by truck, bicycle or on foot. Some
houses have electricity supplied by en-
terprising individuals who have invest-
ed in generators and run lines to their
clients; a few of these entrepreneurs
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have gone so far as to acquire a televi-
sion set (on time) and charge admission
to the show. In some well-established
barriadas the electric company of Lima
has installed lines and service.

The major concern of the barriada
people, and the greatest source of anx-
iety, is the problem of finding steady
employment. The largest Dbarriadas
do provide considerable local employ-
ment, particularly in construction work.
Many families obtain some income by
operating stores, bars or shops in their

CALLAO TN

BARRIADAS of the city of Lima and its outskirts (color) shelter
some 450,000 squatters who began to establish rent-free communi-
ties in 1945 on unoccupied hillsides north and south of the Rimac
River. Now major barriadas also occupy both sides of the river
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homes; in the barriada 1 have studied
most closely about a third of the house-
holds offer some kind of goods for sale.
By and large, however, the people of
the squatter settlements around Lima
depend mainly on employment in the
city. Most of the men and many of the
women commute to jobs in Lima, work-
ing in personal services, factories, stores,
offices and even in professional occupa-
tions. One barriada men’s club includes
among its members a physician, a bank
branch manager, a police lieutenant,

four lawyers, several businessmen and
two Peace Corps volunteers.

The families that colonize a barriada
are regarded as “owners” of their lots.
As time goes on, many rent, trade or sell
their lots and houses to others, using
beautifully made titles with seals, law-
yers’ signatures and elaborate property
descriptions—but in most cases with no
legal standing. (Actually it appears that
in Peru even private property is usually
clouded by at least two titles, and much
of the land is in litigation.) In the Darri-

COMAS
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downstream toward the port of Callao ; a 20-kilometer stretch of the
Pampa de Comas, including some agricultural land, along the road
north to Canta, and hillsides bordering the road south to Atocongo,
adjacent to the richest residential district in the Peruvian capital.



adas, as elsewhere in the nation, dis-
putes over lot “ownership” arise; the
claimants appeal variously to the associ-
ation that runs the barriada or to the
National Housing Authority, the Lima
city government, the police or the
courts. The decisions of these agencies
generally have only a provisional char-
acter. A law adopted by the Peruvian
national legislature in 1957 authorized
the granting of land titles to Dbarriada
dwellers, but for several years it was
ignored. In 1962 a group of engineers
and architects in the National Housing
Authority, taking advantage of the pre-
occupation of the military junta with
other matters, passed out land titles to a
few hundred families in two of the old-
est barriadas. Even these titles, how-
ever, were marked “Provisional.”

]‘n most matters of public concern the
- barriadas are governed by their own
membership associations. They hold
elections about once a year—a rarity in
Peru, where, except in the barriadas, no
democratic elections of local officials
had been held for more than 60 years
before the present national government
took office. The barriada associations
levy taxes (in the form of “dues”) on
the residents, and they usually manage
to collect them from most members.
They also screen new applicants, re-
solve land disputes, try to prevent land
speculation and organize cooperative
projects. For official papers, such as vot-  SQUATTER ENTREPRENEURS, residents of a Rimac barriada, run a sidewalk cobbler’s
ing registration and certificates of mar-  shop complete with foot-powered stitching machines at the edge of the wholesale market.
riage, birth and death, the barriada
people must resort to the city hall, and
their reception by the town clerks is of-
ten so uncordial and whimsical that the
quest for an essential document may be
a heroic ordeal. (I have seen barriada
birth certificates stamped “Provisional”!)
Lacking authoritative police forces of
their own, the barriada residents usually
take their complaints of crimes and mis-
demeanors to the city police, but the lat-
ter seldom do anything more than regis-
ter the ccmplaint. For schooling of the
children the barriadas depend mainly on
the city’s public and church schools. A
few have elementary schools of their
own, but generally students must com-
mute to the city in the elementary
grades as well as to high school and the
university. The barriada people also have
close connections with the city through
their jobs, unions, social clubs, churches
and services such as medical care, social
security and unemployment insurance.
Many of the barriada associations
have established working relations with

AGED BUS is one of the many vehicles, some communally owned, that connect the out-
city and national agencies and even lying barriadas with downtown Lima. Many squatters commute to steady jobs in the city.
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with international organizations such as
the Peace Corps and the United Na-
tions. Of the various agencies in a posi-
tion to assist the barriadas perhaps the
most important is Peru’s National Hous-
ing Authority, known as the JNV. The
JNV has been beset by power struggles
between the national office and local

citv officials and by other confusions, so
that its accomplishments are uneven. In
some Darriadas representatives of the
JNV are cheered; in others they are
stoned. (In one settlement the agency
erected an impressive sign announcing
that it was installing a water and
sewage-disposal system; after six months

had passed with no visible evidence of a
start on the project, the residents began
to pile fecal matter under the sign,
whereupon JNV removed the sign.) Re-
cently, however, the housing agency
gave Lima officials authority to adopt
and proceed with specific plans, and
there is now considerable activity.

WAITING FOR INVASION, a squatter advance party at dawn
inspects the previous night’s work of blocking out the town plan

for a new barriada. The rest of the invading squatters, as many
as 1,000 in number, will soon arrive in trucks, buses and taxis.

MAT-SHED SETTLEMENT springs up within a few hours after an
invasion and a new barriada is established. This squatter settle-
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ment on the Pampa de Comas is an unusual intrusion on culti-
vated land ; the majority of invasions occupy idle or desert areas.



The barriada governments have not
lacked the usual trouble of municipal
administrations, including charges of
corruption and factional splits. More-
over, their prestige and authority have
declined as the need for community
cohesion and defense against attack
from outside has been reduced. There
is a compensating trend, however,
toward replacement of the original asso-
ciations by full-fledged, official town
governments. The two largest barriadas
in the Lima area, San Martin and Pam-
pa de Comas, now have elected mayors
and town councils.

/hat, if anything, can be learned
from the squatter settlements that

will be of value in resolving the mon-
umental problems of today’s cities and
their desperate people? I should like to
present some conclusions from our own
10-year studies. They were carried out
on a grant from the U.S. National In-
stitute of Mental Health in cooperation
with the Institute of Ethnology of the
University of San Marcos and the De-
partment of Mental Hygiene of the
Ministry of Public Health in Peru, and
with the assistance of a group of psy-
chiatrists, anthropologists and social
workers. We concentrated on an inten-

sive study of a particular barriada,
which T shall call Benavides. It consists DIGGING A SEWER is typical of squatters’ communal ventures in self-improvement.
The large brick structure beyond is another communal project, a partly finished church.

of some 600 families. Over the 10-year
period I have spent considerable time
living in the community (in a rented
room), interviewing a large sample of
the population and examining their at-
titudes and feelings as indicated by
various questionnaires and inventories,
including the Rorschach and thematic
apperception tests.

I am bound to say that I have been
profoundly impressed by the construc-
tive spirit and achievements of the bar-
riada people. They have shown a really
remarkable capacity for initiative, self-
help and community organization. Visi-
tors to the barriadas, many of them
trained observers, remark on the ac-
complishments of the residents in home
and community construction, on the
small businesses they have created, on
the degree of community organization,
on how much the people have achieved
without government help and on their
friendliness. Most of the residents are
neither resentful nor alienated; they
are understandably cynical yet hopeful.
They describe themselves as “humble
people,” abandoned by society but not
without faith that “they” (the powers
that be) will l’eSpond to PeOPle’S needs YEARLY ELECTIONS are a feature of barriada life scarcely known to other citizens of
for help to create a life of dignity for Peru. Until the Belaunde regime took office in 1963, democratic local elections were rare.
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SWIFTNESS of a squatter invasion is exemplified by the settled appearance of this quiet
lane in a new barriada outside Lima. None of these buildings had existed 24 hours earlier.
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STREET DOOR of a mat-shed shelter consists of wooden frame and cloth drop that carries
the house number. The resident wears conventional city dress. Many in the barriadas come
to Lima from the country, but most are townfolk fleeing slum rents and slum conditions.
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themselves. Recognizing fully that they
are living in “infrahuman conditions,”
the barriada dwellers yearn for some-
thing better. Given any recognition or
encouragement by the government,
such as the paving of a street or even
the collection of taxes from them, the
people respond with a burst of activity
in improvement of their homes.

This is not to say that either their
spirit or their behavior is in any sense
idyllic. There are tensions within the
barriada and people take economic ad-
vantage of one another. They are vic-
tims of the same racial prejudice and
class inequality that characterize Pe-
ruvian society in general. As in the
world outside, the barriada people
identify themselves as city people,
country people, coastal people, moun-
taineers, Indians, Cholos, mestizos, Ne-
groes—and cliques arise. With the pas-
sage of time and weakening of the initial
esprit de corps, bickering within the
community becomes more and more
common. Charlatans and incompetents
sometimes take over leadership of the
barriada. Moreover, because of the
poverty of their resources for financing
major projects in community services,
the people have a low estimate of their
own capabilities and continually look to
the government or other outside agen-
cies for solutions to their problems.

Nevertheless, to an outside observer
what is most striking is the remark-
able progress the barriada people have
made on their own. They have exhibit-
ed a degree of popular initiative that is
seldom possible in the tightly controlled
community-action programs in the U.S.
The barriadas of Peru now represent a
multimillion-dollar investment in house
construction, local small businesses and
public services, not to speak of the so-
cial and political investment in com-
munity organization. Such achievements
hold lessons from which more advanced
countries may well profit.

Particularly in house construction and
land development the barriada people
have done better than the government,
and at much less cost. The failures
of governments and private developers
everywhere to provide low-cost housing
for the poor are notorious. Administra-
tive costs, bureaucratic restrictions and
the high cost of materials and construc-
tion when government agencies do the
contracting generally put the housing
rentals beyond the reach of the lowest-
income group. Equally disappointing
are the failures in the design of this
official public housing, which usually
disregards the desires and style of life



of the people for whom it is intended.

In the Peruvian barriadas, by avoid-
ing government control and the re-
quirements of lending institutions, the
people have built houses to their own
desires and on the basis of first things
first. Because they needed shelter im-
mediately, they built walls and a roof
and left bathrooms and electricity to be
added later. They want flat roofs and
strong foundations so that they can add
a second story. They want a yard for
raising chickens and guinea pigs, and a
front room that can serve as a store or a
barroom. They have dispensed with the
restrictive residential zoning and con-
struction details that middle-class plan-
ners and architects consider essential
for proper housing.

Like most rural people in Peru, the
barriada settlers are suspicious of large-
scale projects and wary of entering into
loan or mortgage arrangements. In-
deed, throughout South America there
is a general dissatisfaction with large
housing projects. Costly mistakes have
been made in the construction of “satel-
lite cities” and “superblocks.” This has
led the national governments and other
interested agencies to give more atten-
tion to the possibilities in rehabilitating
existing housing. In Peru the govern-
ment is now initiating experiments in
offering low-cost loans through credit
cooperatives, providing optional techni-
cal assistance and other services and
letting the prospective housebuilder do
his own contracting. As John Turner, an
architect with many years’ experience
in Peru, has pointed out, if people are
sold land and allowed to do their own
contracting and building with optional
help, the costs go down for both the cli-
ents and the government.

Our studies of the barriadas of Peru
show, in brief, that these settle-
ments contain many constructive ele-
ments whose significance should not be
ignored. The people believe that their
present situation is far preferable to
what they had in the provinces or the
central city slums and that they have an
investment in their future and that of
their children. What we have learned in
Peru is supported by investigations of
squatter settlements around the world.
The squatters have produced their
own answer to the difficult problems of
housing and community organization
that governments have been unable to
solve. In Peru we may have a chance to
study what can happen when a govern-
ment works with popular initiative rath-
er than fighting it.

TRANSFORMED BARRIADA was one of the first in Lima. Today most buildings are brick

or stone and many have a second story. Although unsurfaced, its avenue is illuminated.

o PP R

PROSPEROUS ENTERPRISE, the Restaurant Central, is located in the Pampa de Comas.
In 1956 it was a one-story bar in a newly built barriada that had no electric power. Now
there are streetlights and the restaurant has a second story, a coat of plaster and television.
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LIQUID NATURAL GAS

Natural gas is now the fuel most commonly used in the U.S., but under

certain circumstances it 1s uneconomical to transport and store. This

drawback 1s being overcome by transporting and storing 1t as a liquid

_\ atural gas has many virtues as a

fuel, including the cleanness with

which it burns, the reasonable-
ness of its price and the ease with which
it can be distributed to consumers who
can be reached by pipeline. These at-
tributes have made natural gas the most
widely used fuel in the U.S., supplying
more energy than either coal or oil. Natu-
ral gas nonetheless has a severe draw-
back: it has large volume per unit of
heating value. Until recent years this
made the fuel uneconomical to transport
to some areas (for example Europe) and
difficult to store at the point of use. This
drawback can be overcome by liquefac-
tion. If natural gas is brought to a tem-
perature of —259 degrees Fahrenheit, it
becomes a liquid with only 1/600th the
volume of the gas, and both storage and
transport to areas not accessible by pipe-
line become economically feasible. In re-
cent years the manufacture, transporta-
tion and regasification of liquid natural
gas have been undertaken by a growing
industry. The increasing use of the liquid
gas promises to alter the world’s fuel
economy significantly.

Liquid natural gas, usually called
LNG in the industry, consists mainly of
methane; it may also contain traces of
ethane and propane. It is clear and color-
less; in most ways, except for its low
boiling point, it is an ordinary liquid.
Other liquids with low boiling points—
oxygen, nitrogen, helium and hydrogen—
have been articles of commerce for as
long as 50 years. They are sold in small
amounts, however, and can be delivered
to consumers by tank truck. The indus-
try making and delivering liquid natural
gas is a giant by contrast; it manufac-
tures its product in plants that dwarf
those making other very cold liquids, and
its means of transport include ocean-
going tankers.
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by Noel de Nevers

Although the Chinese used natural
gas as a fuel centuries ago and it was
used in the U.S. as early as the 18207, it
was not available in large quantities un-
til the petroleum industry began to grow
rapidly about 1890. In most oil fields it is
impossible to produce oil without ob-
taining natural gas as a by-product; the
gas is in the same reservoir as the oil and
is normally dissolved in it at the high
pressures deep underground. When the
reservoir is tapped, the gas comes out
with the oil.

Natural gas can be economically dis-
tributed over short distances by low-
pressure pipelines, and it is so distrib-
uted within most American cities. Over
long distances the large-scale transporta-
tion of natural gas by pipeline must be
accomplished at high pressure to be eco-
nomical, since pressure increases the
density of the gas and so reduces the size
of the pipe needed to transport a given
amount. High-pressure pipelines did not
exist when the large oil fields of the
Gulf Coast and the Southwest were dis-
covered; as a result the fields produced
an abundance of natural gas for which
there was little use, although a huge po-
tential market existed in the East if a
way could be found to get the gas there.
In the circumstances the gas was often
just thrown away (by being vented to
the air or burned), a practice still en-
countered in some oil-producing coun-
tries that have no markets for natural
gas. The gas was virtually given away to
the few industries that could be set up
near the oil fields to use it. Such indus-
tries included plants that burned natural
gas to produce carbon black, an alu-
minum-reduction plant based on elec-
tric power generated by gas-burning en-
gines, and a plant that made gasoline
from natural gas but failed because the
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process became uneconomical as the
price of natural gas rose.

The situation changed late in the
1930’s when techniques were developed
for welding pipelines that could carry
natural gas at high pressure. Welded
high-pressure pipelines, made in sizes up
to about 36 inches in diameter and op-
erating at pressures of from 30 to 100
atmospheres, can transport large quanti-
ties of natural gas for long distances at a
reasonable cost. A 36-inch line can usual-
ly supply the entire gas needs of a city
with a population of two or three million.
The development of high-pressure pipe-
lines brought natural gas to the east-
ern U.S.

In the course of exploration for oil
many fields that contained only natural
gas were found on the Gulf Coast and in
the Southwest. Until the early 1930’s
they were considered practically worth-
less. After the high-pressure gas lines
were developed, however, the fields be-
came the principal source of the gas sent
to the eastern U.S. The gas fields have
the virtue of supplying gas as it is
needed; since gas from oil fields is a
by-product, its rate of production is tied
to the rate at which oil is produced.

the advent of pipelined natural gas

for heating in the eastern U.S. gave
rise to what is known in the gas industry
as the peak-demand problem. The use of
gas as industrial fuel is fairly steady all
year, but the demand for it in domestic
heating is small in summer, larger in
winter and very large for from 10 to 20
peak-heating days in the coldest part of
the winter. A gas company must obvi-
ously be prepared to supply the demand
on the peak-heating days.

Before natural gas was available the
gas companies produced gas from coal
or oil and distributed it for use in cook-



LIQUID NATURAL GAS PLANT near Birmingham, Ala., is oper- age tank (right), surrounded by a circular dike to hold the liquid
ated by Air Products & Chemicals Inc. for the Alabama Gas Corpo- gas in the unlikely event that the tank should rupture, and three

ration to deal with peak demands for natural gas. Main features are vaporizers near the bend in the road at left center. The vapor-
the liquefaction apparatus, in and near the tower at left; the stor- izers heat the liquid for distribution in gaseous form as fuel.
A > '

LIQUEFACTION AREA of the Birmingham plant includes the propane, ethylene and methane refrigerants, which have progres-

“cold box,” which is the tall structure at center; liquefaction of sively lower boiling points and are used stepwise. Column at right
natural gas takes place there. At left is a unit that compresses the removes carbon dioxide, which would freeze and plug the liquefier.
31
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SUMMER  HIGH-PRESSURE GAS LINE WINTER HIGH-PRESSURE GAS LINE
FROM FIELD — TO CITY FROM FIELD > TO CITY
) | ~
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LIQUEFACTION PLANT LNG STORAGE _J l LNG STORAGE VAPORIZER
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SEQUENCE OF OPERATIONS by which natural gas is liquefied,
stored and regasified for use in a city on days of peak demand is de-
picted schematically. During the warmer months of the year some
natural gas is withdrawn from the high-pressure pipeline serving

the city. The gas is liquefied and stored. In cold months the lique-
faction plant stands idle; liquid is withdrawn from storage as
needed and put through a vaporizing process that returns it to the
gaseous state; the gas goes into the pipeline for delivery to the city.
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LIQUEFACTION of natural gas (light color) is most economically
done by the “cascade” process, shown here schematically. Gas at
high pressure is cooled in turn by two or more boiling liquids with
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successively lower boiling points; in this case the coolant liquids
are ammonia and ethylene. The natural gas is then reduced to a low
pressure, at which much of the gas becomes a liquid (dark color).

PRESSURE AND
TEMPERATURE GAUGES

— e ——
-5 HIGH-PRESSURE GAS LINE S
FROM FIELD [ TO CITY

VENT
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LNG STORAGE

HEAT SOURCE

VAPORIZER

ODORIZER

REGASIFICATION involves heating liquid natural gas (LNG),
which is at a temperature of —259 degrees Fahrenheit, so that it
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vaporizes and is raised to a safe temperature of 40 degrees F. The
odorless gas is then given an odor so that leaks can be detected.
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ing and lighting. It cost too much to be
used for heating homes, and so the com-
panies did not face the large peak de-
mands of winter. Their problem was a
daily variation in demand, which was
high at dinnertime and in the early eve-
ning and low at other times. The com-
panies solved the problem by building
large gasholders (“gas tanks”), which
stored the gas produced in off-hours for
use during peak hours. The cylindrical
gasholder, which was a common sight in
industrial areas of cities, accommodated
the daily variation in gas consumption
by storage at low pressure. To store gas
for the seasonal peak demand on cold
days would have required enormous gas-
holders, which would have been not only
prohibitively expensive but also depress-
ingly ugly.

One solution to the peak-heating prob-
lem would be to make the long-distance
gas lines large enough to supply the
peak load. The peak load may be twice
the average load, however, so that the
lines would be operating at an uneco-
nomical half of capacity most of the
time. A second solution is for the gas
company to agree with some big indus-
trial customers that in return for a lower
gas price they will allow their gas to be
shut off on the coldest days of winter.
Such “interruptable service” agreements
are widely used by gas companies. The
arrangement reduces the size of the win-
ter peak-demand problem but does not
eliminate it.

A third approach is to store surplus
gas underground. Near Chicago and in
northern California there are some po-
rous geologic formations that have been
used to store extra gas brought in by
long-distance pipeline in the summer
and to return the gas on the peak-heat-
ing days in winter. Unfortunately there
do not seem to be suitable geologic for-
mations in many areas of the U.S., nota-
bly the Northeast.

A fourth approach is to manufacture
the peak-heating gas from some storable
fuel such as oil or coal. Some companies
do so, but the technique appears to be
more expensive than the fifth and most
interesting approach, which is to store
the extra gas for the winter as a liquid.
Since liquefaction reduces the volume of
the fuel six-hundredfold, quantities that
would require vast storage tanks for the
gas require much smaller containers for
the liquid.

The gas is liquefied by cooling it to
the required temperature of —259 de-
grees F. Although the refrigeration in-
volves no principles basically different
from those used in household refrigera-

tors, it calls for several modifications to
make it efficient. The main difference
between the natural-gas liquefier and a
household refrigerator is the wide range
of temperatures involved. An ordinary
refrigerator cools its interior to about 0
degrees F. at the lowest and dissipates
its heat at a temperature of about 100
degrees. The range of roughly 100 de-
grees is the maximum efficient tempera-
ture spread for such a refrigerator. For
a refrigerator liquefying natural gas, if
heat is dissipated at 100 degrees, the
spread is 359 degrees, so that no sim-
ple one-stage refrigerator will be practi-
cal. Of the numerous schemes that have
been proposed, the most practical seems
to be the “cascade,” which can be re-
garded as a stepwise pumping of heat
from a low temperature to the dissipa-
tion temperature using a series of dif-
ferent refrigerants with progressively
lower boiling points [see middle illustra-
tion on opposite page].

To use liquefaction for peak-heating
supply the gas company would withdraw
surplus gas from the long-distance pipe-
line for about eight months of the year,
liquefy it in the refrigeration plant and
store it. During the four cold months
of winter the liquefaction plant would
stand idle; liquid natural gas would be
withdrawn from the tank, vaporized and
sent to customers as needed.

The use of liquid natural gas to meet

ING IN ——

GAS INJECTION

peak demands was first tried on a com-
mercial scale by the East Ohio Gas Com-
pany in Cleveland. The firm built a plant
in 1940 and 1941 and used it success-
fully for several years. On October 20,
1944, however, one of the storage tanks
ruptured, spilling about a million gallons
of liquid gas that vaporized and ignited.
The fire sent flames 2,800 feet in the air,
killed 128 people and caused property
damage of about $7 million.

The exact origin of the tank failure
has never been determined. The most
probable cause was the use as tank ma-
terial of a steel alloyed with 3.5 percent
nickel. Such an alloy becomes brittle at
the temperature of liquid natural gas.
Although the fact that the steel would
become brittle was known in advance,
the cost of materials that do not become
brittle at such temperatures was too
high. Moreover, the design of the tank
was thought to be safe. Brittleness alone
will not cause a tank to fail; some ex-
ternal shock is needed to make the tank
rupture. The source of the external shock
received by the Cleveland tank has never
been conclusively identified.

The explosion at Cleveland set liquid
natural gas back many years. In retro-
spect it is clear that the safety precau-
tions taken with the Cleveland storage
tanks were inadequate. For large gaso-
line-storage tanks it is normal practice to
surround the tank with a dike of earth

> LNG OUT
» GAS RELEASE

CAVERN STORAGE of liquid natural gas was worked out experimentally by a French firm
receiving liquid natural gas from Algeria. Shaft at left is used to excavate the storage
cavern, which is in an impermeable stratum about 150 feet below the lowest water-bearing
stratum (dark gray). Shaft at right is used for storing and withdrawing liquid natural gas.
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UNDERGROUND TANK of prestressed concrete was built by a
group of firms to test a method for large-scale storage of liquid
natural gas. The heating coils at bottom were needed to keep the

or concrete, so that if the tank ruptures,
the fluid and the almost inevitable fire
will be contained in a small area. No
dikes were built around the tanks at
Cleveland, because it was believed that
the liquid gas would instantly vaporize
if it spilled on the warm ground and so
would not spread by liquid flow. Evi-
dence found after the fire indicated that
the liquid did flow down gutters and
sewers. Therefore the fire was far more
destructive than it would have been if
dikes had been built.

\s the commerce in interstate ship-
“* ment of natural gas by pipelines in-
creased, the need for a good solution to
the peak-demand problem was also in-
tensified. It was clear to engineers that
the idea of storing liquid natural gas
would be the most economical solution
if the cost of storage could be reduced.
Storage in low-alloy steel tanks like the
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one in Cleveland would have kept the
cost low enough, but after the Cleve-
land fire that type of tank material was
unacceptable. Stainless steel, copper and
aluminum were acceptable but too ex-
pensive.

Three alternative ways of achieving
lower storage costs have now been de-
veloped. The first is the straightforward
metallurgical approach of designing bet-
ter aluminum tanks or tanks with low-
alloy steels (containing about 9 percent
nickel) that are satisfactory for low
temperatures. The second is the use of
prestressed concrete tanks, which have
satisfactory low-temperature strength
and toughness. The third is the imagina-
tive idea of storing liquid gas in a hole
in the ground.

When an ordinary liquid is dumped
into a pit, it leaks away through the
porous ground or is contaminated by
groundwater leaking in. When liquid
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ground under the tank from freezing and heaving because of the
cold liquid natural gas; heaving could crack the tank. Other ele-
ments are mainly concerned with insulating the liquid natural gas.

natural gas at —259 degrees I. is put in
a pit, it freezes the water in the sur-
rounding ground, thereby making a
leakproof container for itself. Extensive
tests have shown that this is a practical
approach to the storage of liquid natural
gas. Such a storage system was 1'ecent1y
built in Carlstadt, N.J., by the Trans-

continental Gas Pipe Line Corporation.

r)rhe cost of storing liquid natural gas

has been lowered appreciably by
each of the three new approaches. As a
result the idea of storing gas in liquid
form appears to be the most economical
solution to the peak-demand problem.
Several companies in various parts of the
U.S. have now built or are planning
plants for liquefying, storing and regasi-
fying natural gas to cope with peak de-
mands.

The high-pressure welded pipeline
solved the problem of what to do with



surplus gas from the U.S. Southwest,
but the problem remains for such gas-
producing areas as Venezuela, Alaska,
North Africa and the Persian Gulf. Those
areas have large surpluses of natural gas
and no markets accessible by pipeline.
In 1952 the Bechtel Corporation, an en-
gineering firm based in San Francisco,
showed that a gas pipeline from the
Persian Gulf to Paris was economically
promising. It would be 1,800 miles long
and would cost about $425 million. As-
suming a reasonable purchase price for
the gas that was being thrown away
in the Persian Gulf, the line could de-
liver gas to Paris at a price about half
that of coal having equal heating value.
The line presented no technical or eco-
nomic difficulties, but it required bind-
ing contracts with a number of govern-
ments. The project was shelved as being
too risky politically. A pipeline from
Alaska to the western U.S. has no such
drawback but is technically difficult be-
cause of the great distance and moun-
tainous terrain.

One solution to the gas-surplus prob-
lem in such areas is to liquefy the surplus
natural gas, ship it by tanker to a con-
sumer area and vaporize it there for de-
livery to consumers. The system differs
from the peak-heating use of liquid gas,
which supplies a seasonal demand, in
that the liquid transported by tanker
supplies the year-round gas demand of
the consumer area. The technology of
this type of shipment closely resembles
that of the peak-demand operation; both
have the same types of liquefaction
plants, storage tanks and regasification
apparatus.

At the consumer area the liquid gas
must be vaporized for distribution. This
gives liquid natural gas an enormous po-
tential for refrigeration. The cold liquid
gas can be used for refrigeration in the
course of being evaporated to a gas at
—259 degrees F. and then warmed as a
gas to 40 degrees F. before going into
the distribution system. If all the natural
gas used by a typical American city were
delivered in liquid form, the refriger-
ation potential would be roughly equal
to one household refrigerator per family.
The possibility of combining the trans-
port of liquid natural gas with refrigera-
tion led the Union Stock Yard and Tran-
sit Company of Chicago to consider
shipping natural gas in liquid form by
barges from the Gulf Coast to Chicago
and using the gas to freeze meat at the
Chicago stockyards. For this venture
Union Stock Yard joined with the Con-
tinental Oil Company in a new company
called Constock.

Although Constock worked out the
technical details of the scheme success-
fully, its economics were not significantly
better than the economics of long-dis-
tance transport of gas by high-pressure
pipeline. It therefore did not appear
commercially promising for use between
the Gulf Coast and Chicago. In develop-
ing the concept, however, Constock had
to work out the details of building
barges for transporting liquid natural
gas, a much colder substance than had
ever been transported by water in any
significant quantity.

The technology mainly involves in-
sulation and structures. The cold tank
must be insulated well enough so that
the leakage of heat into it from the sur-
roundings will not cause too large a frac-

PRESTRESSED CONCRETE WALL
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tion of the liquid gas to vaporize in tran-
sit. The insulation is achieved in land
installations by using an inner and an
outer tank with a thick layer of insula-
tion between them [see upper illustra-
tion on next page].

For a barge or tanker a thick layer of
insulation is impractical because a large
space between the inner and the outer
tank would severely limit the amount of
cargo space in a vessel of reasonable
size. Moreover, a tank on dry land car-
ries a load acted on only by gravity;
the inner tank need only be supported
from below. A barge or tanker, how-
ever, will roll and pitch, so that the inner
tanks must be braced against lateral
movement. The metal braces that would
be used to support an ordinary cargo are
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FROZEN STORAGE involves little more than a large hole in the ground. Cold liquid natu-
ral gas freezes the water in the adjacent soil, making the soil an impermeable wall. Such a stor-
age tank has been built in New Jersey by the Transcontinental Gas Pipe Line Corporation.
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unacceptable for use with liquid natural
gas because they would conduct too
much heat from the warm outer tank to
the cold inner tank. Constock’s solution
to the problem was an aluminum inner
tank separated from the hull of the
tanker by balsa wood. The balsa wood is

stiff enough to provide structural sup-
port for the inner tank and a sufficiently
good insulator to prevent excessive heat
leakage.

Having developed this technology,
Constock applied it to the transport of
liquid natural gas overseas. Such trans-

NICKEL-STEEL _ bz
INNER SHELL

ABOVEGROUND STORAGE of liquid natural gas usually requires a double-walled tank.
The inner wall is made of aluminum or of steel alloyed with 9 percent nickel; the outer
wall is steel. Between them is a loose insulation such as fiber glass. The insulation below the
tank must be of a firm material, such as cork, in order to carry the weight of the tank.

~ TANK TRUNK
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BALSA-WOOD | F T

INSULATION |

[ INNER HULL

ALDMINUM_
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BALLAST
TANK

DOUBLE
BOTTOM

OCEAN TRANSPORT of liquid natural gas is carried out in tankers holding several tanks
constructed according to the principles shown here. Balsa wood proved to be the best ma-
terial for providing both insulation and support for the tank against pitching and rolling.
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port did not face competition from pipe-
lines. The success of an experimental
tanker that delivered liquid gas from
Louisiana to England resulted in the
formation of a new company named
Conch International Methane Ltd.,
which has entered a joint venture with
the governments of Great Britain, France
and Algeria to liquefy natural gas in Al-
geria and transport it to France and En-
gland. The surplus natural gas of Algeria
is liquefied at Arzew in one of the largest
refrigeration plants in the world and
shipped by tanker to Canvey (near Lon-
don) and to Le Havre for storage, va-
porization and distribution into the gas
systems of England and France respec-
tively.

One aspect of the Canvey operation

illustrates a problem that has not
been satisfactorily solved, namely that
none of the applications of liquid natu-
ral gas has included an economically
feasible plan for regaining at least some
of the energy expended to compress and
refrigerate the gas. The Canvey installa-
tion was designed to use the low tem-
perature of the liquid gas to generate
electric power by a novel application of
the theory of heat engines, but so far the
economics of the scheme have not been
attractive enough to bring it into use.
The plan nonetheless indicates the pos-
sibilities.

A heat engine fundamentally extracts
mechanical work from the difference in
temperature between two heat sources
or sinks. A typical example is a plant
producing electric power by steam. In
such an application the high-tempera-
ture heat source is the hot gas produced
by burning a fuel. The heat boils water
at high pressure to produce steam; the
steam runs a turbine that generates pow-
er. At that point the steam, now at low
pressure, goes to a condenser, where a
low-temperature heat sink (usually water
from a river or lake) converts the steam
back into water, which is returned to the
boiler to begin another cycle.

In the Canvey scheme water from the
Thames would be the high-temperature
heat source. It would boil propane, and
the propane vapor would drive a turbine.
The low-pressure propane would then
be condensed by cold liquid natural gas
and returned to the boiler. The cycle
would produce power and also supply
the heat needed to vaporize the liquid
gas. Because the scheme has not proved
economically attractive, however, the
vaporization is accomplished by circu-
lating water around coils containing liq-
uid natural gas, and the refrigeration



STORAGE FACILITY at the liquid natural gas plant of the Ten-
nessee Gas Pipeline Company in Hopkinton, Mass., involved ex-
cavating two cylindrical pits, each 172 feet deep and 135 feet wide.

The pits were cut into granite at the bottom, lined with concrete at
the top and roofed over; they then became storage reservoirs for
liquid natural gas. Combined capacity of pits is 40 million gallons.

FINISHED TANKS at the Hopkinton plant looked like this when
double-walled steel roofs were built over the pits shown in the pho-

potential of the liquid gas does nothing
more than cool the water.

Apart from the power plan the ship-
ment of liquid natural gas from Algeria
to England and France has been a tech-
nical and economic success. As a result
several similar schemes are under in-
vestigation or development. They in-
clude the shipment of liquid gas from
Alaska to Japan and frcm Venezuela and
Saudi Arabia to Europe, as well as a
plant (three times the size of the one at
Arzew) being built in Libya to supply
Italy and Spain. For Japan and Spain,
which have no substantial supply of nat-
ural gas, the availability of liquid natu-
ral gas could give rise to economic effects

as far-reaching as those resulting from
the introduction of cheap natural gas in
the northeastern U.S. Northern Europe
may obtain its cheap natural gas from
the natural-gas fields recently discovered
in the Netherlands and in France rather
than from liquid gas.

Beyond the domestic and industrial
uses of liquid natural gas in stoves and
furnaces lies the possibility of employing
it as a fuel for supersonic jet aircraft.
The National Aeronautics and Space Ad-
ministration has been looking into this
possibility for a number of years. Re-
cently some 80 representatives of the
aviation, cryogenics and gas industries
met at the Institute of Gas Technology
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tograph at the top of this page. The plant can liquefy as much as 12.5
million cubic feet of natural gas a day for storage in the two tanks.

in Chicago to discuss the prospects; they
agreed that, although the technology of
delivering liquid natural gas to aircraft
and vaporizing it in flight has yet to be
fully worked out, liquid gas offered two
important advantages over the fuels of
the kerosene type now used by jet air-
craft. First, it has 13 percent more heat-
ing value per pound, which makes a
significant difference in payload. Second,
its refrigeration potential can be used to
cool turbine blades, allowing a higher
flame temperature and increased engine
efficiency. These two advantages could
lead to a reduction of up to 30 percent
in the cost of operating a supersonic
transport.
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THE STREAMER CHAMBER

A new kind of particle detector is 1n use at the two-mile Stanford

linear accelerator. In 1t the path of a particle is traced by small

sparklike “streamers” In a gas between high—voltage electrodes

r I Yhe effort of physicists to resolve
matter into its ultimate constitu-
ents and analyze the nature of

the elementary particles depends on two

related tools, both equally important.

On one hand there are the particle ac-

celerators, which are probing matter

with ever increasing vigor and produc-
ing more and more complex events.

Coupled to this family of tools is a com-

plementary and indispensable partner:

the particle detectors, which are essen-
tial not only for identifying the particles
but also for studying their interactions.

Both instruments have advanced to-

gether. As new accelerators of higher

energy and intensity have been built,
they have been matched by new detec-
tors endowed with an improved capaci-
ty for picturing events in the subatomic
realm. The detectors have been so cen-
tral in atomic studies that one can evoke
a nostalgic review of the history of par-
ticle physics by listing the particle de-
tectors: the cloud chamber, the Geiger
counter, the nuclear photographic emul-
sion, the scintillation counter, the bubble
chamber, the spark chamber. Now a new

STREAMER-CHAMBER PICTURE resem-
bles one made in a cloud chamber or a
bubble chamber. Each of the tiny dots that
trace the paths of the particles in the pic-
ture is a streamer seen from the end. The
direction of the beam from the accelerator
is from the top of the page. The paths of the
particles are curved by a magnetic field, the
lines of force in which are perpendicular to
the page. The four long curved tracks from
top to bottom are “background.” The burst
of particles at bottom is the event of interest.
Among the interaction products is a neutral
lambda particle, which decays into two op-
positely charged particles after traveling a
short distance from the main interaction.

by David Yount

and very promising particle detector has
been added to the family: the streamer
chamber.

Before describing this new device it
will be well to review the principles un-
derlying the detection of the invisible
elementary particles. The first step is to
intercept the particles in some kind of
matter—a gas, a liquid or a solid. When
an energetic charged particle passes
through matter, its collisions with atoms
in its path ionize the atoms, thus leaving
a residue of free electrons and positive
ions. In the “counter” types of detector
this “signal” is amplified and converted
into an electric pulse that can indicate
not only the presence of the particle but
also its direction, its momentum (mass
times velocity) and even its identity.
Modern counters can record such events
(that is, the arrival of single particles) at
rates of up to 10 million or more per
second.

In order to study the nature of the
particles, one wants a great deal more
information, particularly concerning
their interactions in collisions and the
possible disintegration or transformation
of the colliding particles into new spe-
cies. Such information is supplied by de-
tectors of the “track” type, which show
the actual track of the incoming particle
and the birth and career of each newly
created particle.

he first detector of this kind was the

- cloud chamber, invented by C. T. R.
Wilson in 1911. The key to devising
a track detector lies in finding a way
to amplify the particle’s ionization trail
and make it visible. Amplification is es-
sential because the number of ionizing
collisions is relatively small (for exam-
ple, a particle passing through hydro-
gen gas typically produces only about
10 ions per centimeter along its path)
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and the ions themselves, of course, are
submicroscopic. Wilson amplified the
trail to visibility by causing droplets of
water to condense on the positively
charged ions. The chamber is filled with
a vapor and can be equipped with a
Geiger counter that triggers an abrupt
expansion and cooling of the chamber
when a particle traverses it; the super-
saturated vapor then condenses on the
ions marking the track. A camera acti-
vated by the triggering mechanism
photographs the track.

The triggering feature of the cloud
chamber is one of its most valuable at-
tributes. The drive system can be set to
expand the chamber and to make a pic-
ture only when an interesting event oc-
curs, which greatly simplifies the prob-
lem of scanning photographs to find
significant events. In this respect the
cloud chamber has a considerable ad-
vantage over a track detector such as the
photographic emulsion, which records
an accumulation of all kinds of particle
tracks indiscriminately and therefore re-
quires long, tedious examination with a
microscope to disentangle the tracks and
discover those that may be of interest.

The cloud chamber, however, has
serious limitations. Since the medium
through which the particles travel is a
gas, interactions are so infrequent that
many particles pass through without pro-
ducing interesting events. The cycling
time is very long: after each picture it
typically takes 20 seconds to clear the
chamber for another photograph; con-
sequently the detector cannot record a
rapid series of events from a high-ener-
gy particle accelerator. Furthermore, a
track in a cloud chamber persists for a
considerable fraction of a second—long
enough to confuse the picture with un-
related tracks.

The bubble chamber, developed in
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BLOCK DIAGRAM OF STREAMER CHAMBER shows one of its
principal advantages, which it shares with other kinds of spark
chamber: it can be triggered by the kind of event it is supposed
to detect. The passage of a charged particle (colored line) is
detected by a counter (or a series of counters). The electronic logic
distinguishes among different kinds of events and selects those of

the early 1950’s by Donald A. Glaser,
became a popular replacement for the
cloud chamber in high-energy particle
physics. In this instrument the sensi-
tive medium is a superheated liquid. A
charged particle passing through the liq-
uid produces ions and causes bubbles to
form around them, thereby making a
visible track. Although most bubble
chambers operate at about one cycle per
second, some yield as many as 10 photo-
graphs per second. As a denser medi-
um, the bubble-chamber liquid contains
many more target atoms and provides
many more events than the cloud-cham-
ber vapor. Like the cloud chamber, the
bubble chamber can record an entire
complex event, showing the tracks of all
the charged particles that emanate from
the original collision and its sequels, and
it can be built large enough to follow the
particles for a considerable distance.
Bubble-chamber tracks are sharply de-
fined, so that the location of points along
the particle paths can be determined
with precision. Moreover, various liquids
can be used in the chamber to serve as
specific targets. For example, if the bub-
ble chamber is filled with pure liquid
hydrogen, it will show exclusively and
specifically the nuclear reactions involv-
ing the incident particles and the target
protons.

The bubble chamber unfortunately
has a serious shortcoming. It cannot be
triggered to record selected events as
they occur. The original ion trail gen-
erated by an incoming particle lasts
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much less than a millionth of a second—
too short a time for activating the sys-
tem. Hence the chamber must be turned
on well before the events are expected
to happen. A modern bubble-chamber
experiment carried out with a beam of
photons may involve as many as a mil-
lion pictures, in which perhaps 10,000
events of a particular type are recorded.
Obviously this calls for a considerable
expenditure of time for analysis of the
data, even with the modern semiauto-
matic methods available for accomplish-
ing the task.

Xn entirely new approach to the prob-
+ % lem of particle detection was in-
troduced by the spark chamber. This in-
strument was not the inspiration of a
single inventor, as were the cloud cham-
ber and the bubble chamber. The idea
evolved slowly over a period of perhaps
15 years and grew from the work of
many physicists [see “The Spark Cham-
ber,” by Gerard K. O'Neill; SciexTiric
AMERICAN, August, 1962].

The spark chamber operates on an
essentially simple principle. If a metal
plate is charged to a high voltage and
another plate is placed close to it,
sparks will jump the gap between the
plates. A similar effect can be pro-
duced, even with subthreshold wvolt-
ages, if there is a “bridge” of ions across
the gap. Such a bridge will be created
from one plate to the other by the pas-
sage of an ionizing particle through the
gas. The few electrons freed by the ini-
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interest to the experimenter. A triggering pulse is then sent to a
high-voltage generator, whose output is used to charge a pulse-
shaping network. Finally, a high-voltage pulse is applied to the
plates of the chamber, causing streamers (short vertical lines)
to form on the ions that were left in the wake of the charged
particle. The entire cycle takes less than a millionth of a second.

tial ionization process are accelerated by
the applied voltage and produce addi-
tional ionization through collisions with
the atoms of the gas. Thus an avalanche
of ionization develops in the path across
the gap. The multiplication of ions re-
sults in a bright spark that traces out the
path.

The standard spark chamber consists
of a series of closely spaced, parallel
metal plates separated by an inert gas,
usually a mixture of neon and helium.
When a particle of interest traverses
the chamber (passing through the
plates and across the gaps between
them), it trips a counter that triggers
the charging of alternate plates with a
short high-voltage pulse within a mil-
lionth of a second after the particle has
arrived. Sparks flash across the gaps
along the path of the particle, and the
resulting track, forming a kind of broken
line, is photographed. As in the cloud
chamber and the bubble chamber, infor-
mation about the charge and momentum
of a particle can be obtained by placing
the chamber in a magnetic field that
curves the particle’s path.

The spark chamber combines some
of the best features of the cloud cham-
ber and the bubble chamber. Like the
cloud chamber, it can be triggered; like
the bubble chamber, it produces tracks
of short (indeed, much shorter) dura-
tion, so that the picture is not complicat-
ed by spurious events occurring before
or after the interesting one. A continuous
weak electric field applied to the spark



chamber sweeps each track away within
microseconds, and some types of spark
chamber can be cycled to record as
many as 1,000 events per second.

In certain respects, however, the
standard spark chamber is less efficient
than the bubble chamber. Events that
originate within the plates are not visi-
ble. The track is broken into segments,
so that it does not define the particle’s
path as sharply as the fine track in the
bubble chamber does. Moreover, where-
as the bubble chamber is isotropic, that
is, it faithfully pictures tracks made in all
directions, spark chambers are usually
ineffective in recording the tracks of par-
ticles that travel obliquely across the
gaps within an angle of 45 degrees to the
plates. Finally, the most serious short-
coming of the spark chamber is that it
may not be sensitive to all the second-
ary particles emitted in a particle colli-
sion; typically it picks up no more than
the first four to six tracks in a given
event. This is a considerable disadvan-
tage in the study of high-energy colli-
sions, which often give rise to a large
number of secondary products.

Would it be possible to combine the
desirable features of the bubble
chamber with those of the spark cham-
ber, that is to say, to design an instru-
ment that would incorporate the isot-
ropy, the high multiple-track efficiency
and the high resolution of the former and
the triggering capability of the latter?
Vigorous research has been directed to
this objective, and it has led to the
streamer chamber, an outgrowth of the
spark chamber.

The first step toward this develop-
ment was reported in 1963 by A. I. Ali-
khanian and a group of collaborators in
the U.S.S.R., who announced they had
built a “wide-gap spark chamber.” Using
a high-voltage pulse of comparatively
long duration, the device amplifies par-
ticle tracks that span the distance be-
tween the two widely separated high-
voltage plates, one positive and the other
negative. This chamber produces a con-
tinuous (nonsegmented) visible track,
and it can show the vertexes, or points of
origin, of some events that occur in the
gap between the plates. The instrument
is capable of high resolution of particle
paths. It is necessarily restricted, how-
ever, to showing tracks that extend from
one plate to the other, and it therefore
fails to detect particles whose paths are
parallel or nearly parallel to the plates.

A few months later another group of
Russian physicists, led by G. E. Chiko-

vani, announced a further development

that they named the “wide-gap stream-
er chamber.” The principal feature of
this device is that, by using an extreme-
ly short pulse, it produces very short
sparks (streamers) that are localized
along the particle’s path of ionization.
In effect it shows the “footprints” in the
path. Viewed in the direction perpen-
dicular to that of the electric field, the
track is seen as a series of side-by-side
streamers; viewed along the field, so
that the streamers are seen end on, the
track looks like a series of dots [see il-
lustration below].

Since the discharges are localized,
they can delineate a track in any direc-

tion, regardless of whether or not the
path extends from one plate to the oth-
er. In addition to picturing events that
take place anywhere in the gas be-
tween the plates, the streamer chamber,
unlike the ordinary spark chamber, can
record an extensive succession of events
involving many tracks.

The streamer chamber immediately
aroused keen interest at the Stanford
Linear Accelerator Center, where the
two-mile electron accelerator was un-
der construction. The new device, being
a compact, isotropic high-resolution de-
tector, promised to be beautifully suited
to the high-energy experiments planned

TWO VIEWS OF STREAMER TRACKS show how the streamers grow parallel to the lines
of force in the electric field in the streamer chamber. The tracks at top were photographed
from the side, that is, at right angles to the lines of force in the electric field. The tracks
at bottom were photographed from the top, that is, parallel to the field. The two pictures
were made by Fatin Bulos and his colleagues at the Stanford Linear Accelerator Center.
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TUBE CONrTA)NING HYDROGEN

STREAMER CHAMBER TWO METERS LONG was built by the
author and his colleagues at the Linear Accelerator Center. In this
top view the target is a long tube filled with hydrogen gas that is
placed in the accelerator beam (arrows). When a particle in the
beam interacts with a proton in the hydrogen, the resulting parti-
cles diverge from the beam into the chamber; particles of opposite

\
WIRE ELECTRODES

charge are bent in opposite directions. The chamber is filled with
a mixture of 90 percent neon and 10 percent helium. The electrodes
consist of wires spaced a centimeter apart; this makes it possible
to photograph the streamer tracks from the top. There are three
layers of wire electrodes: one at the top, one at the bottom
(both negative) and one just below the target tube (positive).

TWO-METER CHAMBER at the Linear Accelerator Center is
seen in this photograph made from the top through the hole in its
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magnet. The bright spots are the cross-shaped fiduciary marks seen
in the photograph on page 38. The target tube is visible in center.
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for this accelerator, particularly those
involving the use of colliding beams
at extremely high energies. Soon after
the Russian announcements appeared,
physicists at the Stanford Center took
up further development of the streamer
chamber. Among those involved in this
program at Stanford have been Fatin
Bulos, Robert F. Mozley, Allen C. Odian,
Francesco Villa and the author. We also
received valuable assistance from Char-
lie Martin and Ian Smith, two British
workers who visited the Stanford Center
to help in the development of a system
for generating the extremely short, high-
voltage pulses required for the streamer
chamber.

The production of the streamers is a

rather complex affair. Let us begin
by considering what happens when a
strong electric field acts on an electron
left by an ionizing particle traveling
through a gas. After being accelerated
by the field, the electron itself ionizes
atoms with which it collides along its
path. The secondary electrons freed
by these collisions, as well as photons
(quanta of high-energy electromagnetic
radiation) that are emitted during the
collisions, go on to produce more ions.
Thus the number of ionizing electrons
and photons multiplies. Within 10 bil-
lionths of a second, during which the
high-energy electrons travel about one
millimeter (that is, at about 1/3,000th
of the speed of light), there is an ex-
ponential increase in the number of free
electrons that amounts to a 100-million-
fold multiplication: from the original
single electron some 100 million second-
ary electrons result. In addition there are
an equal number of positive ions. In
short, an avalanche of charged particles
one millimeter long has developed.

If the applied high-voltage pulse is
somewhat less than 10 billionths of a
second in duration, the generation of the
avalanche stops at that point. The output
of light during avalanche formation is
normally insufficient to produce a visible
trace even on the most sensitive photo-
graphic films available. If the avalanches
marking the track in the chamber are to
become visible, further amplification is
necessary. Fortunately internal mecha-
nisms within the primary avalanches
cause them to grow at an enhanced
rate until they become photographable
streamers.

After the primary avalanche of elec-
trons has been formed, photons emitted
during the ionization process become the
dominant means for producing further
ionizations. The additional electrons thus

BEAM
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L COUNTERS

"MARX GENERATOR

TOP VIEW of the two-meter chamber shows how it is mounted within its auxiliary equip-
ment. The Marx generator at left is its source of high voltage (see diagram on next page).

IMAGE INTENSIFIER
AND TV MONITOR+,
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T

HYDROGEN TARGET~

BEAM

SIDE VIEW of the chamber shows the arrangement of the magnets. The “Blumlein” associ-
ated at left with the Marx generator is the network that shapes the pulses from the generator.
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IN POSITION FOR AN EXPERIMENT the two-meter chamber is is directed into the chamber through the horizontal silver pipe at
obscured by its auxiliary equipment. The beam from the accelerator far right. The wooden structure at top houses chamber’s cameras.

CIRCUIT DIAGRAM of the Marx generator shows how its 34 input capacitor; Cp, light-producing capacitor. The input to the
capacitor stages are interconnected. The symbols are as follows: generator (left) is 20,000 volts in a pulse lasting .5 microsecond.
C, capacitor; R, charging resistor; R, trigger resistor; R, ex- When all the capacitors are discharged through the Blumlein at
ternal resistor; R, internal resistor; R, bleeder resistor; C,, once, they deliver a pulse of 1.3 million volts to streamer chamber.

44

© 1967 SCIENTIFIC AMERICAN, INC




freed produce localized secondary ava-
lanches, particularly near the positive
and negative tips of the original ava-
lanche, where the space charge in-
tensifies the electric field. The new
avalanches feed these tips. Unlike the
original avalanche, the streamer grows
symmetrically in both directions—toward
the positive and the negative high-volt-
age plates. Streamer development takes
place very rapidly, much more rapidly
than the pulse-generated formation of
the original avalanche, because of the
dominance of photo-ionization. At a cer-
tain length the streamers, which have
developed simultaneously at many
points along the particle’s path, yield
enough light to be photographed.

From theoretical calculations and ex-
periments the basic requirements for a
streamer chamber to produce visual-
izable particle tracks have been deter-
mined. The sensitive volume between
the high-voltage plates must be filled
with a gas containing few undesirable
impurities: a mixture of 90 percent neon
and 10 percent helium, such as is com-
monly used in spark chambers, will serve
well. In a chamber filled with this gas,
with the plates 30 centimeters (just un-
der one foot) apart, one must use a pulse
of about 600,000 volts; the pulse must
last only 10 billionths of a second and
must be applied within one millionth of
a second after the particle that is to be
tracked has made its ionization trail in
the chamber.

The main technical difficulty lies in
generating the specified pulse. Conven-
tional generators designed to produce
high voltages do not give fast enough
pulses. It has therefore been necessary
to develop a special type of generator.

Chikovani’s group in the US.SR,
the originators of the streamer cham-
ber, devised for the purpose an adapta-
tion of the well-known Marx generator,
commonly used for generating high-
voltage pulses. Conventionally this gen-
erator builds up the voltage by a series
of stages, and the process necessarily
lengthens the discharge time and con-
sequently the length of the pulse. The
Russian physicists succeeded in shorten-
ing the pulse by inserting at the end of
the series a special capacitor capable
of withstanding 200,000 volts and of
feeding its spark discharge directly to
the plates of their chamber; to sharpen
the pulse they used a shunting arrange-
ment that diverted the slow residual dis-
charge coming from the Marx generator
after the peak voltage was reached.

At the Stanford Linear Accelerator
Center, with the aid of Martin and

BLUMLEIN PULSE-SHAPING NETWORK is shown in this circuit diagram. Here the
Marx generator is idealized as a charged capacitor (C) that discharges through an induc-
tance (L) and a resistance (R). The voltage built up by the capacitor is switched to the
electrodes of the chamber in one or two billionths of a second by a spark gap (S=S’).

Smith, a different system for shaping
the pulse (that is, determining its am-
plitude and duration) was developed.
This approach conceives of the stream-
er chamber as a “transmission line” rath-
er than as a capacitor with widely sep-
arated plates. It must be so regarded
because the extremely brief pulse that is
to be transmitted across the chamber is
shorter than the time 1t would take a
radio wave to travel from one end of the
chamber to the other. In this light it was
decided to couple to the streamer cham-
ber a pulse-delivering system in the form
of a transmission line such that the elec-
trical characteristics of the drive system
could be matched to those of the cham-
ber. The pulse itself would be in the
form of a radio wave traveling at virtual-
ly the speed of light. The main difficulty
in this scheme was that, in matching the
impedance of the first transmission line
to that of the chamber, half of the charg-
ing voltage would be lost. The difficulty
was overccme by adopting a voltage-
doubling circuit invented by the British
worker Alan Dower Blumlein. The Blum-
lein line (or “Blumlein,” as it has come to
be called) is essentially a transmission
line folded back on itself. Its characteris-
tic pulse duration is determined by the
length of its active electrodes, which are
charged slowly to the peak voltage of
the Marx generator and discharged rap-
idly by means of a spark gap.

As for the streamer chamber itself, it
has been found convenient to introduce
a center plate that divides the gas space
into two chambers instead of one. The
center plate is the high-voltage elec-
trode, and the upper and lower plates
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and the walls enclosing the system at the
sides are grounded. This arrangement
doubles the chamber volume without
doubling the required voltage; it also
provides shielding to prevent the escape
of the troublesome radiation represented
by the intense radio waves. The “plates”
can be arrays of fine piano wire, spaced
close enough (one centimeter apart) to
transmit and contain the radio waves.
These wire arrays are effectively trans-
parent to light, and the events in the
chamber are photographed through the
arrays as well as through gastight win-
dows of Mylar or some other transparent
plastic material.

The most recent streamer chamber
built at the Stanford Center has a track-
detecting volume 2.3 meters (more than
seven feet) long, 1.5 meters wide and 60
centimeters high. The Marx generator
that produces the pulses has 34 stages,
each containing 16 capacitors, and it is
capable of generating a pulse of more
than 1.3 million volts, about twice the
voltage required to drive the chamber.
For a pulse of 600,000 volts the peak
current is about 26,000 amperes. The
400-ton magnet surrounding the cham-
ber produces a field of more than 15,000
gauss and consumes about six million
watts of power. The chamber is expected
to measure the momentum of a high-
energy particle (at an energy of 10 bil-
lion electron volts) to an accuracy of
about 2 percent, and the mass resolution
for multiple-particle events will be as
high as .5 percent.

The streamer chamber can be sensi-
tive during every pulse of the new two-
mile linear accelerator, which can pro-
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duce pulses, or bursts of high-energy
particles (at 20 billion electron volts), at
the rate of 360 salvos per second. One
of the virtues of the accelerator’s high
output is that it can feed several kinds
of detector at the same time, switching
its beam to deposit a pulse here and a
pulse there in rapid succession. Thus
with the accelerator in full operation
different experiments can be carried out
simultaneously in the streamer chamber,
in a spark chamber and in a bubble
chamber.

The streamer chamber can be used to
track particles not only from targets out-
side the chamber but also from targets
located within the chamber itself. In the
first streamer chamber experiments at
the Stanford Center a photon beam from
the accelerator is collimated and directed
into the chamber through a “straw,” or

TWO-MILE ACCELERATOR is seen from the air. The long struc-
ture resembling a highway houses the accelerator tunnel. In the
foreground are the two target buildings, into which the 20-billion-
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pipe, 12 millimeters in diameter. The
straw can be filled with almost any gas
as the target material, which provides an
excellent opportunity to use targets that
are of the greatest interest to physicists:
the nuclei of hydrogen, deuterium and
the various isotopes of helium. For other
experiments the gas filling the chamber’s
sensitive volume itself provides an ex-
cellent target material. Pure helium and
pure neon are among the gases that can
be used.

A small streamer chamber at Stanford
University has been used to study the
production of a “triplet”—an electron and
an electron-positron pair—that stems
from the collision of a high-energy gam-
ma ray with a neon atom. Solid targets
(of nonconducting materials) can also be
installed in the sensitive volume of the
chamber.

© 1967 SCIENTIFIC AMERICAN, INC

A particularly interesting event was
photographed recently at the Stanford
Linear Accelerator Center in the two-
meter streamer chamber. The impact of
a high-energy gamma ray on a proton
resulted in an electromagnetic interac-
tion that produced a “five-prong vertex”
indicating the creation of five strongly
interacting particles, followed by a
“two-prong” decay by means of a weak
interaction. Hence this single event in-
cluded all the principal types of interac-
tion among elementary particles.

It seems fully appropriate that the
successful completion of the two-mile
electron accelerator should be accom-
panied by the coming of age of a new
elementary-particle detector—a detector
particularly well suited to the exploita-
tion of the accelerator’s new and unique
features.

electron-volt electron beam is directed by a bending-magnet
“switchyard.” The accelerator was formally dedicated on Septem-
ber 9. It has been used in actual experiments for about four months.



The hope of doing each other some good prompts these advertisements

Imbibing apparatus ready

NASA Lunar Orbiter picture of earth from space using
Kodak photo system, August 23, 1966,

When we displayed this now familiar
photograph in 18 x 60-foot size in New
York’s Grand Central Terminal, more
than one scurrying commuter was over-
heard speculating as to which was the
moon and which the earth. In stimulat-
ing widespread thought about questions
like that, the picture was fulfilling a pur-
pose. Another purpose it fulfills is to
demonstrate what a nice job of process-
ing fairly conventional negative film can
be done by bringing it in contact with
imbibed KopaAk BIMAT Transfer Film,
viz.:

Clicking away inside Lunar Orbiters,
this principle turns out work that has
drawn additional favorable notice, such
as the view of Copernicus:

Heartened by these and less widely
publicized triumphs of imbibed BimaT
Transfer Film, we have placed our im-
bibing apparatus in a state of quick
readiness. Other apparatus for working
with BiMAT Transfer Film, including
some for those who prefer to do their
own imbibing, is waiting in the shops
and warehouses of other manufacturers.

Delighted to send you their names. Also
word on possibility of seeing the positive with-
in 15 seconds after contact. Inquire of Indus-
trial Photo Methods, Eastman Kodak Com-
pany, Rochester, N. Y. 14650.

In the interests of solvent customers and mild air

Defenders of air pollution are now scarcer than foes of motherhood or friends of sin.
Something will doubtless be done about automotive fumes. Furthermore, attention
is turned to how you pollute the air when you paint your dwelling and all that sol-
vent evaporates. As a maker of solvents we feel involved. We sympathize with our
paint-and-lacquer-manufacturing customers, with the regulatory authorities, and
with the innocent public, which includes us too. The issues are not only ethically
and economically complex but also chemically so.

On the roof of the laboratory of the National Center for Air Pollution Control in
Cincinnati, plastic containers of air are exposed to the sun. The air in the boxes has
been loaded with about the number of parts per million of various olefins and alde-
hydes that might be encountered in a vicinity where people are earning a livelihood,
maintaining their possessions, or just strolling in the park. The solar radiation below
340mp turns out toc be quite capable of oxidizing aliphatic aldehydes to intermedi-
ates that react with olefinic and aromatic hydrocarbons at these dilutions to produce
significant levels of mucosal irritants and phytotoxicants. This process, some fear,
could thwart efforts to sweeten the air by regulating nitrogen oxide effluvia.

Slightly ahead of regulatory action in less populous areas, Los Angeles County
meanwhile has put into effect quantitative restrictions on the sale and use of photo-
chemically reactive solvents. These are spelled out: 1) any hydrocarbons, alcohols,
aldehydes, esters, ethers, or ketones with olefinic or cycloolefinic unsaturation; 2)
aromatics of 8 or more carbons; 3) toluene; 4) trichloroethylene; 5) branched-chain
ketones.

We are big both in branched-chain ketones and in competitive instinct. The latter
has forced us to outperform competitors in helping solvent customers work out
effective replacement formulas with the least rise in cost —even when necessary to
include competitors’ solvents in our suggestions.

Companies that wish to keep in touch with those suggestions should register their interest
with Eastman Chemical Products, Inc., Kingsport, Tenn. 37662 (Subsidiary of Eastman
Kodak Company).

Meanwhile, the reception room is full

The physician is one figure, the businessman
another.

As businessmen beyond denying, we our-
selves are best acquainted with those physicians
—radiologists —who have dedicated their
minds and eyes to the use of x-rays. They buy
our x-ray film. They buy a lot of it. Since x-ray
film isn’t the cheapest stuff to manufacture
properly and since proper x-ray equipment
costs what it does, the radiologist who scorns
economics may find his attention regrettably
diverted from his patients. So, though our
service to him is basically through the tech-
nology we deliver, he and we and the hospital
administrators talk business.

Result: All over the country, machines we
make to process x-ray film in 90 seconds
are being installed. “Waiting for the x-rays”
is becoming less of a stock phrase, and the costly x-ray generating equipment
need spend less time idle. At the expense of some damage to older
traditions, some principles common in industrial management
come into play, but a population of doctors that falls far short
of rising with the general population manages to provide
it with far more effective medical care than might
be expected.
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Lockheed is
working on aircraft
that hunt, hover,
watch, reenter,
transport, support,
intercept, and fly

at sub, super or
hypersonic

speeds.

If you have ideas that can fly...
send us your resume. A /ot of
ideas fly at Lockheed. We're working
on sub-hunters; military and com-
mercial helicopters, surveillance air-
craft; aerodynamic maneuvering
reentry vehicles; advanced jet pas-
senger transports, close support air-
craft; Mach 3 interceptors and many,
many more. [] In fact, we've got so
many interesting projects going on
at Lockheed, that more scientists and
engineers are needed right now in a
variety of disciplines. [J If you're
interested inthe areas of Electronics;
Aircraft Design; Flight Sciences;
Structures; Publications Engineer-
ing; Advanced Operations Research;
Human Factors; R&D for Rotary
Wing, or Marketing Engineering...
for complete information.: Send
yourresumeto Mr. E.W.Des Lauriers,
Professional Placement Manager,
Dept. 2910-2411 No. Hollywood
Way, Burbank, California 91503.
An equal opportunity employer[]

LOCKHEED
-CALIFORNIA
COMPANY

A group division of Lockheed Aircraft Corporation

48

|
IE

1-'.

Nz
i l
\ '
1l &}
AR ) :
| |
i ~
| Jl= = |
e =
i I}
| <
)\ I
PN |
NS
18 )
K !
| 1T W
| \

T o ——— . i
Antiproliferation

designed to prevent the spread of

nuclear weapons the U.S. and the
U.S.S.R., as the major nuclear pow-
ers, have taken another limited step to
restrain the nuclear arms race. Nuclear
powers that ratified the treaty would
agree “not to transfer to any recipient
whatsoever nuclear weapons or other
nuclear explosive devices or control
over such weapons or explosive devices
directly or indirectly; and not in any
way to assist, encourage or induce any
nonnuclear-weapon state to manufac-
ture or otherwise acquire nuclear weap-
ons or other nuclear explosive devices
or control over such weapons or ex-
plosive devices.” Nonnuclear signato-
ries would undertake not to receive or
manufacture nuclear weapons or to
seek advice on the manufacture of such
weapons.

The U.S. proposed an antiprolifera-
tion treaty to the 17-nation disarma-
ment committee in Geneva two years
ago. For months the U.S.S.R. declined
to commit itself, apparently out of con-
cern that agreement on the proposal
would provide China with further op-
portunities to charge the U.S.S.R. with
collusion with the U.S. In the end, with
the Geneva conference seemingly about
to bog down, the U.S.S.R.’s interest in re-
straining the spread of nuclear weapons
evidently prevailed.

If the treaty goes into effect, it will
constitute another small stretch of the
long and winding road to the general-
disarmament treaty that has been a sub-

In agreeing on the draft of a treaty
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ject of international discussion for many
years. So far the road consists of a treaty
to curb nuclear testing and a treaty to
forbid nuclear weapons in space. A con-
siderable effort may be needed, how-
ever, to put the antiproliferation treaty
into effect.

For one thing, the issue of policing
the treaty by some means of inspection
is unresolved; Article III of the draft
treaty, relating to inspection, was left
blank. The U.S. and the U.S.S.R. had
agreed at one time that inspection
should be carried out by the Interna-
tional Atomic Energy Agency, a United
Nations body. Several nations in Europe,
including Italy and West Germany, ob-
jected on the ground that nuclear in-
dustrial secrets might be leaked by the
inspectors for the agency; those nations
proposed inspection by the European
Atomic Energy Commission. The Rus-
sian negotiators said that would amount
to self-inspection.

Another difficulty is that several na-
tions appear unlikely to sign an anti-
proliferation treaty. France and China,
which are in the relatively early stages
of developing a nuclear capacity, have
said they would not sign, although they
are not expected to give away nuclear
weapons or information. Nations that
might be able to join the “nuclear club”
on their own—Italy, Japan, Israel and
others—may refuse to sign. India wants
assurances of protection from nuclear
pressure by China. Brazil asks that the
draft be revised to permit “peaceful”
nuclear explosions by nonnuclear pow-
ers. Even if the 17-nation disarmament
committee can agree on a draft treaty,
the entire matter must then go to the
UN General Assembly.

The Hazards of Smoking (Cont.)

mass of additional evidence on the

effects of smoking has caused the
U.S. Public Health Service to go be-
yond the Surgeon General’s report of
1964 in two important particulars,
which are set forth in a new report by
the service entitled The Health Conse-
quences of Smoking. The first is that
“the convergence of many types of evi-
dence...strongly suggests that cigarette
smoking can cause death from coronary
heart disease.” The second is that “ciga-
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rette smokers have higher rates of dis-
ability than nonsmokers, whether mea-
sured by days lost from work among
the employed population, by days spent
ill in bed, or by the most general
measure—days of ‘restricted activity’
due to illness or injury.” The report also
reinforces the conclusions of the 1964
report that cigarette smoking is a cause
of lung cancer, that cigarette smokers
have substantially higher death rates
than their nonsmoking counterparts and
that it helps to stop smoking.

The report was published to take ac-
count of some 2,000 studies that have
been made of smoking since the 1964
report. Surgeon General William H.
Stewart also noted that the new report
was designed to provide information to
the Secretary of Health, Education, and
Welfare, who is required by the Feder-
al Cigarette Labeling and Advertising
Act of 1965 to submit regular reports to
Congress on the effects of smoking. The
report drew in particular on four exten-
sive population surveys: one of 293,658
American war veterans followed for 8%
years by the late Harold F. Dorn of the
National Institutes of Health; a study of
1,003,229 persons by E. Cuyler Ham-
mond of the American Cancer Society;
a British study of nearly 41,000 men
and women in the medical profession,
and a study of some 92,000 Canadian
pensioners.

In 1964 the evidence was insufficient
to establish a causal connection be-
tween cigarette smoking and heart dis-
ease. According to the new report re-
cent evidence “confirms that cigarette
smokers have substantially higher death
rates from coronary heart disease than
do nonsmokers.” In addition, according
to the report, the evidence suggests how
cigarette smoking can cause heart dis-
ease: Nicotine causes an increase in the
demand of heart tissues for oxygen while
“at the same time the carbon monoxide
absorbed from smoking may cause a de-
crease in the supply of available oxygen
from the blood.”

In 1964 there was no information
on the relation between smoking and
disability. Beginning in July of that
year the Public Health Service included
questions about smoking in its annual
National Health Survey of 42,000 fami-
lies representing a cross section of the

a Beseler Topcon Super D
to any
scientific instrumentation ?

You’ll see!

You’'ll see as though the camera
weren’t there. You'll see why Questar
has approved the Super D.

You'll aim, focus and take exposure
readings with a precision never be-
fore possible.

What makes it possible? Many
things that are exclusive with the
Beseler Topcon Super D.

First and foremost,
the meter on the
mirrorisindepend-
ent of the finder
system making it
possible for you to
use special high mag-
nification waist level finders,
a wide range of focusing
screens . . . or whatever accessory is
best for a particular application.

&

Beseler Topcon
SuperD

AUTHORIZED QUESTAR SLR CAMERA

The Super D holds the mirror up
and out of the way during exposure,
then returns it automatically upon
shutter release without wasting an
exposure.

Not so incidentally...the meter on
the mirror takes 532 light sampling...
by far the most exact way to deter-
mine accurate exposures.

Try it. You'll see!

Charles Beseler Co., 219 South 18th Street, East Orange, N.J. 07018
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population. Data from the survey, the
new report says, “provide a base for es-
timating that in one year in the United
States an additional 77 million man-
days were lost from work, an additional
88 million man-days were spent ill in
bed and an additional 306 million man-
days of restricted activity were expe-
rienced because cigarette smokers have
higher disability rates.”

Is “Mysterium” the Message?

f radio engineers on a planet with a
technology more advanced than ours
wanted to establish an intragalactic
communication network, they might
look for a set of physical conditions
somewhere in the interstellar medium
that could be exploited as a giant maser.
In this way small input signals might
be enormously amplified to span vast
reaches of space. Is it conceivable that
earthbound radio astronomers have ac-
cidentally stumbled on such an inter-
stellar “hot line”?

Farfetched as the idea may seem, it
is very much on the minds of radio
astronomers who have been trying to
make sense of intense emissions of an
extraordinary character discovered at a
wavelength of 1,665 megacycles. This
is the wavelength of one of four closely
spaced emission lines that can be pro-
duced by the hydroxyl radical (OH).
The first curiosity is that the relative
strengths of these four lines, as ob-
served by radio telescope, are not in the
expected ratio. Typically the 1,665-
megacycle line is 10 or more times
stronger than anticipated. In fact, one
of the first groups to discover the hy-
droxyl line named it “mysterium” be-
cause they did not believe it could be
hydroxyl emission.

The hydroxyl radiation is not widely
distributed throughout the galaxy but is
found only near stars so hot that the sur-
rounding hydrogen is almost completely
ionized. In this state hydrogen is desig-
nated H II. About a third of the H II re-
gions so far studied show hydroxyl emis-
sion. The most closely studied H II re-
gion is known as W3. It has now been
found not only that the 1,665-mega-
cycle emission from W3 is circularly
polarized but also that the polarization
approaches 100 percent. This seems far
beyond anything that could be pro-
duced by interstellar magnetic fields, a
possible cause of such polarization. To
account for the intense hydroxyl emis-
sion from W3 the hydroxyl radicals must
have a “brightness” temperature of about
1012 degrees centigrade. Such a tem-
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perature is probably not physical in the
usual sense but implies a maser action.
Moreover, the bandwidth of the radia-
tion is only 600 cycles, another feature
characteristic of a maser. Finally, the
W3 emission arises from several closely
spaced sources rather than from a single
large source. The most intense source
has an apparent size of less than .02
second of arc, corresponding to a linear
dimension less than half the diameter of
the solar system.

All observers agree, however, that
the hydroxyl radiation from W3 does
not show any variation in strength. Thus
the most obvious requirement for an
information-bearing signal seems to be
lacking. There could nevertheless be
more subtle variations in the W3
source. In other H II regions the hy-
droxyl emissions have been reported to
fluctuate on a time scale of a few days
or weeks. This, however, is not con-
firmed by all observers.

Current knowledge of hydroxyl radi-
ation is reviewed in a recent issue of
Science by Alan H. Barrett of the Mas-
sachusetts Institute of Technology. He
is careful to say that “there is no evi-
dence that the OH radiation is really in-
terstellar signaling, and I am making no
such proposal.” He nonetheless adds:
“If one grants that such things are pos-
sible, then perhaps the initial evidence
of interstellar communication would
be our detection of a vast interstellar
communication network, which would
someday accept us as its newest mem-
ber. Is it possible that we are getting
close?”

Enzymic Oscillators

Delicate measurements have shown
that certain enzymatic reactions in
the living cell oscillate vigorously, pro-
ducing sinusoidal wave patterns of con-
siderable uniformity. When the enzyme
system is removed from the cell, the
wave forms become more regular still.
In one cell-free system oscillations of
constant amplitude continue for hours
at a steady rate of 12 cycles per hour.
Discussing “enzymatic oscillations” in
the journal IEEE Spectrum, Britton
Chance, Kendall Pye and Joseph J. Hig-
gins of the University of Pennsylvania
School of Medicine examine the possi-
bility that such oscillators may underlie
the timing mechanism for the biological
clocks that seem to regulate the activi-
ties of animals, including man.
To record the wave forms of the en-
zymatic oscillators it was necessary to
find a biological component whose con-
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centration could be detected in trace
amounts and monitored continuously.
One component that meets the re-
quirement is the reduced form of di-
phosphopyridine nucleotide, known as
DPNH. When DPNH is exposed to ul-
traviolet radiation, it emits a bright blue
fluorescence. With a sensitive micro-
fluorometer as few as 10,000 DPNH
molecules can be detected. The first
persistent sinusoidal wave form from a
biochemical event in living cells was
reported in 1964 by A. K. Ghosh, R. W.
Estabrook and Chance, who monitored
the DPNH level in the yeast Saccharo-
myces carlsbergensis.

The longest period yet observed for
an enzymatic oscillation is about two
hours. Chance and his colleagues cau-
tiously conclude that “at present we
cannot fully justify the speculation that
[even] one-day biological clocks oper-
ate according to the mechanism that we
have demonstrated for this ‘enzymatic’
oscillator.”

Onward to Element 126

A new kind of particle accelerator
called the omnitron has been pro-
posed to test the possibility of creating
new elements much heavier than men-
delevium 258, the recently synthesized
isotope of element 101 that has in its
nucleus 101 protons and 157 neutrons.
The synthetic element having the most
protons (103) is lawrencium; its heaviest
isotope (mass 257) was created by bom-
barding element 98 (the synthetic ele-
ment californium) with element 5 (bo-
ron). Recent theoretical studies suggest
that elements containing either 114 or
126 protons in their nucleus, together
with 184 neutrons, may be comparative-
ly stable. Since the number of protons
defines the atomic number of an ele-
ment, these hypothetical substances
would be elements No. 114 and No. 126.
To produce such heavy elements it
will be necessary to accelerate ions (at-
oms stripped of one or more electrons)
that are much heavier than those of
boron. One possible reaction involves
bombarding thorium 232 (element 90)
with ions of krypton 84 (element 36).
This should yield element 126 with 184
neutrons in its nucleus and hence an
element of total mass 310. Six neutrons
would be left over from the reaction.
The obstacle to conducting such
reactions is the difficulty of remov-
ing enough electrons from elements as
heavy as krypton to make efficient ac-
celeration possible. Changes are now
being made in the heavy-ion linear ac-



Winners
secrel.

(You may be able to use it in hot competition.)

A. ]. Foyt met the supreme test of
man and machine at the “Indy 500"
when he put a Tiger in his tank. But
he had something else going for
him, too—a secret ingredient of
many racing victories.

We know, because we've fueled
more U.S. Auto Club Championship
winners in the last 3 years than all
other oil companies combined.

The ingredient? Organization.
Long before a race begins, we're
at the track. We check fueling

——

For a 17" x 12" full-color reproduction of this original Humble painting, just drop us a line.

facilities. Provide everything from
Esso Extra® gasoline to any of 20
different blends of special racing
fuel, plus lubes. Put the resources
of the world's leading petroleum
research organization behind driver
and crew. (We've even carried
around a supply of Tiger tails for
a driver who said the tail brought
him luck.)

Humble's talent for friendly,
thorough assistance can do as
much for your company as it can
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for a keyed-up racing team. Next
time you need fuels, lubricants,
solvents or waxes, try the "secret
ingredient”” you get from the com-
pany that's first in resources,

first in capability.

Write Humble Industrial Business,
Dept. A, P.O. Box 2180, Humble

5 Building, Houston, Texas 77001.

Humble Oil &
Refining Company
The People Who ""Put a
Tiger in Your Tank®"



There’s a cycle at work in the steel industry.
It begins the moment a customer places an order.

When it ends is critical, because today quality
in the steel industry is universally high. Prices are
competitive. The big difference is customer service.
The crucial question is : how fast can you deliver ?
The answer depends chiefly on how fast work begins
on the customer’s order.

Before computers came onto the scene, the order
cycle took three weeks. (Often, time was lost just
determining if and when room could be found for
the customer’s order.)

Today the sales division of one of the world’s
giants in the steel industry relies on a UNIVAC® 490 to
shorten this cycle.

Now, in 85% of the cases, the three week wait
has shrunk to a maximum of 48 hours.

Now data (and lots more data) can be acces-
sible to remote locations on request. And when the
requirements of a customer’s order change, a lot of
people who need to know about it will know about
it simultaneously.

A hypothetical case: A customer needs his order
of steel cable sooner than expected because progress on

Next time you order a

T he crucial question in the steel industry is: how fast can you deliver?

© 1967 SCIENTIFIC AMERICAN, INC [ :,-- =

-



the bridge he’s building has been accelerated by a
warm weather spell.

This means a shift in scheduling which affects
plant availabilities, cost factors, date of shipment, and
ultimately, invoicing.

The new data is fed into the UNIVAC 490, a real-
time system. Information from then on is revised to be
up-to-the-minute. Any outlying plant with a terminal
device can have that information instantaneously.

This particular 490 has been in operation for 3%
years. It has been used twenty hours a day, five days a
week and 16 hours on Saturday. During all that time

the machine has been “down” only once.
UNIVAC systems are at work at the major steel
companies and throughout the entire metals industry.
They’re working for countless other industries,
for government, for education —here in the United
States and throughout the world.

UNIVAC 4zremev rano

Univac is saving a lot of people a lot of time.

bridge youll get it faster.

-|. L-‘ { | =~ gl |
! Yook

The answer depends chiefly on how fast work begins on the customer’s order.
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How did the world begin?

This giant telescope in Puerto Rico may
bring you the answer within five years.

When Columbus set off to find new
worlds, he discovered Puerto Rico.

Now scientists searching for still
newer worlds are discovering the
Commonwealth’s unique radio-radar
telescope. It may reveal how the
world began. It may even tell when
the world will end.

HE telescope in our photograph is

the world’s biggest “ear.” It could
detect a bicycle as far from the Earth
as the Moon.

This incredible instrument fills a
valley near the port of Arecibo. It has
been in operation only three years but
already it’s turning science topsy-
turvy.

Open last year’s encyclopedia and
you will read that Venus revolves
counter-clockwise like any normal
planet.The Arecibo telescope showed
that Venus revolves clockwise.

Turn to the chapter on Mercury
and you will learn that this planet
rotates on its axis in 88 days. Arecibo
says 59 days.

At this minute, Puerto Rico’s giant
telescope may be tracking the plasma
line in the ionosphere. Or jabbing
radar blips onto the Moon to help
space experts chart one complete
hemisphere of the satellite.

Or it may be picking up radio
emissions from objects far, far
out on thevery edge of the known
universe.
The Arecibo telescope is several times
larger than any similar radio tele-
scope.Itlets astronomers “see” farther
into space than man has ever seen be-
fore. And what it finds there may well
be a picture of the universe as it ex-

Arecibo Tonospheric Observatory fills natural “bowl,” covers an area larger than 56 city

' N

blocks. Antenna, 435 feet above the ground, weighs twice as much as the Statue of Liberty.

isted near the time of its formation—
because it has taken the radio emis-
sions billions of years to reach Earth.

Some scientists theorize that the
universe began with a big bang—about
12 billion years ago.

Many take the “big bang” theory
one stage further. They claim that the
universe also expands and contracts,
like the beating of a mammoth heart.

With the information gathered day
and night by the Arecibo telescope,
astronomers may be able to confirm
whether the “big bang” theory is cor-
rect, or whether a pulsating universe
will one day collapse again.

If it’s the “pulsating” theory, they
can calculate when the world will end.

Probably70billion years from now.

Memo to astronomers: Puerto Rico has
been called a “showcase to the new na-
tions” because its experience in building an
industrial society from scratch is available
to anyone.

Likewise, any qualified scientist from

any country may apply for time at the
Arecibo telescope. Last year, scientists
from France, Italy, India, Sweden and
Australia came to Puerto Rico to pursue
advanced studies at the telescope. Applica-
tions to Director, Arecibo Ionospheric Ob-
servatory, Arecibo, Puerto Rico.
Memo to vacationers: If you’d like to visit
a spot where history is being made, the
Arecibo Ionospheric Observatory is open to
the public every Sunday between 2 and
4:30 p.m. Admission free. The Observatory
is about 2%% hours by car from San Juan.

Commonwealth of Puerto Rico
ECONOMIC DEVELOPMENT ADMINISTRATION
666 FIFTH AVE., NEW YORK, NEW YORK 10019

<~ Technician wears water skis to walk across telescope reflector. This reflector receives radio signals
measuring 1/1000 of a millionth of a millionth of a watt—yet it’s made with chicken wire. The telescope
is operated by Cornell University and sponsored by the U. S. Advanced Research Projects Agency.

PHOTOS BY TOM HOLLYMAN
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THE QUESTAR TELESCOPE IS A VALUABLE TEACHING TOOL

It is indeed gratifying that every month more
and more elementary schools, high schools,
and colleges are buying Questars. Many
educators have realized that it isn’t always
necessary to spend hard-won tax dollars to
build an observatory with a large, expensive
telescope in order to provide an astronomy
course. If you have $10,000 to spend, for
example, 10 Questars would furnish a whole
class in astronomy or general science with
superfine telescopes, with the added advantage
of being able to use them in the daytime for
safe solar work and nature study. Moreover,
today’s fine plate-glass windows permit flaw-
less views of the heavens, except near the zenith
and for this a skylight might be utilized. A
south-facing window will permit following of
the moon and many other important sky
objects.

Recently we received a letter from Mr. Curtis
W. Gable, an eighth-grade science teacher who
decided to experiment with his own Questar
in his classroom. He used it for teaching the
types of astronomical instruments and for
studying the sun with Questar’s safe, external
solar filter.

The students responded with such delight
and exuberance that a regular program involv-
ing other science teachers and approximately
200 students was developed. The course helped
to identify several students who proved to be
capable of high-quality work in astronomy.

This student interest led next to the forming
of an astronomy club which met several times
a month. Its wide range of activities included
a discussion of current events in astronomy,
a presentation of special reports on astronom-
ical subjects, the showing of 35-mm. slides,
practice in the use of the telescope, and special
observation sessions. While club members
brought in their own telescopes, the Questar,
because of its being so easily set up as an
equatorial, and because of its clock drive and
setting circles, was the most useful for teaching.

We were particularly interested in the in-
struction course each student was put through
before he was permitted to use the instrument.
First he was given some typed pages of infor-
mation to read, which included a numbered
diagram of the Questar and a correspondingly
numbered list naming and describing the parts
of the telescope. Another page explained the
optical system, comparing it with conventional
telescopes. There were directions for locating
a celestial object, and, finally, a list of club rules.

Group instruction in the handling of the
Questar was followed by the individual guid-
ance of each member. He was given several
““dry runs” in its use and was permitted to
touch only the control knobs. Great emphasis
was put upon keeping fingers off the optical
surfaces. The safety factor of the sun filter

WORLD’S FINEST, MOST VERSATILE SMALL TELESCOPE.

SEND ONE DOLLAR FOR 40-PAGE BOOKLET TO ANYWHERE IN NORTH
AMERICA. BY AIR TO REST OF WESTERN HEMISPHERE, $2.40, EUROPE
AND NORTH AFRICA, $2.50, AUSTRALIA AND ALL OTHER PLACES, $3.50.
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was particularly stressed, and any violation of
the safety rules resulted in dismissal of the
club member. Teaching was thorough, leaving
nothing to chance. Each club member had to
demonstrate that he had mastered the tech-
nical information and had skill in its use.

Mr. Gable says the results were well worth
the precautions; that with proper instruction,
and strict discipline on the part of the owner
or teacher, groups of children can use the
Questar without damage to it or themselves.

Actually, Questar is a rugged little giant of
a telescope, so well built that it can stand
considerable abuse. Some have been out in
the schools now for nearly ten years, and
occasionally one comes back for cleaning and
inspection. We seldom find anything seriously
wrong. Even one or two that had been dropped
sustained only minor damage. The drives will
show wear, just like the brakes on your car,
in proportion to their hours of use, but this
is a simple replacement for which our charge
is five dollars for each drive. Furthermore, we
have a special low-rate service charge for all
educational institutions, which the schools
have found most reasonable.

Indoor Comfort With Questar

Time was when trying to see through a windowpane
with a fine telescope would have been out of the
question. But today’s plate glass is so remarkably
plane parallel that anyone can have an observing corner
like this. The glass happens to be the double insula-
tion type, yet no distortion of image occurs at high
power, and the light loss is so negligible that we can
still see the companion of Polaris with a Questar.

QUESTAR

BOX 20, NEW HOPE, PENN. 18938

FROM $795.
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celerator (miLac) at the University of
California at Berkeley to enable it to
accelerate up to 100 billion krypton
ions per second, 1,000 times its present
capability. Even this, however, may
be marginal for testing the krypton-
thorium reaction.

To do the job right it may be neces-
sary to build the omnitron, conceived in
1964 by Robert M. Main, Bob Hugh
Smith and Albert Ghiorso of the Uni-
versity of California at Berkeley. The
omnitron combines a synchrotron with a
storage ring—a ring in which accelerated
particles can be held until needed—to
produce high-energy ions that need not
be highly stripped of electrons. The stor-
age ring allows a beam of heavy ions to
be removed for experiments at a slow
rate (hence efficiently) without slow-
ing down the acceleration process in
the synchrotron. A second and higher-
energy mode of operation is also possi-
ble in which ions are highly stripped by
being passed through a thin metal foil
and then reaccelerated.

Nature’s Sleeping Potion?

Recent investigations by workers at the
Harvard Medical School show that
an animal deprived of sleep produces a
“humoral factor” in the cerebrospinal
fluid that will induce sleep when the
fluid is administered to other animals.
The effect was first demonstrated in
1913 by the French workers R. Legendre
and H. Pieron, who used dogs as sub-
jects, but efforts to duplicate their work
in the late 1930’s were frustrated by the
severe strain that was imposed on donor
and recipient animals by the methods of
tapping and infusion then available. Re-
porting in Proceedings of the National
Academy of Sciences, John R. Pappen-
heimer, Tracy B. Miller and C. A. Good-
rich of Harvard point out that today’s
technique of implanting permanent
channels overcomes these difficulties.
The Harvard group used goats as do-
nors. After drawing and filtering cere-
brospinal fluid from rested goats and
from others that had been kept awake
for 72 hours, they injected small
amounts of the fluid into the brains of
rats and noted the effect on the rats’
normally nocturnal pattern of activity.
During the 12 hours following injec-
tion—from 9:00 p.M. to 9:00 A.M.—most
of the rats receiving fluid from sleep-
deprived goats shifted to a routine of
rest typical of daylight hours. They
curled up to sleep in their cages, waking
occasionally for food and water. When

| they were handled or exposed to noise,



NewAnglo-American engine
joins the US. Air Force.

Before long, the incredibly versatile A-7D
Corsair 11 will take to the air. LTV Aerospace
Corporation, a subsidiary of Ling-Temco-
Vought, Inc., is building it. Rolls-Royce designed
the engine. It is being developed and produced in
the U.S.in collaboration with the Allison Division
of General Motors. Read how this new plane
came into existence —starting with performance
requirements that border on the unbelievable.

The U. S. Navy got the ball rolling in 1963. They wanted
a light-attack fighter-bomber that could support ground
forces, destroy tactical targets in battle areas, deliver large
ordnance loads, take off from carriers and land bases, fly
longrange or loiter over target areas, and be easy to maintain.

The Navy asked a number of aircraft companies for de-
sign proposals. One of them was Vought Aeronautics Divi-
sion of LTV Aerospace Corporation in Dallas.

Within 18 months, the company had a new plane in the
air. And what a plane it was.

27 percent more thrust

It wasn’t long before the Air Force asked for its own version,
which would be called the A-7D. One major change,
though. The Air Force needed an engine that would give
about 27 percent more thrust—for improved land-based per-
formance. And that’s where Allison and Rolls-Royce enter
the picture.

Powers a variety of aircraft

Rolls-Royce makes a superb fan-jet engine called the Spey.
It was specifically designed for low fuel consumption and
maintenance costs, reliability under short-haul conditions,
easy handling and rapid response to pilot requirements dur-
ing takeoff and landing.

Since its introduction in 1962, the Spey has been fitted to a
wide variety of aircraft. It powers the BAC One-Eleven used
by American, Braniff, Mohawk and Aloha Airlines. Fitted

Model of the A-7D Corsan 11 now wunder development tor the ULS: A force

with reheat for supersonic performance, it was installed in
the McDonnell Douglas F-4 Phantom ordered by the British
Government for the Royal Navy and Royal Air Force. Other
versions power the Hawker Siddeley Trident, the Fokker
F-28 and the Royal Navy’s Hawker Siddeley Buccaneer.

Together, Rolls-Royce and Allison set to work to develop
the Spey to fit the A-7D. Joint engineering teams were
formed both here and in England. They are now carrying
forward development of the new engine, called the TF-41.
Allison will manufacture it in the U.S. Soon a remarkable
new plane will take to the air—powered by an equally re-
markable new Anglo-American engine.

)

The Rolls-Royce multifuel engine
that powers this self-propelled gun can run
on any of four different fuels.

Most people know that Rolls-Royce builds magnificent motor
cars.

Many people know that Rolls-Royce is the second largest air-
craft engine builder in the world.

But did you know that Rolls-Royce also builds multifuel en-
gines that run equally well on gasoline, kerosene, jet fuel or
diesel oil?

That Rolls-Royce industrial engines generate electricity, pump
gas, power hydrofoils and run chemical processing plants?

That Rolls-Royce nuclear reactor cores power all of Britain’s
atomic submarines?

That Rolls-Royce diesel engines operate in over one hundred
different countries?

Rolls-Royce. One of the world’s great engine builders.

ROLLS

I Rolls-Royce Limited, Derby, England
[oveg Sales representative: 551 Fifth Avenue, New York, N.Y. 10017
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for people.

=

Xerox introduces the 2400-1V System.

You feed it miles of unwieldy computer print-out.

It gives you handy stacks of sharp, black-and-white,
people-size 8%2" x 11” copies of that print-out.

As many copies as you ask for.

Automatically sorted and collated.

Maybe the new 2400-1V isn’t as smart as a computer.
~ Butit'sa whole lot more considerate.

~ Ifyou getin touch with us, we’ll have a Xerox Analyst
~ give you enough facts to convince even your computer.

XEROX

O, RANK REROL LTD. . LONDON,

mmmmmw-mu- ORLANITION, LT
F40C-1y FVATIM 1§ A THADEMANR OF CRGX CONPERATION.




The formula you
write like this:

You key into
MATHATRON

((z—s +64)+(8x147))

COPOOREOEDORO®X)

-
(1#16+3)_

like this:

LOHOPROOO®DEE@@DG

And MATHATRON | [

) {12-3364)3(8X14.7) Jee(],41623)=,14454742% t

prints like this:

MATHATRON IS MUCH MORE THAN JUST A CALCULATOR

Only Mathatron will accept an equation keyed in exactly as you write it, and print it out along
It is the only machine that understands the rules of algebra and can provide
parenthecation along with powers-of-ten exponents, full-floating decimal point and square root.

Mathatron uses only solid state components and has a core memory for storage of formulas, num-
The basic Mathatron is expandable.
registers, program storage, power log, paper tape punch/reader and page printer can be added.

Why settle for a calculator when you can have a Mathatron.
Send today for illustrated brochure. Wright Line, A Division
of Barry Wright Corporation, 160 Gold Star Boulevard,
Worcester, Massachusetts 01606.

with the solution.

bers, programs or intermediate results.

Additional storage
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Deep Sky Photography with

The Celestron 10

Schmidt Cassegrain Telescope as shown
here equipped with astro camera adap-
tor and the Celestron 4 Guide Scope.
You will be able to capture on film

exquisite details of the moon and
planets at exposure times of 1/10 to
1/100 second. For deep sky exposures
of faint nebulae, the Celestron 10 is
guided with a Celestron 4 Guide Tele-
scope at typical magnifications of 600X.
Visually or photographically, the Celes-
tron 10 is the ideal telescope for
educational institutions or the serious
amateur astronomer.

"‘Observational Astronomy’’ — a complete

Y 1%
lab manual — free to educational institu-
tions.

For more details on the Celestron 10 and
other telescopes from 4” to 36" write to:

Celestron Pacific

13214 Crenshaw Blvd., Gardena, Calif.
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MATHATRON

COMPUTER / CALCULATORS,
DATA PROCESSING ACCESSORIES
AND PORTABLE CARD PUNCHES.

Make sure your library has
these essential books

WHO'S WHO
IN SCIENCE IN EUROPE

A new reference guide to west
European scientists

Who’s Who in Science in Europe has a total
of nearly 2,000 pages and over 30,000
biographical entries.
In 3 volumes

Size: 11Y% x 8% inches

GUIDE TO
WORLD SCIENCE

A guide to sources of world scien-
tific information

Guide to World Science has in each volume
a series of chapters, up to 70,000 words,
which review the organization of science
and research and a directory of the chief
national scientific establishmzants.

In 20 volumes Price: $10
Size: 10 x 6% inches each volume

Price: $23
each volume

Full details of these books will be
sent on request.

Francis Hodgson Limited
P.O. Box 74, Guernsey, via London, U.K.
International Scientific Publishers since 1884
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they awakened normally but resumed
sleep when the disturbance ended. At
the end of 24 hours the depression of
motor activities produced by the in-
jection was no longer evident.

Pappenheimer and his associates
write that the action of the humoral fac-
tor is an interspecific one of fundamen-
tal importance to an understanding of
the sleep mechanism. Preliminary at-
tempts to concentrate the active factor
in cerebrospinal fluid have yielded ma-
terial of considerably increased poten-
cy, leading to the expectation that its
chemical analysis and synthesis will
eventually be possible.

Stellar Birthplace

Infrared observations at a wavelength

of 22 microns have disclosed a small,
cool nebula embedded in the luminous
Orion nebula. These observations may
represent the first detection of an inter-
stellar cloud undergoing rapid contrac-
tion and evolution. At 22 microns the
cloud is the brightest object yet observed
outside the solar system. The discovery
is reported in The Astrophysical Journal
by D. E. Kleinman and Frank J. Low of
Rice University.

The temperature of the new nebula
is probably less than 70 degrees Kelvin
(degrees centigrade above absolute
zero), which compares with a temper-
ature of about 5 degrees K. for a typical
interstellar cloud. The mass of the neb-
ula appears to lie between 100 and 1,000
solar masses, its diameter is perhaps 100
times that of the solar system and its
total energy output is about 10,000 times
that of the sun.

There are theoretical reasons for be-
lieving that a mass this small could not
produce energy at the observed rate
simply as a result of gravitational con-
traction. It seems likely, therefore, that
a cluster of stars has already begun to
form near the center of the cloud but
is totally obscured by the surrounding
dust. Thus the cloud is absorbing star-
light and reradiating it at a much longer
wavelength. It is thought that the life-
time of such objects may be as short as
2,000 years and that there may be no
more than 10 or so at any one time in
our galaxy.

Up from the Wasp

Two 100-million-year-old ants, found

embedded in a lump of Upper
Cretaceous amber on the New Jersey
seashore, have doubled the span of the

| ant family’s fossil record and confirmed



Kill some time while
Waiting in line at No.l.
Compliments of Avis.
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6.
1.
12,
13.
4.

16

17.
18.

Or rent a shiny new Plymouth from Avis. (The line at our counter is shorter.)

ACROSS

. Rabbit or knockout
Florida city
Hollywood statue
Command

Man’s first name, Ponce’s last name

The spirit of___.

. Kiss Me .
Printed persuaders
Couples

20. Non-women

21. Railway stations

23. Sherlock Holmes’ Baker St. address
25. Girl’s name

28. How many Arabian nights?

29. Metal

31. Bends over

35.Alimb

38. Hurt

39. Female deer
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41.
43.
44.
45.
47
48.
49-

To judge

LXX

The Jones and the Sawyer boy
Mr. Stevenson

A flat cap for men or women
Cowboy circus

Baked, lima, orjelly___.

DOWN

. White bear

. Second-hand

. Sergeants

. Tin container

. Sixty minutes (Abbr.)
. U.S. State (Abbr.)

. Annoy

. First man

. To allot

. Girl’s name

. Soft drink

. Into the valley of death rode the

. Entries of debt

. Privates have one

. God (Spanish)

. Gentlemen

. Voting age

XX

. Preposition

. In grammar, an article
. Electronic eye

. Killer’s license number
. Gold (Spanish)

. Lies down

. Do over

. Canasta term

. The dumb girl

- A portent

. Girl’s name

44.
46.
47.

Golf term
Downing St. address

Ammunition for toy gun
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... If you don't see ‘Charley’ in this night
scene join the group of scientists and engi-
neers who have enough vision to make this
a reality.

New positions in advanced research and development projects
are open at a unique laboratory with mission to accomplish ap-
plied research development and engineering of materials, meth-
ods and techniques; procurement of services; and design testing
and test evaluation of night vision systems for the Army

NIGHT VISION LABORATORY

OF THE U.S. ARMY ELECTRONICS COMMAND

... IF YOU ARE A U.S. CITIZEN, HAVE A DEGREE AND
AN INTEREST IN ANY OF THE FOLLOWING FIELDS . . .

OPTICS VISUAL PERCEPTION
PULSED CIRCUITRY ATMOSPHERIC OPTICS
PHOTOEMISSION VISIONICS

VACUUM TECHNIQUES
IMAGE INTENSIFICATION . .

LASER RESEARCH  oMPONENTS & SYSTEMS

LIGHT SOURCE RESEARCH
GHT SOURCE RESEARCH o o 1\ FRARED COMPONENTS
TRANSISTORIZED & SYSTEMS

ELECTRONICS
AUTOMATIC PATTERN . . ILLUMINATION SYSTEMS

RECOGNITION TV SYSTEMS

SEND RESUME or SF 57 TO..

CIVILIAN PERSONNEL OFFICE
BUILDING T-2323, ROOM 11
FORT BELVOIR, VIRGINIA 22060

Fort Belvoir is located approximately 15 miles south of Washington, D.C.
Starting salaries range from $6,387 to $20,000 per annum. Relocation expense
paid. These are Career Civil Service Positions.

AN EQUAL OPPORTUNITY EMPLOYER
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entomologists™ suspicions that these so-
cial insects arose from an ancestral form
of solitary wasp. Until Mr. and Mrs. Ed-
mund Frey discovered the New Jersey
specimens the most ancient ant fossil
known was from an Eocene formation in
Tennessee some 50 million years old.
Named Sphecomyrma freyi both to in-
dicate their intermediate position be-
tween wasp and ant and to honor their
discoverers, the ancient ants have been
described in Science by William L.
Brown of Cornell University and Ed-
ward O. Wilson and Frank M. Carpen-
ter of Harvard University. The quarter-
inch insects’ “waists” are antlike, but
their heads carry wasplike jaws and an-
tennae.

Hostile Gifts

Perhﬂps with the approaching hol-
idays in mind, Barry Schwartz of the
University of Pennsylvania has sum-
marized much of the unwelcome but in-
escapable evidence that giving gifts is
as often hostile as it is friendly. Writing
in' The American Journal of Sociology,
Schwartz cites in addition to such tradi-
tional examples as the naked aggres-
siveness of the potlatch exchange of
gifts among the Northwest Coast Indi-
ans of America elements of similar hos-
tility within Western cultures. Item: In-
sofar as a gift represents the donor’s
conscious self-sacrifice, it is a form of
self-punishment. Item: Bondage to the
donor is so implicit in the acceptance
of gifts that street-gang leaders, among
| other calculating gift-givers, take pains
never to let followers pay off all obliga-
tions. Item: Prison inmates must go to
great lengths to return unsolicited gifts
of cigarettes if they wish to avoid dom-
ination by the donor. Item: The tradi-
tional gold watch at retirement is a sort
of “gilded ‘pink slip,” ” freighted with
the implicit message “Good riddance.”
Item: Gifts to children are frequently
used as a form of punishment (“Mummy
and Daddy are giving you a present
even though you’ve been a bad boy!”),
for which the child may seek vengeance
in later life by presenting “inferior”
gifts on such “status-recognizing” occa-
sions as Mother’s Day and Father’s Day.
Item: The “greatest of all gift-givers,”
Santa Claus, with his “powers of surveil-
lance and ability to grant and with-
hold benefits,” is used by parents as
an instrument of control over children.
Schwartz quotes with sympathy Ralph
Waldo Emerson’s observation: “The
hand that feeds us is in some danger of

| being bitten.”



HOW CREATIVE PROFESSIONALS USE GENERAL ELECTRIC TIME-SHARING SERVICE

‘ In 4 seconds
General Electric

Time-Sharing Service
answers a gear design
problem that would take

all day with a calculator.,

James Edmiston, Product Engineer,
Star Cutter Company,
Farmington, Mich.

Creative professionals like James

Information Edmiston bring the full power of a
Systems General Electric computer to their day-

to-day work, without ever leaving their

Time-Sharing desk. The secret is Time-Sharing
Service Service from General Electric, now
available in 36 cities throughout
the U.S.

Problems are sent via conventional telephone lines to the GE
computer center from a teletypewriter in the user’s office. AiImost
simultaneously, the computer provides answers to many users’
problems — design engineering, mathematical analysis, statistical
analysis, research and development. The output of a small firm's
engineering staff, for example, was increased 20 per cent by
using GE Time-Sharing Service.

Are your own engineers and scientists keeping up with these
creative professionals — including educators, financial and
manufacturing people, and other businessmen — who use this
advanced new information service from General Electric?

For full details, call your nearest GE Information Processing Center
(look under "“Data Processing Service” in the Yellow Pages),

or write, Information Service Department, General Electric Co.,
7735 Old Georgetown Road, Bethesda, Md. 20014. 291-22

GENERAL @D

ELECTRIC
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RCA helps create the excitement of color TV in Europe...

Color broadcasting will begin this year in by many major European broadcasters.

West Germany, England, France, Sweden and the RCA's increasing global activity also includes
Netherlands. And, as the industry grows, many the world of music through the development
Europeans may get their first glimpse of this of RCA ltaliana, Italy’s leading recording com-
exciting new medium on color tubes made by RCA pany. The studios of this RCA-designed and owned
in Great Britain. In addition, color cameras facility in Rome, producing recordings for the

and a color TV tape system—developed by international market, are among the world’'s

RCA in Switzerland and the U. S.—will be used largest and best equipped. Studio A, for example,
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1nd the brilliance of great recordings in ltaly

can comfortably house the entire orchestra,
chorus and principals of the La Scala Opera
Company—some 250 artists in all.

RCA is constantly pioneering better ways of
supplying information—electronically—from
color television and microwave systems to global
communication services and advanced
Spectra 70 computers.

The Most Trusted Name in Electronics
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A MESSAGE FROM THE OCEANOGRAPHIC CAPITAL OF THE WORLD. ...

From Mollusks to Mermaids...in
Florida we know more about the sea!
To a growing, enthusiastic and dedicated
group of scientists, the seas around the
Florida peninsula have been revealing their
secrets in a spectacular manner.

There are PhD’s here who have seen
the world of tomorrow — and assure us
that it is wet and salty. -

Florida has become — in point of fact — the oceanographic
capital of the world. Here, the blessings of Nature and foresight
of Science have been combined in projects whose possibilities are
as exciting and fabulous as a trip beyond the moon.

Or— to be more prosaic — Florida universities, with one foot
in the surf, are today training a large percentage of the scientists
who will be active in the field. Both AUTEC and ESSA Institute
of Oceanography are located in Florida.

There may come a day when your company will turn to
the sea—and to the riches that wait for those with imagination
and knowledge. To prepare yourself for that day, write James S.
Cullison II, Manager, Department of Marine Sciences and Tech-
nology, or better yet...give him a call at (904) 224-1215.

Florida

e S R
FLORIDA DEVELOPMENT COMMISSION

C. SHELBY DALE, CHAIRMAN

INDUSTRIAL DIVISION

107 WEST GAINES STREET

TALLAHASSEE, FLORIDA 32304
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The Shape of the Earth

As 1s well known, the earth is a slightly flattened sphere, but it also

departs from the spherical in other interesting ways. These departures

have been most clearly revealed by the orbits of artificial satellites

rom the earliest times human be-
Fings have wondered about the

shape of the earth. At first they be-
lieved it was flat, and their recognition
that it is round was a great advance. In
recent centuries it was learned that the
earth is an imperfect sphere, slightly
flattened at the poles and distended at the
Equator. Then the orbits of the first arti-
ficial satellites, launched in 1957 and
1958, showed that the flattening is less
than had been thought and that the
earth has a slight tendency toward being
pear-shaped. Subsequent studies with
satellites have revealed many humps and

by Desmond King-Hele

depressions previously unknown. In the
coming years it should be possible to re-
fine these studies even further.

I should make it clear at the outset
that in discussing the shape of the earth
I am concerned not with the mountains
and valleys but with the shape of the
sea-level surface, continued under the
land in a logical fashion. This is the sur-
face usually called the geoid.

Early Speculations

Millions of years ago some of our
semihuman ancestors, hunting in the

highlands of Kenya, may have stopped
in their tracks and wondered: Does the
land go on forever, or does it come to
an end in a bottomless gorge? We shall
never know their answer. Perhaps, how-
ever, there was a genius among them.
Such a supremely bright individual
might have discovered that the earth
was gently curved. He (or perhaps she)
need only have stood on the shore of a
large lake, looking at a low island, and
then noted how it disappeared from
view when he went swimming. Experi-
ence had already taught him that light
travels in straight lines, and so he would

GEODETIC SATELLITE is tracked in flight over Iran by a K-50
camera of the Smithsonian Astrophysical Observatory. The satellite
appears as the broken horizontal line; the slanting lines around it
were made by stars. The trail begins at far left with a one-second

© 1967 SCIENTIFIC AMERICAN, INC

exposure, followed by 14 seconds in which shutter is closed. Then
there is a 32-second exposure (center), another 14 seconds with
the shutter closed and a one-second exposure. Another shutter sys-
tem interrupts the exposures every second to indicate the timing.
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leap to the right conclusion without any
of the qualms about refraction that might
inhibit a modern observer.

The first real evidence on ideas about
the shape of the earth comes much later,
from the Babylonians only a few thousand
years ago. The Babylonians lived on a
flat plain, and its frequent flooding gave
them plenty of opportunity to notice the
curvature of water surfaces. Moreover,
some Babylonians were skilled astrono-
mers and could have seen the earth’s
circular shadow creeping across the
moon at an eclipse. And surely someone
must have noticed that by traveling far-
ther south he could see stars that were
below the horizon at home. These phe-
nomena may have been observed, but
if they were, the observers never suc-
ceeded in convincing the authorities.
The accepted belief among the Babylo-
nians was that the earth was flat.

The credit for the idea that the earth
is spherical is usually given to Pythagoras
and his school in the sixth century B.C.,
although others had no doubt proposed
it in vain before. The Pythagoreans did

not take much notice of the observed
facts; they just had a fixed idea that the
sphere was the perfect shape, and so
they concluded that the earth, like the
sun and the moon, must be spherical.
However shaky its basis, the idea of a
spherical earth was adopted by many
Greek philosophers, notably Aristotle,
who even gave an estimate of the earth’s
circumference in his On the Heavens.
(The estimate was inaccurate.)

The first great earth-measurer was
Eratosthenes of Alexandria. The method
he used in the third century B.c. was
correct in principle and picturesque in
detail. Eratosthenes noticed, or perhaps
someone told him, that at noon the mid-
summer sun was directly overhead at
Syene, or Aswan as we know it today,
and shone down a deep well. At Alex-
andria the sun was not quite overhead
in midsummer. It was a fiftieth of a cir-
cle, or 7.2 degrees, away [see illustration
below].

With these facts, plus the assumption
that the sun was a long way off, Era-
tosthenes deduced that the earth’s cir-

cumference was 50 times the distance
from Alexandria to Syene. But what
was that distance? He knew that camel
trains, which usually traveled 100 stadia
per day, took 50 days to reach Syene. So
the distance from Alexandria to Syene
was 5,000 stadia and the circumference
of the earth was 250,000 stadia.

The length of a “stadium” is not ex-
actly known, but the measurement made
by Eratosthenes may well correspond
to 24,700 miles, very close to the cor-
rect value of 24,860 miles. He deserves
every praise for his work: the principle
was correct and its execution was beau-
tifully economical, even though a few
details were wrong. (For example, the
sun would not have been exactly over-
head at Syene, and camels are not to
be recommended as measuring instru-
ments.)

The method of Eratosthenes was ap-
plied again by Poseidonius, who used
the bright star Canopus as a reference
point. Similar calculations were made by
the Arabs in the ninth century aA.p. The
method was refined by the Dutch mathe-

72 DEGREES ___ —————""
ALEXANDRIA,, . _—————
,-—-—-"-"-—--T‘"
e T
.‘=::____________,._ - o
CENTER SYENE
OF EARTH

ERATOSTHENES’ METHOD was one of the first attempts at
measuring the earth. Knowing that the sun was almost directly
overhead at Syene (now Aswan), he measured the angle of it from
the vertical at Alexandria to be 7.2 degrees, or a fiftieth of a circle.
If the sun’s rays are assumed to be parallel, the arc between Syene
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and Alexandria will subtend the same angle of 7.2 degrees at the
center of the earth. With an estimate of the distance between Syene
and Alexandria, Eratosthenes was able to calculate the circumfer-
ence of the earth. His calculation, made in stadia, is believed
to be equivalent to about 24,700 miles, which is nearly correct.



matician Willebrord Snell in the 17th
century and still offers one of the best
methods of finding the earth’s radius.

The idea of a spherical earth adopted
by the Greek philosophers managed to
survive in Europe throughout the con-
quests and confusions of the next 1,500
years. This was chiefly because of the
fortunate accident that the Christians,
who came to dominate Europe, chose
the works of Aristotle as their guide to
the physical world. He was an unreliable
guide—a fact they never discovered be-
cause their chief aim was to prepare for
a world to come rather than to compre-
hend the world they lived in. Aristotle
was nonetheless right about the shape of
the earth and so some at least of the sci-
entific writings of the Middle Ages were
near the truth.

The idea of a spherical earth also had
its dangers. A sphere has a center, and
that center all too easily became re-
garded as the hub of the entire universe.
So developed the medieval picture of an
earth surrounded by concentric spheres,
on which the sun, moon and planets
moved. This picture was flattering to
man’s self-esteem, and its destruction
was grievously felt, particularly by those
who were tortured for upholding Coper-
nicus’ idea that the earth moved around
the sun.

The Flattened Sphere

Later ideas about the shape of the
earth have gained acceptance more
easily. The first of them was the concept
of flattening. Unlike many words given a
scientific meaning, “flattening” as ap-
plied to the earth means what it says. It
is a measure of the amount by which the
earth is flattened, or squashed in, at
the poles. Numerically the flattening is
defined as the difference between the
equatorial diameter and the polar diam-
eter, divided by the equatorial diameter.
Since the equatorial diameter is 7,926.4
miles and the polar diameter is 7,899.8
miles, the difference is 26.6 miles and
the flattening is 26.6/7,926, or 1/298.
The flattening is always given as a frac-
tion, 1/298, or described as one part in
298; it is not stated as a decimal.

The first inkling that the earth might
be flattened at the poles came in 1672
from a French expedition to Guiana.
The explorers found that pendulum
clocks that kept good time in Paris lost
2% minutes a day at Cayenne, near the
Equator. At the time no one quite knew
how to interpret the observation.

Help was soon at hand in the person
of Isaac Newton. In one of the finest of

Tnvemre proportionem axis Plancte ad diametros eidem perpendiculares.

Ad hujus Problematis folutionem requiritur computatio multi-
plex, qua facilius exemplis \ﬂu;im pracepuis addifcicur. Inito igitur
calculo invenio,per Prop. IV. Lib.I. quod vis centrifuga partium
Terrz {ub xquarore, ex motu diurno oriunda, fit ad vim gravita-
tsut 1 ad 290f. Unde fi APB Q2 figuram Terrz defignet revo-
lutione Ellipfeos circa axem minorem P @ geniram; fitque 4CQgca
canalis aqua plena, i polo 2 4 ad centrum Cc¢, & indead zqua-
torem Aa pergens : debebit pondus aqu in canalis crure 4Cca
efle ad pondus aquz in crure altero 2 Ceq ut 291 ad 290, €5 quod
vis centrifuga ex circulari motu orta par-
tem unam ¢ ponderis partibus 291 fufti-
nebit & detrahet, & pondus 290 inalte-
ro crure fultinebit partes reliquas. Porro
(ex Propofitionis XCI. Corollario fecun-
do, Lib. L) computationem ineunda, in-
venio quod fi Terra conftaret ex unifor-
mi materia, motuque omai privaretur,

B & effet ¢jus axis P @_ad diametrum 4B

ut 100 ad 1o1: gravias in loco @ in

Terram , foret ad gravitatem in codvm loco  in fpharam centro
Cradio P C vel 2C deferipram, ut 126 ad 1257. Et codem ar-
gumento gravitas in loco 4 in Sphaeroidem, convolutione EHipfeos
APBQ circa axem AB defcriptam eft ad gravitatem in eodem loco
AinSphxmn1CGKN)Cra&OIJCddbdpuny uc 1257 ad 1262,
Ef aucem gravitas in loco 4 in Terram, media proportionalis inter
graviates in di€tam Sphzroidem & Sphxram, propterea quod

A

a
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Sphe-

NEWTON’S CALCULATION of the flattening of the earth appeared on this page of his
Principia of 1687. He imagined a “canal” of water ACQ, with arm AC running from the
North Pole to the center of the earth and arm CQ from there to the Equator. Since the
oceans do not flow either way, the arms must be balanced. The centrifugal force of the
earth’s rotation counteracts gravity somewhat in the arm CQ, which therefore must be
longer than the arm AC. Newton calculated that the flattening amounted to one part in 230.

the many brilliant analyses in his Princi-
pia of 1687, Newton deduced the earth’s
shape theoretically, without the need for
expeditions to the Equator or anywhere
else. His method was to imagine a canal,
or tube of water, running from the North
Pole to the center of the earth and from
there to the Equator [see illustration
above]. Since the oceans show no signs
of rushing from Equator to pole or vice
versa, the two arms of Newton’s canal
must balance each other at the center of
the earth. The effect of the centrifugal
force caused by the earth’s rotation tends
to reduce gravity slightly in the equa-
torial arm, which therefore needs to be
longer than the polar one if they bal-
ance. Newton made the calculations and
came up with the result that the equa-
torial radius would be one part in 230
longer than the polar radius. This value
is in fact about 30 percent too large, be-
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cause Newton—as he himself realized—
did not allow for the increased density
in the earth’s interior. For more than a
century, however, his was the best and
most soundly based value for the flatten-
ing of the earth.

As soon as Newton’s theoretical value
for the flattening was known, many
people were anxious to confirm it (or
preferably to refute it) by actual mea-
surement. The obvious method was to
measure the length in miles of one de-
gree of latitude both near the Equator
and near a pole. If the earth is flattened,
one degree of latitude will be slightly
longer at the poles (69.4 miles) than at
the Equator (68.7 miles).

In the 18th century the French were
very keen about making such measure-
ments. Unfortunately the first attempts
(by members of the famous Cassini fami-
ly of astronomers) in northern and south-
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FLATTENING OF THE EARTH, which can also be described as
an equatorial bulge, is shown at left in exaggerated form. The
equatorial diameter is 26.6 miles more than the polar diameter.

ern France were not accurate enough.
According to their measurements the
earth was not flattened at the poles but
elongated, like an egg or a lemon. In
1720 Jacques Cassini gave the value of
the flattening as minus one part in 95.
This result provoked a good deal of
controversy. In order to try to settle the
arguments the French Academy of Sci-
ences sent out two expeditions in the
1730’s, one to Lapland under the com-
mand of the astronomer P. L. M. de
Maupertuis and the other to Peru. Both
expeditions suffered severe hardships

GRAVITATIONAL EFFECT of the equatorial bulge is to make
the orbit of a satellite that is moving eastward swing to the west.
The tendency is indicated in the successive series of orbiis from
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during the laborious work of surveying
the unknown terrain. Maupertuis’s party,
which included the eminent mathema-
tician Alexis C. Clairaut, was plagued
by insects in summer, almost frozen to
death in winter and finally shipwrecked.
They returned in 1737, however, after
18 months of work, and their measure-
nents proved that the earth was flat-
tened at the poles. Voltaire hailed Mau-
pertuis as “flattener of the poles and the
Cassinis.” As it happened, Maupertuis
went a little too far: his value for the
flattening was one part in 178, which

© 1967 SCIENTIFIC AMERICAN, INC

Flattening is also shown (right) by measurement of land distances;
if the earth is flattened at the poles, 10 degrees of latitude at the
Equator represents less distance than 10 degrees at the poles.

was more than 60 percent too large and
less accurate than Newton’s.

The Peruvian party suffered even
worse hardships. They had to wait on
mountain peaks, sometimes for days or
even weeks, until the mists cleared and
they could observe the marks they had
set up. Moreover, the three Academi-
cians with the party—C. M. de la Con-
damine, Pierre Bouguer and Louis Godin
—tended to work independently instead
of cooperating. It was 10 years before
the party returned to Paris in 1748, only
to quarrel violently over the results. La

left to right. The first satellite to reveal the shift accurately was
Sputnik I1. The shift proved to be less than had been expected, so
that the flattening of the earth was less than had been calculated.



Condamine remarked in despair that 10
years of toil in the New World were fol-
lowed by 10 years of dispute in the Old.
The values the group obtained for the
flattening ranged from one part in 179
to one part in 266.

The flattening continued to be mea-
sured by this method with gradually
improving accuracy between 1750 and
1950. Among the most important values
were that of the British geodesist Alex-
ander Clarke, who in 1866 obtained a
value of one part in 295, and that of the
American J. F. Hayford, who in 1909
arrived at a value of one partin 297.

Not all the values were found by mea-
suring arc lengths. Three other methods
were used. The first was the measure-
ment of gravity all over the world, for
example by noting the behavior of pen-
dulum clocks, which run slow near the
Equator. The second method was mea-
surement of certain small irregularities
in the motion of the moon. The third was
based on the motion of the earth’s axis in
relation to the stars. Today the earth’s
axis points very nearly at the star Polaris,
whereas 14,000 years ago it was point-
ing near Vega. The earth’s flattening
strongly influences this motion.

Combining all four methods, Sir
Harold Jeflreys of the University of Cam-
bridge arrived in 1948 at a value for the
flattening of one part in 297.1. His cal-
culation must be regarded as the most
soundly based of the presatellite values.
As events were to show, however, it was
not the most accurate.

Such was the situation in October,
1957, when the first Sputnik was
launched. Artificial satellites close to the
earth offered a new and far more accu-
rate instrument for measuring the earth’s
flattening. The key to the technique was
to observe perturbations in the orbits of
the satellites.

If the earth were perfectly spherical
and had no atmosphere, a satellite would
pursue the identical orbit month af-
ter month. (This assumption ignores the
small attractions of the sun and moon.)
Because the earth departs from a spheri-
cal form, however, its gravitational pull
must vary with latitude, and the orbit of
the satellite is therefore distorted.

By far the largest departure of the
earth from a spherical form is due to
the flattening, or equatorial bulge. The
gravitational pull of the equatorial bulge
makes a satellite’s orbit rotate around
the earth’s axis in the direction opposite
to the satellite’s motion [see bottom illus-
tration on opposite page]. An observer in
the depths of space looking at a satellite
orbiting the earth would see the orbit of

NORTH POLE

4,207 MILES

SOUTH POLE

SATELLITE ORBIT indicates the extent to which the earth is pear-shaped. Suppose that
the orbit is inclined 40 degrees to the Equator and that the satellite’s perigee, or closest
approach to the earth, is 4,200 miles from the earth’s center when perigee is farthest north;
a few months later, when the perigee is farthest south, the distance is 4,207 miles.

NORTH POLE

EQUATOR

SOUTH POLE

CROSS SECTION of the earth through an arbitrary line of longitude would reveal the
shape shown by the black line. Configuration is that of the geoid, or sea-level surface.
Its deviations above and below a spheroid flattened one part in 298.25 are given in meters.
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HARMONICS provide a way of determining mathematically the distortions of the earth’s
shape shown by satellites. The second harmonic reflects the equatorial bulge ; the third, the
fact that the earth is pear-shaped. By superposing an indefinite number of harmonics on the
basic spherical shape of the earth one can build up any shape and any paitern of gravity
representing departures from the sphere. Values to 21 harmonics have been calculated.
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an eastward-moving satellite gradually
drifting to the west. The more flattened
the earth, the faster the drift. Since the
actual drift is quite rapid—it can be as
much as eight degrees per day—we can
measure its numerical value very accu-
rately by allowing it to build up for sev-
eral weeks or even months.

Effects of the Satellites

The launching of Sputnik I in Octo-
ber, 1957, was a surprise to most people
outside the U.S.S.R., and its orbit was
not very accurately determined. A month
later came Sputnik II. It was a bright
object, and in Britain an extensive series
of accurate observations was made with
kinetheodolites, which are photographic -
instruments normally used for tracking
missiles. Frcm these observations the or-
bit of the satellite was accurately deter-
mined. By early 1958 it had become
clear that the westward drift of the
satellite’s orbit was about .7 percent less
than it ought to be if the previously ac-
cepted value of the flattening were cor-
rect.

The first American satellites, Explorer
I and Vanguard I, were launched early
in 1958 and were accurately tracked by
the Minitrack radio system, now oper-
ated by the National Aeronautics and
Space Administration. Within two or
three months it became obvious that
their orbits too were not drifting west-
ward as fast as expected. Both the British
and the American results suggested that
the flattening of the earth was closer to
one part in 298 than to one part in 297.
In fact, this early finding has proved to
be correct. The value is now known to
be one part in 298.25.

There was little practical significance
in the discovery that the earth was not
quite as flattened as had been thought.
Anyone contemplating a journey from
the Equator to the pole and back again
would travel 600 yards less than he
might have expected to. The scientific
consequences of the new value for the
flattening were not so trivial. The ge-
odesists, who made precise surveys of
the continents, liked their measurements
to be accurate to within 10 yards, and
an error of several hundred yards at the
very root of their calculations was not to
be taken lightly. For this and other rea-
sons the improved value of the flattening
found in 1958, so soon after the first
satellite launchings, was the prelude to
a long series of analyses that have re-
vealed the shape of the geoid in con-
siderable detail.

What has been learned from the re-
cent analyses is that it is a great over-



She’s pretty cool for a gal
whose roast has been ready
since the 11th hole.

That's because she’s sure her oven’s
keeping her roast warm and tender.
Not dry and overcooked.

Most cook-and-keep-warm ovens
aren’t news. But hers is. It uses a new
kind of system, ours, that converts heat
to electricity for precise control.

At the end of a pre-set cooking
period, her oven’s temperature drops
to 170°F. and stays there. There are no

wide swings in temperature.

Our gal golfer probably couldn’t
care less why her roast stayed just the
way she wanted it.

Or why her husband can set our
new General Controls-brand home
thermostat precisely, even in the dark.

Or why our precision controls and
instruments are used in the hydraulic
and fuel systems of the jet that flew

her son to London on vacation.

Or why our controls and instru-
ments are used in an exact refining
process for a high-octane gasoline that
her daughter uses in her sports car.

Since our Controls and Instruments
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to. Ever.

International Telephone and Tele=
graph Corporation, New York, N.Y.
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HARMONICS KOZAI (1964)
2ND 1,082.63
4TH —-1.63
6TH .59
8TH -.15
10TH =15
12TH -.29
14TH

KING-HELE AND COOK (1965)

SMITH (1965)

1,082.68 1,082.64
-161 -1.70
v 73
-.13 —.46
—-.09 -7
-.31 -.22
19

EVEN HARMONICS are calculated as mathematical coefficients by Yoshihide Kozai of the
Tokyo Astronomical Observatory and the Smithsonian Observatory, the author and a
colleague, and David Smith of the Radio and Space Research Station in Slough, England.

simplification to describe the earth mere-
ly as a flattened sphere. The sphere has
a number of irregularities that are also
reflected in perturbations of the orbits
of satellites. Although it may seem para-
doxical, the best way to analyze the ir-
regularities is by imposing on the basic
spherical shape of the earth the regular
but increasingly complex series of shapes
called harmonics. In summing up the
effect the harmonics would have on the
orbit of the satellites, one arrives at a
conception of the actual shapes that are
affecting the satellites.

Complexities of the Geoid

Let us assume for the moment that
the earth is symmetrical around its axis
and apply the harmonics to the basic
sphere [see illustration on page 72]. The
first harmonic is always zero if, as is
customary, the earth’s center of mass is
taken as being in the plane of the Equa-
tor. The second harmonic represents a
tendency toward an ellipse rather than
a circle. This harmonic is another way
of describing the flattening. The sec-
ond harmonic is by far the largest of the
series.

The third harmonic represents a tend-
ency toward a triangle, often called a
pear shape because if it were exagger-
ated it would look like a pear. The fourth
harmonic is, as it were, square, with four
“corners.” The fifth harmonic has five
“petals.” The sixth harmonic with six
petals, the seventh with seven, and so
on, can easily be visualized. In investi-
gating the shape of the earth by analyz-
ing satellite orbits we assume that the
shape is made up of a large number of
these harmonics and then find the nu-
merical value of each one by measuring
the characteristic changes it causes in
satellite orbits.

We have already seen that the most
important effect of the second harmonic
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—the flattening—is to make the orbit drift
westward. All the even harmonics—the
second, fourth, sixth and so on—have a
similar effect. Therefore the values of
the even harmonics are found by mea-
suring the orbital drift of a number of
satellites at different inclinations to the
Equator. The successive harmonics have
different effects at different inclinations,
and so they can be sorted out from one
another.

The best values obtained in three re-
cent investigations show close agreement
up to the eighth harmonic [see illustra-
tion above]. There is good reason for the
differences between the values of the
eighth harmonic and the higher ones in
the three sets, namely the lack of near-
equatorial orbits close to the earth. If
someone would launch a satellite in-
clined at 10 degrees or less to the Equa-
tor, better values of the harmonics could
be found. Either the American or the
Russian launching agencies could easily
send up a near-equatorial satellite orbit-
ing at a height of about 600 miles. Un-
fortunately neither nation seems eager
to secure the credit for this most un-
spectacular space first, and it may be left
to the French, using their proposed
equatorial launch site in Guiana.

The agreement among the three sets
of values of even harmonics is really
more important than the discrepancies.
The values for the second harmonic,
which gives the flattening, now agree to
within one part in 40,000. The fourth
and sixth harmonics are also in good
agreement.

The Odd Harmonics

So much for the even harmonics. The
odd harmonics—the third, fifth, seventh
and so on—are found by analyzing quite
a different feature of satellite orbits. The
odd harmonics give rise to different
shapes in the Northern Hemisphere and
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the Southern Hemisphere and so to grav-
itational pulls that differ in the two
hemispheres. The main effect of the un-
equal pulls is to make a satellite ap-
proach closer to the earth’s center when
its perigee, or point of nearest approach,
is in the Northern Hemisphere [sce top
illustration on page 71]. Suppose that
when perigee is at its maximum latitude
north, the distance from the center of the
earth is 4,200 miles. As time goes on the
perigee gradually moves; after a few
months it travels south of the Equator. If
the distance from the earth’s center is
measured, it is found to be about 4,207
miles—seven miles more than before.
This tendency was first noticed in the
orbit of Vanguard I in the late summer of
1958. The little six-inch “grapefruit”
satellite thus had the distinction of dem-
onstrating that the earth is pear-shaped.
The observed change implied that the
tendency to a pear shape amounted to
about 120 feet. That is, if you dug a hole
through the ice at the North Pole and fell

-37

MAP OF GEOID indicates the major humps
and depressions found on the basic spheri-



into the sea, you would be about 120 feet
farther from the Equator than someone
who drilled through the 10,000 feet of
ice to reach sea level at the South Pole.

It came as a surprise to almost every-
one that the earth was pear-shaped.
Speculations that it might be so, how-
ever, go back a long way—to about 1500,
a century and a half before even the flat-
tening was recognized. The suggestion
was made by Christopher Columbus,
who gave it as his opinion that the earth
was “not round in the way that is usually
written, but that it has the shape of a
pear (la forma de una pera).” Although
ke was merely guessing, his idea was
strangely prophetic.

The third harmonic and all the other
odd harmonics help to alter the distance
of perigee from the earth’s center as the
perigee point swings from the Northern
Hemisphere to the Southern Hemi-
sphere. By measuring several orbits at
different inclinations to the Equator we
can find the values for the third, fifth,

cal shape of the earth by observation of satellites. The map is based
on one prepared by William M. Kaula of the University of Cali-

seventh and higher odd harmonics. The
latest set of values goes up to the 21st
harmonic, although we cannot yet be
sure that the values beyond about the
ninth harmonic are accurate [see top il-
lustration on next page].

One interesting feature of the values
of the odd harmonics is the large value
of the 21st harmonic, which corresponds
to a shape with 21 “petals.” It is not real-
ly surprising that such high harmonics
are important; the distance between two
successive petals of the 21st harmonic is
still about 1,200 miles. There are plenty
of irregularities in the earth’s surface that
recur at distances of 1,200 miles or even
less.

When we add up all the harmonics,
the resulting shape of the earth is quite
complicated. The bottom illustration on
page 71 shows the earth’s shape at sea
level: the profile that would be seen if
one could cut the earth in half through
the poles, just as if it were a pear with
the stalk at the North Pole. The cut

© 1967 SCIENTIFIC AMERICAN, INC

shown in the illustration is not made at
any specific longitude but represents an
average over all longitudes. The scale
of the illustration is exaggerated; the
earth is not really concave at the South
Pole. The illustration does show, how-
ever, that even after all the harmonics
are included there is still a “stem” at
the North Pole about 10 meters (33 feet)
high, and that at the South Pole the sea-
level surface is depressed by about 30
meters (100 feet). Humps and depres-
sions have now revealed themselves at
other latitudes as well. No one has yet
satisfactorily explained why the “stem
of the pear” is at the north rather than
the south, but the alternate melting and
solidifying of the south-polar ice down
through the ages may well have had
scme influence.

This picture may seem complicated
enough, but it is in some ways greatly
oversimplified. So far we have taken no
account of variations with longitude,
having assumed that the Equator is an

fornia at Los Angeles. The contours give the amount in meters by
which the geoid differs from a sphere flattened one part in 298.25.
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HARMONICS VALUE
3RD ~2.50
5TH ~ %
7TH - .40
9TH 0
1TH -
BTH 36
15TH - 65
17TH 30
19TH 0
21ST 58

ODD HARMONICS are presented as they
are currently calculated. Values of the third
through the ninth harmonic are regarded as
quite accurate; harmonics from the ninth
onward may be revised with further data.

exact circle. Such variations are much
smaller than the flattening, and much less
easily measured, but a fairly clear pic-
ture has now emerged.

Even before the launching of satel-
lites, the shape of the Equator could in
principle have been found by taking a
gravimeter—an instrument for measur-
ing gravity—right around the Equator at
sea level. Actually the project was quite
impracticable, for two reasons. First,
gravity could not at that time be mea-
sured accurately at sea, so that nearly
80 percent of the Equator was ruled out.
Second, the thought of marching in a
straight line from the mouth of the Ama-
zon to Quito or through the African trop-
ical forest was too daunting, and anyway
most of the land was well above sea level.
As a result surveys of gravity were con-
fined to limited areas and the conclu-
sions drawn were equally limited.

At first the advent of satellites did not
help, because the variations of gravity
with longitude have little effect on satel-
lite orbits. The reason is that a sateliite

MILES

AVERAGE EQUATORIAL DIAMETER
POLAR DIAMETER

AVERAGE EQUATORIAL RADIUS
MAXIMUM EQUATORIAL
MINIMUM EQUATORIAL RADIUS

RADIUS

NORTH POLAR RADIUS
SOUTH POLAR RADIUS

SUMMARY OF DATA on the shape of
the earth as ascertained by observation of
satellites is given in this table. The maxi-
mum equatorial radius is north of New
Guinea; the minimum radius, south of India.
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orbit tends to remain nearly fixed in
space while the earth spins below it, so
that the satellite tends to sample all lon-
gitudes equally during the course of a
day. As a result it averages out the ef-
fects of variations with longitude.

Determinations from Satellites

If the satellite can be observed every
few hours, however, its response to the
variations of gravity with longitude can
be detected. Such observations were first
achieved in 1961 by means of accurate
optical observations made with the
Baker-Nunn satellite-tracking cameras
of the Smithsonian Astrophysical Ob-
servatory. Shortly afterward good results
were obtained from the radio tracking
of the U.S. Navy’s navigational satellites.
Both methods have subsequently been
improved and refined, chiefly by work-
ers in the U.S. Quite detailed maps have
been made of the humps and valleys of
the geoid.

A recent map of the geoid derived
from satellite observations by William
M. Kaula of the University of California
at Los Angeles is shown in the illustra-
tion on the preceding two pages. (Other
maps are available; they differ in de-
tail but agree in their main features.)
The map shows the height, in meters,
of the geoid (mean sea-level surface)
above a spheroid with a flattening of one
part in 298.25, which is the best simple
approximation of the earth’s basic shape.

A good way of getting to know the
map is to take an imaginary walk around
the Equator at sea level, starting in Afri-
ca at longitude 20 degrees East and
traveling east. At the starting point you
are on the zero contour and therefore at
the “correct” distance from the earth’s
center, 3,963.21 miles. As you battle
your way across the Congo (or rather
tunnel your way; remember, you must
stay at sea level) and then swim across
the Indian Ocean, you get steadily closer
to the earth’s center, reaching the bot-
tom of the “valley” south of India, at 70
degrees East, where you are 79 meters,
or 260 feet, closer to the earth’s center,
that is, 3,963.16 miles away. You then
begin the climb toward the hump 67
meters (220 feet) high north of New
Guinea. You are now 3,963.25 miles
from the earth’s center, 480 feet farther
than when you were south of India. The
rest of the journey is uneventful: you re-
turn to normal by mid-Pacific, then de-
scend a depression a mere 20 meters
deep off South America. From there
onward you stay within 10 meters of
the normal distance from the earth’s
center.
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Away from the Equator, the hignest
hump is centered in western Europe. It
is about 200 feet high. There are also
two depressions, one near the South Pole
about 175 feet deep and another, about
120 feet deep, off California.

This, then, is the present picture, ar-
rived at by carefully analyzing the move-
ments of satellites, deducing the exact
pull of gravity on them and so finding
the shape of the earth’s free sea-level sur-
face. The main statistics are summarized
in the bottom illustration on this page.

Other Techniques

We should not forget another method
of using satellites to measure the earth:
the purely geometric technique. If a
satellite is observed at exactly the same
time by cameras in several different
places, a triangulation network can be
built up, just like the triangulation used
by surveyors in map-making, except that
with satellites the process is in three di-
mensions instead of two. This work has
been pushed forward most vigorously
by the U.S. Army Map Service, using
the bright Echo satellites as the main
targets, and by the Smithsonian Astro-
physical Observatory, using their Baker-
Nunn cameras to observe fainter satel-
lites. Similar programs are also under
way in eastern and western Europe. The
chief aim is to determine the position of
one ground station with respect to an-
other. Such determinations are now be-
ing made with an accuracy of about 10
yards over distances of 1,000 miles or
more. The procedures are also being ap-
plied over greater distances with the
Pageos satellite. The use of lasers, which
generate an intense beam of light that
can be timed with great precision as it
travels between a satellite and a ground
station, has been started; these observa-
tions should yield distances accurate to
perhaps one yard. Such metheds are
helping to fill in the detail in the world
maps provided by analyzing the move-
ments of satellites, which give the over-
all picture but do not show much detail
within, say, a 1,000-mile square.

What can we say of future progress in
determining the earth’s shape from ob-
servations of satellites? Perhaps the saf-
est prophecy is that progress will be
rapid, for the new methods show no sign
of being played out. The satellites were
the first instruments to make a truly
worldwide inspection of the earth, and
the immediate successes of 1958 and
1959 have been followed up by more
careful and detailed analyses. Every year
brings better and better answers to the
age-old problem of the earth’s shape.
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The Structure of Antibodies

The basic pattern of the principal class of molecules that neutralize

antigens (foreign substances 1n the ])Ody) 1s four cross-linked chains.

This pattern 1s modified so that antibodies can fit different antigens

that a person who survives a disease

such as plague or smallpox is usually
able to resist a second infection. In-
deed, such immune people were often
the only ones available to nurse the sick
during severe epidemics. A general un-
derstanding of immunity had to await
the discovery that microorganisms are
the causative agents of infectious disease.
Then progress was rapid. A key step was
taken in 1890 by Emil Von Behring and
Shibasaburo Kitasato, working in the
Institute of Robert Koch in Berlin. They
showed that an animal could be made
immune to tetanus by an injection of the
blood serum obtained from an animal
that had survived the disease and had

It has been known for millenniums

ANTIBODIES BOUND TO ANTIGENS are depicted in this elec-
tron micrograph made by Michael Green and Robin Valentine of
the National Institute for Medical Research in London. The antigen

by R. R. Porter

developed immunity to it. Serum is the
clear fluid that is left behind when a
blood clot forms; it contains most of the
blood proteins. Thus immunity to teta-
nus is a function of a substance or sub-
stances in the blood. These substances
were named antibodies.

Antibodies are produced by all verte-
brates as a defense against invasion by
certain foreign substances, known col-
lectively as antigens. The most effective
antigens are large molecules such as pro-
teins or polysaccharides (and of course
the microorganisms that contain these
molecules). The demonstration of the
appearance of antibodies in the blood is
most dramatic if the antigen is a lethal
toxin or a pathogenic microorganism:
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the immune animals live and the non-
immune die when injected with the an-
tigen. Innocuous substances such as
egg-white protein or the polysaccharide
coat of bacteria, however, are equally
effective as antigens. The antibodies
formed against them can be detected
by their ability to combine with antigen.
This can be shown in many ways. Per-
haps the simplest demonstration is pro-
vided by the precipitate that appears in
a test tube when a soluble antigen com-
bines with antibody contained in a sam-
ple of serum. The most remarkable
aspect of this phenomenon is the speci-
ficity of the antibody for the antigen in-
jected. That is, the antibody formed will
combine only with the antigen injected

itself is too small to be visible, but it evidently acts as the coupling
agent that binds antibody molecules together to form the various
multisided structures. The magnification is about 275,000 diameters.
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IMMUNOGLOBULIN GAMMA, the chief class of antibody, is a protein molecule consisting
of four polypeptide chains held together by disulfide (S—S) bonds. The two light chains are
identical, as are the two heavy chains. Depending on the source, the light chains contain
from about 210 to 230 amino acid units; the heavy chains vary from about 420 to 440 units.
Thus the lengths, the spacing between disulfide bonds and enzyme cleavage points shown
here are approximate. The enzyme papain splits the molecule into three fragments
(above): a fragment that forms crystals (Fc) and two fragments (Fab) that do not crystallize
but contain the antigen binding sites. Approximately half of each Fab fragment (color) is
variable in amino acid composition. Site 191 is genetically variable. When immunoglobulin
gamma is split by the enzyme pepsin (right), the Fab fragments remain bonded to-
gether (Fab’)s because the cleavage occurs on the other side of the central disulfide bond.

or with other substances whose struc- within the limits of present experimental
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conditions the antibody-antigen precip-

ture is closely related.

Numerous different antibodies can
be formed. Although an individual ani-
mal may respond poorly, or perhaps not
at all, to a particular antigen, there is
no known limit to the number of spe-
cific antibodies that one species, for ex-
ample the rabbit, can synthesize. Con-
ceptually there is a great difference be-
tween the capability of one species to
synthesize a very large but limited num-
ber of antibodies and the capacity to
synthesize an infinite number, but an ex-
perimental decision as to which is correct
is not possible at present.

11 antibodies are found in a group of

related serum proteins known as
immunoglobulins. The challenge to the
protein chemist lies in the fact that anti-
body molecules are surprisingly similar
even though they possess an enormous
range of specific combining power. Al-
though it is clear that there must be sig-
nificant differences among antibodies,
no chemical or physical property has
yet been found that can distinguish be-
tween two antibody molecules: one
able to combine specifically, say, with
an aromatic compound such as a ben-
zene derivative and the other with a
sugar, although the benzene compound
and the sugar have no common structur-
al features. Antibodies of quite unrelat-
ed specificity appear to be identical,

L
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techniques, except, of course, in their
specific ccmbination with antigen.

An antibody can be isolated from the
serum of an immunized animal only by
using the special property of allowing
it to combine with the antigen, freeing
the complex from the other serum pro-
teins and then dissociating and separat-
ing the antibody and antigen. This can
be done by allowing a precipitate to
form, washing the precipitate well with
salt solution and then suspending the
precipitate in weak acid. Under these

&lw;:;zr”&‘:r{ e
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ANTIGEN

itate will dissolve and dissociate, and the
antibedy and antigen can be separated
from each other to yield the purified
antibody. As we shall see, however, even
this purified material usually contains a
variety of antibody molecules that differ
slightly in their molecular structure.

If an animal has not been immunized,
it will still have a good concentration
of immunoglobulin in its blood, usu-
ally about 1 percent by weight. This
material is believed to be made up of
many thousands of different antibodies

(FOREIGN PROTEIN)

IMMUNE RESPONSE

MIXTURE OF SIMILAR ANTIBODIES can be produced by injecting a rabbit or other
animal with a purified antigen, typically a large protein of foreign origin. In response the
animal produces antibodies, primarily immunoglobulin gamma, that are able to bind spe-
cifically to the antigen. Evidently a given antigen provides many different binding sites,
thus giving rise to many different antibody molecules. If blood is removed from the animal
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against microorganisms the animal has
encountered during its lifetime or
against other antigenic substances that
accidentally entered its body. Evidence
that this view is correct comes from ex-
periments in which small animals have
been born and raised in an entirely
germ-free environment. Under these
conditions the immunoglobulin content
of the blood is much lower, perhaps
only 10 percent of the immunoglobulin
in the blood of a normal animal, suggest-
ing that mild infections are the main
source of antigens.

= J — SERUM

— CLOT
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PURIFIED ANTIBODIES
(IMMUNOGLOBULIN GAMMA)

—>

and allowed to coagulate, antibodies can be
isolated from the serum fraction. Even when
purified by recombination with the orig-
inal antigen, immunoglobulin gamma mole-
cules produced in this way vary slightly.

CRYSTALLI

N E  (Fo)

C-TERMINAL

The immunoglobulins can be isolated
from serum by the usual methods of
protein separation. Hence the protein
chemist has available for study two gen-
eral kinds of immunoglobulin fraction:
a complex mixture of many antibodies
and purified antibodies that have been
isolated by virtue of their specific affini-
ty for the antigen. It would seem to be a
relatively straightforward task, after the
great progress made in the techniques
of protein chemistry in recent years, to
carry out detailed studies of such ma-
terial and pinpoint the differences.
Clearly structural differences responsi-
ble for the specific combining power of
antibodies must exist among them and
should become apparent.

l\,[ajor difficulties have arisen, however,

because the immunoglobulins have
been found to be a very complex mix-
ture of molecules and the complexity is
not necessarily due to the presence of the
many different kinds of antibody. One
difficulty is that there are three main
classes of immunoglobulins distinguished
chemically from one another by size,
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MYELOMA PROTEIN
(IMMUNOGLOBULIN GAMMA)

carbohydrate content and amino acid
analysis. Antibodies of any specificity
can be found in any of the classes; hence
there is no correlation between class and
specificity. The class present in the larg-
est amounts in the blood and the most
easily isolated is called immunoglobulin
gamma. Since most of the work has been
done with this material I shall limit my
discussion to it.

Immunoglobulin gamma has a mo-
lecular weight of about 150,000, corre-
sponding to some 23,000 atoms, of
which a carbohydrate fraction forms no
more than 2 or 3 percent. Chemical stud-
ies have shown that the immunoglobu-
lin gamma molecule is built up of four
polypeptide chains, which, as in all pro-
teins, are formed from strings of amino
acids joined to one another through pep-
tide bonds. The four chains are paired so
that the molecule consists of two identi-
cal halves, each consisting of one long,
or heavy, chain and one short, or light,
chain. The four chains are held to one
another by the disulfide bonds of the
amino acid cystine [see illustration at top
of these two pages]. If the disulfide
bonds are split, the heavy and light
chains are still bound to each other. If,
however, they are put in an acid solution
or one containing a substance such as
urea, they dissociate and can be sepa-
rated by their difference in size.

Immunoglobulin  gamma molecules
can also be split by proteolytic enzymes
such as papain, which breaks the mol-
ecule into three pieces of about equal
size. Two, known as Fab (for “fragment
antigen binding”), appear to be identi-
cal, and the third, known as Fc¢ (frag-
ment crystalline), is quite different. Fab
is so named because it will still combine
with the antigen although it will not pre-

- = 3

i

Q URINE
oo

BENCE-JONES PROTEIN
(LIGHT CHAIN OF
IMMUNOGLOBULIN GAMMA)

IDENTICAL ANTIBODY-LIKE MOLECULES are produced in large numbers by
mice and humans who suffer from myelomatosis, a cancer of the cells that synthesize im-
munoglobulin. These abnormal immunoglobulins, all alike, can be isolated from the
animal’s blood (left). Often an abnormal protein also appears in the urine (right). Called
a Bence-Jones protein, it seems to be the light chain of the abnormal immunoglobulin.
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cipitate with it. Each Fab fragment car-
ries one combining site; thus the two
fragments together account for the two
combining sites that each antibody mole-
culehadbeendeduced to possess. The Fc
fragment prepared from rabbit immuno-
globulin gamma crystallizes readily, but
neither the Fab fragments nor the whole
molecule has ever been crystallized.

Since crystals form easily only from
identical molecules, it was guessed that
the halves of the heavy chain that com-
prise the Fc fragment are probably the
same in all molecules and that the com-
plexity is mainly in the Fab fragments
where the combining sites are found.
The enzyme papain, which causes the
split into three pieces, can hydrolyze a

NO,
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ANTIBODY-ANTIGEN COMPLEX seen in electron micrographs (below and page 81) is
thought to have this triangular structure. Below it, drawn to a large scale, is the synthetic
antigen: a six-carbon chain carrying a dinitrophenyl group at each end. Three such anti-
gen molecules appear able to bind together three immunoglobulin gamma molecules.

EFFECT OF PEPSIN COMPLEX is demonstrated in electron micrographs taken by Green
and Valentine. In the normal complex formed by immunoglobulin gamma and the dini-
trophenyl compound (left) a typical triangular structure contains a small lobe, or lump, at
each corner, which is thought to be the Fc part of the immunoglobulin molecule. If the
antibody is first treated with pepsin, which splits off the Fc¢ fragment, the remaining
(Fab’),, molecule still reacts with the antigen but the corner lobes are missing (right).
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great variety of peptide bonds, and yet
only a few in the middle of the heavy
chain are in fact split; it looks as if in
the Fab and Fc fragments the peptide
chains are tightly coiled in such a way
that the enzyme cannot gain access.
This suggests a picture in which three
compact parts of the molecule are
joined by a short flexible section nea:
the middle of the heavy chain.

he full structure of a protein mol-

- ecule showing the arrangement in
space of the peptide chains and the po-
sitioning of the amino acids along them
can at present only be achieved by X-
ray crystallography. Such work has been
started at Johns Hopkins University with
the Fc fragment. Electron microscopy,
however, can provide much information
about the shape of protein molecules,
and successful electron microscope stud-
ies have been made recently with rabbit
antibodies. When the antibodies are free,
no clear pictures are obtained, which
suggests that the molecules have a loose
structure that is without definite shape.
If they are combined with antigen, how-
ever, good pictures can be made. Mi-
chael Green and Robin Valentine of the
National Institute for Medical Research
in London prepared antibodies in rabbits
that would combine with a benzene de-
rivative known as a dinitrophenyl group.
This can be done, as Karl Landsteiner
showed many years ago, by injecting in-
to the rabbit a protein on which dini-
trophenyl groups have been substituted.
Antibodies are formed, some of which
combine specifically with the substituent
dinitrophenyl coupled onto other pro-
teins or into smaller molecules.

Green and Valentine investigated
the smallest compound carrying two
dinitrophenyl groups that would cross-
link two or more antibody molecules.
This proved to be a six-carbon chain
with a dinitrophenyl group at each end.
This material does not form a precipi-
tate with antibody, but with the elec-
tron microscope one can see ringlike
structures that appear to contain three
to five antibody molecules [see illustra-
tions on page 81 and at left]. The small
antigen molecule is not visible. The
three-component structure is believed to
consist of three antibody molecules
linked by three molecules of invisible
antigen. The lumps protruding from the
corners are thought to be Fc fragments.
This interpretation is supported by using
the proteolytic enzyme pepsin to digest
off the Fc fragment, leaving two Fab
molecules held together by a disulfide
bond and referred to as (Fab’),. When

these (Fab’), molecules are combined



with antigen, rings are formed as before,
but the lumps at the corners are now
gone, confirming the idea that they were
indeed the Fc part of the molecule.

Since most interest centers on the an-
tibody combining site, the next problem
to solve is whether the site is to be
found in the light chain, which is entire-
ly in the Fab fragment, or in the half of
the heavy chain that is also present, or
whether the site is formed by both chains
together. It has not been possible to get
a clear answer to this problem because
the chains cannot be separated except
in acid or urea solutions; this causes a
partial loss of the affinity for antigen,
which is not recovered even after the
acid or urea is removed. Present evi-
dence suggests that the heavy chain is
the most important but that the light
chain plays a role. This may be because
it actually forms a part of the site or be-
cause it helps to stabilize the shape that
the heavy chain assumes and hence
plays a secondary role that may be only
partially specific.

In any case, the field is clear for a di-
rect attempt at comparative studies of
the chemical structure of the light chain
as well as of the half of the heavy chain
that lies in the Fab part of the molecule.
The shape and hence the specificity of
the combining site must depend on the
configuration of the peptide chains of
the Fab fragment; this is believed to
be determined only by the sequence of
the different amino acids in the chain.
Therefore it is reasonable to expect that
if the amino acid sequence is worked
out for the Fab half of the heavy chain
and perhaps also for the light chain,
then in some sections sequences will be
found that determine the configuration
of the combining site and that will be
characteristic for each antibody speci-
ﬁcity. Attempts to carry out such se-
quence studies, however, seemed unat-
tractive because of convincing evidence
that all preparations of immunoglobulin
gamma—even samples of purified anti-
bodies obtained by precipitation with a
specific antigen—were actually mixtures
of many slightly different molecules
with presumably different amino acid
sequences.

Although the complexity of immuno-

globulin gamma (and of the other
classes of immunoglobulins) has pre-
sented investigators with a most difficult
puzzle, considerable progress has now
been made in solving much of it [see
illustration on this page]. First, there
are two kinds of light chain, named kap-
pa and lambda, but in any one molecule
both light chains are of the same type.

TWO TYPES DEPENDING ON
STRUCTURE OF LIGHT CHAIN

THREE MAJOR CLASSES DEPENDING
ON STRUCTURAL DIFFERENCES
IN HEAVY CHAIN

FOUR SUBCLASSES DEPENDING ON
CHANGES IN STRUCTURE OF HEAVY
CHAIN

INHERITED ALLELIC VARIANTS OF
EACH HEAVY OR LIGHT CHAIN

UNKNOWN NUMBER OF IDIOTYPIC
FORMS

IMMUNOGLOBULINS

=
-

1gG IgM IgA
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SUBDIVISIONS OF HUMAN IMMUNOGLOBULIN presented investigators with a diffi-
cult problem to unravel. For simplicity, subdivisions are shown for only one branch at each
level. The abbreviation “IgG” stands for immunoglobulin gamma, the antibody found in
largest amounts and the one most easily isolated. Idiotypic forms are apparently unique
to individual animals and may involve alterations in both the light and the heavy chains.

The molecules containing kappa chains
are known as K type and those with
lambda chains as L type. Then in some
species (probably in all) the immuno-
globulin gamma class contains several
subclasses; four have been identified in
human gamma globulin. The subclasses
differ in their heavy chains, which carry
not only the characteristic features of the
class but also small differences that dis-
tinguish the subclasses. In any one in-
dividual, molecules will be found of both
K and L type, and they belong to all the
subclasses. In addition each of the kinds
of chain shows differences, known as al-
lelic forms, that are inherited according
to Mendelian principles. In an individual
homozygous for this property only one
allelic form of, say, the kappa chain will
be present, but in a heterozygous indi-
vidual there will be two forms of the
kappa chain. It scarcely need be stressed
that all these phenomena lead to a very
complex mixture of molecules of immu-
noglobulin gamma in the serum of any
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individual. Yet there is still another kind
of complexity termed idiotypic. In cer-
tain circumstances it is possible for an
animal to synthesize antibody molecules
that are unique to itself, distinct from
other antibody molecules of the same
specificity in other individuals of the
same species—and distinct from all other
immunoglobulins in its own blood.

Perhaps the most remarkable aspect
of all of this is that the complexity
seems to bear no relation to the struc-
ture of the antibody combining site. As
far as we know at present, any antibody
specificity may be found on any of these
many different kinds of molecule.

All such variations are likely to be
based on differences in amino acid se-
quence, and already some differences
relating to subclass and allelic changes
have been identified. The structural
differences are so small, however, that
it is not possible to separate out single
kinds of molecule by the methods avail-
able for the fractionation of proteins.
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Thus it was a great step forward when it
was recognized that in certain forms
of cancer, immunoglobulin molecules of
apparently a single variety appear in
the blood. Such immunoglobulins have
only one type of light chain and one
subclass of heavy chain, and each chain
belongs to one or the other allelic form.
As far as we know each chain has only
one amino acid sequence and therefore
belongs to only one idiotypic form.

The disease responsible for this

unique production of antibody is
known as myelomatosis. Observed in
both mice and men, it is a cancer of the
cells that synthesize immunoglobulin,
often those in the bone marrow. Appar-
ently a single cell, one of the great num-
ber that synthesize immunoglobulins,
starts to divide rapidly and leads to an
excessive production of a single kind

of immunoglobulin. This provides evi-
dence, incidentally, that the complexity
of immunoglobulin molecules arises
from their synthesis by many different
kinds of cells. These abnormal immuno-
globulins are known as myeloma pro-
teins. Because they are often present in
the blood in a concentration several
times higher than all the other immuno-
globulins together, they can be isolated
rather easily.

Moreover, in about half of all myelo-
ma patients an abnormal protein ap-
pears in the urine in large amounts.
This substance was first observed by
Henry Bence-Jones at Guy’s Hospital in
Lonrdon in 1847 and has been known
ever since as Bence-Jones protein. Its
nature, however, was not recognized
until five years ago, when Gerald M.
Edelman and ]. A. Gally of Rockefeller
University and independently Frank W.

Putnam of the University of Florida
showed that Bence-Jones protein is prob-
ably identical with the light chains of
the myeloma protein in the serum of the
same patient. Because Bence-Jones pro-
teins can be obtained easily, without any
inconvenience to the patient, they were
the first materials used for amino acid
sequence studies.

Although complete sequences have
been worked out for only two Bence-
Jones proteins in the mouse and only
three human Bence-Jones proteins, per-
haps 20 more have been partially an-
alyzed. A remarkable fact has emerged.
It seems that all Bence-Jones proteins
of the same type have exactly the same
sequence of amino acids in the half of
the molecule that ends in the chemical
group COOH (hence known as the C-
terminal half) but show marked varia-
tion in the half that ends in the group
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IMMUNOGLOBULIN LIGHT CHAIN, represented by analyses
of human Bence-Jones proteins of the K type, has 214 amino acid
units. Colored squares show where amino acids have been found to
vary from one protein to another; blank squares show where no
variation has yet been found. Numbers in the squares indicate how
many different amino acids have been identified so far at a given
site. Arrows mark positions where a particular amino acid has
been found in at least five different proteins. Complete amino acid

sequences are now known for three human Bence-Jones proteins
and partial sequences for about 20 others. All variations occur in
the first half of the chain with one exception, the variation at posi-
tion 191. This is related to the allelic, or inherited, character of
light K chains, hence differs from the alterations in the variable
half of the chain. The diagram is based on one recently published
by S. Cohen of Guy’s Hospital Medical School in London and
C. Milstein of the Laboratory of Molecular Biology in Cambridge.

POSSIBLE
RECOGNITION POINT
110 - 120
GLN| GLY | THR | LYS | LEU | GLU | ILE | LYS ARL{THR—{ VAL [ALA|ALA|PRO | SER | VAL | PHE | ILE | PHE | PRO| PRO
VARIABLE ; STABLE

ALA ALANINE LYS LYSINE MIDDLE PART OF LIGHT CHAIN, as determined for one human Bence-Jones protein
ARG ARGININE PHE PHENYL- (K type), includes the amino acids at positions 111, 112 and 113 that are common to both
GLN GLUTAMINE ALANINE K- and L-type Bence-Jones proteins of humans and to K-type Bence-Jones proteins of mice.
GLU GLUTAMIC ACID PRO PROLINE It has been suggested that the section of the gene coding for this sequence may provide a
GLY GLYCINE SER SERINE special “recognition point” for the joining of two different genes responsible for the vari-

ILE ISOLEUCINE THR THREONINE able and stable sections of the light chain or, possibly, for bringing into play a mechanism
LEU LEUCINE VAL VALINE to change the amino acid sequence in the variable section (see illustration on page 90).
86

© 1967 SCIENTIFIC AMERICAN, INC



NH. (the N-terminal half). Of 107 amino
acid positions in this half, at least 40 have
been found to vary. No two Bence-Jones
proteins have yet been found to be iden-
tical in the N-terminal half, so that the
possibility of molecular variation is clear-
ly great. Given the possibility of varia-
tion at 40 sites and supposing that only
two different amino acids can occupy
these sites, it would be possible to con-
struct 249, or more than 10 billion, differ-
ent sequences. Actually as many as five
different amino acids have been found to
occupy one of the variable sites [see up-
per illustration on opposite page].

The amino acid sequence studies of
the heavy chain are less advanced than
those with the Bence-Jones proteins be-
cause the material is more difficult to
obtain and is more than twice the
length. Results with the heavy chain of
two human myeloma proteins, however,
have shown them to have many differ-
ences in sequence for more than 100
amino acids frcm the N-terminal end,
whereas the remainder of the chain ap-
pears to be identical in both cases. Ac-
cordingly it seems certain that the heavy
chains will show the same phenomena as
the light chains; it is possible that the
length of the variable section in both
chains will be similar.

Inasmuch as both variable sections
are in the Fab fragment of the molecule
it seems obvious that these sections
must participate in creating the many
different antibody combining sites. All
the work discussed here has been done
with myeloma proteins, and since each
has a single amino acid sequence in
both heavy and light chains, it would
follow that each will be a specific anti-
body against one of an untold num-
ber of different antigenic sites. The
chances, therefore, of finding a myelo-
ma protein in which antibody specific-
ity is directed to a known, well-defined
antigenic site seemed small. Never-
theless, several myeloma proteins have
recently been found to possess anti-
body-like activity against known anti-
gens. A ccmparison of the sequences of
their heavy and light chains may give a
lead as to where the ccmbining site is
located.

t has been believed with good reason

that myeloma proteins are typical of
normal molecules of immunoglobulin
gamma, each being a homogeneous
example of the many different forms
present. It thus seemed likely that any
attempt to determine the amino acid se-
quence of immunoglobulin gamma from
a normal animal would be impossible,
especially in the variable region that is
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DETERMINATION OF AMINO ACID SEQUENCE in the polypeptide chains of proteins
depends on the use of enzymes that cleave the chains into short fragments next to particular
amino acids. The sequence in the resulting fragments can then be established. Thus trypsin
might split a chain into fragments T, T, T4 and T,. Another enzyme, chymotrypsin, might
split the same chain into fragments CT, CT, and CT. Since these fragments must overlap
one can establish their order unequivocally and thereby the sequence of the entire chain.
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IMMUNOGLOBULIN SEQUENCE should be amenable to analysis even though a particu-
lar antibody sample might contain a variety of slightly different molecules. Slight varia-
tions at certain positions (color) should not prevent the ordering of similar fragments.

of particular interest. One would expect
normal immunoglobulin gamma to be a
mixture of many thousands of different
molecules, each with a different se-
quence in the variable region.

Amino acid sequences of polypep-
tide chains are found by using enzymes
to break the chains into pieces from 10 to
20 amino acids long. It is then possible
to work out the sequence of each piece.
By using different enzymes the original
chain can be broken at different places,
with the result that some pieces over-
lap. This provides enough clues for the
whole sequence to be put together,
rather like a one-d:mensional jigsaw puz-
zle [see upper illustration above]. When
the protein is pure, there is only one
order of amino acids possible, and all the
sequences of the individual fragments
will fit into it.

One can see that if this method were
attempted with a protein that was in
fact a mixture of many slightly different
proteins, each with a different sequence,
a hopelessly confusing picture would
probably result. The work with the mye-
loma protein suggested, however, that
there would be a constant part as well as
a variable part, and it seemed worth-
while to see what progress could be
made in determining at least the con-
stant part. Work at Duke University
showed that the whole of the Fc section
of the heavy chain of normal rabbit im-
munoglobulin gamma gave a coherent
sequence and was therefore part of the
stable section, as had been expected. Re-
cent work in our laboratory has now
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shown that the coherence continues well
into the other half of the heavy chain.
Although the work is far from complete,
it seems possible that a full sequence
will be established right through the en-
tire heavy chain. Variations have been
picked up in a number of positions and
no doubt many more will be found, but
the results are not completely confusing,
as might have been expected if normal
immunoglobulin gamma were a mixture
of many thousands of myeloma proteins,
each with substantially different se-
quences in the variable parts of the
chain. The conflict between the results
with the myeloma proteins and the re-
cent results with normal rabbit immuno-
globulin may be more apparent than
real.

hat does all this mean in terms of

the structure of antibodies and
their power to combine specifically with
antigens? The phenomenon of a vari-
able section and a stable section in both
heavy and light chains is extraordinary
and is unique to immunoglobulins; the
variable section is in the part of the mol-
ecule known to contain the combining
site. It therefore seems certain that this
must be the basis of the specific con-
figuration of the combining site.

It should be emphasized that all this
work is very incomplete. In another
year or so it will undoubtedly be much
easier to see just how different one
myeloma protein is from another in both
the heavy and the light chains. It may
be that the differences between any two
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KLH launches an inquiry into “Subjective Value.”’

(SURVEY)

Question #1

How much would you pay to keep
your wife one more year?

DO YOU REMEMBER the game kids used
to play in school where you were asked how
much money it would take to get you to sell
your country’s secrets? (Assuming no tor-
ture.) Or your dog?

It was a way of thinking about the value
you really placed on a thing.

One of the first things you learned was that
“features” had very little to do with it. (For
example, if your country had had 20 more
rivers, or your dog’s tail wagged at 86 Per
Minute—six less than an “average” dog’s—
the answer would hardly have changed.)

When KLH began making stereo equip-
ment ten years ago, our founders (K., L., and
H.) noticed that grownup manufacturers
talked as though features had everything to
do with value. We hated that. We still do.

“Feature:” Injecting 380 horsepower into
cars that have no plausible market save those
who commute back and forth over the Bonne-
ville Salt Flats.

Or Again: Advertising 300 watts of power
in a high priced stereo console unit to give it
the appearance of value. (Neglecting to men-
tion that large numbers of watts have nothing
to do with hearing the music accurately, or
even loudly, both of which depend on what
kind of equipment you’ve squeezed the watts

into. 35 watts in good equipment will do far
better.)
42-22-36

To define worth solely in terms of features
is like determining the “market value” of a
wife from her height, age, weight, width of
smile, tendency to suntan evenly, and the
number of pounds of food she is capable of
cooking up in an evening.

It’s true enough we all like to have some-
thing explicit to help our thinking. Even
Consumer Reports will sometimes find itself
detailing competitive features and statistics;
akin to Playboy’s 42-22-36 ratings.

But studying the centerfold and accom-
panying data simply doesn’t give us all the
information we really need. What does? Well,
probably nothing short of a few years in the
same house together.

BASEBALL PLAYER

Packard had it right, way back in the twen-
ties, when its advertising rested on the confi-
dent slogan “Ask The Man Who Owns One.”

(It was a new kind of “testimonial” but it’s
been watered down since. How is a man today
to depend on testimonials to choose, say, his
cigarette brand when dozens of equally
beloved baseball players can’t get together
about which is best?)
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Still, the principle of determining value
through testimonials makes very good sense:

Economists, for instance, say value can be
understood as “some measure of the sense of
loss one experiences after being deprived of
a commodity or service,” or, ask the man who
owns one how much he’d dislike losing it.
(The boy contemplating his dog’s worth fig-
ured it out the same way.)

Any other way of measuring value, like
establishing a ratio between features and
price, is at best only a guess, made before any-
one could possibly know.

DEPRIVED OF YOUR WIFE
What we propose, then, is a technique of mea-
suring the sense of loss as a way of thinking
about “Subjective Value;” i.e., what a com-
modity means to someone who has it.

So. Assume for a moment that you are
about to be deprived of your wife. (Substitute

husband or “good friend” where applicable.)
How much would you pay in dollars to keep
her one more year? When you’re through
thinking about that one, fillin No. 1 and have
a look at the rest of the questionnaire.

You see what we’re up to here.

We began on this idea because we already
have evidence (based upon a comparison of
the number of hours owners sit listening to
KLH phonographs as opposed to other
brands) that our $300 stereo system is cher-
ished somewhat more than at least one $400
system we could name; and perhaps twice as
much as another $300 set.

Doubtless the same situation exists among.
magazines—some are surely valued more than
others—or sewing machines, or autos, or
toothpaste. Toothpaste? Well, we’ll soon see,
and if you’re interested we will be pleased to
let you know what we learn.

QUESTIONNAIRE

If one or more of these questions interests you, then kindly
fill in the blank spaces that apply and mail to the address we
have listed at lower right. For our part, we will gladly send
you a tally of the results of this questionnaire, and others we
are doing in subsequent ads, if you also add your name and
address. Thank you.

1 (See Headline).

2 Are you a subscriber to this publication?
If not, do you read every issue of it?
If your answer is yes to either of these, and you were
informed that because of financial difficulties the publi-
cation might discontinue publishing, how much would
you be willing to pay for one more issue rather than be
deprived of it? . One more year’s subscription ?

3 Do you have telephone service at home? |
If yes, assume you now pay an average of $20 monthly
for this service. How much additional would you pay,
rather than be deprived of it? .

4  The automobile you now own was purchased in what
year? . At what price? . What
make? Assuming
it’s in good running order, and that you couldn’t get
another one like it, how much would you pay to keep it
during the upcoming year?

5 Doyouowna piano? . What kmd" N,
How much did you pay for it? _ . How long
ago? . How much would you pay to keep
from being deprived of it? .

6 Do you regularly use a particular brand of toothpaste ?

. If yes, which brand ?
Assuming you were informed that because of financial
difficulties your brand of toothpaste might go out of

business. How much would you be willing to pay, above
its present cost, to have one more tube, rather than be
deprived of it?

7  Assume for the moment that an offer was being made

for your wife’s wedding dress. How much would you be

willing to sell it for? . What does your wife
say?

8 Do you own stereo equipment at home? |

A console? . A one-piece table model ?

A three-piece system? . Components?

Which make(s)?

How much did it cost you to buy? . How
long ago? . If you were about to be deprived

of the set you now own, and knew you could not get
another of the same kind, how much would you be will-
ing to pay to keep it?

(If you worry that by putting your name below you may
be subjecting yourself to a barrage of KLH literature,
or that we may send a salesman around, or sell your
name to some “list house,” rest easy. We won’t. Though
if you would like to have a catalog and the name of the
store near you that sells our equipment, please so indi-
cate in the appropriate box.)

Name

Address.

City. State Zip.

[ Please send catalog [] Forward survey results

Mail to: Henry M. Morgan, Pres., KLH Research and
Development Corp., 30 Cross St.,Cambridge, Mass. 02139
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RECOGNITION
POINT

VARIABILITY OF IMMUNOGLOBULIN MOLECULES has
been explained by three principal hypotheses. The simplest (a)
suggests that one gene codes for the stable section of each chain
and that a great number, perhaps hundreds of thousands, code for
the variable section. A second idea (b) is that several genes are
divided into stable and variable sections and that the latter inter-

will on the average be small, so that for a
mixture of many molecules the amino
acid in any one position will be common
to 80 or 90 percent of the molecules [see
lower illustration on page 87]. Presum-
ably this explains how it is possible to find
a comprehensible amino acid sequence
in normal immunoglobulin gamma.

It may also be, however, that myelo-
ma proteins are not quite typical of nor-
mal antibodies. Because they are the
result of a disease they may exaggerate
a normal phenomenon. Although they
are invaluable in drawing attention to a
fundamental mechanism, they may mis-
lead us by exhibiting greater variability
than is present in normal immunoglobu-
lin gamma.

Whatever the answer, the existence of
a stable section and a variable section,
which has been shown so clearly in the
Bence-Jones proteins and which also oc-
curs in the heavy chains, is a remarkable
phenomenon. The mechanism of its bio-
logical origin has aroused intense in-
terest. Many hypotheses have been put
forward, but there are perhaps three
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principal ones [see illustration above].

A straightforward mechanism would
be to have a single gene coding for each
stable section in the antibody molecule
and as many genes as necessary (tens of
thousands or hundreds of thousands)
coding for the variable sections. The
cell would also be provided with a
means for fusing the product of the two
kinds of gene to construct the complete
immunoglobulin molecule. (In this as in
the other suggestions, the presence of
an antigen would somehow trigger pro-
duction of the appropriate antibody.)

A second proposal invokes the con-
cept of genetic recombination, which
involves the exchange of parts of genes.
One can imagine several genes that are
divided into a stable portion and a vari-
able portion. During cell division, when
genes are pairing and duplicating, the
variable portion would interchange sec-
tions, thereby giving rise to many dif-
ferent genes capable of coding the vari-
able parts of the antibody molecule.

The third suggestion visualizes that
the gene for, say, the light chain may
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change parts during cell division. A third proposal (¢) suggests
that there may be a recognition point in the gene (see lower il-
lustration on page 86) and that an enzyme partially splits, or
breaks, the gene on the variable side of that point. When repaired
by other enzymes (arrows), mistakes are made, thus giving rise to
many different amino acid sequences in the antibody molecule.

contain a “recognition point” midway in
its structure [see lower illustration on
page 86]. This might provide a specific
attachment site for an enzyme that can
split the nucleic acid of the gene only on
the side coding for the variable section.
When the broken portion is repaired by
other enzymes, mistakes are made, there-
by giving rise to many different se-
quences of nucleotides—the nucleic acid
building blocks that embody the genetic
message. These differences are then
translated into different amino acid se-
quences in the variable portion of the
antibody molecule.

There is no clear answer as to which
methods, if any or all, are the operative
mechanisms, but a continuation of the
structural studies may provide a cleater
understanding. When this understand-
ing is attained, it should lead to ideas
about how to change, stimulate or sup-
press immune reactions as medical
practice requires and therefore should
be of great practical value as well as
solving one of the most intriguing prob-
lems in biology.
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copies anything easier, faster, at lower cost and without

danger of damage to the original. Arnold Palmer has joined the growing =

army of Apeco Super-Stat users and for good reasons, too.It’s the copymaker that copies
pages from books, any paper, any color, any ink, even 3-dimensional items, and you pay
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“What wellaho

40-yea:- old is making
big comeback in m0v1es~’
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The 40-year-old isn’t the lady. It’s the glasses
she’s wearing. They contain Polaroid linear po-
larizing filters which were invented in 1927.

Each filter contains a molecular grid which ex-
cludes all light rays except those which vibrate
perpendicularly to the bars in the grid. This char-
acteristic has given polarizing filters a wide range
of uses in science and industry.

In the 1950’s the Polaroid filter found a new
commercial application It made 3-D movies in
color possible. Here’s how the process worked:

Perception of depth starts from the fact that
the right eye point of perspective is different from
the left eye point of perspective. The brain trans-
lates this difference into perception of a three-
dimensional world.

To duplicate this phenomenon, the 3-D movies
of the 1950’s were made by filming a scene simul-
taneously with two cameras (placed to corre-
spond to the right and left eyes of a viewer).

The resulting right and left images were then
superimposed on the movie screen through a pair
of movie projectors.

In order to code the right and left images for
the respective right and left eyes of the audience,
the right image was projected through a.polar-
izing filter having 1ts polarizing axis at 45 degrees
clockwise from the vertical, and the left image
was projected through another filter with its po-
larizing axis 45 degrees counterclockwise. The
screen had an aluminized surface so that it did

Old technique: left eye and right eye images
on their respective filmstrips.

not depolarize the light.

Polarizing stereo glasses with lenses oriented
right and left to correspond to the right and left
projection filters were placed over the eyes of the
viewer to decode the image on the screen. Thus,
the right eye saw only what was “seen’ by the
right camera, and the left eye saw only what was
“seen’’ by the left camera.

Under ideal condi-
tions, 3-D gave an ex-
citingly realistic illusion
of depth to the screen.

Unfortunately, con-
ditions were seldom
ideal. It was almost im-
possible to maintain
perfect synchroniza-
tion and registration of
images with two films
running through two
projectors. And 3-D
was more apt to give
eyestrain than pleasure.

But now there’s anew
3.D process, SPACE-
VISION (utilized 1n
“The Bubble,” a filmby
Arch Oboler).The right
and left images are pho-
tographed through two
lenses as before. How-
ever, through the use of
prisms, the images are
recorded one above the
other on a single strip of
film. The film is then
projected through an-
other set of prisms and
lenses which superim-
pose the right and left
images on the screen.

With both images on
one film, and with
prisms and lenses 1n
fixed positions, syn-
chronization and regis-
tration can be perfect.

In addition, the pro-
portions of this image
(as compared with the old 3-D image) provide
the widest possible picture on the screen. This
extends the picture to the area of the viewer’s
peripheral vision and further enhances the il-
lusion of depth.

Coding and decoding the right and left images
is still accomplished with the kind of Polaroid
polarizing filters that made the first 3-D movies
possible.

Our present viewers are slightly larger than
their predecessors (to encompass the wider
screen). And the original paper frames have
been replaced with plastic (so they fit comfort-
ably, even over eyeglasses).

Those are the only improvements they needed.
(How many other 40-year-olds in show business
hold up that well?)

POLAROID CORPORATION

CAMBRIDGE, MASS.

New technique:
left eye and right eye
images alternating on

a single filmstrip.
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VISUAL ISOLATION IN GULLS

Some species of gulls live together and look alike, yet they do not

mterbreed. IHow do the species remain isolated? Experiments i the

Arctic indicate that they do so ]‘)y l'ecognizin

ulls look remarkably alike. That
‘ was the problem. Differences in
appearance among the large gulls
of the genus Larus can be subtle: a slight
variation in size or a change in the color
of the wing tips or of the eye and the
small fleshy ring around the eye. Ob-
serving differences of this kind, an orni-
thologist discriminates among species of
the genus. The problem arose from the
fact that the gulls are equally discrimi-
nating. In some places Larus species that
seem virtually indistinguishable nest side
by side, yet they do not interbreed. How
do gulls of one species avoid interbreed-
ing with gulls of another?

The question of how species acquire
and maintain their identity has received
much attention in the century since the
publication of Charles Darwin’s Origin
of Species. It is now well established
that geographic isolation between popu-
lations is of prime importance in initi-
ating the process by which species arise.
Indeed, the gulls of the Northern Hemi-
sphere have been cited as a classic ex-
ample supporting this concept.

The common ancestor of the Larus
gulls probably emerged in the Siberian
region. As these gulls spread to the east
and west, simple geographic distance
began to inhibit the flow of genes be-
tween the most distant populations. By
the time these populations had spread
around the hemisphere and overlapped
in western Europe, their respective ge-

by Neal Griffith Smith

netic backgrounds were different enough
so that hybrids between them were at
some disadvantage; thus they did not
interbreed. The advance and retreat of
the ice during the Pleistocene epoch
caused a further fracturing and recom-
bination of these circumpolar gull popu-
lations. In some cases the differences
evolved were not critical enough to con-
fer a disadvantage on hybrids; thus the
rejoined populations interbred.

It seems clear that the mechanisms by
which species discriminate among one
another evolved gradually during the
process of species formation. In the Ca-
nadian Arctic, and probably elsewhere
in the north, the ice intruded between
various gull populations at different
times and for different lengths of time.
Accordingly the isolating mechanisms
were likely to be at different stages of
development in different populations. By
studying populations in such an area one
can uncover what these mechanisms are.

It is one thing to identify differences
in the appearance of two closely related
species living side by side and infer that
the differences function as a barrier to
interbreeding. It is quite another to
demonstrate that these features are ac-
tually utilized in the isolation of species.
To explain how such features work is
still another step. This article is primarily
concerned with the last two problems. It
also considers the evolutionary history of
the Larus gulls, because the elucidation

HEADS OF LARUS GULLS are almost identical except for the color of the eye and its en-
circling fleshy ring. At top on the opposite page are two Kumlien’s gulls (Larus glau-
coides), a species in which the iris varies from clear yellow to mottled brown. The eye-ring
is reddish purple. Below appear two Thayer’s gulls (L. thayeri). The eye-ring is the same
as it is in Kumlien’s gulls but the iris tends to be darker in this species. Next is a herring
gull (L. argentatus), the only one that nests in the continental U.S. The glaucous gull (L.
hyperboreus), shown last, has an eye-ring of yellow, which distinguishes it from the herring
gull. Largest gull is at top; smallest, at bottom. The painting was made by Guy Tudor.
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subtle visual signals

of a feature that is utilized in species iso-
lation can suggest what the species were
like in the past and how the isolation
mechanisms evolved.

"I he four species of Larus gulls I have

been studying comprise the Canadi-
an portion of the complex of gull pop-
ulations around the North Pole. The
fact that the four species do not inter-
breed has been clearly established by
other workers and myself. All four gulls
have a white body and a gray back
and wings. The largest in body size is
the glaucous gull (Larus hyperboreus).
The tips of its wings are white, the iris
of its eye is yellow and the fleshy ring
around the eye is an even brighter yel-
low. Colonies of glaucous gulls are
found throughout the polar area; in the
eastern part of the Canadian Arctic they
usually nest on cliffs. A more familiar
species is the herring gull (L. argenta-
tus), the only one of the four that breeds
in the continental U.S. It is a medium-
sized bird with wing tips that are partly
black and partly white. Like the glau-
cous gull, the herring gull has a yellow
iris; its eye-ring, however, is orange. In
the Arctic this species usually nests on
the ground in marshy areas. About the
same size and coloration is Thayer’s gull
(L. thayeri), except that in this species
the iris of the eye is dark brown and the
eyering is a reddish purple. Thayer’s
gull nests almost exclusively on towering
cliffs. The smallest of the four species
(although not by very much) is Kum-
lien’s gull (L. glaucoides), which also
nests on cliffs. It is most like Thayer’s
gull: its eye-ring is reddish purple but
the iris varies from clear yellow to dark
brown. Its wing tips also vary in their
amount of gray.

The common breeding grounds of
these gulls are difficult to visit, and not
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much has been known about them.
When I began my work, the evidence
was that no one area was shared by all
four species. In the course of trying to
find such an area I spent three seasons
(April to September) in the Canadian
Arctic, during which I covered just un-
der 2,000 miles by dogsled and canoe.
During this time I studied three of the
gulls (glaucous, Kumlien’s and herring)
I found nesting together on the south
side of Baffin Island and a different trio
(glaucous, Thayer’s and herring) on near-
by Southampton Island. Finally I dis-
covered all four species nesting together
on the east side of Baffin Island. It was
never easy to find the ground-nesting
herring gulls in association with the cliff-
nesting species. Nesting on cliffs evolved
as an adaptation against predators such
as foxes; apparently competition with
the other gulls for nesting sites has re-

sulted in the herring gulls’ occupying
poorer sites. Nevertheless, where the sur-
face allowed it and where the birds were
safe from predators in a place such as a
rocky islet, all the gulls would nest to-
gether.

here were a number of factors, for

instance the habitat differences 1
have mentioned, that tend to reduce
the possibility of mixed matings in the
areas shared by different populations
of gulls; here, however, I shall discuss
only differences in external appearance
among the species that function as ma-
jor isolating mechanisms. In 1950 Finn
Salomonsen, a Danish ornithologist,
suggested that the color of the eye-ring
might serve as a signal for differentia-
tion between Kumlien’s gull (reddish-
purple eye-ring) and the glaucous gull
(yellow eye-ring). Although I tested the

possible significance of all the differences
in the gull’'s external appearance (with
the exception of size), I concentrated on
the color of the eye-ring.

In order to study the gulls closely it
was necessary to catch them. At first I
did so by stretching over a ledge a large
fishnet under which food was placed.
When the gulls were under the net, an
Eskimo assistant and I rushed forward
and dropped it, pinning the gulls to the
ground. This was obviously an ineflicient
method, and later I used the drug tribro-
moethanol. Capsules of the drug were
inserted into pieces of meat; after eating
the meat the gulls quickly became anes-
thetized. In this way more than 1,800
gulls were trapped. After the gulls had
been drugged they were immobilized
with a surgical rubber band that pinned
their legs and wings to their bodies, and
colored leg bands were put on them to

QUEBEC

¥

BREEDING RANGES of large Larus gulls lie in the eastern Ca-
nadian Arctic. Thayer’s gulls (black line) and Kumlien’s gulls
(colored area) usually were found nesting in colonies on sea cliffs.
The glaucous gull nests throughout this region; it was observed
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both on cliffs and on level ground. Herring gulls (broken line), a
ground-nesting species, were found with the others only on rocky
islands. Before discovering all four gulls on the east coast of Baffin
Island, the author studied some species on Southampton Island.
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make it possible to recognize individuals.
Sex was determined by measuring bill,
feet and wings; the males are usually
larger. The determinations were con-
firmed by the subsequent behavior of the
gulls.

One of my first thoughts had been
that if markings and coloration play
a role in the gulls’ mating behavior, it
should be possible to demonstrate it by
changing these features artificially. This
I now undertook to do. To change the
color of the eye-ring I applied oil paint
with a thin brush. The wing-tip pattern
was changed with white or black ink af-
ter first wiping the feathers with alcohol
so that the ink would penetrate. Judg-
ing from the behavior of the paint-
ed gulls neither of these procedures
caused any physical irritation. On the
other hand, when I attempted to
change the color of a gull’s back by
spraying it with paint, the feathers
stuck together and the gull tried repeat-
edly to remove the paint.

In my first season, after observing the
behavior of individual pairs of glaucous,
Kumlien’s and herring gulls in a colony
in southern Baffin Island, I captured a
small group of the gulls. The eye-ring of
each one was changed to the color of a
different species. Over the yellow ring
of the glaucous gull, for example, I
painted a ring of reddish purple. All the
female birds had copulated with males
before the experiment but none had laid
eggs. When the females returned to
their nests, they were accepted by their
mates. In the days that followed, how-
ever, the males would no longer mount,
in spite of intense solicitation by the fe-
males. In all cases where the female’s
eye-ring color had been changed the
pair did not remain together. Five of
the males whose mates had been paint-
ed formed pairs with nonaltered fe-
males in adjacent territories. Copulation
ensued, and after two weeks all the new
pairs had eggs. The females I had paint-
ed left the colony.

In contrast to these findings, chang-
ing the eye-ring of a mated male gull
appeared not to affect a pair’s behav-
ior. The females accepted their altered
mates and the males responded to the
soliciting behavior of the females. In
the one case where both individuals of
a mated pair were changed the results
were exactly the same as they were when
only the female was changed.

The results looked promising. Al-
though the number of individuals in-
volved was small (33 females and 30
males) and some important controls
were lacking, I now had a working
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MATING BEHAVIOR OF GULLS changes when their appearance is artificially altered.
Even when individuals of like species nest nearby, males and females of the same species
normally mate («). Such pairs still form even if an unmated female’s eye-rings are painted
to look like those of another species (b). Painted the same way, an unmated male fails to
obtain a mate of his species (c). If the male is mated when his eye-rings are altered, his mate
remains with him (d). When same change is made in the female, they usually separate (e).
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hypothesis, namely that in scme way
the eye-ring color of the females func-
tioned as a stimulus for mounting by
their mates and that this reaction was
keyed to differences among the species.

he program for the next two seasons

was to repeat the eye-ring experi-
ments with the necessary controls and
to explore the hypothesis in greater de-
tail. Was it the fleshy eye-ring alone or
the entire eye that functioned as a
stimulus? Was the important factor color
or was it contrast? In answering these
questions the critical species would be
Thayer’s gull, with its dark eye-ring
and dark iris. It was also of prime im-
portance to test the function of eye-ring
color and other physical features with
unmated gulls. There was reason to be-
lieve that the females choose the males,
and it seemed unlikely that a mixed
pair would form only to separate later
because copulatory behavior was dis-
rupted. There should also be an earlier
isolating barrier.

In the experiments of these two sea-
sons there were three major control
groups: gulls that were drugged but not

RIS

T PUPIL

HERRING GULL

THAYER'S GULL

painted, gulls that were drugged and
painted with their own color or pattern
and gulls that were not captured but
whose behavior was observed. My ear-
lier findings with mated female gulls
were confirmed in experiments that also
shed light on the question of color v.
contrast. A group of Kumlien’s gulls was
captured and their reddish-purple eye-
ring was painted over either with a light
color (yellow, orange or white) or a
dark one (red or black). When the fe-
male gull had been painted with a light
color, copulation usually stopped and the
pair separated; in this regard an eye-ring
painted white was the most effective.
Dark colors had no significant effect. Ex-
actly the reverse was true when the her-
ring gull (orange eye-ring) and the glau-
cous (yellow) were painted in the same
way: dark colors inhibited copulation
and light colors had no significant effect.
Among the broken pairs were a number
of female glaucous gulls whose yellow
eye-ring had been changed to orange.
This fitted the other results rather nicely,
the orange eye-ring of the herring gull
being darker than the yellow one of the
glaucous gull.

GLAUCOUS GULL

KUMLIEN'S GULL

RINGED EYES of various colors, photographed in black and white, exhibit different color
values. The orange eye-ring of the herring gull shows darker than the yellow ring of the
glaucous gull. Darker still is the reddish-purple ring of Thayer’s and Kumlien’s gulls. In
Thayer’s gulls brown irises enforce the contrast of the orbital region against the white head;
the iris of Kumlien’s is lighter. Eye-head contrast acts as an interspecies barrier among gulls.

98

© 1967 SCIENTIFIC AMERICAN, INC

HERRING GULL

EXTERNAL FEATURES vary among spe-

cies. Each gull shown above differs from the

When the same procedures were
tried with Thayer’s gull, however, there
was no significant change in behavior.
In this species it is not the eye-ring that
stands out against the bird’s white head,
as it does in the other three species, but
the entire orbital region—both the iris
and the eye-ring are dark. This sug-
gested that the orbital region as a whole
functioned as a stimulus.

One could not paint the eye to
change its color, but painting the
reddish-purple eye-ring white reduces
the contrast of the orbital region against
the white head. After thus “erasing” the
eye-ring I painted a larger one on the
feathers around the eye. In making this
“super-eye-ring” I used on various gulls
the same assortment of colors as I had in
the other experiments. One might think
of the painted circle as the “eye-ring,”
the white feathers between it and the
eye as the “iris” and the actual iris as the
new “pupil.” This may seem a bit far-
fetched, and I do not mean to imply that
this is what the gull sees, but the fact re-
mains that in a significant number of
cases where the female had been given a
light-colored super-eye-ring copulation
was inhibited and pairs separated. Ap-
parently the stimulus to copulation was
the contrast pattern of the ringed eye
against the white head: dark color
against white in Kumlien’s and Thayer’s
gull and light color against white in the
herring and glaucous gull.

In the course of these experiments I

observed that a male occasionally
mounted his altered mate but did not
attempt copulation even when the fe-
male prodded his breast or rubbed her
tail against his anal region. Earlier I had
observed that copulation was invariably
preceded by such tactile stimulation on
the part of the females. I concluded
that successful copulation probably in-
volves both visual and tactile stimuli.



GLAUCOUS GULL

others in size, in the coloration of the orbital region, back and
wings and in the pattern of the wing tips. The author’s experiments

(Auditory stimuli may also be involved,
but this was not tested.) It appeared
that the tactile stimuli were supplemen-
tal to other stimuli rather than indepen-
dent of them; the eye-head contrast of
the females played the major role.

Did the eye-head contrast play a role
in the formation of pairs as well as in
copulatory behavior? The eye-rings of
a group of unmated female gulls were
changed to determine if this made a sig-
nificant difference in the species of the
males with which they paired. The re-
sults showed no difference between this
group and control groups. After a week
or two, however, pairs in which the fe-
males had been given the “wrong” eye-
head contrast separated; the males
would not copulate. This of course fur-
ther supported the role of eye-head
contrast.

When the same experiment was per-
formed with unmated male gulls, the
results were quite different. In one in-
stance 91 percent of the male Thayer’s
gulls that had been changed by the
super-eye-ring technique to the light-
eyed condition failed to obtain mates of
their own species. An experiment with
glaucous and herring gulls also showed
that if the eye-head contrast of unmat-
ed males was “wrong,” they were signif-
icantly less successful in obtaining
mates of the same species than the con-
trols were.

The results suggested that in pair for-
mation it is indeed the females that
choose the males, and that they select
males with an eye-head contrast like
their own. In other words, the same
feature works in two ways to isolate the
species: in the males it serves the pur-
pose of pair formation and in females
the purpose of copulatory behavior.
What role is played by other external
differences? The color of the mantle
(back and wings) of the Larus gulls
varies from one species to another.

THAYER'S GULL

Among the four species I studied the
differences in mantle coloration were
not pronounced; still it seemed worth-
while to attempt an evaluation of man-
tle color as a possible signal. As I have
indicated, however, spraying paint on a
gull’s back has too great an effect on the
gull’s behavior to make for a sound ex-
periment, and the role played by this
feature remains obscure.

Tests of the wing-tip pattern dis-
played at rest suggest that this feature
does function as a signal in species dis-
crimination during pair formation. There
was no significant change in behavior
after alteration of the wing tips of fe-
male gulls, whether mated or unmated.
On the other hand, alteration of the wing
tips of unmated males indicated that the
wing-tip pattern functions as a stimulus
to pair formation in combination with
the eye-head contrast. This was shown
by the fact that female gulls chose males
with both “right” wing-tip pattern and
eye-head contrast over males with only
the “right” eye-head contrast. The wing-
tip pattern alone is apparently not uti-
lized in species discrimination during
pair formation.

In several of the experiments male
Thayer’s gulls painted to appear light-
eyed had been chosen by glaucous fe-
males. Since the females had the
“wrong” eye-head contrast for the
males, no copulation resulted and these
mixed pairs did not remain together.
After 59 Thayer’s-glaucous pairs had
formed I captured all but three of the
glaucous females and altered them to
the “right” contrast. Ten dayslater all 56
male Thayer’s gulls had been observed
to mount their altered mates, and about
two weeks later 55 of the pairs had eggs.
(One pair did not remain together.)
Heavy ice on the rocks unfortunately
forced me to abandon these colonies; I
was never able to return to them. Before
leaving I did collect several eggs, and

© 1967 SCIENTIFIC AMERICAN, INC

KUMLIEN'S GULL

suggest that the wing-tip pattern serves to supplement the signal of
eye-head contrast in preventing the formation of mixed pairs.

they contained well-developed embryos.
It may be that the mixed pairs produced
hybrid offspring.

I_from the start of my experiments it

had been clear that there was a
strong correlation between the behav-
ior that resulted from changing the eye-
ring and the gonadal cycle of the gull.
Two identical experiments, one per-
formed 16 days before the first eggs
were laid and the other 12 days later,
yielded strikingly different results. I con-
sidered initially as a working hypothesis
that the main component of the pair
bond was the attachment of the indi-
viduals to each other, and that during
and after the egg-laying period the
main component of the bond became
the attachment of the individuals to
the nest and the eggs. This hypoth-
esis could account for certain pairs of
gulls that had remained together even
though the males had failed to respond
to the solicitations of their altered
mates. It could not, however, explain
instances in which males continued to
mount their mates after they had been
painted and before egg-laying had be-
gun. Moreover, the hypothesis offered
no answer to the crucial question of
what the physiological basis for the
male’s behavior is.

The solution to the problem was
found in the relation between the inter-
nal physiological state of the male (in-
dicated by the weight of the testes)
and the number of times a pair had cop-
ulated. All but 12 of the 168 pairs of
gulls that had remained together after
the female had been given a different
eyering had copulated six or more
times before she had been painted.
This number of copulations could be
correlated with a certain weight of the
testes attained in the male’s gonadal cy-
cle. I concluded that a gull whose testes
had developed to the critical weight or
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SUMMARIZED FINDINGS document experiments with mated female gulls. Pairs separat-
ed in most cases where the female’s eye contrast was changed; this feature appears to be a
major stimulus to the male in copulatory behavior. Because a drug was used in capturing
gulls, one control group was drugged and not painted. Another group, not captured, was ¢b-
served. Some gulls were painted with eye-rings of their own color as a further control.
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beyond it would respond to a mate
whether or not her eye-ring had been
changed. The most telling evidence
was that if the female’s eye-ring was
changed at a time before the critical
weight was reached, the testes of her
mate did not increase in weight—in fact,
they diminished!

It is fairly well substantiated that go-
nadal development in many species is
stimulated by changes in the daily cycle
of daylight and darkness. On arriving in
the Arctic in summer gulls are subjected
to periods of daylight lasting almost 24
hours. This factor alone, however, could
not cause the gulls’ testes to develop
beyond the level attained at the end
of pair formation. Certain other stimuli
must interact with light, and one of
them—probably the most important one
—is the presence of a mate with the
proper eye-head contrast.

Although I have no evidence for it, it
seems likely on logical grounds that a
similar mechanism functions in females
during pair formation. Once a pair bond
is formed and a series of hormonal events
is activated, inhibition of the female’s
gonadal development does not occur,
even when the original stimulus—the
eye-head contrast of the male—is re-
moved. In the female, as in the male, the
interaction of stimuli and the hormonal
background at different times in the sea-
son provides a species-isolating mecha-
nism that appears to be wholly effective.

Thus far we have been considering

the two questions raised at the be-
ginning: What are the visual factors in-
volved in species discrimination among
the gulls, and how do these factors affect
reproductive behavior? At this point I
should like to take up the matter of how
the mechanisms that isolate species have
evolved. In this regard it is instructive to
examine the natural variation in iris and
wing-tip color that occurs in one species:
Kumlien’s gull.

The eye-ring color differs little
among Kumlien’s gulls and Thayer’s
gulls but the amount of dark pigment
in their irises varies considerably. Kum-
lien’s gull is by far the more varia-
ble, ranging from individuals with com-
pletely dark irises to those with com-
pletely clear eyes of yellow. I divided
this variation into six classes, Class 1 be-
ing the darkest and Class 6 the clearest.
On the south coast of Baffin Island, Kum-
lien’s gulls live together with herring
gulls and glaucous gulls. In this locale
Kumlien’s gulls with clear irises were
almost entirely absent; they occupied
classes from Class 1 to Class 4 or Class 5.



On the east coast of Baffin Island, where
Kumlien’s gulls nested with Thayer’s
gulls and glaucous gulls, the situation
was reversed. There almost all the Kum-
lien’s gulls fell into the last three classes,
being clear-eyed or nearly so.

This pattern can be explained in
terms of the natural selection of the var-
iations that will reduce the possibility of
mixed mating. According to my experi-
ments, the contrast of the eye-ring and
iris against the white head is the chief
factor in species discrimination among
gulls. To avoid mixed pairings, then, se-
lection favored dark-eyed individuals
where Kumlien’s gulls nested with the
light-eyed herring gulls and light-eyed
individuals where Kumlien’s gulls nested
with the dark-eyed Thayer’s gulls. Ap-
parently the dark eye-ring of Kumlien’s
gull has been adequate for species rec-
ognition between Kumlien’s gull and
the yellow-eye-ring glaucous gull. The
orange eye-ring of the herring gull af-
fords a darker contrast, however, and
where herring gulls and Kumlien’s gulls
nest together the dark iris of the latter
reinforces the eye-head contrast. It is
interesting to note that in Greenland,
Kumlien’s gulls have light eyes; there
herring gulls are not found and glaucous
gulls are.

The amount of dark pigment in the
iris of Kumlien’s gull is highly correlat-
ed with the amount of pigment in the
wing tips. Individual Kumlien’s gulls
with light irises, as found on the east
coast of Baffin Island, have white wing
tips; those with dark eyes, as found on
the south coast of the island, have dark
blotches on their wing tips. It has been
suggested that this variation in wing-tip
pattern is the result of hybridization be-
tween Thayer’s gulls and Kumlien’s
gulls, but that is not the case. The two
species are most unlike each other
where they nest together; they are very
much like each other where they do not
live together but where each is associat-
ed with glaucous gulls and herring
gulls. The explanation for the variation
of the wing tip is simply that it reflects
the correlation between the pigment in
the iris and the wing tip and the results
of selection for differences in iris color in
different populations.

In the course of my earlier work I had
come to the conclusion that female
gulls chose males that in eye-head con-
trast and wing-tip pattern were most like
themselves. This created a problem, be-
cause it implied that the female knows
what it looks like. A series of observa-
tions and one experiment on the east
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RESULTS of experiments in which the eye-ring of male gulls was altered indicate (top)
that in pair formation the female chooses the male and that eye-head contrast is a factor in
the choice. Changing the eye contrast of the male after a pair was formed (bottom) did not
produce a change in mating behavior: nearly all the pairs of gulls remained together.
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ing field-in general or specialized
programming, in systems analy-
sis, in managerial functions. Tells
how to prepare and what salary
ranges to expect in this highly re-
warding area. Photographs, bibli-
ography. $3.95

RV E. P. DUTTON & COMPANY
" 201 Park Ave. So., N.Y. 10003

The literary expression
of man’s dreams of a perfect so-
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cally examined the role science
was to play in them. The scien-
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nating view of the ways people
used the science of their day to
construct a perfect future.
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coast of Baffin Island provided an escape
from this dilemma and also showed how
responsive to very slight evolutionary
pressures the visual isolating mecha-
nisms are. The experiment was one in
which I had hoped to induce mixed
matings between Kumlien’s gulls and
Thayer’s gulls by painting the eye-rings
of unmated male Kumlien’s gulls black
to increase the contrast. The males
were chosen not by Thayer’s gull fe-
males, however, but by females of their
own species. I concluded that other
features, perhaps the wing-tip pattern,
were the critical ones in discrimination
between the two species.

Then further investigation of Kum-
lien’s gulls in this area where they over-
lapped with Thayer’s gulls revealed a
curious phenomenon. Although the ma-
jority of Kumlien’s gulls in the area had
clear yellow irises, there were many
individuals (37 percent) with various
amounts of iris pigmentation. If the
gulls are viewed as two groups, one
with iris pigmentation and one without
it, a pattern emerges: in each group
there is a striking preponderance of
matings between individuals that look
alike. Outside the overlap area mating
is essentially random with respect to the
presence or absence of iris pigmenta-
tion.

With this information in mind the re-
sults of the black-eye-ring experiment
can be interpreted very differently. In
this area dark-eyed males normally are
chosen by dark-eyed females and clear-
eyed males by clear-eyed females. Yet
in the experiment even though 92
clear-eyed females were available for
mating, they chose only four from the
group of 41 clear-eyed males that had
been painted to have a darker orbital
region; 29 of these males were chosen
by dark-eyed females. None of the 26
males with dark irises ringed in black
were picked by light-eyed females. It
can be seen that by increasing the eye-
head contrast of unmated male Kum-
lien’s gulls in this area, one can predict
the iris coloration of the eventual mate.

Thus there was both observational
and experimental evidence that the fe-
male Kumlien’s gulls of this area were
discerning very slight differences in the
eye-head contrast of prospective mates.
This mating system probably evolved as
a result of two primary pressures. The
presence of small numbers of herring
gulls in the overlap zone probably pro-
vided pressure to maintain the delicate
balance between clear-eyed and dark-
eyed Kumlien’s gulls. Secondly, in order
to avoid mixed pairings with Thayer’s
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gulls, selection favored individual Kum-
lien’s gulls that perceived slight eye-
head contrast differences. The mating
system among Kumlien’s gulls, in which
like mates with like, is a by-product of
such selection. This view is supported
by the fact that increasing the eye-head
contrast of unmated males just outside
the overlap zone had no detectable ef-
fect, whereas the same alterations within
the zone produced major changes in the
mating system.

At first, of course, it is difficult to
imagine how female gulls manage to
choose mates that look like themselves.
Presumably they do not actually see
themselves. (Mirrors are rare in the Arc-
tic) The answer may nonetheless be
quite s‘mple. It is known that many birds
“imprint” on their parents soon after
birth, and that they choose mates that
look like their parents. Possibly gulls do
the same. If eye color in gulls is inherited
(as seems likely, although genetic infor-
mation is lacking), then female gulls
choose mates that look like themselves
simply because they are looking for
mates that look like their parents, and in
most cases they themselves look like
their parents. This hypothesis suggests
that the Kumlien’s gull mating system
may simply represent an intensification
of the normal process, that is, a female
chooses a male most like her parents in
eye-head contrast and wing tips.

o understand the evolution of these

visual signals that function as re-
productive isolating mechanisms one
can examine the distribution of the
large Larus gulls throughout the North-
ern Hemisphere. With the exception of
the glaucous gull, all the other Larus
gulls that overlap with the herring gull
and are reproductively isolated from it
have the contrast pattern of a dark
eye against a white head. The popu-
lations that apparently hybridize with
herring gulls have dark eye-rings but
light irises. As I have indicated, dark
eye-rings without dark irises are insuffi-
cient as isolating mechanisms against
the orange-eye-ring herring gulls. The
important point here is that the darken-
ing of the eye region (principally the
eye-ring) begins to develop in an isolat-
ed population. If the population be-
comes genetically so different from the
one from which it was separated that on
coming together again the two popula-
tions remain distinct, selection will fa-
vor a further increase in the darkening
of the eye region, specifically a darken-
ing of the iris. The end result is a seal-
ing off of gene exchange.



No more
apologies.

Last year we ran an ad that said,
“The Renault for people who swore they
would never buy another one.”

Take our word for it, you will never
see an ad like that from us again. Ever.

We’ve got nothing to be apologet-
ic about anymore. And the biggest reason
for that is the Renault 10.

The Renault 10 has been in the
hands of Americandrivers for over a year
now, and it’s holding up like the tough
little car it is.

Naturally, we knew it was a rugged
machine before we introduced it. It had
to be. Our comeback depended on it. Only

The Renault 10

now, we’re not alone in that opinion.

The word about the Renault 10 is
getting around. And for us, there’s a kind
of justice in that.

Back when things weren’t so hunky-
dory, the talking almost killed us. Now
the talking is giving us a whole new life.

This past year, for instance, we
sold 859, more cars than the year before.
And there’s no end in sight.

Frankly, we have no one to thank
for all this but ourselves. We have gone
at it with a yengeance.

‘We made sure the Renault 10 would
deliver an h}nest 35 miles a gallon.

‘We made sure it would have seats
as comfortable as cars costing $5,000.

We made sure that 4 doors, 4 disc
brakes, undercoating, and a lot of other
things would be standard. Not optional.

We made sure every dealer in the
country could get virtually any part with-
in 48 hours.

We made sure the automobile
would just plain
stand up. @)
In short, A4
we made sure that we would never have
anything to apologize for again.

And, so help us, we never will.
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Investigations are providing new knowledge of flow
conditions at high speeds ¢ Improved wing design
could increase the critical Mach number o Airfoils
are being synthesized by computer ¢ Vortex experi-
ments may mean multiplied lift for airfoils ¢ New
rotor blade increases lift,speed and maneuverability

The perfect aerodynamic shape varies according tospecific
mission requirements. As commercial, defense and space
programs expand, vital knowledge in areas ranging from
subsonics to hypersonics, from launch to reentry, is being
uncovered, ushering in a new era in aerodynamic tech-
nology. Lockheed’s efforts in a never-ending quest for the
perfect shape for each application involve a number of
significant projects. Here is a sampling:

Hypervelocity rarefied flow. In the hypervelocity
regions of boost and reentry flight, aerodynamic charac-

Lockheed
is looking for the
perfect shape

teristics of lifting vehicles become highly sen-
sitive to viscous drag effects at changing alti-
tudes. Flow conditions encountered in this
velocity range are not yet fully understood.
To develop aerodynamic shapes meeting
specified flight performance requirements for
vehicles traveling at Mach 10 and above,
nore thorough knowledge of high-speed flows
s needed. Lockheed researchers presently are
1sing experimental and theoretical prediction
:echniques to study these phenomena.

Fransonics/Supersonics. Inadequate
wnalytical methods for computing the prop-
rrties of transonic flow fields long have been
itumbling blocks in developing high-subsonic-
ipeed aircraft. Current aircraft flying in this
ipeed range have been developed by appli-
:ation of empirical “‘rules’ based on experi-
nental results. Lockheed’s intensive efforts
oward developing a fundamental under-
tanding of mixed flows will enable a more
ational design approach. Increases upwards
f 10% in critical Mach number are antici-
»ated as a result of this approach. { Initial
ruits of Lockheed’s work in this area are
xemplified by the wing design for the coming

°-5A Galaxy, the world’s largest airplane. Incorporating
n adaptation of the peaky airfoil in this giant craft has
ignificantly reduced wing drag. € In supersonics,
.ockheed is continuing research along a broad front.
ncluded are investigations concerning sonic effects and
ptimum wing shapes to provide high cruise efficiency

LOCKHEED

LOCKHEED AIRCRAFT CORPORATION
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for future fighters and other
vehicles.

Computer-specified
wings. Applying a new
programming technigue
called ‘‘airfoil synthesis,”
Lockheed aerodynamicists
now can synthesize airfoil
shapes meeting specified
performance requirements.
q This technique convertsa Viewer displays synthesized swing
computer into an electronic design plus performance data.
wind tunnel for formulation and evaluation of aircraft
wing designs. The engineer feeds in the aerodynamic re-
quirements for a certain wing, activating the computer
with a hand-held light pen. The computer responds by
computing and displaying the required airfoil shape. If
the engineer deems the design acceptable, the computer
proceeds to display data on performance of the wing under
various flight conditions. Performance requirements can
be changed by the engineer at any stage, resulting in dif-
ferent optimum airfoil designs for different sets of condi-
tions. Once he accepts a basic wing configuration, his
“super assistant’’ computer supplies additional data
needed to complete the design for the full flight spec-
trum. q ““Airfoil synthesis’’ promises to save aerodynamic
engineers considerable design time, as well as to produce
more efficient and less costly wings for future aircraft.
Vortex lift generation. For years, investigators have
been attempting to increase the lifting ability of airfoils
by employing various passive and active boundary layer

Vortex behavior smoke demonstrationVortices may generate lift in new wings.
control schemes. Lockheed scientists, extending work
begun by NASA 'Langlev, now are experimenting with
the locked vortex principle.  Slow-traveling boundary
layer air is allowed to enter a cusp formed between the
wing and its flap, thus creating a vortex. Suction applied
at discrete intervals along the wingspan locks the vortex
in place and generates increased lift. For practical opera-

tion, application of this principle could multiply lift
coefficients as much as two or three times,

Advanced-geometry rotor blades. Growing helicopter
mission requirements are demanding increased perform-
ance from rotor blades. A new armed compound aircraft
being developed for the U.S. Army, the AH-56A ad-
vanced aerial fire support system, provides an important
example. Army specifications call for good hover effi-
ciency, high-speed performance and short turning radius
capability in forward flight. The design features that
these requirements impose are independently feasible,
but tend to be mutually conflicting. This is further
complicated by the limitations of production techniques.
To overcome these difficulties, Lockheed manufacturing
engineers have combined improvements of precision
fabrication and metal bonding techniques, while design
engineers have tailored an advanced-geometry blade

Advanced-geometry rotor blade features twist, taper and camber.

that fits within production limitations. § For hover lift
efficiency, the blade incorporates linear twist. The twist
is moderate to keep down oscillatory stresses during
forward flight. High-speed performance is assured by
decreasing blade thickness toward the tip sections. This
feature delays Mach number effects that would other-
wise limit speed. Maneuver lift, or short turning radius
capability, is implemented by adding camber. The dis-
tribution applies optimum camber between 70% to 90%
of the rotor radius, generally increasing inboard and
decreasing outboard. Camber, besides providing retreat-
ing blade lift coefficients necessary for short turning
radius, further aids hovering efficiency at high gross
weight conditions.

The activities described here are only a few of Lockheed’s
current aerodynamic R&D projects. If you are an
engineer or scientist interested in this area of work, either
in California or Georgia, Lockheed invites your inquiry.
Write: K. R. Kiddoo, Lockheed Aircraft Corporation,
Burbank, California. § An equal opportunity employer.
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INTERSTELLAR GRAINS

These dustlike particles, which may be frozen gases, constitute

less than one part in 1,000 of all the matter in our galaxy. Yet

they successfully hide most of the stars in the galaxy from view

or the past 40 years astronomy has
Fbeen trying to learn more about an

important constituent of the uni-
verse that cannot be seen with the most
powerful telescopes or detected by the
most sensitive radio techniques. This
constituent consists of fine particles, now
commonly referred to as grains, that are
known to be widely distributed through-
out interstellar space. If they are invisi-
ble, how was their presence established
and how can they be studied? They are
like the purloined letter of Edgar Allan
Poe’s story: their presence seems obvious
when one has properly interpreted their
effects on the celestial radiation that can
be seen and recorded.

Sometimes interstellar grains reveal
themselves by reflecting the light of par-
ticularly luminous objects or glowing
masses of gas. More often they dim the
light of luminous objects or completely
hide them. Fortunately for astronomy
interstellar grains subtract light in a pref-
erential manner, so that the radiation
reaching the earth is often reddened and
polarized. By measuring the amount of
polarization and reddening one can infer
much about the nature and distribution
of this interstellar material. Given such
information, the astrophysicist can begin
to construct hypotheses about the origin
of interstellar grains and the role they
have played (and presumably are still
playing) in the evolution of the universe.

Anyone who has looked at the Milky

by J. Mayo Greenberg

Way on a clear, dark night knows how
patchy and uneven it appears. Even as-
tronomers accepted this irregularity at
face value until well into this century;
they assumed that the stars were simply
distributed in uneven clumps. With the
recognition that the Milky Way repre-
sented the view along the central plane
of the great rotating pinwheel of stars
in our galaxy it became increasingly
obvious that the uneven distribution of
visible stars was actually caused by the
uneven distribution of interstellar dust.
Considering how effectively this dust
obscures our view of the galaxy, one
might assume that it represents a sizable
fraction of the galaxy’s total mass. It is
not so, and for an interesting reason that
anyone can demonstrate for himself.
Shine the light from a slide projector
on a screen in a dark room. Now watch
the brightness of the screen when the
following are introduced separately into
the beam: a piece of chalk, an unlighted
cigarette, a cloud of chalk dust from a
blackboard eraser and a cloud of ciga-
rette smoke. The smoke will cause the
greatest reduction in light, even though
its total mass is far less than the mass of
the entire cigarette and significantly less
than the mass of the chalk dust. The
critical factor in the extinction of the
light turns out to be the size of the parti-
cles in the cloud of smoke or dust; for
the highest extinction efficiency the par-
ticles should be somewhat smaller than

NORTH AMERICAN NEBULA, embedded in the Milky Way, illustrates some striking
characteristics of interstellar grains, or dust. The “Gulf of Mexico” and “Atlantic Ocean”
are regions of high dust obscuration. The general luminosity of the nebula, however, is
evidently not stellar radiation reflected from interstellar grains, as might be thought. It
may represent excitation of gas by bright stars hidden by dust, but more likely it results
directly from the collision of interstellar dust clouds. This is consistent with the idea that
clouds in the spiral arm of the galaxy are moving at high velocities. The photograph was
made with the 48-inch Schmidt telescope on Palomar Mountain by William C. Miller.
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the wavelength of the incident light.

If the galaxy were filled with icelike
particles the size of basketballs, and the
total mass of the particles equaled the
mass of all the stars in the galaxy, the
particles could not be detected optically.
Indeed, their extinction efficiency would
be only 1/300,000th the efficiency of the
interstellar grains. By the same token the
obscuration of starlight by the interstel-
lar gas (chiefly hydrogen) is negligible
even though the mass of the gas repre-
sents perhaps 10 percent of the to.al
mass of the galaxy. It is estimated that
the interstellar grains represent only
about a thousandth of the total galactic
mass. Within the spiral arms of the
galaxy, however, the concentration of in-
terstellar grains rises to perhaps three
parts in 1,000. It can also be estimated
that if a tenth of the stars in the galaxy
have planetary systems like our own, the
mass of the interstellar grains would ex-
ceed the total mass of the planets by
about 10 to one.

The actual size of the grains is not
known with any precision. The reason is
that their composition is still uncertain.
They might, for example, consist largely
of ices, perhaps a mixture of 01’dinary
ice and frozen gases such as methane
or ammonia. In that case they would
tend to be elongated particles—perhaps
tiny needles with a thickness of about
half a micron, which corresponds to the
average wavelength of light. On the oth-
er hand, the grains could conceivably
consist largely of carbon or metals. If
they are carbon in the form of graphite,
they would tend to be tiny plates, and
they would be smaller than half a mi-
cron by a factor of five or 10. The dif-
ference in size estimates follows from the
composition and optical properties of the
grains. If they are optically dielectric,
they will absorb very little of the radia-
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UNPOLARIZED LIGHT

POLARIZATION OF STARLIGHT is believed to occur because
interstellar grains are both asymmetric and oriented by weak mag-
netic fields in space. The ellipsoidal interstellar particle depicted
here is viewed as if threaded on a line of magnetic force, around

S~—Y——"—~7 —

ORIENTED PARTICLE

which it twirls. The starlight that reaches the particle from the left
is unpolarized, which means it can be resolved into two beams of
equal intensity (E, H) that are polarized into two planes at right
angles to each other. Because of the orientation of the particle the

tion, whereas if they are metallic, they
will tend to absorb strongly.

Not quite 20 years ago John S. Hall
of the U.S. Naval Observatory and W. A.
Hiltner of the Yerkes and McDonald
observatories were carrying out a search
for a predicted polarization effect when

they discovered one that had not been
predicted. They independently observed
that the light from certain stars was
linearly polarized. This means that if
one were to look at such a star through
an ordinary Polaroid filter of the kind
used in sunglasses, their light would

dim and brighten as the filter was ro-
tated. It was noted at the same time that
the stars exhibiting this polarization were
invariably the stars whose light had also
been reddened and partly extinguished
by interstellar dust. Later studies showed
that the degree of polarization is strongly
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PARTICLE RADIUS DIVIDED BY WAVELENGTH

EXTINCTION EFFICIENCIES for long icelike particles, as mea-
sured by the author, produce curves of this general type. The par-
ticles are oriented as in the illustration at the top of these two
pages. Thus the extinction is greater for the E beam, polarized ver-
tically, than for the H beam, polarized horizontally. Maximum ex-
tinction occurs when the wavelength is about equal to the radius of
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the particle. On the rising portion of the E and H curves the extinc-
tion for a particle of a given small radius is greater the shorter the
wavelength, which explains why blue light is dimmed more than
red. As particles become much larger they reduce the intensity of
starlight without altering its color. Maximum polarization (E-H)
occurs when the wavelength is about twice the particle radius.
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E, or vertical, beam suffers a greater reduction in intensity than the
H, or horizontal, beam. Consequently the residual radiation, when
viewed from the earth, will be polarized in a plane perpendicular
to the direction of orientation of the particlg. Using scaled-up

correlated with the amount of extinction.
It soon became obvious that whatever
was responsible for reducing the light
must also be polarizing it. This could
only be interstellar dust. The problem
was to discover the mechanism of polari-
zation.

When light that is unpolarized passes
through a polarizing filter, it is reduced
in intensity by at least half. It is said to
be plane-polarized, and if it is now di-
rected into a second polarizing filter, it
can be completely extinguished by ro-
tating the second filter until the filter’s

WAVELENGTH (ANGSTROM UNITS)

10.000

w

EXTINCTION IN MAGNITUDES
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RECIPROCAL OF WAVELENGTH (MICRONS)

EXTINCTION V. WAVELENGTH can be represented by a family of curves of which two
are depicted. The bottom curve shows the characteristic extinction for starlight that has
passed through about 2,000 light-years of interstellar space containing a typical amount of
dust. The top curve shows the extinction expected after starlight has traveled three times as
far through typical interstellar space, or about 6,000 light-years. At a distance of 9,000 light-

years a star like the sun could not be seen from the earth with the most powerful telescope.
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PARTIALLY PLANE-POLARIZED LIGHT

models of grains and radio waves to simulate light, the author has
found in his laboratory studies at Rensselaer Polytechnic Institute
that for icelike grains of this general shape polarization is great-
est when the wavelength is about twice the radius of the particle.

plane of polarization is at right angles to
the plane of the first filter. Compared
with an efficiency of 100 percent for a
good polarizing filter, the grains in in-
terstellar space show a polarizing effi-
ciency of at most about 6 percent. Al-
though this may seem a modest amount,
it has not made the polarization any
easier to explain.

The currently accepted hypothesis is
that the polarization results from the
orientation of interstellar grains by
large-scale magnetic fields. In fact, the
polarization of starlight provided early
evidence that such fields exist. They ap-
pear to play an important role in the mo-
tions of gas clouds in the galaxy, and un-
til recently it was conjectured that they
might also provide the “ribs” that hold
the galaxy’s spiral arms outstretched [see
“The Magnetic Field of the Galaxy,” by
Glenn L. Berge and George A. Seielstad;
SCIENTIFIC AMERICAN, June, 1965].
More recent studies suggest, however,
that the arms develop as a dynamic con-
sequence of the galaxy’s motion.

The mechanism by which interstellar

grains are oriented by magnetic fields
is not the simple one that turns the nee-
dle of a compass. The fields in space are
much too weak. The strongest interstel-
lar field probably does not exceed a thou-
sandth of the magnetic field at the earth’s
surface, and the average strength of the
galactic magnetic field is only a tenth
or a hundredth of the maximum. Such
fields would have little effect on the
interstellar grains even if they were
made of iron, and the fields would almost
certainly fail to align particles that were
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being steadily bombarded by the atoms
of the interstellar gas.

According to a hypothesis proposed by
Leverett Davis, Jr., and Jesse L. Green-
stein of the California Institute of Tech-
nology, the aligning mechanism is para-
magnetic relaxation, a force that would
make an interstellar grain spin on its
short axis, which in turn would be lined
up parallel to the lines of force in the
magnetic field. Thus the particles would
be “threaded” on the field lines much
like buttons on a taut string. If the par-
ticles are like needles rather than but-
tons, they would resemble a string of
tiny twirling batons.

It is not difficult to visualize how such
oriented arrays of button-like or baton-
like grains would polarize starlight. If
the twirling grains were threaded on
magnetic lines of force that ran parallel
to our line of sight as we observed a star,
they would present a maximum rota-
tionally symmetrical area and therefore
would not have any polarizing effect;
they would simply reduce the inten-
sity of all the components in the orig-
inal unpolarized light. But if the lines of
force were, say, horizontal and perpen-
dicular to our line of vision, the grains
would act as an array of vertical pickets
that would reduce the vertical compo-
nent of the originally unpolarized light
and leave an excess of the horizontal
component [see top illustration on pre-
ceding two pages]. If the magnetic lines
of force intersected our line of sight at
less than 90 degrees, the polarization
would be proportionately less. The proc-
ess is so effective that the direction of op-
tical polarization is extremely uniform
over wide ranges of galactic longitude.

HORSEHEAD NEBULA is perhaps the most spectacular example of obscuration produced
by interstellar grains. Located in the constellation Orion, the Horsehead is about 1,000 light-
years distant. In this region there is probably as much matter in the form of interstellar dust
as in stars. This photograph was made with the 200-inch telescope on Palomar Mountain.

here do interstellar grains come
from? It may be that there is more
than one source. An early hypothesis was
that the grains were similar to the micro-
meteorites that abound within the solar
system. The idea was discarded when it
was seen that there would be no way for
such particles to be ejected from a solar
system—our system or any other—and be-
gin wandering through space.

It was then suggested about 30 years
ago by the Swedish astronomer Bertil
Lindblad that the grains grow by simple
accretion out of the already existing
gaseous matter in space. The suggestion
was appealing and was consistent with
the observation that there seems to be
a direct correlation between the pres-
ence of interstellar grains and the density
SPIRAL GALAXY M 51 is probably much like our own, except for its small companion of the interstellar gas. Difficulties arose,
(left). Lanes of dust help to delineate the spiral arms, which tend to contain the brightest, however, when aStl'OPhySiCiStS tried to
bluest and youngest stars. This photograph was also made with the 200-inch Hale telescope. explain exactly how grains could begin
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to form in a typical space environment.
The proposed mechanisms failed to sup-
ply enough grains to satisfy the observa-
tions.

Attention was then turned to other hy-
potheses. It is well known that molecules
are formed in the atmospheres of cool
stars. Recently it has been shown that it
should be possible for small particles of
carbon and silica (molecules of silicon
and oxygen) to grow under certain stel-
lar conditions and for these particles to
be blown out into space by the pressure
of stellar radiation. If these small parti-
cles should get caught in a reasonably
dense cloud of gas, they would serve as
nuclei on which atoms could condense.
When atoms of hydrogen, nitrogen, car-
bon and oxygen accidentally collided
with such a nucleus, they would tend to
stick and ultimately form molecules of
various simple compounds: water, meth-
ane (CH,) and ammonia (NHj). Along
the way less abundant atoms present in
the gas cloud would also get embedded
in the grain; thus one would expect to
find, for instance, one atom of iron for
every 1,000 atoms of oxygen.

If this process of growth by accretion
were allowed to continue undisturbed
for several billion years, the interstellar
grains would grow to substantial size,
perhaps as large as 20 microns, or 40
times the wavelength of light. This is
about the size of the ice crystals in the
atmosphere that produce the halo some-
times seen around the sun or the moon.
Interstellar grains of this size, however,
would be much too large to produce the
effects we are trying to explain. Accord-
ingly the proposed accretion mechanism
is too effective. Might there be some
other mechanism at work that limits
grain size? There is.

The comparatively dense clouds of gas
that are responsible for the growth of the
grains could also provide the mechanism
for limiting growth. Such gas clouds are
in rapid motion in random directions,
and about once every million years, on
the average, a typical cloud will collide
with another one. In the turbulent en-
vironment that results the growing
grains will be bombarded by high-ve-
locity atoms, will collide with one an-
other and in general will be subjected to
attrition. Low-energy cosmic rays and
particles traveling with energies of 10
million to 100 million electron volts may
also play a part in limiting the size of
interstellar grains. Very recently S. B.
Pikelner of the Sternberg Astronomical
Institute in Moscow has correlated this
type of grain attrition with the large
numbers of electrons that evidently exist

ATOMS PER CUBIC CENTIMETER
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DISTRIBUTION OF HYDROGEN in our galaxy is believed to parallel closely the distribu-
tion of interstellar grains as well as young stars. This map of hydrogen distribution is based
on measurements of the 21-centimeter radiation emitted by neutral hydrogen, which is not
obscured by dust. The map follows one prepared by Jan H. Oort of the University of Leiden.
The numbers on the concentric rings indicate kiloparsecs; a kiloparsec is 3,262 light-years.
The sun is now thought to be about 10 rather than 8.2 kiloparsecs from the galactic center.

in the cool regions of interstellar space;
he believes the electrons are produced
when cosmic rays and energetic particles
collide with hydrogen gas. The net effect
may be to limit the grains to a maximum
size of perhaps one micron, which would
be about right to satisfy the observations.

The only growth mechanism that
would not satisfy the observations would
be one that produced essentially spheri-
cal particles. The particles might still
twirl around magnetic lines of force and
reduce light intensity, but being sym-
metrical they would have no polarizing
effect. The desired asymmetry would re-
sult if the grains were platelets of pure
carbon in the form of graphite, or if they
were produced by accretion on such
plates, which would give rise to shapes
resembling doorknobs. Alternatively, if
molecules such as those of water are
heavily involved in the growth of inter-
stellar grains, one would expect the grain
to be needle-like or possibly cigar-
shaped. One cannot, however, entirely
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rule out hexagonal plates resembling
miniature snow crystals.

In our laboratory at Rensselaer Poly-
technic Institute we have developed a
technique for measuring quite precisely
how grains of various shapes will inter-
cept light. The scattering and absorption
of light by particles of wavelength size
are not very amenable to calculation,
particularly if the particles are not spher-
ical. This is true even for particles of
very regular shape, with one exception:
infinitely long cylinders of circular cross
section. To get at the general problem,
including irregular or rough particles, we
use an analogue experimental method in
which all dimensions are scaled upward
by a factor of about 100,000, or 105.

Accordingly we replace visible light
(wavelength 5 X 105 centimeter) with
radio waves whose wavelength is about
three centimeters. Similarly, we use par-
ticle models that are about 105 times
larger than the assumed interstellar
grains and therefore range from about .5
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REDDENING OF STARLIGHT depends on both the initial color
of the star and the amount of dust its light must traverse to reach
the earth. The diagram shows how passage through about 2,000

light-years of interstellar space containing a typical amount of dust
will reduce the intensity of red light (black curve) from a white
star by half a magnitude and the blue light by a whole magnitude.

MORE EXTREME REDDENING would be produced if the star-
light had to travel about 6,000 light-years through typical interstel-
lar space. This is about the diameter of a spiral arm of the galaxy.
It is assumed in this diagram that the light originates from a hot,

centimeter across to about 10 centime-
ters. One’s commonsense notion is com-
pletely unreliable for predicting how
radiation will be obstructed by non-
spherical particles whose size is less than
or about the same as the wavelength [see
illustration on page 114]. Of course, one
can usually find a completely convincing
theoretical argument to show how the
observed results are really “obvious.” In
fact, an approximate theoretical calcu-
lation had anticipated, in a qualitative
way, the experimental results by several
years.

For very small particles the cross sec-
tion, or effective blocking area, is much
smaller than the silhouette of the par-
ticle, whereas for very large particles the
cross section is about twice the silhouette
area. Up to a certain grain size the ex-
tinction produced by a particle of given
radius is greater the shorter the wave-
length, which explains why blue light is
dimmed more than red [see bottom illus-
tration on page 108]. The reddened light
then passes with relatively small loss
through clouds of particles whose size is
less than or comparable to the wave-
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length. It is for this reason that the sun
reddens as it sinks toward the horizon:
its light passes through increasing
amounts of dust-laden atmosphere. The
blue portion of the sun’s light that does
not pass through the dust is scattered
and gives rise to the overall blue color
of the sky.

Because the degree of scattering varies
with wavelength, each wavelength ex-
hibits its own degree of polarization. For
very short and very long wavelengths the
polarization drops to zero for a particle
of any given size.

On the average the attenuation of
starlight in the central plane of our gal-
axy is so great that we can see the stars
only within a small region around us.
The distance from the sun to the center
of the galaxy is about 10 kiloparsecs, or
about 32,000 light-years. Assuming an
average extinction of 1.5 stellar magni-
tudes per kiloparsec, it turns out that
stars like the sun would be invisible with
the largest telescopes at a distance of less
than three kiloparsecs. Even the bright-
est stars at the center of the galaxy are
not visible to us.
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young star that emits three times as much blue light as red. The
interstellar dust reduces the blue component by three magnitudes
and the red component by 1.5 magnitudes. As a result the star
will appear to contain about 20 percent more red light than blue.

The reddening of starlight as it passes
through clouds of interstellar dust is
generally in direct proportion to the
amount of extinction. Passage through
2,000 light-years of average interstellar
space will reduce the blue component of
“white” starlight by a full magnitude
and the red component by only half a
magnitude. When the light has traveled
through 6,000 light-years, the reduction
in the two components is respectively
1.5 magnitudes and three magnitudes.
These, of course, are only averages; the
actual values vary widely. For example,
the attenuation per unit distance through
the bright nebula around the star Mer-
ope in the Pleiades is about 1,000 times
greater than the interstellar average.

What role, if any, do the interstellar

grains play in the formation of
stars? It may be a coincidence that Mer-
ope is so near such a dusty place. In other
cases, for example in the Orion nebula,
the evidence is clear that regions of high
gas and dust density are also rich in new-
born stars. It is believed new stars con-
dense out of clouds of dust and gas.



—
=

;[ill\l.

Get it right the first time with a Marchant Calculator!

What makes Marchant® Calculators mistake-
proof? We call it Surecheck.

It means that every Marchant shows the
answer and step-by-step how you got there.

One Marchant prints out your mathemati-
cal operations on a wide, easy-to-read paper
tape. Another shows problem parts on big,
legible dials. Still another registers factors on
| abright electronic screen.

Marchant makes you a better calculator.

SCM CORPORATION, 410 Park Avenue, New York, N. Y. 10022. Offices in Canada and major cities throughout the world.

No need to re-enter and re-work a problem
to be sure you're right. You can Surecheck an
answer just by looking. If you've entered the
right numbers—you‘ve got the right answer.

Which Marchant calculator is the one for
you? Your Marchant representative will be
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As the condensation proceeds, heat is  and gas is vigorously propelled outward.
generated by the release of gravitational ~The injection of these high-velocity
energy. Finally the temperature inside clouds of gas and dust into the inter-

. the protostar becomes high enough to stellar medium supplies kinetic energy
chllton houks initiate a thermonuclear reaction. The of motion to other gas clouds. Thus are
star bursts forth with radiant energy and  the cycles of interstellar grain growth

0" Where what remains of the surrounding dust and attrition continually maintained.
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THE |
AUTOMATED
STATE

Computer Systems as a
New Force in Society
By ROBERT 0. MacBRIDE

Examines the influence of private
and public computer systems on
our culture . . . and presents the
first detailed discussion of the pro-
posed national computer system,
and its implications for everyday
life. Finally, Mr. MacBride predicts
the ways the electronic brain is
most likely to affect jobs, busi-
ness, and — ultimately — our per-
sonal decisions. $12.50

DESIGNING
THE FUTURE

The Role of
Technological Forecasting
By ROBERT W. PREHODA

Foreword by Sir George Thomson.
The first comprehensive descrip- |
tion and demonstration of a scien-
tific discipline that can help us
predict the future, and consequent-
ly shape it. Some of the author’s
sample predictions: the abolition of
disease, of aging, and perhaps even
of natural death . . . chemicals to
improve memory and intelligence
. . . exploration of the entire solar
system—and beyond. $8.50

Now at your bookstore—or use this
coupon to order for 10-day exami-
nation.

CHILTON BOOK COMPANY,
Dept. SA-107

401 Walnut Street, “MODEL” INTERSTELLAR GRAINS, 100,000 times larger in diameter than real ones,
’;lhelllasielspt’a:?’r::.thleglb%ik(s) I have have been studied by the author to learn how they interfere with three-centimeter radio
checked below, for which I enclose waves. As depicted here, the models are a fifth of actual size. The waves strike the models
check or money order in the . . .

amount indicated. If | wish, | may at right angles to the plane on which they are shown mounted. The total cross sections, or
Fﬁflu;:fubr?é)k(S) within 10 days for blocking areas, of the models are indicated by the various circles behind them. Cross sec-
[] The Automated State. $12.50 tions depend strongly on the way models are oriented (a-b, c-d). Note that model h has a
[J Designing the Future. $8.50 much larger cross section than g, even though only half the diameter of g. The marked

difference in cross section of the two small spheres, e and f, is due to a difference in com-
position. The effect of polarization shows up only when ellipsoidal grains (a, ¢) are placed
with their long axis perpendicular to the radiation. The larger cross section (gray plus col-

City State zi
(Please add applicable sa or) is obtained when the radiation is polarized parallel to the long axis of the particle. The

smaller cross section (gray) results when the polarization is at right angles to the long axis.
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we have used many millions of
Allen-Bradley hot molded resistors.

The uniformity of quality from one
shipment to the next is truly astounding.
There can be no question about the
reliability of these resistors.”

Wang Laboratories

0 -Wans Electronic Calculator
DK keyboard for scientific

uracy with floating decimal point,
and all calculations are displayed

~ In one millisecond. Normally the 320
calculator is placed in a desk drawer
rather than on the desk. It is shown
here next to the keyboard to indicate
compactness of the calculator.

One of the printed circuit cards from the
Model 320 calculator. All resistors on this
card are Allen-Bradley Type CB 14 watt hot
molded resistors.

567-3AB

ication. Readout provides 10-place

To insure the extremely accurate
and high speed operation of the
300 Series Wang Electronic Calcu-
lators, all components are selected
with utmost care. Thus, it was only
natural that Allen-Bradley hot
molded resistors were chosen for this
most exacting application.

Composition resistors, not pro-
duced by the technique of hot mold-
ing used by Allen-Bradley—using
completely automatic machines—
cannot equal the quality and uni-
formity of production for which the
hot molded Allen-Bradley resistors
have a worldwide reputation. The
precise control during manufacture
results in such uniformity of one A-B
resistor to the next—million after
million—that long term resistor
performance can be accurately pre-
dicted. There is no record of any
Allen-Bradley hot molded resistor
having failed catastrophically.

Let the experience of the engineers
at Wang Laboratories become your

own experience. Allen-Bradley fixed
and variable hot molded resistors will
do exactly as well for you as they
have done for all other users. For
complete specifications, please write
for Technical Bulletin 5000: Allen-
Bradley Co., 1204 S. Third Street,
Milwaukee, Wis. 53204. In Canada:
Allen-Bradley Canada Limited.
Export Office: 630 Third Ave., New
York, N. Y., U.S.A. 10017.

TYPE BB 1/8 WATT
3 B

TYPE CB 1/4 WATT

TYPE EB 1/2 WATT

TYPE GB 1 WATT

— pmm

TYPE HB 2 WATTS

HOT MOLDED FIXED RESISTORS are avail-
able in all standard resistance values and
tolerances, plus values above and below
standard limits. Shown actual size.

ALLEN-BRADLEY

7 QUALITY ELECTRONIC COMPONENTS
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Advanced computing technique
gives scientists and engineers
faster job turnaround.

Many engineers and scientists raise
the question “Why does it take so long
to get answers to problems that require
only a few minutes of computer time?”’

The problem involves turnaround
time. It’s a paradox. Your problems are
probably running on a computer that
may calculate hundreds of times faster
than computers used five or ten years
ago. Yet you still wait as long. You
wait. And a lot of other people in your
organization wait.

Part of the problem is the fact that
there are many more people using the
computer. Their jobs are more varied.
The computer spends more time per-
forming input/output and general
““housekeeping” routines.

How can you reduce turnaround
time and get results faster? Rocketdyne,
a Division of North American Aviation,
Inc. cuts turnaround time with a multi-
processor system which operates under
the control of an extension to Operat-
ing System/360.

Rocketdyne’s IBM SYSTEM/360 in-
cludes a Model 40 computer coupled to
a Model 65. The Model 40 handles sys-
tem input/output operations, assigns
job priorities and automatically sched-
ules jobs into the Model 65. It was the
first such system installed. Using the
Model 40 in this fashion frees the more
powerful central processing unit of the
larger computer to process on a practi-
cally continuous basis the various

mathematical calculations of each job
queued into it.

This CPU can take full advantage of
its large memory and higher process-
ing speed without allocating time or
space to support functions.

The benefits of increased through-
put, namely faster turnaround and high-
er system performance, accrue because
of this balanced division of labor be-
tween the two computers. The coupled
computers are controlled by a multi-
processor operating system called the
Attached SupportProcessor (ASP}, which
provides a compatible extension to Op-
erating System/360.

The Rocketdyne computer center
operates on an open shop basis. Over
400 engineers submit their own
FORTRAN programs. The center han-
dles an average of about 500 jobs per
day with each job averaging 242 min-
utes of computer time.

A large part of Rocketdyne’s comput-
ing consists of numerous runs in which
rocket test data are reduced and ana-
lyzed. Calculations average 5-20 min-
utes for each such job placed into the
computer.

Data are transmitted from F-1 engine
firings at the Edwards Field Laboratory;
from J-2 engines and F-1 components
and attitude control engines at the
Santa Susana Field Laboratory; from
solid rocket operations firings at Mc-
Gregor, Texas; and from H-1 Thor and

Atlas firings at Neosho, Missouri.

Data communications systems carry
these data to the computer center at
Rocketdyne’s facilities at Canoga Park,
California.

Results are returned in as little as 30
minutes for action by Rocketdyne’s en-
gineers. No waiting hours for the job to
reach the front of the queue.

The overall result for Rocketdyne’s
engineers and scientists is that the
computer is now a much more useful
tool for them.

Engines may be refired or removed
from static test stands at an increased
tempo and with greater precision.

The concept of directly coupled
systems was first proposed and imple-
mented by IBM in the early 1960’s using
various combinations of 7000 series
computers. For example, the first in-
stallation at Rocketdyne used a 7044 as
support processor for a 7094 II. This
was considered one of the most power-
ful general purpose computers in the
country prior to the installation of
third generation computers.

If you would like to find out more
about the Attached Support Processor
Program which IBM provides for use
with SYSTEM/360 and how it might
help you speed job turnaround time,
contact: Director, Scientific Develop-
ment, IBM Corporation, Department
805-053, 112 East Post Road, White
Plains, New York 10601.
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The Interference Theory of Forgetting

A classical hypothesis about forgetting is that learning some things

tends to make one forget others. This mechanism can be demonstrated,

and modern experiments have led to a deeper knowledge of how it «works

n anecdote that has amused many
A psychologists concerns the pro-
fessor of ichthyology who com-
plained that each time he learned the
name of a new student he forgot the
name of a fish. This is not just another
joke about an absentminded professor.
It aptly illustrates the “interference”
theory of forgetting, which attributes
loss of memory to the demonstrably ad-
verse effect that learning one group of
facts has on the learner’s ability to re-
member other groups of facts. An older
theory of forgetting is the “decay” the-
ory, which compares memories to colors
that, if not refreshed, fade and disap-
pear from the mind’s canvas. The inter-
ference theory, however, has grown in
popularity since early in this century
and is now supported by a massive body
of experimental work.

A typical interference experiment re-
quires that two groups of subjects un-
dertake related but quantitatively dif-
ferent learning tasks. One such task is to
memorize a list of 20 items in which 10
nonsense syllables are paired with 10
common nouns [see illustration at right].
The subjects in a control group are asked
to memorize one such list; the subjects
in the experimental group, to memorize
two lists. The same nonsense syllables
appear in both lists, but the accompany-
ing words are different.

The material to be memorized is pre-
sented at a brisk pace, and the subjects
soon learn to reply to the nonsense syl-
lable with the appropriate noun. After
the lists are learned, tests determine how
well the subjects recall the material. In a
typical experiment [see top illustration
on next page] one test was given imme-
diately and a second 24 hours later. In-
evitably the subjects who had memorized
two lists did not recall either List I or
List IT as well as the control subjects re-

by John Ceraso

called List I. The experimental subjects’
poorer performance must be attributed
to the only difference between the two
groups of subjects: the experimental sub-
jects had to learn two lists instead of one.
In some way the increased learning load
affected recall.

The performance of the experimen-
tal subjects was notable in two other re-
spects. First, their immediate recall of
List I was significantly poorer than the
control subjects” recall and was almost
equally poor 24 hours later. The exper-
imental subjects’ immediate recall of
List II, however, was nearly as good as
the control subjects’ immediate recall of
List I. Evidently learning List II affect-
ed the experimental subjects’ recall of
List 1. This effect is called “retroactive
inhibition.” It was the first form of inter-
ference to be demonstrated experimen-
tally and remains the one most widely
studied.

Over the years two main theories have

emerged in explanation of retroac-
tive inhibition. One, known as the “com-
petition of response” theory, is quite
radical from a commonsense point of
view. Developed in the 1930’s by John
McGeoch of the University of Iowa, it
essentially states that there is no forget-
ting process. It supposes instead that,
when someone’s recollection fails, he has
simply remembered the wrong item of
information; the remembered item pre-
empts the place of the one he was trying
to recall. An analogy is the difficulty en-
countered by a driver accustomed to the
three forward speeds of the standard
American gearshift when he tries to shift
gears in a foreign car. His hand makes an
accustomed but incorrect motion. This
motion prevents him from making the
correct one since he cannot do both
things at the same time. In terms of the
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word-recall experiment McGeoch’s the-
ory suggests that each nonsense syllable
has two channels. For example, if the
subject remembers lawn on hearing the
syllable BEM, he has utilized one of
the two channels and the other channel,
running from BEM to aisle, is automati-
cally blocked.

A second explanation of retroactive
inhibition is the “unlearning” theory
proposed in the 1940’s by Arthur W.
Melton of the University of Michigan.
Imagine an experimental subject’s efforts
to memorize List II after having success-
fully learned List 1. At first the new
learning process will be disrupted as List
I words come to mind in response to the
nonsense syllables. After a few trials,
however, the well-learned List I words
will no longer come to mind and the sub-
ject can get on with the job of learning
List II. Melton’s theory reasonably as-

LIST | LIST i
BEM  lawn BEM  aisle
TAQ barge TAQ cave
MUZ  host MUZ bass
PEZ lube PEZ vine
LUF  weed LUF dame
ROH male ROH file
VID  ache VID gown
JOP  cart JOP whip
KUG quart KUG budge
GAV zinc GAV dough

TWO LISTS used as learning material in
the author’s experiments contain the same
10 nonsense syllables. Each syllable acts as
a memory stimulus but the common word
with which it is paired differs in each list.
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IMMEDIATE TEST 24 HOURS LATER

TWO GROUPS OF SUBJECTS in an “interference” experiment

word list, a control group remembers it well. Learning two lists,
the test group recalls neither one as well as the control group but

TEST (LIST 1) remembers the list learned last better than the one learned first.
IMMEDIATE TEST 24 HOURS LATER

MAXIMUM REDUCTION IN INTERFERENCE results from reduced “crowd-

CROWDING ing,” the author’s term for the merging of two short word lists into

a single long list as time passes. Tested 24 hours after training, the

MINIMUM group that was exposed the least to possible crowding was much

CROWDING less affected by interference than the crowded control group was.
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sumes that some mechanism has oper-
ated at this point to suppress or damp
the recollection of List I words. In effect
they have been unlearned.

Retroactive inhibition is not the only
form in which interference may be
encountered. The word-recall experi-
ments also reveal that, 24 hours after
having learned List I and List II, a sub-
ject’s recall of List II words diminishes
but his recall of List I words does not.
This phenomenon, which demonstrates
that interference by List I can affect re-
call of List II, is termed “proactive in-
hibition.” The observation that proactive
inhibition increases as time passes gives
this form of interference a striking re-
semblance to the “gradual decay of
ideas” proposed by John Locke in the
17th century as the chief characteristic
of forgetting. Benton J. Underwood of
Northwestern University was the first to
emphasize the importance of proactive
inhibition. Although the phenomenon
has been little studied, it appears to be
the laboratory equivalent of everyday
forgetting.

Proactive inhibition cannot be ex-
plained by either McGeoch’s or Mel-
ton’s theories. New learning is needed
if the old is to be unlearned in accord-
ance with Melton’s theory, but no new
learning follows a subject’s memorizing
of List II. (New learning of various
kinds may indeed occur during the 24
hours in which the experimental sub-
jects are away from the laboratory, but
this is equally true for the control sub-
jects and there is no evidence that its
effect is significant.) As for McGeoch’s
competition-of-response theory, the re-
call of List I words can be regarded as
blocking the channels leading to List II
words. This theory, however, offers no
explanation of the fact that proactive
inhibition increases with the passage
of time. Why should there at first be
no competition of response and then a
growth of such competition?

Underwood proposed an answer to
this question that is ingenious in its
combination of existing theories. List I
unlearning, he suggests, is followed af-
ter a period of time by “spontaneous re-
covery.” As the recovery process gradu-
ally dissipates the suppression of List I
owing to the unlearning process, the list
again becomes available for recall. This
availability, in turn, increases the de-
gree of List I interference with List II
and accounts for the subject’s dimin-
ished recall of List II after a 24-hour
interval. In spite of its ingenuity, Under-
wood’s proposal has a flaw in its appli-
cability to word-list experiments. Spon-
taneous recovery should cause the recall



of List IT to drop, and it does. But it
should also cause the recall of List I to
rise, and it does not. Instead List I re-
call is the same at the end of 24 hours as
it was initially.

Proactive inhibition has also been

studied by R. Koppenaal of New
York University. In one of his experi-
ments subjects were given a special “re-
call” test, first used by Underwood and
his co-worker Jean Barnes. The experi-
ment was designed to test the possibility
(suggested by several psychologists) that
decay in List II recall reflects the sub-
ject’s mounting confusion about which
words belong to which list. Given the
syllable BEM and asked for the matching
noun from List II, for example, the sub-
ject might remember both lawn and
aisle but give the wrong reply because
he could not remember which word ap-
peared in List II. Accordingly Koppenaal
asked his subjects to give both words
associated with each stimulus syllable
and scored them simply on the basis of
their ability to recall any List IT words at
all. Tests conducted 24 hours, 72 hours
and one week after List II had been
learned showed a loss in the ability to
recall List II words even when recall
was scored in this way. Koppenaal’s
study thus proved that proactive inhibi-
tion cannot be attributed to an increase
in confusion as time passes. Rather the
increase in interference is characterized
by an actual loss of the ability to recall
List IT nouns.

In my opinion proactive inhibition is
best explained in terms of the interac-
tion of List I and List II. This interac-
tion does not exist immediately after
learning but develops and increases as
time passes. At the start of Melton’s
process of unlearning, List I words in-
terfere with the memorizing of List II
words, but the interference disappears
after a few trials. One could say that the
subject has managed to isolate the two
lists and can think of one without think-
ing of the other. I believe it is this isola-
tion that is lost as time passes. As a re-
sult the two lists tend increasingly to
merge with each other, a process we
can call “crowding.”

At first the concept of crowding
seems to offer no better explanation of
proactive inhibition than the concept of
spontaneous recovery does. If the two
lists do merge, the decline in recall af-
ter 24 hours should affect the words in
both lists and not just the words in one.
As our initial word-list experiment
shows, however, the level of recall for
List I remains the same in spite of the
passage of time. Some factor is obvious-

ly needed that will counteract the ef-
fects of crowding and so account for the
stability of List I recall.

This counteracting factor is, I be-
lieve, none other than the process of
spontaneous recovery postulated by
Underwood. Reviewing the word-list
experiment from this viewpoint, the
sequence of events and the operative
factors concerned are as follows: (1) On
testing immediately after both lists have
been learned, List I shows a deficit in re-
call attributable to the unlearning proc-
ess. No such deficit is evident for List II
because it has not been exposed to un-
learning. (2) During the next 24 hours
two processes are simultaneously at
work. Spontaneous recovery affects List
I, whereas crowding affects both lists.
(3) On testing after 24 hours, the effect
of crowding is evident in the case of
List II. Never having been unlearned,
List IT cannot benefit from spontaneous
recovery. As a result List I suffers a de-
cline in percentage of recall. (4) The
process of crowding affects List I quite
as much as it affects List II, but this in-
fluence is masked by the action of the
spontaneous-recovery process. In fact,
crowding and recovery neatly counter-
balance each other, so that the net per-
centage of List I recall is the same after
24 hours as it was at the start.

Any investigator worth his salt is suspi-
+ % cious of a hypothesis in which two
postulated factors work to cancel each
other. I realized that in order to give
the hypothesis any support I would
have to show one or another of the pos-
tulated factors at work in isolation. I
therefore designed a series of experi-
ments in which the effect of crowding
would be minimized. My expectation
was that if little or no crowding oc-
curred, Underwood’s process of spon-
taneous recovery would reveal itself.

In my first experiment a control
group not only learned List I but also
was given the standard 10 trials needed
to learn List II. This training made the
control group what I considered to be
maximally crowded subjects. To obtain
minimal crowding, in turn, an exper-
imental group was given a different
word list at each of the 10 learning trials
that followed their learning of List I.
It was thought that, with only a sin-
gle exposure to each of the 10 “second”
lists and thus with no drill, the subjects’
List II learning would be weak. Un-
learning of List I should nonetheless
occur, because in trying to learn new
words throughout the 10 trials the sub-
jects would have had to suppress their
earlier learning.
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SUCCESSIVE WORDS FROM SAME LIST (PROBABILITY)
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IMMEDIATE 24 HOURS
TEST LATER

PROOF OF CROWDING is provided by
an experiment testing subjects’ recollection
of words memorized as separate lists of 10
words each. When subjects first recalled
the words at random, successive pairs were
nearly always from one list. After 24 hours
this was so in scarcely half of the instances.

The prediction for this experiment
was that both groups would show poor
recall of List I when tested immediately
after learning but that only the group
exposed to minimal crowding would
display spontaneous recovery from un-
learning at the end of 24 hours. Tests
immediately after learning showed that
recall of List I by both groups had suf-
fered considerably from interference.
Twenty-four hours later, however, the
least crowded group showed a substan-
tial spontaneous recovery from unlearn-
ing; its interference percentage had
diminished by nearly a third [see bottom
illustration on opposite page].

The results of the experiment in-
clude two other points of interest. First,
clear evidence that spontaneous recov-
ery actually takes place not only indi-
cates that the unlearning process can be
overcome but also suggests that it is
only an initial and temporary cause of
forgetting. Second, the failure of the
control group—that is, the most crowd-
ed group—to show any significant recov-
ery from unlearning after 24 hours indi-
cates that List I as well as List II suffers
from crowding. It is therefore apparent
that the recall of both lists, and not just
the recall of the second list, encounters
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increasing interference as time passes.

Evidence that both lists suffer from
interference seemed to me to be strong
support for the concept that separate
lists gradually merge and hence also
support for the crowding theory of for-
getting in general. In the hope of find-
ing direct evidence of list-merging I un-
dertook a “recollection” experiment. Its
technique was patterned after “clus-
tering” studies first devised by W. A.
Bousfield of the University of Connecti-
cut. The experiment did not involve non-
sense syllables. Instead the subjects were
repeatedly shown a list of 10 common
nouns. When they could recite the list by
heart, they were shown a second list of
nouns and memorized it in the same way.
The subjects were then asked to recall
words from both sets in whatever order
they came to mind. The recollection test
was given to some subjects immediately
after training and to others 24 hours
later.

The expectation was that, because
the words had been organized into two
“categories,” the categories would at
least in part determine the order of re-
call of the words. A subject might typi-
cally recall a run of words from one list,
then a run from the other list and so
forth. As time passed, however, and the

two lists became increasingly crowded
together, the order of recall of any one
word should no longer be determined
by this consideration. In order to an-
alyze the test results each subject’s rec-
itation of words was divided into suc-
cessive pairs. It was noted whether or
not each pair came from the same list
and the proportion of all pairs that were
from the same list was calculated. The
results were expressed in terms of the
probability that successive words would
come from the same list [see illustration
on preceding page]. They confirmed ex-
pectations: immediately after learning,
the subjects apparently recalled words as
if from two separate lists of 10 words
each. After 24 hours, however, the two
lists had evidently merged into a single
list 20 words long, and the subjects’
order of recall was almost completely in-
dependent of which list the words ap-
peared in.

This analysis assumes that it is harder
to recall a word when it is embedded
with 19 others than when it is embedded
with nine. Evidence for this assumption
is as old as experimental psychology.
Hermann Ebbinghaus, a 19th-century
German pioneer in the study of learning
in humans, was the first to demonstrate
that the more material there is to learn,
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IMMEDIATE TEST

24 HOURS LATER

“ASSOCIATION,” the capacity to recall how things go together,
was tested under conditions of interference by having subjects

memorize two word lists. Given scrambled lists later, they tried to

LIST Il
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restore them to order. Results were good and grew better as time
passed, proving association to be almost immune to interference.
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the more time is needed to master any
part of it. For example, 10 trials may
suffice to memorize a list containing 10
paired words, but 20 trials will be need-
ed to learn a list twice as long. This is
not a simple arithmetical function im-
plying that if the study of 10 items for x
amount of time per item takes a period
of 10x, then the study of 20 items will
take a period of 20x. Instead it means
that the subject inspects each item on
the longer list 20 times, whereas items
on the shorter list receive only half that
number of inspections.

Why should many more trials be re-
quired to master longer lists? There is
reason to believe that one factor is the
increased difficulty in recalling an item
embedded in a long list. If more numer-
ous items are harder to recall, we would
expect that a subject who masters a long
list would actually have to learn each
item better than he would the items on a
short list, simply to compensate for the
increased difficulty of retrieval. This fac-
tor would help to account for the greater
number of exposures required for long-
list learning.

Evidence that a long list is indeed bet-
ter learned is supplied by a finding that
was first made in the 1920’s and that I
have replicated recently. If subjects are
given long and short lists to learn but are
not tested for recall until a week later,
the subjects who learned the long list
greatly outperform those who learned
the short list. The superior recall of the
long list must mean that it was initially
better learned in order to offset the in-
creased difficulty of retrieval from a long
list. It is little wonder that when two
short lists merge into a single long one,
the subject’s recall is much impaired.
Such is apparently the basis for much of
everyday forgetting: what was once a
relatively isolated item is crowded in
with others as time passes and becomes
inaccessible.

\ [hat actually happens when lists

merge? Kurt Koffka, one of the
founders of the Gestalt school of psy-
chology, proposed a physiological an-
swer. Koffka believed that for each
memory a “memory trace” exists physi-
cally in the brain, and that when one re-
calls, say, an elephant, it is because the
brain’s memory trace for “elephant” has
somehow been stimulated. It was Koff-
ka’s opinion that if too many items of
the same kind are learned at the same
time, the memory traces will interact
and become distorted. On this basis in-
terference diminishes recall by impair-
ing or even destroying the physiological
basis of memory.



A powerful argument against Koffka’s
position is provided by the existence
of one kind of memory—“recognition”
memory—that is virtually unaffected by
interference experiments. Recognition
memory is tested in the laboratory by
presenting the subject with a number
of objects he has seen previously, as well
as with some he has never seen. He is
said to have “recognized” if he can pick
out the familiar objects and reject the
unfamiliar ones. Most people’s recogni-
tion is superior to their recall. This
helps to account for the well-known
experience of having difficulty remem-
bering names although never forgetting
a face. Remembering a face is a matter
of simple recognition; remembering a
name, on the other hand, means bring-
ing up from the memory the name with
which the face is associated.

If, as Koffka proposed, interference
does impair the physical memory trace,
it is difficult to explain why recognition
is virtually unaffected in interference ex-
periments. How can a subject recog-
nize an item when the physiological ba-
sis for memory of the item has been de-
stroyed? It seems likely that problems
of recall consist more in the way memo-
ries are activated than in their physical
annihilation.

A familiar experience of everyday
life—the “tip of the tongue” phenome-
non—provides an example. One may
pride oneself on having a good memory
for both faces and names and then meet
someone whose face is familiar but
whose name seems almost, but not
quite, there. If a mutual friend should
happen to come along and greet the
other person by name, the name would
be recognized instantly. This is a typical
instance in which “association”—that is,
the knowledge that a face and a name
go together—has been preserved, even
though the desired item of information
cannot be brought to mind. The mem-
ory is simply not “available.” There is
also the reverse phenomenon: the mem-
ory is available but the association is lost.
Stalactites and stalagmites: which one
grows from the floor and which from
the ceiling? Ordinate and abscissa:
which of the coordinates is horizontal
and which vertical?

In general, then, forgetting can be at-
tributed either to loss of availability or
to loss of association. I conducted fur-
ther experiments to test the extent to
which each of these types of forgetting
was affected by interference. The first
experiment was designed to measure
association. It was a “matching” test,
a variation on the earlier list-learning
studies. The subject first memorized two

INTERFERENCE (PERCENT)
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IMMEDIATE TEST

24 HOURS LATER

“AVAILABILITY,” the capacity to recall a particular fact to mind,
was also tested under interference conditions. Severe interference

with recollection of words from List IT after 24 hours shows that

LIST It

lists consisting of identical sets of non-
sense syllables paired with different
sets of words. He was then presented
with the nonsense syllables and the
words in a jumble and asked to sort
them out. Obviously the subject does
not have to bring any of the material to
mind; it is all before him. The only re-
quirement is that he correctly match the
10 nonsense syllables with both of their
associated words.

The second experiment was de-
signed to measure availability. After the
same list-learning preparation the sub-
ject was reminded of each of the non-
sense syllables and asked to recall both
words associated with it. After running
through all 10 nonsense syllables with
varying success the subject was asked
to try to remember any additional
words he might not already have given.
Availability was scored on the basis of
the total number of words the subject
recalled, regardless of whether or not
the words were correctly associated.

In both experiments the subjects
were first tested immediately after
learning the two lists and then after a
24-hour delay. The results were ex-
pressed as percentages of interference
[see illustrations on these two pages].
The test immediately after learning
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availability is the part of memory hurt most by crowding. The
List IT percentage below zero in first test results from averaging.

showed significant losses in both associa-
tion and availability performance with
respect to List I. The losses with respect
to List II, however, were insignificant.
This finding supports the suggestion that
Melton’s process of unlearning is indeed
responsible for immediate interference.

A striking contrast between associa-
tion and availability with respect to List
II is apparent in the tests conducted af-
ter 24 hours. In the case of association
performance there is in effect no loss;
the slight difference between immedi-
ate and 24-hour scores is statistically
insignificant. In the case of availability
performance, however, a sharp decline
is evident. Hence it appears that inter-
ference acting over a period of time
chiefly affects availability, leaving asso-
ciation unimpaired.

This being so, the data for List I re-
call after the passage of time become
intelligible. As we have seen, it has
been suggested that a spontaneous re-
covery from the effects of unlearning
occurs over a period of time, and that
the effects of crowding counteract spon-
taneous recovery. Evidence that crowd-
ing almost exclusively affects availabil-
ity is provided by the sharp decline
of List II availability after 24 hours.
Crowding should also block or coun-
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Bendix is the kind
of company that
doesn't mind
rocking the boat.

To make as many important technical con-
tributions as Bendix, you have to buck the
tide now and then—and dare to be different.
We often go to the limits of technology—or
set new limits—to solve an old problem or
make a new idea practical. The heart of our
business is creating new ideas and develop-
ing them to maximum usefulness—whether
we're serving as manufacturers . . . creative
engineers...or professional problem-solvers
for industry and government.

In aerospace. This mockup of the giant C-HA jet landing gear. As the world’s largest aircraft, the C-5A will
airlifter Lockheed-Georgia Company is producing for the be able to airlift 112,600 Ibs. of equipment 6,300 miles at
Air Force gives some indication of its size—and the a speed in excess of 500 miles per hour. An all-passenger
unique capability Bendix has to build into its 28-wheel commercial version could carry as many as 844 people.
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The Bendix Corporation/Fisher Bldg./Detroit, Michigan 48202

In electronics. With the help of a satellite
and Bendix, the days of radio silence are
numbered for transoceanic airliners. Recent
large-scale tests using the NASA Goddard
Space Flight Center ATS-1 satellite and jetliners
equipped with Bendix systems demonstrated the
feasibility of two-way, ground-to-airliner VHF
communications via satellite relay.

In oceanics. Now we can tell you why
the boat is rocking. The diver, for example,
is positioning an ocean current measuring
in connection with our
work on beach planning, pollution control
and other aspects of ocean engineering.

system developed

N

LE
In automation. This Bendix technician is
holding a new kind of circuit that utilizes fluids
instead of electricity. Bendix pioneering efforts
in the new field of fluidics hold special promise
for propulsion control, air data computers,
automotive controls and automation equipment.

In automotive. Glass fibers that “pipe” light around corners
form the heart of a new Bendix system that can tell a driver if each
of his car’s lights is working. A “pipe of light” visually connects

each bulb to the dashboard.

Bendi

Where ideas unlock the future
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terbalance the spontaneous recovery of

List I. That is exactly what happens:
S the level of interference with the avail-
ability of List I at the end of 24 hours

is insignificantly different from the level

of interference in the first test. The

interference with association perform-

S - R h ance on List I at the end of 24 hours,
0|ence esearc however, is less than half the interfer-
.gy ence in the first test. This was to be an-

c ou HCII s ticipatedg m:owding has little or no effect

on association and thus the process of
spontaneous recovery takes place with-

F e I I ows h i ps out interference.

\x [ith these results in mind, we may
again ask what happens when lists
merge. What is the nature of the loss

S.R.C. welcomes applications from young
British honours graduates in science and
technology at present in North America who

wish to re-establish themselves in the produced by the passage of time? The

U.K. for postdoctoral answer is evidently that the availability

of items is lost. The subject’s ability to

research fe"owships tenable in associate items remains generally un-

universities, colleges and other approved impaired; the difficulty lies rather in

laboratories in the United Kingdom. bringing items to mind. This finding

seems to rule out McGeoch’s competi-

Further details may be obtained from the tion-of-response theory as an explanation

United Kingdom Scientific Mission, British of interference. The analogy of one as-

Embassy, 3100 Massachusetts Avenue, N.W., sociation blocking another collapses in

resea I‘Ch Washington 8, DC or from the Sgience the face of the matching test, in which

- - - Research Council, State House, High Holborn, both associations remain intact. Not only

in Brltaln éogd(;]no‘rlvﬂclg 'SAb[IJIpll;catlons should reach the can the subject use the channels from
.R.C. .K.S.M. by 1st December.

BEM to both lawn and aisle; he will
probably clash the gears of a foreign car

A NIW DIMENSION N EDUCATIONAL GAMES only if he is careless or under pressure.
GAMES for THINKERS AMATEUR y p

Apparently some analogy or model for
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When Olin Stephens wanted to bend her spars to make her go faster...

he asked for titanium...

That severe bend in the Intrepid’sboom is deliberate. There
is a similar bend in the upper part of the 90-foot mast. It’s
done by heavy winching on the spars to make a more effi-
cient airfoil. Risky business with conventional materials.

It took titanium to do it.

Bending imposes high stress levels on the spar. Titanium
has a record for strength and reliability in critically loaded
structures in Naval aircraft under marine conditions.

It was natural that the designers of the America’s Cup
entry would turn to titanium.

Titanium, in this case TIMET alloy Ti-6Al-4V, is as
'strong as most steels yet weighs only half as much. It has
corrosion resistance in seawater equaled by no other struc-
tural metal. It will bend more easily than steel yet will not
buckle as readily as aluminum.

Not only are the boom and upper 33 feet of the mast
titanium, but also six critically loaded shrouds, their attach-
ment fittings, the side plates on mainsheet and boom vang
pulleys, and a number of other parts are titanium. As a re-
sult a great many precious pounds were saved and a high
level of hardware strength and reliability maintained.

Got seagoing gear that you want to make stronger,
lighter, corrosion proof? Write Titanium Metals Corpora-
tion of America, Manager of Marine Systems. Solving tough
design problems is a way of life at TMCA. We solve them
with titanium.

TITANIUM METALS CORPORATION OF AMERICA
233 Broadway, New York, N.Y. 10007.
New York, Cleveland, Chicago, Dallas, Los Angeles, Seattle.

%

TIMET'

titanium
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You're invited to a briefing on integrated lltl l ®
circuits. Don’t dress up. It's at your house. @
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Fairchild has produced a half-hour color
television program, a briefing on inte-
grated circuits. It's not a big state-of-the-
art spectacular. In fact, it's pretty basic.

If this seems like an extraordinary move
for a technical company, we agree. It's
been an extraordinary decade.

BRIEFING OUTLINE
I. What is an Integrated Circuit?
A. What it looks like
B. What it does
C. How it compares to other circuits
Il. How an Integrated Circuit is made.
Circuit design
Masking
Etching
Diffusion
Metallization
Wafer testing
Scribing
Packaging
I. Testing the completed circuit
I1l. Uses of Integrated Circuits.
A. Functions now available
B. Applications in industry
C. Applications in research

IOMMOODmpP

CITY CHANNEL TIME
Albuquerque KOB-4 7:00 AM
Baltimore WMAR-2 7:00 AM
Boston WNAC-7 6:30 AM
Chicago WBKB-7 6:30 AM
Cincinnati WKRC-12 7:00 AM
Cleveland WEWS-5 7:00 AM
Dallas-Fort Worth KTVT-11 6:30 AM
Dayton WHI0-7 7:00 AM
Denver KLz-7 7:00 AM
Detroit WWJ-4 6:30 AM
Fort Wayne WANE-15  7:00 AM
Houston KHOU-11 7 00 AM
Huntsville WAAY-31 7:00 AM
Indianapolis WISH-8 7:00 AM
Kansas City KCMO-5 7:00 AM
Los Angeles KHJ-9 7:00 AM
Miami WCKT-7 6:30 AM
Milwaukee WITI-6 7:00 AM
Minneapolis-St. Paul WCCO-4 7:00 AM
New Orleans WVUE-12 7:00 AM
New York WPIX-11 6:30 AM
New York WPIX-11 7:00 AM
New York WPIX-11 7:30 AM
Orlando WDBO-6 6:30 AM
Philadelphia WFIL-6 7:00 AM
Phoenix KTAR-12 9:00 AM*
Rochester WHEC-10 7:00 AM
St. Louis KPLR-11 7:00 AM
San Diego KOGO-10 6:30 AM
San Francisco-Oakland KPIX-5 6:30 AM
Seattle-Tacoma KING-5 6:30 AM
Syracuse WHEN-5 7:00 AM
Utica WKTV-2 7:00 AM
Washington, D.C. WTTG-5 7:00 AM
*Sunday, October 15.
= e v ]
FAIRCHILD

SEMICONDUCTOR

A Division of Fairchild Camera and Instrument Corp.
313 Fairchild Drive. Mountain View, Calif. 94040
(415) 962-5011 ; TWX 910-379-6435



MATHEMATICAL GAMES

Problems that are built on

the knight’s move in chess

by Martin Gardner

He sat leaning on his cane and think-
ing that with a Knight’s move of this
lime tree standing on a sunlit slope one
could take that telegraph pole over
there ...

—Viapivur NaBokov, in The Defense

r I Yhe Defense, a novel about a chess
grand master, is not the only novel
by Nabokov—himself a good chess

player and composer of chess problems—

in which characters see knight's moves
in patterns around them. Humbert Hum-

bert, the narrator of Lolita, observes a

latticed window with one red pane and

comments: “That raw wound among the
unstained rectangles and its asymmetri-
cal position—a knight’s move from the
top—always strangely disturbed me.”
The knight is the only chess piece
with a move that covers an asymmetrical
pattern of squares; surely it is this lop-
sidedness that gives the move its dis-
turbing strangeness. Der Springer, as the
piece is called in German, springs two
squares along a row or file and then,
like Lewis Carroll's White Knight be-
hind the mirror, topples one square ei-

ther left or right. Another way of de-
scribing this asymmetrical gallop is to
say that the knight moves one square
diagonally, like a bishop, pivots 45 de-
grees to the left or right and moves an-
other square like a rook. This is how the
move of the ma (horse) in Chinese and
Korean chess must be explained because,
unlike its Western counterpart, a ma
cannot move if another piece occupies
the diagonally adjacent square on which
the pivot occurs. The keima (honorable
horse) of Japanese chess moves like the
Western knight, vaulting all pieces in its
way, but it can only go forward across
the board.

“The knight,” said British puzzle ex-
pert Henry Ernest Dudeney, “is the ir-
responsible low comedian of the chess-
board.” No other chess piece has been
the basis for so many unusual and amus-
ing combinatorial problems. This month
we shall glance at a few of the classics
along with some new discoveries by Solo-
mon W. Golomb, a mathematician at
the University of Southern California
whose recreations are well known to
this department’s regular readers.

The oldest of knight puzzles, now the
subject of an enormous literature, is the
knight’s tour. The problem is to find a
single path of knight’s moves (on boards
of various sizes and shapes) that allows

O
O
O

O
)
O

P
>

|
|
b
)

D RSC D G

; L - W F,
1 |I“" ..
vk

-

Coloring for the 4 X n board to prove the impossibility of a knight’s closed tour
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the knight to occupy each square once
and only once. The tour is closed if the
knight returns to its starting cell, open
if the ends of the tour cannot be linked
by a knight’s move. If the board is check-
erboard-colored, the colors of the cells
will alternate along any tour. On a closed
tour, therefore, there must be the same
rumber of black cells as there are white.
Since all odd-order square boards con-
tain an odd number of cells, it follows
that no closed tours are possible on such
boards. Tours of both types are impos-
sible on squares of sides 2 and 4 but
exist on all higher squares of even order.
The 3-by-4 is the smallest rectangle on
which an open tour is possible, and the
5-by-6 and 3-by-10 are the smallest on
which closed tours can be made. No tour
of either type can be made if one side
is less than 3, and no closed tour is pos-
sible if one side is 4.

The power of color patterns to pro-
vide short, elegant proofs of tour im-
possibilities is strikingly demonstrated
by Golomb’s method of showing that a
closed tour is impossible on any rec-
tangle of side 4. The 4-by-n board is
colored with four colors [see illustration
on this page]. Observe that every A cell
on a knight’s path must be preceded and
followed by a C cell. There are equal
numbers of A and C cells, and all must
lie on any closed tour. But the only way
to catch all of them is by avoiding the
B and D cells altogether, because once
a leap is made from a C to a D cell there
is no way to get back to an A cell with-
out first landing on another C cell. If
there is a closed tour, therefore, it will
contain more C cells than A cells, and
since this cannot be the case we con-
clude that such a tour is impossible.

No one knows how many different
knight’s tours exist on the order-8 chess-
board; varieties of one type of tour alone
run into the millions. The search has
usually been for tours that display un-
usual symmetry or that create a matrix
(when cells along it are numbered con-
secutively) with remarkable arithmetical
properties. For example, the closed tour
shown in the top illustration on the op-
posite page, one of many constructed by
Leonhard Euler in 1759, first covers the
board’s lower half, then its upper half,
and all symmetrically opposite pairs of
numbers (on a straight line through the
center) have a difference of 32.

The bottom illustration on the oppo-
site page shows an open tour published
by William Beverly in The London,
Edinburgh, and Dublin Philosophical
Magazine and Journal of Science for
August, 1848. (Whether this was Wil-



liam Roxby Beverly, a distinguished En-
glish landscape painter and stage de-
signer of his time, I have been unable to
determine.) Beverly’s tour was the first
“semimagic” tour to be constructed: the
sum of each row and each file is 260.
(The fact that the two main diagonals do
not have the constant sum prevents the
square from being “fully magic.” If Bev-
erly’s square is quartered as shown by
the solid lines, each order-4 square is
magic in rows and files, and if these four
squares are in turn quartered, each or-
der-2 square contains four numbers that
add to 130. Numbering the cells in re-
verse order along the tour produces the
complement of the square: a semimagic
square with all the properties of the
former one.

Is there a fully magic knight’s tour
on the chessboard? That is the biggest
unanswered question in knight’s-tour
theory. Scores of semimagic tours have
been found, both open and closed, but
none with even one main diagonal that
has the required sum. It can be proved
that fully magic tours are possible only
on squares with sides that are multiples
of 4. Since no tour is possible on the
order-4, the chessboard is the smallest
square for which the question is still
open. Nor is a fully magic tour known
for the order-12 square. Such tours have
been constructed, however, for orders
16, 20, 24, 32, 40, 48 and 64. (A closed
fully magic tour of order 16 is given on
page 88 of Joseph S. Madachy’s Mathe-
matics on Vacation, 1966.)

What is the largest number of knights
that can be placed on a chessboard so
that no two attack each other? Intui-
tively one sees that the answer is 32,
achieved by putting knights on all the
black squares or on all the white. Prov-
ing it is a bit tricky. One way is to divide
the board into 2-by-4 rectangles. A
knight on any cell of such a rectangle
can attack only one other knight, and
so the rectangle cannot hold more than
four nonattacking knights. Since there
are eight such rectangles, no more than
32 nonattacking knights can go on the
chessboard.

Golomb points out that a cleverer
proof (contributed by Ralph Greenberg
to American Mathematical Monthly for
February, 1964, page 210) rests on the
existence of a knight’s tour of the chess-
board. As we have seen, along such a
tour the colors of the cells alternate.
Clearly we can place no more than 32
nonattacking knights on such a path.
Equally obvious is the fact that they
must go on alternating cells—that is, on
all the white or all the black cells. Put
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Solutions for boards of orders 3 through 8

130

another way, if we could place 33 non-
attacking knights on the chessboard, any
knight’s tour would then have to in-
clude a hop from one cell to another
of the same color, which is impossible.
The mere existence of the tour not
only proves that 32 is the maximum but
also adds a surprise bonus: it proves
the uniqueness of the two solutions.
The proof generalizes to all even-order
squares on which a tour is possible. On
odd-order squares tours must of course
begin and end on the same color. On
such squares there is therefore only one
solution: placing the knights on all cells
that are the same color as the central
square.

Turning from maxima to minima, let
us ask: What is the smallest number of
knights that can be placed on a square
board so that all unoccupied cells are
under attack by at least one knight?
The following table gives the answers
for boards of sides 3 to 10, and also gives
the number of different solutions for
each board (not counting rotations and
reflections as being different):

Order Pieces Solutions
3 4 2
4 4 3
5 5 8
6 8 22
7 10 3
8 12 1
9 14 1(?)
10 16 1(?)

Examples of solutions for orders 3 to
8 are shown in the illustration at the
left. The unique chessboard solution has
often been published. Patterns for the
two next-highest boards, orders 9 and
10, are not well known; the question
marks in the table show that they are
thought to be unique. Both have a
charming symmetry, with no knight un-
der attack by any other knight. Readers
are invited to search for the patterns be-
fore they are shown here next month.

Note that in the pattern for order 7
all occupied cells are attacked, and in
the order-8 pattern four occupied cells
are attacked. If we add the proviso that
only unoccupied cells be attacked, more
knights are required for each of these
boards. The best I have been able to
achieve is 13 knights for order 7, 15 for
order 8. If we ask that all cells, occupied
or not, be attacked, the simplest ap-
proach is to draw two patterns on trans-
parent paper, one for the minimum num-
ber of knights that attack all black cells
and the other for the minimum number
that attack all white cells. The two pat-
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terns can then be superposed in various
ways in order to obtain final solutions.
On the chessboard—as Dudeney explains
in his solution to Problem 319 in Amuse-
ments in Mathematics—there are only
two patterns of seven knights (the mini-
mum) that attack all cells of one color.
By combining the two patterns in all pos-
sible ways to attack all 64 cells, one can
obtain only three 14-knight patterns not
counting rotations and reflections as be-
ing different.

About 20 years ago Golomb invented
a hybrid game combining features of
chess and checkers, which he naturally
called “cheskers.” Like checkers, it is
played on the 32 black squares of the
order-8 board. Since the knight cannot
move on such a board without leaving
the black squares, Golomb invented a
modified knight that he recently chris-
tened the “cook.” It moves three instead
of two squares along a row or file, then
one square at right angles. A centrally
placed cook has eight possible moves
[see top illustration on opposite page].

Golomb has, incidentally, reinvented
a piece called the “camel” that was used
in 14th-century Persian chess. The rules
and board for this complex early version
of chess are completely known because
of a surviving Persian manuscript, the
fullest translation of which is in Duncan
Forbes’s History of Chess (London,
1880). The game is known as Tamer-
lane’s chess because Tamerlane the
Great is supposed to have been fond of
it. In addition to two camels on each
side there are also two “asps” (corres-
ponding to knights) and two powerful
pieces called “giraffes” that move one
cell diagonally and then continue for-
ward orthogonally for any unblocked
distance.

“The invention of the cook,” Golomb
writes, “immediately suggests two prob-
lems: Is there a cook’s tour of the check-
erboard? And how many cooks spoil the
draughts? (That is, what is the maximum
number of nonattacking cooks that can
be placed on the board?)”

To answer the first question, Golomb
uses a transformation of the chessboard
suggested by his colleague Lloyd R.
Welch [see bottom illustration on oppo-
site page]. A jagged-edged board with
cells twice the size of the chessboard
cells is superposed on the chessboard in
such a way that every black cell of the
chessboard corresponds to a single cell
of the jagged board. Every game play-
able on the black cells of the chessboard
can now be played on the jagged board
provided that the moves are suita-
bly redefined. Since the transformation



changes rows and files of the chessboard
into diagonals on the jagged board, and
vice versa, it follows that bishop moves
on the chessboard become rook moves
on the jagged board, and rook moves be-
come bishop moves. Checkers is played
on the jagged board by starting with red
checkers on cells 1 through 12, black
checkers on cells 21 through 32, and
moving orthogonally instead of diag-
onally. (Has it ever occurred to the read-
er that, since checkers uses cells of one
color only, two simultaneous but ccm-
pletely independent checker games can
be played on the same checkerboard by
four people seated around the board,
each pair of opponents playing on a dif-
ferent color?)

More surprisingly, Golomb points out,
cook’s moves on the chessboard turn into
knight’s moves on the jagged board! A
cook’s tour on the chessboard therefore
corresponds to a knight’s tour on the
jagged board. A sample closed knight’s
tour on the jagged board is 1-14-2-5—
10-23-17-29-26-32-20-8-19-22-9—
21-18-30-27-15-3-6-11-24-12-7-4—
16-28-31-25-13. Those numbers trace
a cook’s tour on the black cells of the
chessboard.

Since every cook’s move on the chess-
board joins two cells that are separated
by two knight’s moves, it occurred to
Golomb that there might be a knight’s
tour of the chessboard of such a nature
that every alternate cell along it would
provide a cook’s tour. He soon found,
however, that when a knight enters a
corner cell of the board, it jumps there
from a cell that is diagonally adjacent
to the cell to which it will be forced to
leap when it leaves the corner. Those
two diagonally adjacent cells are not
a cook’s move apart and consequently,
Golomb writes, “the hope that a cook’s
tour could be extracted easily from a
knight’s tour is hopelessly cooked.”

Golomb’s second question is answered
in the same way as the analogous prob-
lem with knights. Since a cook’s tour of
the board exists, the maximum number
of cooks must occupy 16 alternate cells
along such a tour. If the reader will mark
the 16 even cells along the given tour
(or the 16 odd cells), he will be marking
one of the two solution patterns. On the
chessboard the marked cells form a
square lattice on half of the cells of one
color. On the jagged board the marked
cells are all those of one color if the
board is checkerboard-colored.

For those who may want to try Go-
lomb’s cheskers the illustration on the
next page shows how the 12 pieces of
each side are placed. The eight “men”

The eight moves of a centrally placed cook

A transformation devised by Lloyd R. Welch
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High adventure

of science

132

n the land

THE ELEGANT SOLUTION

Jean Ford Brennan, Here are the
stories behind some of the most ex-
citing engineering breakthroughs of
our time — from the laying of the
first trans-Atlantic telephone cable
to the creation of the Nautilus. A
mixture of science and economics
that captures all the drama of the
unexpected setbacks and the sheer
persistence of scientific adventurers

in the solution of seemingly insolu--

ble problems. Photographs.  $4.50

AS I REMEMBER

Stephen P. Timoshenko. “This fas-
cinating autobiography of ‘the
father of engineering mechanics’...
provides a glimpse of life in Czarist
Russia. .. Professor Timoshenko is
an amazing man with an equally
amazing life story ... Highly recom-
mended.”—Library Journal. $9.75

LIFE IN THE UNIVERSE

Dr. Alvin Silverstein and Virginia
B. Silverstein. Illustrated by Lee
Ames. In simple terms for young
readers, this book answers the ques-
tions every earth-person—young or
old—asks today about life in outer
space. $3.95

MATHEMATICS

Its Magic and Mastery

Aaron Bakst. THIRD EDITION. In
business and industry, in science and
warfare, mathematics is a source of
fascination and profit. Here's the
book that poses and works out hun-
dreds of problems and explains their
solution in an interesting way, $8.50

lﬁgstrand

120 Alexander St.
Princeton, N.J. 08540

B K

K C

Starting position for Solomon W, Golomb’s game of “cheskers”

(M) move as checkers. The two kings (K)
move as checker kings. The bishop (B)
moves as a chess bishop, and the cook
(C) moves as previously explained. Like
the chess knight, the cook is not ob-
structed by intervening pieces. The men
and kings capture as in checkers, by
leaping over the victim. The bishop and
cook capture as in chess, by moving onto
the square of the victim. If a checker
capture exists, it is ccmpulsory to make
it, unless a chess capture is also avail-
able, in which case the chess capture
may be made if one wishes. Chess cap-
tures are optional. A man that reaches
the last row must be promoted, but the
owner of the piece may choose to make
it either a king, a bishop or a cook.

Players alternate in moving. The ob-
ject of the game is to capture all the op-
ponent’s kings. The first player with no
kings at a given instant is the loser. It
is therefore an important strategic deci-
sion, Golomb writes, whether to promote
a man to a king (for better defense) or to
a bishop or cook (for offense). As in
checkers, a blocked position is a loss for
the player unable to move.

The uprights of Tom Hood’s double

acrostic, the first of last month’s prob-
lems, are FrosT and sLIDE. The cross-
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lights are FERNS, REEL, OUI, SINDBAD,
TILE.

Lewis Carroll’s double acrostic, with
the uprights Quasi-iNsaniTY and com-
MEMORATION, was given the following
solution in the 1915 Strand Magazine
article cited last month: 1. QuADRATIC;
2. UNDERGO; 3. ALARM; 4. STREAM; 5.
ICE; 6. INTERIM; 7. NO; 8. SUPPER; 9.
ARENA; 10. NtcuT; 11. 1; 12, TWO; 13.
vAWN. The author of the article was un-
certain about the ninth, suggesting
ARISTA as an alternative, although ad-
mitting that neither word was satisfac-
tory. My own guess is AURORA, which
sometimes resembles folds of drapery
that wave with a “mazy motion.” Dmitri
A. Borgmann, author of the new book of
wordplay Beyond Language, focuses on
the phrase “tangled talk” in the ninth
stanza, for which he suggests ABRaca-
DABRA. As an alternative to the fourth
cross-light, Borgmann proposes SCRIM,
a coarse cotton fabric that could be “half
muslin and half cloth.” Does any read-
er have better suggestions for the fourth
and ninth cross-lights?

The horizontal lines of Edmund Wil-
son’s word square are APRON, REEDY,
INDEM, A.L.0.A.P. and s.s.N.R.H. The ver-
tical lines are ARIAS, PENIS, REDON,
o0 DEAR! and NYMPH.
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The Sony Videocorder creates new people
out of those already on your payroll. Be-
cause it lets you make ‘“carbon copies” of
them on video tape.

That way an entire school system can
share a single gifted teacher.

Or a factory technician can demonstrate
new service techniques to authorized serv-
ice people from coast to coast. Without set-
ting foot out of the plant.

Or the Chairman of the Board can explain
to every employee in every branch why
there won't be a Christmas bonus. And still
keep a safe distance.

Anyone who can operate a TV set can
operate a Sony Videocorder. It has instant
playback. So you can spot and correct mis-
takes almost as soon as you've made them.

Then once you've got things down pat,

you can send your master tape off to our
dubbing facility. And we'll make all the
duplicates you need.

Sony Videocorders are compatible with
each other. Which means that a tape made
on one recorder can be shipped anywhere.
With complete confidence that it can be
played back. Just as long as there are Sony
Videocorders at both ends.

Whether you're a school system or a cor-
porate giant, we can fix you up with the
right Sony Videocorder. We have them for
every conceivable use. And for just about
every conceivable price.

Because back at the Sony factory we have
another incredible copying system.

It reproduces Sony Videocorders.

SONY VIDEOCORDER-
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Name & Title
Organization
Address
City State Zip.
Telephone

Sony Corporation of America, Dept. SI-102
47-47 Van Dam St., L.I.C., N.Y. 11101
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Conducted by C. L. Stong

hin sheets of metal deposited on
I glass are an essential part of many
kinds of apparatus. For example, a
film of aluminum or silver is the reflect-
ing surface of the mirror in most re-
flecting telescopes. The glass part of the
mirror gives form to the metal but other-
wise functions merely as a mechanical
support. Other applications of thin me-
tallic films include beam splitters, wkich
are pieces of glass coated with films so
thin that part of the light makes its way
through the metal while the rest is re-
flected.

Fibers of fused quartz made electri-
cally conductive by thin metallic coat-
ings find wide application in torsion
balances for measuring small masses and
the forces of electric charge. Similar
coatings are also used to accumulate
charge in electrostatic generators and to
shield sensitive parts in instruments from
the influence of external electric charges.
In recent years multiple films of selected
metals and alloys have begun to replace
such components of digital computers
as transistors, diodes, capacitors and re-
sistors, together with much of the inter-
connective wiring.

In addition to these useful applica-
tions thin metallic fi'ms are interesting
objects for experimentation. The tech-
niques used for their application are
open to improvement; so are methods of
altering the properties of films after they
have been formed. Four basic proce-
dures have been devised for applying
metal to glass. The oldest technique (and
until recently the most widely used one)
consists in the chemical reduction of
metallic salts such as silver nitrate in a
bath that also contains the glass. Fine
particles of the reduced metal settle onto
the glass and adhere as a film. Metal can
also be electroplated onto glass. The sur-

134

THE AMATEUR SCIENTIST

How to “sputter” thin films of metal

onto glass and experiment with them

face is coated with an electrically con-
ductive substance such as colloidal
graphite, and the glass is then immersed
in the plating solution.

Most optical parts are now coated by
the evaporation technique. Metal to be
deposited on the glass is vaporized by
heat in a vacuum chamber. The vapor
condenses as a film on the glass surface
[see “The Amateur Scientist,” ScCIEN-
TIFIC AMERICAN; March, 1960]. All
metals and most alloys can be deposited
by evaporation. The apparatus is costly
and complex, however, if films of the
highest quality are desired. Means must
be provided for heating the metal to the
temperature at which it vaporizes in
gas at a pressure of not more than about
10 torr. (A column of mercury one
millimeter in height exerts a pressure
of one torr. Standard atmospheric pres-
sure is equal to 760 torr.)

A simpler technique, known as “sput-
tering,” is made to order for amateur
experimentation. The technique is based
on the transfer of metal by an electric
discharge through gas at a pressure of
less than one torr. Glass to be coated is
placed between two electrodes in an at-
mosphere of gas at low pressure. The
gas can be air. The cathode is composed
of the metal to be deposited on the glass.
Voltage sufficiently high to electrify or
ionize the gas is connected to the elec-
trodes. The impact of ionized atoms and
molecules of gas against the cathode dis-
lodges particles of the metal, which come
to rest on the glass as an adhering film.

In its present state of development
the sputtering technique is limited in
two respects. Some metals transfer more
readily than others. Zinc, gold, silver,
lead, tin and copper deposit at a rela-
tively high rate compared with nickel,
iron, aluminum and magnesium. Silver,
for example, deposits 20 times faster than
aluminum. Moreover, molecules of gas
become embedded in the metal and in-
crease its porosity, an effect that varies
with the nature of the atmosphere. These
limitations, together with the commer-
cial success of the vaporization tech-
nique, explain why sputtering has be-
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come largely noncommercial and pro-
vides an ideal field of experimentation
for the amateur.

Nyle Steiner of Kaysville, Utah, has
constructed a number of sputtering sys-
tems for silvering telescope mirrors and
similar optical parts. He writes: “The
apparatus not only is easy to use but
also can deposit metal in films of any
desired thickness. The films can be thick
in the case of objective mirrors for tele-
scopes, thin and semitransparent for such
devices as camera lucidas, beam splitters
and two-way mirrors.

“The vacuum chamber of my largest
sputtering system consists of a bell jar
made by cutting off the bottom of a one-
gallon glass jug. The chamber will ac-
cept pieces up to six inches in diameter.
I cut the jug by the hot-wire technique,
which involves making a clean scratch
around the jug with a glass cutter of
the wheel type and pressing a straight
length of Nichrome wire, heated to red-
ness by an electric current, against suc-
cessive parts of the scratch. In each case
the glass will crack with an audible click.
When the crack extends entirely arourd
the jug, the bottcm will drop off.

“The cut edge of the glass must be
ground flat. This operation can be done
by pressing the edge into a slurry of No.
80 Carborundum grit spread on a slab of
plate glass and sliding the jug through a
series of small ellipses. If such a grinding
compound is not available, the same re-
sult can be obtained more slowly by
twisting the glass against a sheet of wet
No. 1 waterproof sandpaper supported
on any firm, flat surface. When the raw
edge has been ground free of pits, the
roughened surface is finished with No.
00 waterproof sandpaper.

“After the second grinding the edge
will be sufficiently smooth to make a
gastight seal against a gasket of neo-
prene or a similar rubbery material. The
gasket is sandwiched between the
ground edge of the bell jar and a flat
baseplate of steel or aluminum about
half an inch thick. (Incidentally, sput-
tering systems can be made in alnost any
size. I used the gasoline-sediment bulb of
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Phosphors are an essential ingredient in
solid-state electroluminescent displays.

Sylvania developed rare earth europium phos-
phors to add brightness to color television.

Sylvania is always testing phosphors.
In a year’s time, we examine more than
50,000 different kinds. They’re formu-
lated in small crucibles and studied for
their emissions in ultraviolet, infra-red,
cathode ray and daylight.

That’s because we’re always looking
for better phosphors for TV, lighting,
sorting, tracing and identifying. And
other uses.

In rare-earth phosphors, our Euro-
pium and Yttrium brighten color TV
by strengthening the red end of the
spectrum. This Sylvania development
revolutionized color T'V.

But rare earths are only a small part
of our phosphor experience—which cov-
ers 289 different materials.

Some of these Sylvania phosphors
can fight counterfeiting—by identifying
documents dependably. Other phos-
phors can illuminate safety and mark-
ing devices. Or study and trace air
currents. Mark postage stamps for au-
tomatic sorting. Or be used in plastics
tomake objects glow without electricity.

We're always hard at work on new
developments. How about your product
development? Maybe our phosphors
can help you solve a couple of problems.
Write for free samples. Let us have an
idea of your application and the infor-
mation you need.

Sylvania Electric Products Inc.,
Chemical & Metallurgical Division,
Towanda, Pennsylvania 18848.

SYLVANIA

SUBSIDIARY OF
GENERAL TELEPHONE & ELECTRONICS GrﬁE

We crucible-tested over 50,000
phosphors last year. Any one of them
might solve a problem for you.
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CAR OF THE FUTURE
HERE NOW!

One of most impressive science
toys we've seen. Low friction air
car rides a fraction of an inch
over any surface, including water.
Graphicaily demonstrates same
princip'es that apply to Ford's and
Curtiss-Wright's new wheelless
aircars. Sturdy red and yeliow
plastic. 8” wide, 9” deep, 2” high
with 4” propeller. Operates on 2
flashlight batteries (not incl.).
48” control line, battery case.
Stock No. 70,307S....$2.98 Ppd.

WOODEN
SOLID PUZZLES

Here’s a fascinating assortment of
12 different puzzles to provide
hours of pleasure and stimulate
ability to think and reason. Ani-
mals and geometric forms. Take
them apart and reassemble them.
Lots of fun for the whole family —
young and old. Will test skill,
patience and ability to solve prob=
lems. Qrder yours now.

Stock No. 70,205S....%$3.50 Ppd.

NEW MODEL DIGITAL
COMPUTER

Solve problems, tell fortunes, play
games with miniature version of
giant electronic brains! Adds, sub-
tracts, multiplies, shifts, comp.e-
ments, carries, memorizes. Colored
glasmr parts easily assembled. 12”x
14”x434”. Incld. step-by-step as-
sembly diagrams, 32-p. instruction
book covering operation, computer

lanzuaze (binary system) pro-
grammmg, problems & 15 experi-
men

Stock No. 70,683S. ...85.98 Ppd.
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illustrations.

nets, magnifiers, prisms, photo
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ists, experimenters, workshops,
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salesman will call. Write for
Catalog S to Edmund Scien- I
titic _Co., Barrington, N. J.
08007.
NAME _ |
ADDRFSE I
CITY
| STATE Z1P 1
y =l J—"

DER STOCK NUMBER - §i
EDMUND SCIEN

136

FASCINATING MOIRE
PATTERN KITS

Now explore the world of “Op.”"

Fantastic visual effects. Limitless
applications. 1,000’s of uses for
hobbyists, photographers, home
experimenters. Fun! Profitable!
Contains 8 basic patterns on both
clear acetate and white Krome-
kote, 150 dot screen on film, book.
Other sets incl. negatives avail-
able. Write for details.

Stock No. 70,719S....$8.50 Ppd.
Same kit in full co lo
Stock No. 60,530S...$12.50 Ppd.

GIANT
WEATHER BALLOONS

“Balls of fun” for Kkids, traffic
stoppers for stores, terrific for
amateur meteorologists. Create a
neighborhood sensation. Great
backyard fun. Exciting beach at-
traction. Amateur meteorologists
use to measure cloud heights, wind
speed, and temp. Made of heavy
duty neoprene. Inflate with vac-
uum cleaner or auto air hose: or
locally available helium for high

rise.
Stock No. 60,568S.8..82.00 Ppd.
Stock No. 60,632S. 16”.87.00 Ppd.

ANALOG
COMPUTER KIT

Demonstrates basic analog com-
puting principles. Can be used for
multiplication, division, powers,
roots, log operations, trig prob-
lems, physics formuiae, electricity
and magnetism problems. Oper-
ates on two flashlight batteries.
Electric motor and 3 potentiom-
eters mounted on die-cut box.
Answer mdlcated on dlal 20"

long, ¢
Stock No. 70 34lb $14.95 Ppd.

3" ASTRONOMICAL
TELESCOPE

See stars, moon, phases of Venus,
planets close up. 60 to 180 power
—famous Mt. Palomar reﬂectmg
ype. Aluminized & overcoated 3’
diameter f/10 primary mirror, ven-
tilated cell. Equipped with 60X
eyepiece and mounted 3X finder
scope, hardwood tripod. FREE:
‘STA HART''; 272-page
“HANDBOOK OF HEAVE S"
“ICI(())W TO USE YOUR TELE-

Stock No. 85,050S. ..$29.95 Ppd.

AMAZING
NEW HOLOGRAMS

Almost unbelievable new 3-D
photo-technique for small cost.
Simple transmission-type holo-
gram (on film and glass) result of
splitting laser beam. Dimension
appears carved in stone. Cut in
half repeatedly—parts still con-
tain full scene. Use slide projector
light source or flashlight bulb fila-
ment. Filter incl.

Stock No. 40,969S

(4" ) $11.00 Ppd.
Stock No. 30,5748

Q"X 18" . .......... $4. 50 Ppd.
Stock No. 40,9848 (ON GL A\S)
47x5"). ..$30.00 Ppd.

ceedEnne, |
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ASTRONOMICAL
TELESCOPE KITS

Grind your own mirror for power-
ful telescopes. Kits contain fine
annealed pyrex mirror blank, tool,
abrasives, diagonal mirror, and
eyepiece lenses. Instruments you
build range in value from $75 to
hundreds of dollars

414” Diam.—34” ick

Stock No. 70, 003S .$8.00 Ppd.
6” Diam.—1” T

Stock No. 70 004S ..$12.95 Ppd.
8’ Diam. —1/5

Stock No. 70, 0055 $21400 Ppd.
10”7 Diam.—135”

Stock No. 70, 0065. . 834.25 f.o.b.

WFF'N PROOF—
GAMES OF LOGIC

Practice abstract thinking and
math logic. Developed by Yale
prof. If you think learning shouid
be fun, try WFF'N PROOF
brain-to-brain combat! 21 games
of progressive difticulty. Starts
with simple games mastered by
6-year-olds, ends with subtle
logic for challenge to professional
logicians. 8 14” x 53, ” case contains
logic cubesk playmg mats, timer &

224-p.
Stock No. 60,525S. ...$6.00 Ppd.

SCIENCE
TREASURE CHESTS

Hundreds of thrilling experiments
plus a Ten Lens Kit to make tele-
scopes, microscopes, etc. Incl.:
extra powerful magnets, polanz-
ing filters, compass, one-way
mlrror ﬁxm dlflra.cuon grating,
any other items
btock No. 70,3425 .. .$5.50 Ppd.
Deluxe chest (mc crystal growing
kit, electric motor, molecular set,

& lots more.)
Stock No. 70,343S...$10.50 Ppd.

D CHECK OR MONEY ORDER « MONEY BACK GUARANTEE
I€ €O.; BARRINGTON, NEW JERSEY 08007
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an automobile for the vacuum chamber
of a small system.)

“The baseplate of my apparatus was
bought as scrap from a local machine
shop. Before use it was cleaned with a
wire buffer. The neoprene gasket was
cut in the form of a ring about three-
quarters of an inch wide. I coat the ring
lightly with vacuum grease to ensure a
good seal. Suitable grease can be made
by melting together four parts by weight
of petroleum jelly and one part of paraf-
fin. Heat the mixture smoking hot and
stir it slowly as it cools.

“The hose connection to the vacuum
pump, and the negative terminal from
which the cathode is suspended, enter
the bell jar through a rubber stopper [see
illustration on opposite page]. The nega-
tive terminal is a welding rod pushed
through a nail hole in the stopper. The
size and shape of the cathode and the ob-
ject to be coated must be similar and the
spacing between them should be uni-
form. For coating a six-inch telescope
mirror I use a six-inch disk of sheet silver.
The silver is available from manufactur-
ers of jewelry and from scme craft shops.
Cup-shaped pieces of glass require cup-
shaped cathodes. Fibers to be coat-
ed are stretched along the axis of
tubular cathode. Conversely, the inner
wall of short glass tubes can be coated
by supporting a wire cathode along the
axis of the tube.

“Cathodes in the form of a flat disk
are suspended by a wire spider from a
hook at the bottom of the negative elec-
trode. Both metal and electrical energy
can be conserved by covering the top
of a flat cathode with a disk of window
glass. The glass cover confines the elec-
tric discharge to the cathode’s lower
surface, which faces the mirror below.
The distance between the cathode and
the mirror can be adjusted by sliding the
welding rod up or down through the
rubber stopper.

“My vacuum pumps consist of two
modified compressors from old refrig-
erators. The compressors are operated in
reverse. I bought them for $10 from a
dealer in appliances. Details of the mod-
ification procedure are determined by
the design of the compressor, which
varies in minor respects with the product
of each manufacturer. In general, how-
ever, all compressors include a check
valve that must be removed and a by-
pass line of copper tubing that runs be-
tween the housing and the check valve.
The copper tubing must be cut and the
ends sealed.

“A wire strainer will also be found
somewhere in the inlet tubing. If the
strainer is plugged by oil, the compres-
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sors, which operate in tandem, will nqt
reduce the air pressure in the bell jar
below 10 torr. The oil can be blown
from the strainers or the strainers can be
removed. In the latter case care must be
taken subsequently to prevent dirt or
other foreign material from entering the
units.

“Most refrigerator compressors are
now sealed in a gastight housing. Access
to the working parts can be gained only
by cutting the housing apart. I do it with
a hacksaw.

“Sputtering apparatus can be oper-
ated on either alternating current or di-
rect current at potentials ranging from
about 1,600 volts to 15,000 volts. Films
deposited by direct current appear to be
denser and to have higher reflectivity
than those deposited by alternating cur-
rent. The density and reflectivity of the
film as well as the rate of deposit also
appear to be influenced by the ampli-
tude of the current, which can vary from
10 to several hundred milliamperes de-
pending on the area of the cathode. I de-
posit most films with a current of from
25 to 60 milliamperes. None of my sput-
tered films is as dense or as bright as
those deposited by the vaporization tech-
nique, but they perform adequately and
I enjoy trying to make better ones.

“My power supply was improvised
from a vacuum tube and three trans-
formers that I bought inexpensively on
the surplus market. The primary wind-
ings of the transformers were designed
to operate from a source of 115 volts and
60 cycles. They were connected in paral-
lel. The secondary windings develop a
potential of 800 volts and were connect-
ed in series. The combined output is
2,400 volts. The output is converted to
direct current by inserting a type-866A
vacuum tube in series with one of the
output leads [see illustration on next
page]. The tube is a diode.

“Essentially the apparatus functions
as a gas-discharge tube of the Crookes
type. When air pressure inside the bell
jar is reduced and a potential of 1,000
volts or more is connected to the cathode
and to the baseplate that functions as the
anode, thin sparklike streamers will ulti-
mately appear between the cathode and
the anode. As the pressure continues to
drop the streamers will be replaced by a
blue glow that covers the cathode.

“At still lower pressure a dark region
will appear between the cathode and the
anode. This phenomenon is known as
Crookes dark space. Simultaneously a
bright glowing film will cover part or
all of the cathode. The extent of this glow
varies with the current. Crookes dark
space appears at about .1 torr, expands
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General view of Nyle Steiner’s apparatus for sputtering

as the pressure is reduced and becomes
relatively thick at a pressure of .01 torr.

“Metal will deposit on the glass most
effectively, at least during my experi-
ments, when the position of the cathode
is adjusted to the point at which Crookes
dark space almost touches the glass. At
comparatively low voltages the glow
may fail to appear. In this case the dis-
charge can be started by touching the
bell jar with the high-voltage terminal
of a Tesla coil, an Oudin coil or even a
spark coil of the type used in the igni-
tion system of automobiles.

“Current in the bell jar varies inverse-
ly with the resistance, hence a variable
resistor can be used for adjusting the
current and, as a consequence, for ad-
justing the rate at which metal is deposit-
ed. The resistance of the diode varies
with the temperature of its cathode and
can be controlled by adjusting the cur-
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rent applied to the filament of the tube.

“Glass must be well cleaned before
coating. The cleaning need not be as
thorough as is required for chemical
coating or for films applied by the evapo-
ration technique. I merely wash the glass
with household detergent, rinse it with
water and put it aside to dry. Smudges
left by dried water droplets are wiped
off with a tuft of absorbent cotton. The
thin film of vegetable fat that is de-
posited on the glass by the cotton van-
ishes during the subsequent ionic bom-
bardment.

“The apparatus is simple to operate.
The cleaned glass is placed on the base-
plate along with the greased neoprene
ring. The perforations of the stopper are
also greased, as is the tapered portion of
the stopper. All vacuum connections are
similarly greased.

“The bell jar, to which the cathode
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has been assembled, is inverted over the
base and the ground edge is pressed
firmly against the neoprene ring to en-
sure a gastight seal. The cathode is then
tentatively adjusted to a height of about
three-quarters of an inch above the glass.
The pumps are started. After about two
minutes I apply the high voltage. Pres-
sure inside the bell jar need not be mea-
sured. The proper operating pressure can
be judged by the character of the glow-
ing gas. No discharge appears at atmo-
spheric pressure.

“When the pumps have been operat-
ing for a minute or so, depending on
their speed, the characteristic blue glow
will form close to the cathode and sub-
sequently float away, forming Crookes
dark space. When the dark space just
touches the glass, I apply a pinch clamp
to the vacuum hose. The position of the
dark space then remains fixed. If the
pumps cannot reduce the pressure suffi-
ciently, the dark space may fail to ex-
pand into contact with the glass. In that
case I turn off the high voltage and lower
the cathode toward the glass as required.

“When the system is operating prop-
erly, a dense film of silver will be depos-
ited within five to 25 minutes. Its growth
can be followed easily by eye. When the
deposit has reached the desired thick-
ness, the power is shut off and air is ad-
mitted either by pulling off the hose con-
nection or, preferably, by opening a
valve installed in a T fitting that can be
included in the hose. The bell jar can
now be lifted from the base so that the
coating can be examined. Some films
may appear a bit dull, indicating that
some variable is not under control. Such
films can usually be salvaged by bur-
nishing the metal lightly with a tuft of
absorbent cotton.

“When constructing and operating
the equipment, the experimenter must be
aware of two potential hazards: the high
voltages are lethal and the glass may im-
plode. Leads from the power supply to

the vacuum chamber should be well in-
sulated. Wire of the type used in auto-
mobile ignition systems is satisfactory.
Do not touch the wiring when the system
is energized. Enclose the vacuum cham-
ber in a cage of heavy wire screening,
such as hardware cloth, and wear safety
goggles.

“The sputtering rate and the quality
of the deposit are influenced by a num-
ber of variables. They include the cur-
rent, the voltage, the nature of the metal
and of the surface to which it is applied,
the character of the glow discharge and
the kind of gas in the chamber. It is in
the manipulation of these variables that
I have found the fascination of the sput-
tering technique.”

The attractions of seismology as an

avocation are described in the July
issue of Earthquake Information Bulle-
tin, an official publication of the National
Earthquake Information Center, which
is operated by the Environmental Sci-
ence Services Administration of the U.S.
Department of Commerce. The center
keeps a register of seismograph sta-
tions that operate on a full-time basis
and invites amateurs who own stations
fitted with accurate timing equipment
to send in observations. The data should
include the time, date and frequency of
recorded earthquakes. The center also
would like information on the amateur’s
instruments.

“If the instrument is calibrated,” the
Bulletin notes, “the amateur seismologist,
as well as the professional, can determine
the magnitude and distance to the epi-
center of earthquakes even before the
news is reported over the radio. The
problems facing the amateur seismologist
are formidable, however. The pickup
unit, which should amplify the ground
motion 1,000 times or more, recorders
and timing present problems that must
be solved separately. The station re-
quires daily attention, yet many months
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may elapse between large earthquakes.

“Very few amateur seismologists have
solved the problem of accurate timing,
which is essential if the data are to be
used by professional groups such as the
National Earthquake Information Cen-
ter. The time of the arrival of phases (ba-
sic types of earthquake waves) must be
known to the nearest second, for exam-
ple, for locating earthquakes. This re-
quires (1) a good chronometer; (2) a de-
vice for automatically marking minutes
on the recording; (3) daily time checks
of correct time as broadcast by radio
station WWYV, and (4) a chart speed of
at least 30 millimeters per minute.”

The Bulletin calls the attention of
amateurs to the formation in 1966 of the
World Amateur Seismological Society
through the efforts of Meredith Lamb of
322 South Raritan Street, Denver, Colo.
80223. This organization promises to fill
a basic need of amateur seismologists for
affiliation with fellow enthusiasts. The
Bulleiin concludes with an appeal to
those who for one reason or another do
not find it convenient or possible to op-
erate a station: “To make a significant
contribution to the field of seismology, a
hobbyist need not operate a seismo-
graph. The written earthquake history
of most of this country is limited. To de-
velop an accurate estimate of earth-
quake risk, records for hundreds of years
are needed. The search of historical-
society files and old newspapers may
uncover additional facts concerning the
effects of earthquakes in various regions
and thus increase the knowledge of
earthquake risk.

“Another aid to professional organiza-
tions would be the collection of local
newspaper accounts or other reports of
recent earthquakes. Many of these de-
tails are not available to the seismologist
when isoseismal maps are drawn to de-
lineate the felt area of various earth-
quakes and the intensity distribution.

“Amateur seismology has proved a re-
warding hobby for those who have ac-
tively pursued it. Its relevance to school
studies in earth sciences has provided
additional interest in the subject, as have
science fairs, where several seismology
projects have been recognized with top
honors.”

The Coast and Geodetic Survey
branch of the Environmental Science
Services Administration issues a number
of publications of interest to citizens who
make a hobby of seismology. A list of
those that are currently available can be
obtained from Jerry L. Coftman, Editor,
Earthquake Information Bulletin, Na-
tional Earthquake Information Center,
Rockville, Md. 20850.
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PROFESSIONAL
ENVIRONMENT

The Fort Worth Division of Gen-
eral Dynamics strongly urges and
encourages all personnel to take
advantage of the excellent educa-
tional facilities in and near Fort
Worth to further their professional
development through participa-
tion in graduate and undergrad-
uate degree programs at five area
universities and colleges. Full
tuition refund is provided by Gen-
eral Dynamics for successfully
completed, job-related courses.

A graduate study program of
exceptional merit is offered by
University of Texas at Arlington,
located within 15 minutes’ drive

Engineering and scientific action is required to
solve the intriguing problems posed by aerospace
projects in research, development, design, test
and evaluation now in progress at the Fort Worth
Division of General Dynamics. If your creative
background and education qualify you for
advanced assignments, you'll find room to satisfy
your potential. You'll enjoy action living, too, in
smog-free Fort Worth, where residential areas
are easily reached via uncrowded freeways . . .

GENERAL

of Fort Worth, with evening
classes leading to the Master of
Science degree in Electrical Engi-
neering, Engineering Mechanics,
and other fields.

Southern Methodist University
and Texas Christian University,
jointly, offer evening classes in
Fort Worth leading to the Master
of Science degree in five fields of
engineering—electrical, mechani-
cal, civil, and industrial engineer-
ing, and engineering mechanics.
In addition, the Institute of Tech-
nology at Southern Methodist
now offers “The Texas Twelve"
—a new program of Cooperative
Graduate Fellowships.

Short courses and seminars
may be selectively attended at
leading universities across the
United States, and industry-

education liaison programs with
Caltech, MIT, and the University
of Texas facilitate a continuing
exchange of ideas and knowledge.

Assistance and P. E. registra-
tion are provided for all qualified
engineers, and membership is
encouraged in professional
societies.

Informal in-plant courses relat-
ing to current projects are con-
ducted during working hours, with
periodic after-hours courses with
voluntary enrollment provided in
response to employee interest.
Membership is also available to
all professional and technical
staff members in the General
Dynamics Management Associa-
tion of Fort Worth, which provides
a broad spectrum of knowledge-
heightening programs.

and where a broad range of cultural, recreational
and upper level educational facilities is at hand.
A mild climate and low living costs make an
added contribution to your career satisfaction.
Call Collect—817-732-4811, Extension 3551; or
send a résumé of your education and experience
to Mr. J. B. Ellis, Industrial Relations
Administrator-Engineering, General Dynamics,
Fort Worth Division, P. O. Box 748C, Fort Worth,
Texas 76101. An equal opportunity employer.

DYNAMICS

Fort Worth Division

Of primary interest in the Fort Worth Division's current $37 million facility expansion program is the new $8 million
Engineering and Office Building, encompassing 581,400 square feet and covering 12 acres.
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With AMOCO IPA

on the job...let yourself go!

Take off. Let your imagination soar. Think of some tough new applications that call
for strength, durability, impact resistance. Like the polyesters in the hood of this
snowmobile. They're made with AMOCO IPA (Isophthalic Acid).

There are many other important properties of IPA polyesters you'll want to
remember: their resistance to cracking and crazing; their resistance to chemicals,
gasoline and soapy water; their high tensile strength.

AMOCO IPAis really going places. All the way from golf carts, bowling balls,
surfboards, and serving trays to storage tanks and tank liners for chemicals and
petroleum. Ask your resin supplier about AMOCO IPA. Or write Dept. 8937-46,
Amoco Chemicals Corporation, 130 East Randolph Drive, Chicago, lllinois 60601,

CHEMICALS
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ANOTHER CHEMICAL BUILDING BLOCK FOR YOU
...FROM AMOCO
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This traffic scientist
wants to make your driving life
more enjoyable.

What's he doing at IBM?

Dr. Denos C. Gazis is proving that mathematical theories and IBM
computers can help bring more order out of today’s traffic chaos.

Why does this expressway clog up every day at 5:30? What triggers
the horn-honking melee at that intersection? As an IBM mathematician
who specializes in traffic theory, Dr. Gazis concentrates on finding the
exact reasons for such problems—then helping traffic engineers to
work out solutions.

For example, Dr. Gazis and his IBM colleagues are now working
with researchers at the Port of New York Authority to improve traffic
flow through the busy Lincoln Tunnel, connecting Manhattan Island to
New Jersey.

From sensing devices placed in one tunnel lane, traffic data is being
relayed by telephone lines to computers at IBM’s research center in
Yorktown Heights, N. Y. The computers then transform this data into
signals that activate a combination of signs and lights at the tunnel
entrance during peak traffic periods, controlling the traffic flow in one
tube of the tunnel.

The Port Authority’s own researchers had previously shown in
experiments that the duration of tunnel traffic congestion could be sig-
nificantly cut. Now, the new strategies developed with the help of
computers promise even more encouraging results in controlling the
tunnel’s specialized traffic situation.

Elsewhere too, the scientific approach of Dr. Gazis and his associates
shows great promise for helping harried communities relieve the nerve-
frazzling, time-wasting, money-draining delays of traffic congestion.

And it’s another example of how IBM experts in many fields are using
computers to help solve problems that affect every corner of our lives.
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8245. CHAMBERS’ TECHNICAL DIC-
TIONARY. Edited by Tweney and
Hughes. A 1,028 page volume that de-
fines over 60,000 terms in 120 different
branches of science and technology. Pub-
lisher’s Price $7.95.

5383. HUMAN BEHAVIOR. Berelson
and Steiner. Over 1,000 scientifically sub-
stantiated facts about how humans be-
have in almost every activity of life. Pub-
lisher’s Price $13.25.

6636. ORIGINS OF MAN. John Buett-
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by L. Pearce Williams

Huympury Davy, by Sir Harold Hartley.
Thomas Nelson and Sons, Ltd. (42
shillings).

he life of Humphry Davy has all
I the elements of a novel by Charles
Dickens. The Davys came from
solid Cornish yeoman stock that by the
end of the 18th century was struggling
to make the adjustment to the new in-
dustrial world. Humphry’s father was an
earnest but ineffectual man who showed
a modest talent for woodcarving (one of
his carved mantelpieces is in the Victoria
and Albert Museum in London) and an
immoderate penchant for somewhat
shaky financial ventures. When he died
in 1794, he left a widow, five children
(of whom Humphry was the eldest) and
debts of 1,300 pounds. In 1800 a man
could live well for a year on 100 pounds,
so that this sum must have appeared as-
tronomical to the bereft family. The
widow Davy and her eldest son were to
pay off every penny of it. Dickens would
have expected no less.

From his father Davy appears to have
acquired only his passion for angling
and bird shooting. From his mother came
his ambition and, one suspects, the
mercurial temperament that ultimately
brought him to both triumph and dis-
aster. In 1794, however, angling, shoot-
ing and ambition were not enough;
Humphry, in his 16th year, had to leave
school and find a position. In 1795 he
was bound apprentice to a local apothe-
cary and surgeon. No one could have
foretold that within 10 years the young
Cornishman would be the lion of Lon-
don society and a chemist of interna-
tional reputation.

One of the myths of 19th-century En-
gland was that any young man who had
the will could, by sheer dint of hard
work, rise to whatever eminence he de-
sired. History mercifully does not re-
cord the wrecks of those who foundered
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of Sir Humphry Davy

in the attempt. It saved the spotlight
for the rare few, such as Davy and his
protégé Faraday, who were successful.
In 1795 Davy set out his own course
of study in a notebook. It included, as
Sir Harold Hartley reproduces it:
Theology

Geography

My Profession

i) Botany

L=

B
(if) Pharmacology
(iii) Nosology
(iv) Anatomy
(v) Surgery
(vi) Chemistry
Logic
5. Language

(i) English
(ii) French
(iii) Latin
(iv) Greek
(
(

L

v) Italian

vi) Spanish

(vii) Hebrew
. Physics
. Mechanics
. Rhetoric and Oratory
. History and Chronology

10. Mathematics

How far he advanced in this program
before he began his education in chem-
istry is not known, but he retained
his interest.in many of these subjects
throughout his life and mastered more
than one. The list is worth pausing over.
It may not be completely accidental that
theology should stand at the head and
mathematics at the foot. Davy took his
religion very seriously, so seriously that
it affected his science. In mathematics
he, like Faraday, remained an illiterate,
although he continually made public his
hope that chemistry would someday be-
come a mathematical science. Hartley
makes it clear, however, that Davy’s
primary weakness as a chemist was as a
quantitative analyst.

Davy’s interest in language, rhetoric
and oratory was to serve him well. It
was as a lecturer in London that he was
first to achieve fame. His lectures were
works of art. He labored over them to
get every detail, both of the science and
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of the art, exactly right. An early love for
poetry had sensitized him to the power
of language, and this power he wielded
with confidence. When Samuel Taylor
Coleridge was asked why he attended
Davy’s lectures on chemistry, he replied,
“To renew my stock of metaphors.”

Davy’s popularity as a lecturer con-
tributed to the renaissance of English
science by making science a subject
above the commonplace. Chemistry in
particular appeared to be a dismal sci-
ence concerned only with evil smells and
the concoction of medical or cosmetic
preparations. It was Davy who, more
than any other man in the England of
his time, saw chemistry as the key to
the secrets of matter. The chemical pa-
pers in the Philosophical Transactions
of the Royal Society in the last decade of
the 18th century reflect the state of
chemistry before Davy: “Experiments
and Observations to investigate the Com-
position of James’s Powder” (1791), “An
analysis of the earthy Substance from
New South Wales” (1798), “On the De-
composition of the Acid of Borax or Sed-
ative Salt” (1799). No chemical sub-
ject was considered worthy of the Royal
Society’s Bakerian lecture during those
years. Davy was to deliver no fewer than
six, and their subjects were of fundamen-
tal importance. The title of his first Ba-
kerian lecture in 1806 was “On some
Chemical Agencies of Electricity”; it was
here that he first suggested that electric-
ity was the basic agent of chemical re-
activity.

These triumphs lay in the future when
Davy made out his list of subjects for
study. The list seems naive, yet in a sense
he remained true to it. Through theology
he could contemplate the universe as a
whole, as a single work of the Creator.
The peculiar flavor of Davy’s theoretical
scientific writings comes from his con-
stant striving for a unity that would
transcend the particular reaction under
study.

The decisive intellectual event in
Davy’s youth occurred in 1797, when his
plan of study brought him to chemistry.
Lavoisier’s great Traité élémentaire de
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chimie was available, and Davy plunged
into it. Up to that point he had been a
more or less passive absorber of knowl-
edge; now he began to experiment. He
could not agree with Lavoisier’s theory
of heat and light. Lavoisier had sug-
gested that light was a modification of
heat, being caloric in projectile motion.
Davy countered with some ingenious ex-
periments, among them the famous one
of rubbing two blocks of ice together in
a vacuum, with which he proved that
light was not a modification of heat. Heat
must be a motion, not a substance. Then,
seduced by his own ideas, Davy went on
to suggest a thoroughgoing reform of all
chemical nomenclature. His speculations
carried him far beyond his evidence, and
he was later to regret his youthful exu-
berance. Nevertheless, the incident is a
revealing one for the historian. It clearly
shows how Davy’s mind worked. First
there was the flash of genius by which
he saw the essential elements of the
problem; then the almost feverish ex-
perimental activity in which brilliance of
conception was united with ability in
execution, and finally the generalizing
of the results to a universal law. This was
the pattern of Davy’s mature work. All
he added later was a certain theoretical
caution to prevent his own enthusiasm
from running away with him again.

It was this juvenile work that led to
Davy’s first step up the ladder of success.
Again the story line is Dickensian:
Davy’s mother took in boarders, among
whom was Gregory Watt, the tubercular
son of James Watt. Gregory and Davy
became close friends. Watt, recognizing
Davy’s talent, put him in touch with Dr.
Thomas Beddoes of Bristol. It was Bed-
does who published Davy’s essay on
light and heat and who freed Davy from
his apprenticeship by making him his as-
sistant in the new Pneumatic Institution
of Bristol. Here Davy was to achieve his
first fame. It was only extreme luck that
prevented it from being posthumous.

Dr. Beddoes’ Pneumatic Institution
was devoted to the investigation of the
medical effects of various gases, particu-
larly nitrous oxide, which an American
physician had said was the cause of most
major diseases. Davy’s researches on
nitrous oxide are now classic; they mark,
among other things, the beginnings
of anesthesiology. Davy’s experimental
method was simplicity itself: he prepared
various gaseous mixtures and tested their
physiological effects by inhaling them.
Hartley manages to keep the suspense
high in his description of these experi-
ments. At first they seem funny, but then
one becomes alarmed as Davy begins his
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researches on water gas (carbon monox-
ide and hydrogen) and nitric oxide
(which turned to nitric acid in his lungs
and trachea). Davy somehow survived
and, as a consequence of the fame these
researches brought him, was spared fur-
ther temptations to martyr himself. Ben-
jamin Thompson, Count Rumford, was
looking for a young man to serve in the
newly created Royal Institution of Great
Britain, and Davy seemed the perfect
choice. In February, 1801, Davy left the
Pneumatic Institution for London. In the
years from 1801 to 1812 he was to con-
duct the series of chemical investigations
that were to gain him immortality. This
period ended with his marriage, which
removed him from the steady pursuit of
science, and his discovery of Michael
Faraday, who was to carry on the tradi-
tion Davy had created at the Royal In-
stitution.

Although Davy made important ex-
cursions into agricultural chemistry dur-
ing his decade at the Royal Institution,
the most important of his researches
were those concerned with electrochem-
istry. His early refutation of some of the
bizarre theories of electrochemical com-
position was followed by the great paper
on the chemical agencies of electricity,
in which a whole new system of chemis-
try was laid out. Then, in applying his
theories to specific bodies, Davy an-
nounced the dramatic discovery of the
decomposition of soda and potash into
sodium and potassium. Equally dramatic
was the failure to decompose the basis
of muriatic acid and Davy’s insistence
that the green gas produced in the at-
tempt was an element to which he gave
the name chlorine. These labors were
summed up, on the eve of his marriage,
in his Elements of Chemical Philosophy.
One wonders about the title. John Dal-
ton’s A New System of Chemical Philos-
ophy, in two parts, had been published in
1808 and 1810 and had served to spread
his atomic doctrine. Davy never ac-
cepted Dalton’s atoms, and his Elements
(perhaps the pun was intended) were not
those of Dalton. The point is of some im-
portance, and I shall return to it.

The Elements of Chemical Philosophy
was really Davy’s valedictory. He never
entirely left chemistry, but his chemical
work from 1812 on was sporadic, al-
though still marked by flashes of genius.
The invention of the safety lamp and his
later researches on electricity in a vacu-
um were such. By and large, however,
Davy withdrew from scientific pursuits,
captured by the society into which he
had entered when he married Jane Ap-
reece. Mrs. Apreece brought him money;
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the Prince Regent knighted him. Later
he was to become a baronet. His new
social and financial position gave him
complete freedom to do what he wanted.
It is a curious fact, on which Hartley
does not remark, that what Davy ob-
viously wanted to do was to escape com-
pletely from the life that had brought
him such good fortune. It seems a bit
surprising that the man who set the
standard for popular scientific lecturing
in pre-Victorian England, and who was
sometimes criticized for his desire to
make these lectures as enjoyable and as
perfect as possible, should abandon his
art at the first opportunity. Would this
have been the case, one wonders, if, in-
stead of having been a lecturer to the
haut monde, Davy had been a teacher in
a university, where his auditors would
have been disciples as well as admirers?
Might he not have founded an English
school of chemists who could have ri-
valed the students whom Berzelius, and
later Liebig, turned out?

Davy’s departure from chemistry was
not as total as his abandonment of lectur-
ing, yet even here it seemed as though
his early ardor had cooled. Was it be-
cause he enjoyed angling and shooting
that much, or did he find science incom-
patible with his new social status? Was
it simply that, at age 34, he felt his in-
tellectual powers slipping? Earlier biog-
raphers have suggested that Davy was
seduced by the society that had so eager-
ly accepted him and supported his ef-
forts to bring financial stability to the
Royal Institution. Hartley prefers to
focus his attention on Davy’s sporadic
scientific forays, but something of Davy
thereby escapes him. Perhaps it would
need a Dickens to show the transforma-
tion of the young Davy, taking all knowl-
edge as his province, into Sir Humphry
Davy, Bart., to whom salmon, trout,
grayling and double snipe were the
boundaries of passion.

The last role Davy played was as
president of the Royal Society. This was
a position he had actively sought, and
there can be little doubt that he had
some ideas of what the society should be.
It is equally clear that the majority of the
Fellows of the society did not agree with
Davy on these views. As Davy’s anniver-
sary addresses show, he was concerned
with the failure of most of the Fellows to
publish anything about science. By the
1820’s, in fact, the Royal Society con-
sisted primarily of amateurs in science
who felt that F.R.S. added a certain
luster to their names but who rarely put
anything in writing. The situation ap-
peared quite serious to some of Davy’s
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scientific contemporaries. Not all of them
followed Davy’s lead in trying to stimu-
late their colleagues by subtle hints;
there were pamphlets that bluntly de-
manded reform. The situation, in short,
was a potentially explosive one, and
Davy was in a rather awkward position.
As a “great” chemist he could lecture the
amateurs on their responsibilities. But
since his “greatness” lay in past efforts,
not present ones, he could not serve as
the rallying point for the professionals.
Davy was doing what he was exhorting
the fellowship not to do, namely neglect-
ing science for other pursuits. His exhor-
tations only served to convince the ama-
teurs of the inadvisability of having an
ardent scientist for president again. In
this they were successful, staving off the
inevitable for a generation. Davy seems
to have realized his failure and took ref-
uge in his usual fashion by setting out
on an extended fishing trip. His health
had also begun to fail. He died in Gene-
va on May 29, 1829, in his 51st year.
Hartley ends his book with the phrase
Berzelius wrote on the bundle of letters
that had passed between him and Davy:
Sitt tidehvarfs storste chemist (The
greatest chemist of his time).

Hartley is to be complimented on the
success with which he has illustrated
Davy’s brilliance and personal complexi-
ty. The series of which this volume is a
part consists of brief works, and in only
149 pages of text Sir Harold has been
able to project both the image of Davy
the man and of Davy the chemist. The
discussions of Davy’s scientific work are
particularly clear; Hartley is a kindly but
impartial guide in pointing out both in-
sights and blunders.

There is one major point of disagree-
ment between Sir Harold and me that is
of such importance to the development
of the history of science that it seems
worthy of discussion here. What Hartley
has done superbly is to describe Davy’s
scientific work. What he has not done,
except insofar as accurate description of
experiments can serve to imply a logical
development, is to explain it. The reason
for this seems both simple and adequate.
After his youthful speculative fling Davy
was very cautious in his public pro-
nouncements on the fundamental nature
of physical reality. Hartley points out
that Davy did not believe in Dalton’s
atoms, but he does not do much with
what Davy did believe the nature of
matter to be. He cites Davy’s references
to Roger Boscovich’s point atoms, but
nowhere does he use these atoms to ex-
plain the course of Davy’s thought. Simi-
larly, he points out that Davy was fas-
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cinated by metaphysics, and that a mu-
tual interest in metaphysics as well as
poetry was part of the bond between
Davy and Coleridge. Again, however,
there is no indication that Davy’s meta-
physics had any influence on his science.
There is implicit in Hartley’s account the
thesis that Davy’s science was purely
and exclusively formed from experiments
and flashes of insight.

Now, there is little evidence to chal-
lenge Hartley’s view. But there is some
evidence, and its existence is what
creates the problem for the historian.
For example, as I have argued else-
where, one of the important intellectual
influences on some of Davy’s contem-
poraries (particularly Hans Christian
Oersted and Coleridge) was the philoso-
phy of Immanuel Kant. John Davy, in his
biography of his brother, mentions that
Humphry had read Kant as a young
man. Dr. Beddoes was an early commen-
tator on the Kantian philosophy, publish-
ing several totally undistinguished short
pieces on Kant in Gentleman’s Magazine
in exactly those years when Davy was
constantly in his company. One of the
conclusions some of Kant’s readers drew
from his writings was the nonexistence of
the imponderable fluids with which the
late-18th-century universe was filled.
Forces were to be substituted in their
place. In 1799 Davy wrote: “The sup-
position of active powers common to all
matter, from the different modifications
of which all the phenomena of its
changes result, appear to me more rea-
sonable than the assumption of certain
imaginary fluids alone endowed with ac-
tive powers, and bearing the same re-
lation to common matter, as the vulgar
philosophy supposes spirit to bear to
matter.” The doctrine of powers, be it
noted, left a place for the Divine as the
doctrine of fluids did not.

Hartley does not cite this passage, nor
does he note that Davy was unique
among his English contemporaries in re-
fusing to speak of electrical, caloric or
magnetic fluids. He insisted instead on
the terms “energies” or “powers.” Davy
was too careful with his words not to
mean something by this, but exactly
what it was he does not tell us. The only
clue we have is his statements on Bos-
covich’s atoms. These atoms, consisting
of mathematical points surrounded by
alternating concentric zones of attractive
and repulsive force, meet all the require-
ments of the antifluidist. They can be
combined to create the chemical ele-
ments and, as Davy noted in his journal,
they will explain all the phenomena of
chemistry. But did Davy take them seri-
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ously? In his last work, Consolations in
Travel, published posthumously, he cer-
tainly seemed to. Hartley reports what
amounts to Davy’s last scientific will and
testament, in which Davy states his ad-
herence to a belief in Boscovichean
atoms. This book, Davy wrote to his
friend Thomas Poole, “contains the es-
sence of my philosophical opinions,” a
statement it is difficult not to accept.
Still, there is a very important link miss-
ing. If Davy did place his faith in the
ultimate reality of forces and point
atoms, how did he use these ideas in his
scientific work? We do not know. There
are no documents, as far as I am aware,
that provide this essential information.

What, then, should the historian of
science do? Should he rest content with
a description of scientific work based
solidly on documented facts? If history
were a science, the answer would un-
doubtedly be yes. History, however, is
also an art. Part of this art is the re-crea-
tion of the past, not merely its descrip-
tion. We need to know more, say, about
Napoleon’s invasion of Russia than the
roads he took and the number of men
he led. We want to know why he went.
This we must deduce from all kinds of
conflicting evidence, including Napo-
leon’s later testimony. What the political
historian does is to create a Napoleon
whose values and motives are made
credible. The task of the historian of
science, it seems to me, is also to re-
create the minds of his subjects. It is
made difficult by the fact that the great
scientist may never reveal how his mind
was working; indeed, he may actually
try to conceal the course of his thoughts.
This would appear to be the case with
Davy. His metaphysics was unpopular,
and the point atoms in which he believed
had been generally rejected by chemists.
He must have known that he would only
weaken his scientific arguments by bring-
ing in either of these things, and so he
left them out. The historian cannot. Giv-
en Davy’s hints, the attempt should be
made at least to reconstruct Davy’s
experiments within his own theoretical
framework. This I think we must do for
all creative scientists. What we would
lose in certainty we would gain in our
understanding of this greatest of all hu-
man inventions: modern science.

Short Reviews

HE WoRLD CrTIES, by Peter Hall. Mc-
Graw-Hill Book Company ($4.95).
“There are certain great cities, in which
a quite disproportionate part of the
world’s most important business is con-



At Martin Marietta, you could be thinking
of the moon as a way station.

Look ahead with us, beyond the moon
and man’s planned landing there.

Our work with NASA on plans for an
orbiting manned space station, using
technology and hardware from the
Apollo program, has led to intense
study of future space exploration.

We have an eye on Mars. We're plan-

Martin Marietta is an equal opportunity employer.

ning and designing an unmanned, auto-
mated system that could be flying there
as early as 1973.

For Venus, we’re studying a buoyant
station that might be the answer to ex-
ploring that planet’s hot atmosphere. To
explore the asteroid belt, we’re develop-
ing panels to detect meteoroid impacts.
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We’'re searching, too, for exceptional
engineers and space scientists to move
beyond the moon with us.

If that’s you, write to George F. Met-
calf, Vice President— Professional &
Management Relations, Martin Marietta
Corporation, Aerospace Group, Friend-
ship International Airport, Md. 21240.
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ducted.” Seven of these complexes are
here described and appraised, with an
eye quick to see what trends appear in
the posing and the solution of the prob-
lems every metropolis knows all too well.
London’s thousand suburbs stop short at
a green belt, but beyond the belt the
New Towns rise, huge successes in all
respects save one: they begin to inherit
the London problems. The green belt is
a solution for a static city. Paris, already
a center of extraordinary weight, con-
tinues to expand. The planners hope to
hold it not within a ring but 50 miles
downstream along the spine of the Seine,
with new towns in profusion.

The least known of these seven re-
gions is the ring city of Holland grouped
around Rotterdam, Amsterdam, Utrecht
and The Hague. Here the planners hope
to let the city grow outward from its
unique agricultural core, largely into
new polders. The ideas of green wedges
instead of constricting belts and of
growth along transport lines, in addition
to the strength of having many nuclear
cities, are viewed by the author as leav-
ing “little doubt that...the Dutch solu-
tion is the right model.” Rhine-Ruhr
holds a special mix of coal and steel in-
dustry, now more than a little ailing, in-
side a true metropolis; here again the
many city centers and the lack of acute-
ness of all the problems of congestion
hold hope. Moscow, the center of a coun-
try still rich in space and the heart of a
planned society, attracts interest by the
degree to which it shares some of the
problems of the capitalist West. Here
too one can see ahead a central city, a
green belt, a system of satellite towns.
The Russian investment in first-rate pub-
lic transport is one genuine note of nov-
elty; the automobile flood has only be-
gun to rise in Moscow.

Now we come to New York. Its core
an island scarred by the rusty blade of
slavery, New York has heavy problems.
The transport outlook is bleak, and the
fragmentation of responsibility in gov-
ernment and in transport policy is un-
equaled elsewhere. The low suburban
density and the long rides it implies are
at the root of the problem for the outer
reaches of the city. It is Tokyo, however,
that suffers from “the most acute prob-
lem of metropolitan overgrowth in the
world.” The city has a structure of pub-
lic services entirely inadequate to its size.
There is a 10-year plan to meet this
need, which arises from the swift indus-
trialization of Japan since the 1950’s.
The official plan is sober and London-
like, but there is a “wealth of original ...
expert ideas for its future development.”
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These “reflect the extraordinary techni-
cal ingenuity that is typically Japanese,
...a passionate interest in...metropoli-
tan growth.” We might see a city on
rafts, or a high-rise metropolis (memories
of earthquakes have set a 10-story limit
since 1923), or a Japanese Brasilia at the
foot of Fujiyama. The book ends with a
chapter of theory. It is work, and not
housing, that controls, and the work of
the modern city is informational. The
ideas industries will continue to grow in
the centers. Beyond such a sensible pre-
diction there is not much guidance here.
A dispersed Los Angeles or a polycentric
Dutch ring city holds some hopes, but
can the great congested centers move
toward those directions? There are brave
people who build models, models for a
new time, based not on the simple ge-
ometry of rings and cores but on the in-
tricate tapestry of social and economic
life.

World Cities is a handsome little book,
with absorbing, cosmopolitan maps and
diagrams. It is high strategy, campaigns
and aims, and barely alludes to the ag-
ony of the man in the front line. But for
a cool look at our heated struggles it is
hard to fault.

COMPUTATION: FiniTE AND INFINITE

MacHiNes, by Marvin L. Minsky.
Prentice-Hall, Inc. ($12). The machines
of this book are abstract, made out of
reason and definitions, not out of ger-
manium and relay racks. Only a few
(quite knowing) sentences about real
machines appear. But the mathematics
is so clear, so fresh, is presented in such
a winning style (with many helpful dia-
grams) and with so attractive a sense of
mingling long outlooks over the woods
with the analysis of individual trees, that
one feels this is how mathematicians
ought to write but don’t. These machines
are digital machines, which read and
write digits, slide back and forth, assume
one of a few internal states. The key
ideas stem from Alan Turing, who first
saw how to convert a finite machine,
which is unable to do our deepest math-
ematics, into a machine of universal pow-
ers by adding to a rather simple ideal
machine of the finite sort one infinite
component: a tape of arbitrary length. A
Turing machine becomes a concrete way
of describing just about any mathemati-
cal function. This branch of learning
faces most of the issues of mathematics—
issues of what axioms are, of what a
proof is, of what solving problems and
deciding propositions can mean. Its mar-
vel is that formalisms that appear child-
ishly simpleminded can be extended by
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ingenious (although in the end also sim-
ple) means to encompass more or less all
the subtlety of mathematics and perhaps
of all thought. A universal Turing ma-
chine can simulate the behavior of any
Turing machine whatever; it is able to
compute any computable function. It
can be made out of a structure that uses
only four symbols and takes on seven
internal states. There is, of course, a price
to pay: the use of a tape of profligate
length. Here is the nub of the philosophi-
cal unity of this altogether wise and en-
gaging book: All thought can be reduced
to elementary atoms, if only their quan-
tity is sufficient. But the finiteness of
time demands in the real world an ever
more complex hierarchy of ideas as hard-
er and harder problems are faced. There-
fore human thought is not simple, only
reducible.

This is a work one can master armed
with high school algebra and an interest
in mathematical ideas. It sets many
problems of wit and value, and gives
most of them instructive solutions. One
misses only a chapter on machine biol-
ogy, in the vein of John von Neumann’s
self-reproducing mechanism, with its ge-
netic tape and universal tool machine.
Professor Minsky spends his days de-
signing real machines, machines that can
build painfully with blocks, that even
suffer some well-known optical illusions.
His mechanical text on the theory under-
lying the mechanization of reason turns
out to be the most humane and vivid
book of mathematical weight to be seen
in a good many years.

JOHN Harrison: THE MaN WHo Founp
LoncrTupg, by Humphrey Quill. Hu-
manities Press Inc. ($10). The skeptical
Board of Longitude hated to give out the
government’s money, and before they
would award the fortune of 20,000
pounds for the first successful marine
chronometer they insisted on still anoth-
er test, by sea voyage to Barbados. This
test was triumphant: the big silver watch
was about 40 seconds fast in a six-week
voyage, three times better than the error
allowed by the Act of Queen Anne. But
the board saw a loophole. No prize
would be granted “until he shall have
made full and clear discovery of the said
Principles and method.” Harrison, then
past 70, after more than 40 years of work
toward the prize, was still to be balked.
(It was George III who finally had justice
done.) The French ambassador knew of
Harrison’s work, and two years earlier a
French expert mission had come to look
at his timepiece. Then Harrison would
show them nothing. By December, 1765,



A handful of people like Mary Carnwath

are trying to keep our promise to the Indians.
But they won’'t make it without you.

The Hopi Indians' village of
Shipaulovi in Arizona sits on land
so poor, infertile and inhospitable
that so far nobody has tried to take
it away from them.

Electricity has not yet reached
the Hopis. Water must be hauled
from three miles away. Jobs are few
and far away. Only poverty and des-
pair are close-by and in abundance.

Yet for the first time in genera-
tions, Mary Carnwath and people
like her are stirring hope among the
Hopis.

Mary Carnwath works and
lives two thousand miles away, in
Manhattan. Her own daughter is
now grown-up, and through Save
the Children Federation she is spon-
soring one of the village girls, 8-year-
old Grace Mahtewa.

The Mahtewas (two parents,
three children, one grandmother
and a sister-in-law) live tightly
packed in a tiny rock and mud
house. The father who knows ranch
work but can’t find any most of the
year, isn't able to provide the family
with even the bare necessities.

Grace, bright,
ambitious and in-
dustrious, would
possibly have had
to quit school as

- e soon as she was

’ old enough to do

a day’s work. But,

¥ because of Mary
Carnwath, that won't be necessary.

The $12.50 a month contrib-
uted by Mary Carnwath is provid-
ing a remarkable number of things
for Grace and her family.

Grace will have a chance to con-
tinue schooling. The family has
been able to make its home a little
more livable. And with the money
left over, together with funds from
other sponsors, the village has been
able to renovate a dilapidated build-
ing for use as a village center. The
center now has two manual sewing
machines that are the beginnings of
a small income-producing business.
It’s only a small beginning. More
money and more people like Mary
Carnwath are needed. With your
help, perhaps this village program
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will produce enough money to end
the Hopi’s need for help. That is
what Save the Children is all about.

Although contributions are de-
ductible, it's not a charity. The aim
is not merely to buy one child a few
hot meals, a warm coat and a new
pair of shoes. Instead, your contribu-
tion is used to give the child, the fam-
ily and the village a little boost that
may be all they need to start helping
themselves.

Sponsors are desperately needed
for other American Indian children
—who suffer the highest dis-
ease rate and who look for-
ward to the shortest life span
of any American group.

As a sponsor you will re-
ceive a photo of the child, regu-
lar reports on his progress and,
if you wish, a chance to corre-
spond with him and his family.

Mary Carnwath knows
that she can’t save the world
for $12.50 a month. Only a
small corner of it. But, maybe
that is the way to save the
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six months after the Barbados voyage,
Harrison had made it clear to the French
that he would tell all for 4,000 pounds
sterling. Meanwhile a member of the
board itself, the great watchmaker
Thomas Mudge, had offered the French
his own information. The French sent
their man to London with an offer of 500
pounds for Harrison. He declined this
disappointing price, but Mudge accept-
ed, and thus security was broken a little
early.

Harrison’s competitors in both France
and England never drew on his designs,
which were too complicated for the age
of workaday chronometers that followed.
His contribution was to prove that the
job could be done. Larcum Kendall’s
replica of Harrison’s final entry was
taken on Captain Cook’s second voyage
of 1772-1775, and Cook wrote in his
log: “It would not be doing justice to
Mr Harrison and Mr Kendall if T did
not own that we have received very
great assistance from this useful and
valuable timepiece,...our never-failing
guide, the Watch.”

This readable and engaging book by
an amateur historian (a retired Colonel
of Royal Marines) centers on the per-
sonal story of the self-taught, persistent,
puritanical Harrison, who with his broth-
er before 1730 made the finest clocks in
the world, while they still earned their
living as country carpenters. It is this
narrative of 18th-century enterprise, en-
gineering and government that makes
the book. The book is not much con-
cerned with the details of Harrison’s
mechanisms—there are standard refer-
ences for that—and other short accounts
of Harrison’s career are well known.
This, however, is the first substantial
study of this remarkable and enigmatic
life.

SfRONG Sorips, by A. Kelly. Oxford

University Press ($6.75). The one-
hoss shay failed all at once, and nowhere
first. That is the way a theorist’s wire
pulls apart, along one lattice plane. By
the use of the details of atomic forces
and the known arrangement of atoms in
a lattice the theoretical breaking stress
for crystals can be calculated. Diamond
turns out, of course, to be very strong,
with a calculated shear strength in one
particular direction of some 18 million
pounds per square inch, nearly 20 times
that of iron. But to realize that ultimate
value the sample must be free of flaws,
without internal cracks, inclusions or dis-
locations, and with surfaces smooth
down to atomic dimensions. This severe
condition has been met for a few crystals,
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the tiny fibrous forms called whiskers.
Iron whiskers come up to two-thirds of
theoretical strength. On such a tested
basis we can now predict what kinds of
crystal will be the strongest. They turn
out to be those with strong, short, direc-
tional chemical bonds. They must have
a three-dimensional network of bonds.
This implies small (hence light) atoms
and structures that are not highly sym-
metrical; their densities will be low, and
the engineers of the future will be happy
with new materials that are light and
very strong, made of carbon or boron or
beryllium compounds!

Real crystals first fail by the motion
of atomic dislocations, unless they are
locked into the stiff crystal. If the dislo-
cations cannot move easily, then surface
flaws bring failure. Dislocations in metals
can be locked to order by causing tiny
hard particles of alloying compounds to
precipitate within the material. Duralu-
min was the first strong metal made that
way; in the past few years a very strong,
tough stainless nickel steel called mar-
aged steel, not easily weakened by sur-
face flaws, has been developed. It is
about the strongest machinable stuff we
have. It fails at stresses about a sixth of
the ultimate for its iron bonds; the best
steel wires are twice as good as that.
Cold-drawing still makes the strongest
metals, although they are specialized for
strength in one direction.

Glass and silica can be surprisingly
strong too. Surface-protected glass rods,
free from all abrasions, free from contact
even with dust, are about 100 times
stronger than glass rods from stock on
the shelf.

A rope is strong because “cracks must
either be very short, across a fibre, or...
parallel to the fibres, and hence harm-
less.” For organic fibers joining the fibers
is easily done by coiling. They can be
bent sharply without harm, and they are
not very sensitive to surface abrasion.
None of this is true for glass, silica or the
tiny whiskers. They cannot be spun into
ropes. They can, however, be bound in a
matrix that protects the surfaces and
holds the small fibers together, uniting
their strengths. Exotic composites are
being tried, a kind of generalized fiber
glass. There are now graphite-plastic
composites four times stiffer than fiber
glass and just as strong, and filaments of
boron carbide and beryllium oxide and
many others are being produced for such
uses. Alumina whiskers bound in silver
showed a high and calculable strength if
the whiskers were hand-selected. Some
ingenious efforts have been made to
grow fibrous composites directly from a
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melt, using an alloy that separated out
into distinct phases in freezing. The pic-
ture of such a microstructure looks like
some strange metallic biology—parallel
chromium microrods aligned in a copper
matrix.

This small volume is an admirable mix
of insightful theory and knowing prac-
tice aimed at a target, the rational design
of materials. That direction is filled with
promise; realization is not quite yet at
hand, and new engineering materials
still arise more by art than by reason. '

THE ELECcTRONIC INVASION, by Robert

M. Brown. John F. Rider Publisher,
Inc. ($3.95). Here is a Consumer’s Union
guide to bugs, all but the crisp “best buy”
ratings. The bugs are of course not leggy
or winged at all but are telephone bugs,
eavesdroppers that report by radio,
beepers to fix on the underside of a car’s
gas tank for easy tailing, voice-operated
unattended briefcase tape recorders. One
of these records on plastic belts that are
admissible as courtroom evidence (this
one even has a filter against noise, so
that it is said to record the speaking
voice from a distance of 60 feet). There
are debugging hints and circuits, and a
directory of suppliers. It is rather rueful
reading. The line tracer is “used pri-
marily by professional eavesdroppers
serving racketeer clientele and the FBI.”
The gear described here, however, is
mostly intended for gaining evidence in
divorce cases or picking up a business
competitor’s intentions. Prices and ap-
praisals are clearly given. The high-cost
devices used by expert government agen-
cies with big budgets are marketed more
discreetly. Mosler Research of Danbury
and the Kel Corporation of Belmont,
Mass., are two companies that restrict
their sales to Federal and other agencies.
The FM bands between 88 and 108
megacycles (89 megacycles is common)
seem to carry most of the bug traffic.
Scme insight into the big time is given
us, less by television fiction writers, who
have brought a kind of false understand-
ing of the realities of 1984 minus 17,
than by U.S. revelations of the bugging
practices of the Eastern bloc. In 1965 a
Czechoslovakian radio bug that could be
turned on and off from a distance was
planted in the Department of Com-
merce. Such a room bug has no counter-
part on the open market here. The Great
Seal bug given to our Moscow embassy
scmetime before 1960 had a microwave
resonant chamber with an acoustic dia-
phragm that responded to voice, moni-
tored by a microwave beam sent from a
truck out in the street. It had no wires
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THE MATHEMATICAL PAPERS
OF ISAAC NEWTON
Volume I: 1664-1666

Edited by D. T. WHITESIDE
with the assistance in publication of M. A. HOSKIN

“The publication of this magnificent first volume will stand as a
landmark in the history of Newtonian scholarship.”—New Scientist

The bringing together, in an an-
notated and critical edition, of all
the known mathematical papers
of Isaac Newton marks a signifi-
cant forward step in the publica-
tion of the works of this great
natural philosopher.
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THE CORRESPONDENCE OF ISAAC NEWTON
Edited by H. W. TURNBULL and J. F. SCOTT

A complete edition, fully annotated, of all the known letters written by
and to Isaac Newton. Each volume includes collotype plates.

Published
1959 Volume I: 1661-1675 $25.00
1960 Volume II: 1676-1687 $25.00
1961 Volume III: 1688-1694 $25.00
1967 Volume IV: 1694-1709 $38.50

In preparation: Volumes V, VI and VII

CAMBRIDGE UNIVERSITY PRESS
32 East 57th Street, New York, N.Y. 10022
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and no batteries. That was nearly a dec-
ade back.

CHINESE Econoyic StATISTICS: A

HAaNDBOOK FOR MAINLAND CHINA,
edited by Nai-Ruenn Chen. Aldine Pub-
lishing Company ($15). This volume of
data, all taken from Chinese publica-
tions, deals with the most important eco-
nomic subject known: the well-being of
the largest unit of all mankind. It is one
decade—the most important decade—
behind the times. “Unfortunately, every-
thing statistical in China stops after
1959, ...a statistical blackout unprece-
dented in modern history.” This book
can hope only to set a bench mark for
comparison with an eventual flow of
data. In 1959 China generated electric
power at a mean rate of five million kilo-
watts, about the same as Italy. That rate
was growing by 50 percent per year.

NERGY CHANGES IN BiocHEMICAL RE-
actions, by I. M. Klotz. Academic
Press, Inc. ($5.95). This little book is
aimed at starting students of biochemis-
try off on the right thermodynamic foot.
It is a genuine success; there is no more
clear and sensible account of that Gibbs-
ian interplay of energy and entropy that
allows the world to pay for order by the
expenditure of energy. There is also an
excellent final chapter on the statistical
way of thinking. The mathematics em-
ployed is minimal, and the nonsense im-
plied by all too many biochemical writers
on this key subject is wholly absent. The
main examples are biochemical, but
electrode potentials and melting ice get
due attention.

SYMMETRIES AND REFLECTIONS: SCIEN-

TIFIC Essavs, by Eugene P. Wigner.
Indiana University Press ($7.50). Two
dozen essays and speeches published
over 30 years are collected under this
charming title. The high theme of in-

| variance is here remarkably well dis-

cussed in a half-dozen naf very technical
pieces. Nuclear energy and its growth is
another key theme. The more metaphysi-

| .
cal papers, on deep issues such as the

conflict seen between molecular biol-
ogy and quantum mechanics, are always
modestly and candidly put, gaining in
their personal quality while they lose in
persuasiveness.

PREHISTORIC Eurore: THE EconoMmic

Base, by ]J. G. D. Clark. Stanford
University Press ($15). A handsome re-
issue of this out-of-print work, a defini-
tive and thoughtful review of the whole
fascinating subject.
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Celanese is [in| cars

tire cord, coatings, castings, cushions and the clothes you drive in.

Quite a few of the new 1968 models
will run better, last longer, and look
sleeker because of Celanese
products. Tires that contain our
new polyester tire cord ride
smoother and roll farther. Other
contributions: engineered plastic
parts that work better and cost less
than metal, tough, colorful, steering
wheels, acrylic enamels that protect

thelife of the body. And, incidentally,
when you drive, Celanese fibers

help keep the wrinkles out of

your permanent press clothes.

In other product lines, in other
parts of the world, Celanese is
moving ahead, anticipating needs by
developing new products and
improving old ones. Today, Celanese
employs 50,000 people in 102
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facilities in 28 countries; plants,
refineries, pulp mills, laboratories,
warehouses. In them we apply
polymer technology to create,
develop, improve

and bring to market

ingredients that go

into almost every-

thing people wear,

use, ride or live in. CELANESE




copper developments

Space saving flexibility for hi-rise buildings. The copper and brass industry helped
develop an economical new approach to drainage piping in tall buildings. This
unique system, called ““Sovent,” eliminates the need for most vent piping by using
specially designed fittings, shown above. This saves valuable space and allows
architects more design freedom. The trend-setting Habitat apartments at Expo ‘67
featured the first installation of the Sovent system in North America.

ONLY COPPER
AND ITS ALLOYS COMBINE
THESE ADVANTAGES ...

+ Best electrical and thermal
conductivity « Very good spring
properties « Superior corrosion
resistance « Excellent joining,
plating, polishing and finishing
« High ductility « Outstanding
machinability «+ Wide range of
colors « High salvage value.

CEAERATOR

Sovent System dispenses with conventional venting of the plumbing fixtures by
’allowing a free flow of both air and water in waste lines through copper aerator
fittings on each floor and a deaerator at the bottom of the stack. Extensive tests
to develop data for plumbing and building code officials are now under way.

Copper Development Association Inc., 405 Lexington Avenue, New York, N.Y. 10017
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