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Sometimes a publisher
needs a bank that’ll throw
away the book.

A newspaper editor shouts, “Stop
the presses!”

A national magazine scraps an en-
tire front-cover story.

And a runaway bestseller is sudden-
ly as stale as last month's cocktail
chatter.

The publishing industry is first to
feel the shock waves of today’s fast-

changing events.

Before we can assess the conse-
quences of one momentous event,
another topples on top of us.

Times are changing dramatically,
and the smart money is changing with
them.

This is the time to search the imagi-
nation, welcome ideas, innovate, try

things that have never been tried
before.

For our part at Citibank, we start
with an open mind and try to create
the kind of imaginative banking that
an innovative business needs.

Our motto for times like these is: If
you always go by the book, soon you
may go by the board.

First National City has been known to
throw away the book.

FIRST NATIONAL CITY BANK

399 PA K AVENUE.NEW YORK.N.Y 10022 - MEMBER FEDERAL DEPOSIT 1N TARE B CORFORATION
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Ontario,Canada:
Mother of invention?

Ontario,Canada,has already delivered everything
from insulin to the electron microscope.
Perhapsin the research and development race,
we could be your prize find.

We recognize that necessity,
not Ontario, may be the real
mother of invention. But in On-
tario, we've developed an almost
uncanny knack of recognizing a
need and serving up a solution.

Perhaps with your needs and
our facilities, something may de-
velop. To that end, you may want
to do a little basic research of
your own. If so, the following
facts may explain how Ontario
got to be good.

R.and D. Where it’s at.
Ontario has become a sanc-
tuary for science. Only minutes
from Toronto, and within a
short drive of nine universities,
we have a 350-acre sciencecity
named Sheridan Park. By 1970,
thousands of researchers will be

s i

finding answers for many in-
dustries in this multi-million
dollar complex. But we don’t
keep all our research eggsin one
basket.We hatchinterestingagri-
cultural ideas in Guelph, explore
outer space in Toronto and solve
a myriad of industrial research
problems at the National Re-
search Council in Ottawa.

Even our government digs
research.

Canadian government aids in-
clude tax deductions on 100%
of current and capital expendi-
tures, bonus incentives and
shared-cost programs for selec-
ted projects. Other development
opportunities rest in joint-
venture agreements with in-
dustry and universities.

and a third ming up
Research data by return mail.
We don't expect you to con-
sider doing business in Ontario
without a little research of your
own. To this end, the Ontario
Government’s economists, in-
dustrial experts and researchers
cangive youanswersaboutsites,
financing and any other infor-
mationyoudesire about Ontario,
Canada.
Write to: Department of
Trade and Development,
Special Projects and Planning,
Suite 706, 950 Yonge Street,
Toronto 5, Ontario, Canada.
Offices in New York, Chicago
Los Angeles, Cleveland,
Boston, Atlanta.

% Government of Ontario—Province of Opportunity
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(ontest

If you know a way to use plywood that’s unusual,
useful and news to us, you may: 1.) Win a Plywood
Innovator Certificate. 2.) Qualify for a substantial
cash award. And 3.) Receive your very own 4’ x 8’
panel of plywood to develop your brain child. (Ad-
ditional panels available if it’s a really big idea.)

Rules

Sketch or photograph your use.
Explain succinctly. Send it in. If our
judges agree it’s a new use for ply-
wood, you’ll receive your certificate.
After the contest closes on October
31st, 1969, the three best uses will
each receive $100. If you need real
plywood to execute your idea, write
us describing your use and giving us
the name and address of your ply-
wood dealer. If our judges think your
idea has merit,
we’ll arrange to f§ pfeon vy,
get you the ply- !ﬁ\ N
wood and you’ll
be eligible for
the cash awards.

Hints

Plywood is usually 4’ x 8 per
panel, from Y2” to 1%8" thick, but
comes in other sizes. It may be
coated, grooved, textured, scarfed to
any length, and obtained from any

=

building material dealer in the land.

For a complete, concise account of
what plywood can do, see our piece
on page 21 of Scientific American,
September 1967, or page 142, April
1968. (If you can’t find them, write
us for a reprint.)

For a more complete but not quite
so concise account, write us for
“Guide to Plywood for Product De-
signers.”

Warning

Plywood has already been used for
acid tanks, box-
es, crates, ducts,
houses, signs, , (
cable reel heads | | |
and gates for =~ ==l
fish ladders.

Plywood Box

Added Incentive

As you may suspect, we're really
trying to get you bright people to
consider plywood more often for the

© 1968 SCIENTIFIC AMERICAN, INC

things you do in the outward, up-
ward age. So we’re taking this under-
handed way of bringing it to your
attention. But the offer is genuine.
And so are the awards.

If your idea for plywood turns out
to have commercial value, we’ll do
what we can to help you develop and
promote it. As per usual, the opinion
of our judges (our own marketing
and development staff) is final.

Ready?

Send your entry, on as many sheets
of paper as you need (and include
name, affiliation or occupation, and
address) to: Dept. Whatisit? Ameri-
can Plywood Association, Tacoma,
Washington 98401].

* AMERICAN PLYWDDO ASSOCIATION
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a strong arm
to lean on

The tonearm system of the Garrard il
Automatic Transcription Turn-

than just a low-mass, dy- THE COVER

rrect tracking forc The herringbone pattern on the cover is a visual illusion devised by Johann
ing side-pressure on Zollner, a German astrophysicist, in 1860. It illustrates how the eye can be
deceived by certain simple figures, which are discussed by Richard L.
; Gregory in his article “Visual Illusions” (page 66). The pattern on the cover

mosia e s\i?{:{]'lﬁlrﬁﬂggi creates the illusion that the broad light-colored bands are not parallel. An
pically gimballed even stronger illusion is that the dark-colored bands between the light

nting. The permanently accurate, herringbones are tapered. That both impressions are false can easily be
control, plus demonstrated by holding the cover at an angle and sighting along the light

and dark bands. What is curious about this test is that the parallelism of the
lines is established by viewing the lines under conditions in which they are

" The rig

aring ach ements

built into the SL 95's palpably not parallel. When viewed obliquely, the lines produce retinal im-
tonearm system. You ages that are convergent rather than parallel. As Gregory explains, the eye’s
are assured of the familiarity with perspective may lie at the basis of most visual distortions.
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NO SWIMMING
NO DRINKING ,
NO NOTHING

Many wastes can injure a water source. One major
problem is organic pollution that is turning our lakes
and streams into fishless and beachless swamps.

To combat this pollution, Monsanto’s new Biodize
control systems are considered by many the most
effective answer. First, each Monsanto Biodize system
is individually tailored to specific municipal or industrial

need. Yet, despite their custom design and construction,
a system of this kind saves space and up to 35% in
initial costs over conventional methods. And the organic
pollutant problem is reduced by 99%.

Water is only one of the pollution problems now
being worked on at Monsanto— where people make

Monsanto

800N.LindberghBlvd.,St.Louis,M0.63166
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Minuteman |,",|" Boeing
designs and builds maximum reliability
into its products. Minuteman I's

first launch, for example, was one of
the most successful first flights in

U.S. missile history. Minuteman Il's
first flight was perfect. So was that

of the advanced Minuteman Il.
Successful launches to date: More
than 200. As weapon system
integrator, Boeing assembles, tests,
installs and delivers the complete
Minuteman weapon system to the
U.S. Air Force. Minuteman went from
drawing board to operational status

in four years.

SaturnV Boeing builds the
first stage booster of NASA's Saturn
V moon rocket, largest in production
in the U.S. It generates 7.5 million
pounds of thrust. Record to date:
Two firings—two successes.

© 1968 SCIENTIFIC AMERICAN, INC

Lunar Orbiter Designed
and built by Boeing for NASA, Lunar
Orbiter made five spectacularly
successful moon photo flights,
producing data far exceeding initial
objectives. The record: Five flights.
Five flawless performances. Orbiter’s
on-board flight programmer, built by
Boeing, performed perfectly in
responding to more than 24,000
commands from Earth. In addition to
flight programmers, Boeing electronics
activities include advanced research,
complete launch control systems,
targeting digital computers, scanning
and homing radar, electronic
countermeasures, communications.



Burner Il The first solid-fuel
Jpper stage with full control and
juidance capability, Burner Il

~as designed and built by Boeing
‘or the U.S. Air Force. It provides
‘inal kick needed to put small-to-

medium payloads into precise orbits.
Of seven flights, six were successes.

Boelng Jets Boeing jets
earned world aviation leadership for
the U.S. First flights of 707, 720,
727 and 737 models were successes
exceeding expectations. In more
than six billion miles of service with
69 airlines around the globe,

Boeing jets have demonstrated
outstanding dependability. Flying
Boeing equipment, airline customers
have achieved utilization averages as
high as 16% hours a day, and
dispatch reliability scores as high as
99.89%. Boeing jets, like all Boeing
products, combine the benefits of
advanced design, structural
integrity, and massive testing.

Reliability...a matter of record at

BOESING
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For the creative scientist, as
for the creative photographer,
good photography requires close
interaction between man
and camera.

Miranda Sensorex® helps
fulfill that requirement. Sensorex
is designed to fit naturally into
your hand, to occupy only the
merest corner of your mind with
the mechanics of picture-taking.

Its built-in, through-the-lens
spot meter operates effortlessly,
accurately, instantly, with the lens
wide open. Any lens, automatic
or pre-set. And there are 1,500
interchangeable lenses, view-
finders, viewing screens and other
accessories that adapt Sensorex
to the requirements of virtually
every photographic situation—
from childrento microscope slides,
scenery to experimental set-ups.

Yet the Sensorex costs less
than $250*. Other through-the-
lens-metered Mirandas start at less
than $190* for the FvT; non-
metered Mirandas from less than
$160* for model Fv. All feature
Miranda’s superb 50mm f/ 1.9
automatic lens, and exclusive
three-year guarantee.

Allied Impex Corp., 300 Park Ave. So.,
New York, N.Y.10010.
Chicago; Dallas;
Glendale, Calif.
In Canada: Kingsway
Film Equipment Ltd.,

Toronto.

#YOUR DEALER WILL DETERMINE EXACT RETAIL PRICE IN YOUR AREA.
® REGISTERED BY ALLIED IMPEX CORP., EXCLUSIVE U. S. IMPORTER.

LETTERS

One of the illustrations in Pierre
Connes’s article “How Light Is Ana-
lyzed” [SciENTIFIC AMERICAN, Septem-
ber], continues the popular imputation
that Newton’s apparatus for the disper-
sal of white light into a spectrum con-
sisted of a small round hole in a window
shutter through which sunlight entered
a darkened room and fell on a prism.

In his Opticks Newton describes a
lengthy series of careful experiments
with different lenses, prisms and difter-
ently shaped apertures. At first, indeed,
he used a round quarter-inch hole, “yet,
instead of the Circular Hole F., ’tis bet-
ter to substitute an Oblong Hole shaped
like a long Parallelogram, with its
Length parallel to the prism ABC. For
if this Hole be an Inch or two long, and
but a tenth or twentieth of an Inch
broad, or narrower; the Light of the
Image...will be as simple as before,
or simpler, and the Image will become
much broader, and therefore more fit to
have Experiments tried on its light than
before.” He also employed lenses of vari-
ous focal lengths and of sufficiently high
quality “as may serve for optical uses”
and a variety of glass and liquid-filled
“prismatick vessels.”

Newton, therefore, employed a prism
spectroscope in nearly its modern form
for his experiments and obtained a dis-
persion (but not resolution) equal to that
of a present-day large prism spectro-
graph. ...

WiLLianm H. DENNEN

Cabot Spectrographic Laboratory
Department of Geology
University of Kentucky
Lexington, Ky.

Sirs:

It may seem ungrateful of me to criti-
cize James Marston Fitch’s interesting
article “The Control of the Luminous
Environment” in your September issue
when he was nice enough to list the
first edition of my Primer of Lamps
and Lighting in the bibliography, but I
should like to make a few points.

Within the past four or five years

lighting engineers have joined physicists

in using luminance for what the author
calls brightness. This would not be worth

mentioning if it were only a change of

© 1968 SCIENTIFIC AMERICAN, INC

name, but it is more than that. In current
usage luminance is the physical result
of lumens from a surface reaching the
eye, whereas brightness is the subjective
reaction of the observer. As an example,
consider two areas that have the same
luminance but one of which is seen
against a dark background while the
other is seen against a light background.
The former will appear to be brighter,
that is, its apparent luminance will be
greater. ...

I agree with Professor Fitch on the
undesirability of windowless buildings,
but I do not think that large window
areas are either necessary or economic.
No matter how large the windows are,
a working interior must have a full-size
electric lighting installation for dark
days and late afternoons in winter. Thus
the only saving through using daylight
when it is available is in the somewhat
lower bills for electricity. These are
more than offset by the additional in-
stallation costs of windows or skylights,
their maintenance costs and the heat
losses they allow. The author cites as an
advantage the additional heat entering
through windows in the winter, but this
is a drawback in the summer. When the
fad for glass walls fades, I believe archi-
tects will give us vision strips for view-

No. 5. Published monthly by Scientific American,
| Inc., 415 Madison Avenue, New York, N.Y. 10017;
Gerard Piel, president; Dennis Flanagan, vice-
president; Donald H. Miller, Jr., vice-president
and treasurer.
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Basic Research at Honeywell

Research Center
Hopkins, Minnesoto.

J'Jn"nr) well
RE ARCK CiNToR

The generation of digital information
from solid state sensors

Computers demand digital information; but, up until
the present time, sensors have had analog outputs. A
new solid state transducer has now been developed
which generates digital signals.

Computers, whether in the control loop
of a chemical processing plant, a jet air-
craft or a space flight monitoring system,
feed on information originating at different
sensors. These sensors detect changes in
variables such as temperature, pressure and
flow. Until now, the information generated
by the sensors has been in the form of
analog signals. In order to be used by the
computer, these signals must be converted
to digital form. Typically, the analog signal
is transmitted to the computer, where it is
converted. During transmission, it is sub-
ject to noise and to distance limitations.

A frequency or time signal, on the other
hand, cannot be distorted by the interven-
ing medium. Thus, a digital signal is in-
herently more accurate. When generated
at the source, it eliminates the need for
conversion and its associated gear. A com-
plete system using a digital transducer
would be smaller, lighter, cheaper and
more reliable.

For several years, Honeywell scientists
and engineers have been following differ-
ent approaches in the development of a
digital transducer.

One approach pairs the piezoresistance
characteristics of semiconductors with a
phase shift oscillator. It has proven very
successful.

The Honeywell scientists and engineers
use a silicon diaphragm which incorporates
piezoresistive sensing elements. The re-
sistance of a piezoresistive element changes
considerably with strain, producing a large
signal variation for a small pressure varia-
tion. If a resistor is properly positioned on
a crystal, relative to its crystallographic ori-
entation, and is subjected to a transverse
strain, its resistance changes by an amount
equal in magnitude, but opposite in sign,
to the change resulting from the application
of the same strain in a resistor in the longi-
tudinal direction.

Referring to the diagrams, two resistance
capacitance elements (RC elements) are
oriented radially and tangentially on a sili-
con diaphragm. (Actually the elements are

formed monolithically by integrated circuit
techniques.) If, for example, the dia-
phragm is subjected to a pressure causing
a tensile radial strain near the edge, the
resistance of the radial RC element, R,
will increase by an amount §R. This radial
strain, acting transversely to the tangential
RC element, R:, will cause it to decrease
in resistance by the same amount, sR. It is
assumed for simplicity that the two resis-
tances are equal at zero pressure.
Conventionally, the resistors would be
used in a balanced bridge circuit to deter-
mine resistance change. Instead, Honeywell
scientists have used them in a feedback
loop of phase shift oscillators to control

O REFERENCE TANGENTIAL STRAIN

RADIAL STRAIN

PRESSURE

‘ ‘ ‘ * ‘ ‘ */I:IIJ\FHHnGP.I

T._' <cnis

Silicon Sensor Cross-Section and
Profiles of Diaphragm Strains

CRAYSTALLOGRAPHIC AXIS

Orientation of Diffused Piezoresistive
Elements on Diaphragm
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oscillator frequencies. When used this way,
the RC elements can be related to oscillator
frequency as f = 1.78 cycles per second.

RC

Upon application of pressure the resis-
tance becomes R 4 R and R — 4R and the
resulting frequencies are then:

1.78

fi= 178 and f.= 178
(R+ 8R)C (R— 8R)C

When the two signals are combined, the
resulting difference in frequency consti-
tutes a digital signal directly proportional
to the strain.

The oscillator circuit has been designed
to optimize short-term (frequency jitter)
and long-term stability. Thus, the frequen-
cy outputs remain repeatable relative to a
set of calibration constants.

Results from tests conducted to date
show that the digital pressure transducer
can withstand: overload, extreme tempera-
tures, humidity, vibration and acceleration.
The unit is extremely sensitive to low pres-
sures and for sizable loads needs only to
be fabricated with a thicker diaphragm to
minimize distortion.

Honeywell’s first application is in an air
data computer where the transducer is
transmitting pressures reflecting altitude
and air speed to an airborne computer.
Many other uses are easily foreseen, par-
ticularly in the continuous process indus-
tries where real time computers are being
inserted in the control loop.

Honeywell scientists are working with
other characteristics of semiconductors so
that additional variables such as tempera-
tures and flow can be sensed and digital
signals obtained.

If you are working in the field of solid
state transducers and are interested in
knowing more about Honeywell’s work you
are invited to correspond with Dr. Carl
Nomura, Honeywell Solid State Electronics
Center, 600 Second Street No., Hopkins,
Minnesota 55343. If you are interested in
further details about Honeywell’s Air Data
Computer, you are invited to write Mr.
John Wagner, Honeywell Aeronautical Di-
vision, 2600 Ridgway Road, Minneapolis,
Minnesota 55413.

Honeywell



growth companies moving
up make this city one of the
fastest-growing in America.

find out

This handsome new 60-page brochure
tells about Colorado’s Front Range of
Science and Technology—the 150-mile
span where the high plains meet the
Rockies.

It tells you why Metro Denver—the
heart of this Front Range—is one of
the fastest-growing cities in America.

Companies that make headlines for
dynamic performance have moved
here: IBM, Martin, Honeywell,
Hewlett-Packard, Sundstrand, Ampex,
Litton, Bendix.

Companies that began here have
grown into industry leaders: Samso-
nite, Gates Rubber, Coors, C. A. Nor-
gren, Ideal Cement.

One reason is highly-educated, sta-
ble, productive labor. Another is the
unrivaled combination of great climate,
urbane atmosphere, and magnificent
recreation that puts Metro Denver at
the top of the list as a place to live, that

wh V.

makes it easy to recruit the special skills.

The Front Range scientific complex
has strong universities, the National
Bureau of Standards, and the National
Center for Atmospheric Research
among more than a hundred research
installations.

And there’s fast, economical trans-
portation that serves every market in
Americaeasily and efficiently. Plus low
building costs, abundant energy and
water, and business-oriented commu-
nity attitudes.

MOVING UP?—1f you’re interested in a
new plant site, research facility, ad-
ministrative headquarters or distribu-
tion center, send today for this new
brochure. All inquiries confidential.
Write Manager, Forward Metro
Denver, Dept. 225, 1301 Welton St.,
Denver, Colorado 80204. Phone (303)
534-3211.

FMD 78
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ing the outdoors, but without wasteful
attempts to depend partly on such a
variable source as daylight.

WILLARD ALLPHIN

Danvers, Mass.

Sirs:

In the 1920’s William Pepperell Mon-
tague, a philosopher at Columbia Uni-
versity, unknowingly foresaw the mo-
lecular basis of heredity as being “anal-
ogous” to a “twisted rope”:

“If the reader will be kind enough to
grant that my twisted rope is strikingly
analogous to pr()toplasm in respect to
the primary property of preserving the
past, and the resultant secondary prop-
erty of irritability, 1 will at once recipro-
cate the kindness by confessing that
there the analogy ends.”

Montague applied his twisted-rope
analogy to the molecular storage and re-
production of genetic information long
before the roles of DNA and RNA were
discovered:

“It is not until the coming of the type
of carbon compound called protoplasm
that we find a material system that is
capable not only of storing [energy pat-
terns] but also of propagating them or
imposing them by a kind of induction
upon new matter. This capacity of a
thing for preserving and reproducing its
past history is the definitive property of
a living being. Once started, it tends to
spread and inform more and more of its
environment. It tends also to increase
the richness of its own organization, and
so to evolve new and higher types of it-
self. It is definitely anti-entropic...and
history ... becomes internal and causally
operative as such.... We may assist our
imagination to appreciate the nature of
such a system if we think of a rope upon
which there has been imposed in succes-
sion a long series of twists on twists. ..
and if there was a medium suited for
the purpose, it might convey to that
medium by a kind of induction its own
pattern.”

Montague was extremely well versed
in the sciences as they existed in his
time, and he postulated a cosmology
compatible with modern astronomy. The
major writings of this little-known phi-
losopher of seemingly prophetic insight
are collected in his book The Way of
Things (Prentice-Hall, 1940).

Hexnry C. EvErerT, M. D.

Cambridge, Mass.



RECENT

FINDINGS

RESEARCH LABORATORIES

The mechanical behavior of polymers—creep, relax-
ation, and flow—is neither purely viscous nor elastic
but somewhat in between. Consequently, the stress
response of these viscoelastic materials depends on the
temperature and time of the experiment.

Viscoelastic properties of dilute polymer solutions
have been explained successfully by assuming a
mechanically equivalent system of non-interacting
springs and beads. An exact mathematical treatment is
given by the Rouse model: The motions of the molecule
are described by its
the entire molecule or vibrational modes of large co-
operating chain segments; each mode requires a
certain response time, or relaxation time. A density

“normal modes,” i.e., rotation of

distribution of normal modes along a time axis—the
“relaxation spectrum’ H(t) —thus is obtained which
characterizes the viscoelastic properties of a polymer
system.

This model is inadequate at high polymer concen-
trations—conditions approximating bulk behavior—or
when branching and crosslinking are present. Such
interactions between chains in this more complex
arrangement have been treated using a more realistic
molecular model developed at Ford Motor Company’s
Scientific Research Staff (1,2). “Entangled” or cross-
linked networks are represented by a mathematically

cX B c B

Figure 1 A D
A model of an entanglement (left) in a two chain network and its mechanical equiva-
lent(right)—two “decoupled” chains, one of which carries a point of increased friction.

On the way to a
better understanding of the

- Mechanical Spectroscopy of
Macromolecules.

equivalent model of dissociated chains (Fig. 1). This
mathematical device permits calculation of the relax-
ation spectra over a significantly greater time range
than previously possible. The relaxation spectrum
derived from this approach represents a distribution
of the normal modes of motion of the subchains
between entanglements, superimposed on the normal
modes of slowly slipping entanglements.

The number of entanglements per molecule—an
important structural parameter—now can be deter-
mined unambiguously from experiments; and visco-
elastic behavior of such network systems can be
predicted.
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Figure 2 log T —e

Comparison between the log of the relaxation spectrum, theoretically derived
(circles are computer calculated points), with experimental data for poly-n-octyl
methacrylate of molecular weight 3.6 x 108; limited applicability of the older treat-
ments are shown as a dashed line.

An example of the excellent agreement between the
Ford model and experimental data from a variety of
laboratories is shown in Figure 2.

This is only one example of Ford’s efforts to under-
stand the structure of materials with the ultimate goal
of improving their application to products and processes.

References: 1. A. J. Chompff and J. A. Duiser, J. Chem. Phys, 45, 1505 (1966).
2. A. J. Chompff and W. Prins, J, Chem. Phys. 48, 235 (1968).

PROBING DEEPER FOR BETTER IDEAS
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General
Electric is
demonstrating

the only

_3-dimen§ional
information
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Maybe you're already doing batch
processing, remote batch, and
time-sharing. But you're using sev-
eral independent computers. Watch
what happens when you replace
them with asingle GE-600, the only
information system today that can
operate in all three dimensions of
information processing:

You'll improve throughput. The GE-600 can handle
63 jobs concurrently through multiprogramming.
With multiprocessing, you can handle these jobs even faster.

You'll do more with less system. The GE-600 can flex itself
to handle any variety of workload — from 1009 batch
processing to 1009% time-sharing, and any combination
between. You don’t need several systems, all big enough to
handle specialized peak loads. The GE-600 adapts to your

changing job mix.

You'll save money at satellite facilities. Compact GE-115
computers and keyboard terminals at your remote oper-
ations link up with the central GE-600. This gives your

small satellite systems big system capability.

You'll put your organization on line. All your files are
contained in a common data base. Every computer, every
terminal, in every mode has access to it. With time-sharing,

you can give your technical people fingertip

access to an on-line computation capability.

You can give management immediate

access to the facts of the business.

You can give your salesmen
their order-entry system . ..
your warehouses their dy-
il namic inventory system.
a You'll put your programmers

A on line too. They can develop
their programs at time-
sharing terminals. They can
maintain their source pro-
gram files in the system.

They can initiate time-
sharing or batch-mode jobs in
debugging mode or for production

processing.

No waiting for key punch, collation, and
batch-mode turn-around.

Discover the three-dimensional world of the GE-600. Ask your
General Electric Sales Representative for a demonstration.
Or write Section 290-25A, General Electric, 1 River Road,
Schenectady, N. Y. 12305.

GENERALEI.ECTRIC
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precise exposure
control is no longer
a professmnal secret

Bright sky, dark subject? Tricky, high-
contrast light situations like this make
precise exposure difficult, even for pro-
fessional photographers. But now, the
new Minolta SR-T 101 35mm single lens
reflex, with exclusive “Contrast Light
Compensator’’, measures exposure
through the lens for perfect control
under any light conditions. This

superb picture quality with a world-
famed Rokkor lens. And withunmatched
handling ease, it's no wonder the ex-
perts at Modern Photography call the
SR-T101 “a hard-to-beat combination of
quality and convenience”. Prices start
under $245, plus case. See your Minolta
dealer or write for free literature to

Minolta Corp., 200 Park Avenue

precisioninstrument assures g .4 South, New York, N. Y. 10003.
= L
| ¥ i Minolta
L, - minoha

POWERFUL

MATHATRON PKB HAS GREATER MATHEMATICAL CAPABILITY

o -
"

£ #aw \

THAN ANY OTHER STANDARD ELECTRONIC CALCULATOR

ALGEBRAIC LOGARITHMIC TRIGONOMETRIC STATISTICAL FUNCTIONS
FUNCTIONS FUNCTIONS FUNCTIONS
=X, =(X2), N
+ - N* Sin ¢ ZX, 2V, =(X2), =(Y2), Z(XY)
X + Log e Cos 6 X, Sx, S(X2), Coeff. of Variation,
)% e Tan ¢ _ Standard Error X
Sin- Y, Sv, S(Y2), Coeff. of Variation,
Tan- Standard Error Y

t Test, Degrees of Freedom,
Standard Error
Coefficient of Correlation,
Least Squares Regression A&B
Various Chi-Square Statistics

In addition, Mathatron PKB has an exclusive serial strip printer, pro-
grammable memory, full-floating decimal point, one-hundred column
number range, multiple keyboards that connect to the central computing
station through your telephone or direct wiring, and the amazing Math-
writer keyboard that allows you to enter problems just as you would

write them.

Get the full story, call Wright Line in all principal cities, or write today

for illustrated brochure.

MATHATRON PKB

160 GOLD STAR BLVD., WORCESTER, MASS. 01606 @ A DIVISION OF BARRY WRIGHT CORPORATION
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NOVEMBER, 1918: “The wave of
hysterical rejoicing that swept over the
United States when our President an-
nounced the signing of a truce had many

| .
1mpulses, but none was stronger than

|
|

the conviction that, with the death of
German militarism, there had died also
the ever present threat of war and the
ever accumulating burden of naval and
military armaments. In view of these
conditions, we learn with astonishment
that Mr. Daniels, Secretary of the Navy,
wishes to commence the immediate con-
struction of 156 new war vessels, includ-
ing 10 superdreadnaughts and six battle
cruisers, and that in addition to all this
he is asking the debt-ridden people of
the United States to give him a further
sum of $600,000,000 for the construc-
tion of another lot of 156 vessels, which
will duplicate the first lot. Verily, the
ways of some men are past finding out.”

“In the closing days of the great war
the Germans were bombarded not only
with the ever increasing fire from thou-
sands of guns but also with countless
booklets and leaflets and other forms of
propaganda. The American Propaganda
Department has maintained a big print-
ing establishment in Paris under the
command of Captain Arthur Page, for-
merly editor of The World’s Work, while
the editorial work was carried on under
the direction of Walter Lippmann, for-
merly of The New Republic. The Ameri-
can propaganda has been mostly in the
form of the speeches and notes of Presi-
dent Wilson, together with interesting
facts concerning General Pershing and
his legions.”

“In a detailed scientific discussion of
the German long-range gun which bom-
barded Paris last spring Major J. Mait-
land-Addison, writing in the Journal of
the Royal Artillery, takes a peep into the
future and considers the possibility of
a gun capable of shooting projectiles
entirely off the earth into space, a la
Jules Verne. The requisite velocity of
such a gun is not, he says, so very much

higher than what has already been



Report from

BELL

Radio frequencies in the range
of 10 to 40 GHz are of interest for
satellite communications. But sig-
nals at these frequencies—includ-
ing millimeter wavelengths at 30 to
40 GHz—are attenuated by rain,
snow, fog, and other weather con-
ditions. To study these effects, we
needed a source of millimeter waves
in the sky. What could we use?

Putting up a research satellite
would be difficult and expensive.
But fortunately a millimeter-wave
transmitter in the sky already exists
...the sun. By tracking the sun and

correlating the signal losses with
atmospheric effects, we are gain-
ing valuable insight into the prob-
lems and possibilities of maintain-
ing reliable communications at
millimeter-wave frequencies in all
kinds of weather.

Our apparatus includes a steer-
able, plane metal mirror that re-
flects solar energy into a stationary
horn-reflector antenna (photo). The
signals are processed and recorded
in a temperature-controlled equip-
ment house. The system automati-
cally follows the sun on its daily

SUNRISE

INTENSITY (DB)

Bell Laboratories’ station for studying
atmospheric effects on solar radio energy.
The flat mirror has two axes. One is par-
allel to the earth’s polar axis—for daily
rotation. The other is perpendicular—for
seasonal variation. Experiment designer
R. W. Wilson checks the horn antenna into
which signals are reflected.
| -

_ - CLEAR WEATHER SIGNAL LEVEL
rd

- T~~SUN CLEARS TREES

Intensity of solar radiation at two frequencies, recently observed at Bell Labora-
tories’ installation at Holmdel, N.J. Graphs show one 9-hour period out of months
of study. Note attenuation due to rain early in the day.

SUNSET
30 GHZ

TIME (HOURS)
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sl A New Use for the Sun

path across the sky by a clock
mechanism which can be set for a
full week’s automatic observation.

The sun emits radio signals at a
great many frequencies, but the
sun-tracker is tuned only to signals
at 16 and 30 GHz. The received
energy has two significant com-
ponents: one due to the sun and
one due to the atmosphere (which
attenuates solar energy but also
radiates energy of its own). To al-
low for the atmospheric compo-
nent, we tilt our mirror away from
the sun once each second, thus
getting a sky-only reading. We sub-
tract this from the sun/sky total
and plot the difference. The equip-
ment responds to and records sig-
nal changes as rapid as 30 dB in
15 seconds.

The graphs (left) indicate that
there are periods when rain will
attenuate the received signal by
30 to 40 dB. Such attenuation
would seriously impair communica-
tions signals from satellites. The
problem can be solved by spacing
several ground terminals far
enough apart that at least one of
them would always have a clear
path to the satellite. This would be
done at both receiving and trans-
mitting terminals.

Data from the sun-tracking ex-
periments will help us determine
how many terminals might be
needed for communication sys-
tems operating at high frequen-
cies, and how these terminals
might be spaced to achieve maxi-
mum efficiency and economy.

Bell Telephone Laboratories

Research and Development Unit of the Bell System
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No Mtter Whefe You I;.oo.l<—
YOU SEE MORE WITH A QUESTAR

On our first day in Athens we climbed the Hill of Philopappas and turned our
Questar on the Acropolis across the valley, searching out those architectural triumphs
that have survived the centuries. The high-powered views of Athena's vast temple
were so overwhelming that we were reminded of Thomas Craven’s moving words
“Behold the Parthenon, the only perfect building erected by man.” It was through
a measured air path of 1800 feet, in air that trembled noticeably in the eyepiece,
that we took this picture. Nevertheless it delineates the careful mending of the precious
marble, the lion rainspout at the roof corner, and the pillars within the deep shadows.
Only the perfect telescope could capture such detail, and with every Questar we
deliver goes our firm conviction that no amount of money or human effort could
substantially improve this masterpiece of the optician’s art.
The world’s finest, most versatile telescope, priced from
$795, is described in our new booklet with more than
100 photographs by Questar owners. Send $1 for mailing
anywhere in North America. By air to rest of Western
Hemisphere, $2.50; Europe and North Africa, $3.00; else-
where $3.50.

QUESTAR

BOX120, NEWHOPE, PENN. 18938
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| achieved, namely a muzzle velocity of a
mile per second. When we are able to
increase this to five miles per second,
the projectile, if fired at a suitable angle,
will travel around the earth as a grazing
satellite, completing its orbit between
17 and 18 times daily. With a velocity
of about seven miles a second, it will
move off into space, never to return.”

“Too many drivers of cars are obsessed
with the idea that they own the earth,
and nowhere is this so apparent as
in their procedure when they approach
a railroad crossing. A Western railroad
made observations of 20,000 drivers at
crossings, which are summed up as fol-
lows: 525 drivers smashed through the
crossing gates when the gates were
down and bells were ringing; 69.5 per
cent of the 20,000 drivers looked neither
to the right nor left; 27.8 per cent looked
one way along the track while going at
reckless speed; 2.7 per cent took pains
to look both ways. Only 35 drivers out of
the 20,000 stopped their machines be-
fore crossing the tracks to make certain
that no trains were approaching.”

NOVEMBER, 1868: “The election
has taken place. Gen. U. S. Grant is
chosen President for four years from
March 4th, 1869, and Schuyler Colfax
is chosen Vice-President. During the
past months of scramble and partizan
jostle, we have been silent although not
uninterested spectators of the contest.
Although many of our Southern people
may regard the election of General Grant
as a misfortune, we greatly mistake if
events do not prove it a blessing. We
have erred in our estimate of the man,
and have misinterpreted the motives
which governed him at the time of
General Lee’s surrender, and still govern
him, if he does not mean when he says,
‘Let us have Peace,’ peace not for one
section only but for all sections.”

“One of the most important meetings
held in this city for years took place on
the 20th October, the object being to
initiate measures for furthering the proj-
ect of a ship canal across the isthmus of
Darien. It was attended by a large num-
ber of gentlemen prominent in the great
enterprises of the age. Peter Cooper was
appointed chairman and the Hon. A. F.
Conklin secretary. Among those who
took a prominent part in the proceedings
were the Hon. Wm. H. Seward, Secre-




Canon invents the
first electronic calculator
for people scared of
electronic calculators.

We call it the Canon 163. It's our
answer to people who thought they
couldn’t use one.

This is the first true Integrated-Circuit
(IC) calculator; the first to use more IC’s"
(170 of them) than transistors and diodes
combined.

We did it for reliability. By using IC’s,
we were able to keep the number of
components in the Canon 163 to a mini-
mum (it has thousands fewer than any
other electronic calculator—including
those that use IC’s).

Fewer components mean fewer
sources of heat, fewer solder connec-
tions, fewer things that can go wrong—
and a smaller and lighter calculator
(the Canon 163 is about the size and
weight of a small portable typewriter).

We added more capability. Simple
and compact as it is, the Canon 163
incorporates several exclusive capa-
bilites, such as: switch-selected round-
off, drop-off and round-up of digits

following the last decimal place; and a
memory with item count and sum-of-
multiplicand features as well as ordi-
nary storage. The other memory
automatically accumulates subtotals
without re-entry, and an additional
register allows multiplication and
division by constants.

The Canon 163 divides, multiplies,’
adds and subtracts any 16-digit numbers
of up to 10 decimal places, raises them
to any integral power, and automatically
finds square roots. Instantly, accurately,
silently.

And it has a host of safeguards to
prevent, catch and correct human
mistakes. These include an exclusive
illuminated, automatic comma indicator
every three places before and after the
decimal point, automatic credit balance
indication and an exclusive glare-
preventing polarized display panel.

If you can write it, you can do it.
Despite all its capabilities, the Canon
163 is a breeze to use. You ‘‘key”’ most
problems just the way you’d write them.

To multiply 2 x5 x 7,is as simple as

ANENEEE
000007 0]

The answer shows up in lights almost
before the last key is released.

More complicated problems are just
as easy, just as fast; some take even less
time to calculate than you’d take to
write them down.

Another new Canon IC calculator.
The Canon 163 sells for $1,395. For
those who don’t need so much calcu-
lator, we offer the new Canon 1618, for
only $1,195. It has a single memory, and
offers all the other features of the Canon
163 except square root, automatic
comma indication, item count and
sum of multiplicand.

We’'ll be happy to arrange a demon-
stration of either Canon. Just mail in
the coupon. There’s
nothing to be scared of. —o b LA

CALCULATORS

IC's manufactured for Canon by Texas Instrument

Canon 163. Shown one-half actual size.
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| tary of State of the United States, and
the Hon. Wm. M. Evarts, Attorney Gen-
eral. An estimate of the cost of the canal
was made as being $100,000,000. A
committee to obtain subscriptions was
appointed. Surveys of the proposed
route were submitted by several eminent
engineers, and an assurance of the final
success seemed to prevail in the minds
of all the gentlemen present.”

“The cannon foundry of Krupp in
Essen, Prussia, extends over 920 acres,
246 of which are occupied with build-
ings. It has 12 miles of railroad, six lo-
comotives, 150 wagons and 50 horses.
There are 9,000 jets of gas, consuming
about five millions of cubic feet per day;
10,000 men are employed in the found-
ry, 1,200 at the mines and forges. The
wages amount to 3,100,000 thalers per
annum. The motive power consists of
160 engines of 6,000 horse-power each.
The daily consumption is 13,000 bushels
of coal, 32,500 bushels of coke and coal
and 200,000 cubic feet of water.”

| “John Stuart Mill, the celebrated po-
litical economist, has written a letter to
the Illustrated Weekly News upon co-

, <041, N .
Ours doesn’t lose operson, e . 1 am e of
H ' i hich th
its meter when you add a i e i

tion, as distinguished from distribution,

= n
walst |evel flnder. = = or add a right angle is what you term the system of small

. . . e L . percentage partnerships) are the real
flndt_ar, or e|ther of two high mggnlflcatlon flndel:s, or any one of | 'and only thorough means of healing the
nine special-purpose focusing screens. That's because the meter’s | (...q4 between capitalists and laborers,
on .the mirror and the mirror sees all the light the lens sees pefpre and while tending to supersede trade
it is diffused or altered by finders, focusing screens, etc. This is one | unions, are meanwhile a natural and
of many reasons why the Beseler Topcon Super D has superseded | gradually increasing corrective of their
all other 35mm cameras where precision photography is critical | operation. I look also with hope to the
for national security. ultimate working of the foreign com-
bination.”

“The velocipede mania is beginning

to set in, and with the opening of the

Besele r spring months we may expect to see our
parks and highways thronged with this

To pcon cheap and agreeable substitute for the

horse. The two-wheeled velocipede is
D not exactly the thing wanted for general
uper use, as it will be somewhat difficult for

novices to keep upright upon it. A nice-
@ | ly adjusted vehicle with a double hind

wheel would be most desirable for all
classes.”

“A society has been formed in Paris
to oppose the use of tobacco. Each mem-
ber pledges himself to abstain, and to
use his efforts to induce others to ab-
‘stain, from tobacco in all forms. The so-

Charles Beseler Co. / 219 South 18th Street / East Orange, N.J. 07018 | ciety already numbers 1,200 members.”
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B A mass-made automobile is started for
the first time when it is dropped off the end
of the production line. It is driven a few feet
to the haulaway truck, and then a few more
feet later into the showroom. That's its
break-in period. The car may be good or
flawed. The customer won’t know until he
buys it. Mass production means fast pro-
duction, fast delivery.

We at Porsche build fast cars slowly. It
takes the customer more time to get one
because we don't take short cuts.

When the final bit of hand assembly has
been done on the Porsche engine, it's not
quickly bolted into a car. First, it's hooked to
a dynamometer, a device that tells if it is
putting out its full rated horsepower. Speed
and power ratings are taken and noted in a
permanent card file. (Now and then an en-
gine fails. Bad news for somebody.)

If the engine passes, it goes to its match-
ing body, which has passed dozens of in-
spections (eight for metal-work alone.) The

© 1968 SCIENTIFIC AMERICAN, INC

car gets another dynamometer test, this one
reading power at the rear wheels.

Then, an entirely new series of tests and
inspections begins before the car is shipped.
There are three different road tests by the
same driver. First, an overall check-out,
next, a high-speed, long autobahn run; and,
finally, a rough-road test. The driver turns
in a signed report.

There's nothing anonymous about build-
ing a Porsche. We know who built your en-
gine; we know who tested your car. And
they know we know.

What's the Porsche in the picture wear-
ing? It's a steinschlagschutzhiille, according
to the catalog. A canvas shield to protect
the finish from flying stones and sand during
testing. The drivers simply call it a bra.

Prices start at about $5,100, East Coast
P.O.E. See your Porsche dealer or write
to the Porsche of America Corporation,
100 Galway Place. Teaneck, N.J. 07666.

PORSCHHE
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This speech scientist wants to use
the sound of the human voice to help
protect confidential information.

“Using computers to store, retrieve and process a staggering num-
ber of facts promises to help attack some of the nation’s most criti-
cal problems—such as mass education, health care and the slums,”
says |IBM’s Dr. Rex Dixon. ““Some of this information will be confi-
dential. My job is to help find how to keep it that way.”

While such security is only one aspect of the larger problem of
individual privacy, it is an important one. Computer manufacturers
obviously cannotdictate what is stored in a computer or who has ac-
cess to it. But they can and are devising more ways to protect con-
fidential information.

Speech scientist Dixon thinks the distinctive acoustical patterns
of different human voices could form the basis for one such safe-
guard. “A voice-recognition device, built into a computer, could be
a new way to keep out intruders. Anybody requesting confidential
information would have to talk into a microphone, connected to the
computer. An unauthorized voice, not recognized by the device,
would stand little chance of gaining access to the information.”

This approach is still experimental. But, hopefully, voice recogni-
tion will join some of the other computer safeguards—ranging from
special locks to digital codes—already in use, designed to keep con-
fidential information confidential.

Since its beginning less than twenty years ago, the data processing
industry has been constantly developing new methods of handling
information. In continuing these innovations, people like Rex Dixon
are helping those who must tackle the public problems of the day.
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J Naval Volunteer Reserve. Clarke is the
THE UTHORS author of Genetics for the Clinician,
| published in 1962. ‘

|

RICHARD L. GREGORY (“Visual
DAVID SIMPSON (“The Dimensions  Illusions™) is chairman of the depart-

Your favorite
record reviewer
probably owns a Dual

automatic turntable.

19 out of 20

hi-fi experts do.
They appreciate,

as you will,

Dual'’s smooth,
quiet operation

and many precision

features. One is
the flawless 12
gram tracking of
its friction-free
tonearm. Others

are constant-speed

motors, accurate
adjustments for
stylus force and

anti-skating, auto-
matic cueing and

variable pitch

control.

The Dual 1018,
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of World Poverty”) is a lecturer in po- ment of machine intelligence and per-

litical economy at University College
London. He was graduated from the
University of Edinburgh in 1959 and
then spent five years as a graduate stu-
dent and teacher at Harvard University,
where he served as an assistant to Was-
sily Leontief in the Harvard Economic
Research Project. Simpson prepared for
the United Nations a monograph on
input-output analysis as an instrument
of economic planning. After leaving the
U.S. he spent two years at the Economic
Research Institute in Dublin. “I think,”
he writes, “that economic development
constitutes the last great economic prob-
lem and that small economies make good
laboratories for the testing of economic

theory.”

EARL R. PARKER and VICTOR F.
ZACKAY (“Strong and Ductile Steels”)
are professors of metallurgy in the Col-
lege of Engineering at the University of
California at Berkeley. Each is also as-
sociated with the inorganic materials
research division of the Lawrence Ra-
diation Laboratory; Zackay is associate
director of the division and Parker is
a principal investigator. Their research,
which is supported by the U.S. Atomic
Energy Commission, is directed toward
ascertaining the principles that control
the properties of high-strength materi-
als. Parker was graduated from the Col-
orado School of Mines and did research
with the General Electric Company for

ception at the University of Edinburgh
and director of the Bionics Research
Laboratory, which is concerned with the
development of new scientific instru-
ments and with research on problems of
visual perception. Gregory was gradu-
ated from the University of Cambridge
and remained there for a number of
years as, successively, a member of the
staff of the Applied Psychology Research
Unit of the Medical Research Council,
demonstrator in psychology and lecturer
in charge of the perception laboratory.
He went to the University of Edinburgh
last year, when his department was es-
tablished. He is the author of the book
Eye and Brain and the inventor of sev-
eral instruments, including the “solid
image” microscope, three-dimensional
drawing machines and a method for re-
ducing the effects of atmospheric dis-
turbance on telescopic images.

CEP\HARD HAERENDEL and REI-
MAR LUST (“Artificial Plasma Clouds
in Space”) are at the Institute for Extra-
terrestrial Physics of the Max Planck
Institute for Physics and Astrophysics
near Munich. Haerendel is senior scien-
tist and group leader, and Liist is di-
rector of the institute and also honorary
professor at the Institute of Technology
in Munich. Haerendel studied physics
and astrophysics at several German uni-
versities, obtaining his Ph.D. from the
University of Munich in 1963. He has

$128.50. several years before going to Berkeley been at the Max Planck Institute since
Otf}:g;‘nx%%g.eslg. in 1945. Zackay, who took his degrees then except for a year as a research fel-

For full at Berkeley, did research for the Ford low at the California Institute of Tech-
-informationand § Motor Company for several years before  nology. Liist was graduated from the
writieall;xti?tzt ;eAP‘:J;:i ' joining the University of California fac-  University of Frankfurt in 1949 and re-
535 Madison Ave., ulty in 1962. They describe themselves ceived his Ph.D. from the University of
NewYork, as “vitally interested in coupling science ~ Gottingen in 1951. On three occasions

22

N.Y.10022

and technology” and as “concerned
with the social ramifications that such
coupling engenders.”

C. A. CLARKE (“The Prevention of
‘Rhesus’ Babies”) is professor of medi-
cine at the University of Liverpool. He
is also director of the Nuffield Unit of
Medical Genetics at the university and
consulting physician to the United Liv-
erpool Hospitals. Clarke, who has a doc-
torate in science from the University of
Cambridge, received his medical quali-
fication at Guy’s Hospital in London in
1932. During World War II he served

| as a medical specialist in the Royal

© 1968 SCIENTIFIC AMERICAN, INC

since 1955 he has spent extended peri-
ods in the U.S. as a Fulbright fellow or
as a visiting professor. In 1963 and 1964
he was scientific director of the Euro-
pean Space Research Organization.

DEXTER PERKINS, JR., and PA-
TRICIA DALY (“A Hunters’ Village in
Neolithic Turkey”) are respectively a
zoologist and an archaeologist. Perkins,
who was graduated from Harvard Col-
lege in 1949 and obtained his Ph.D.
from Harvard University 10 years later,
has been staft zoologist for Columbia
University archaeological expeditions in
the Sudan, Syria, Iraq and Turkey, New
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We'd rather disappoint a customer at the counter
than rent him a car that’ll disappoint him on the road.

A customer who is disappointed at the counter will ~ our new Fords and other new cars are in apple-
be bitter for five minutes. pie condition.
A customer who is disappointed on the road But we thought it might give you a warm and
will be bitter forever. secure feeling to know that given the choice, we’d
It is this little piece of business acumen which ~ rather give you the benefit of the less-
has led us to the development of centralized main- er of the two disappointments.
tenance centers. The installation of electronic diag- The biggest should do more.
nostic machines. And the development of a car It’s onlv right
manufacturer’s training program for mechanics. s onfy night.
More recently it has led to the development —
of the first “NO” signs in the business. Like the
oneyou see hanging in the window of the car above.
This simple device is a last-ditch reminder to
Hertz employees that nothing drives away good
customers like cars that don’t drive so good.
Now, needless to say, our ultimate objective
is to not disappoint anybody anywhere. And in the
interest of achieving this our people have orders
ything humanly possible to see that

© 1968 SCIENTIFIC AMERICAN, INC



06 NONYD

Canon

You can with a Canon.

You can shoot any situation,
professionally or for pleasure, with the
versatile Canon FT-QL 35mm camera.
It takes Canon's exclusive Booster
accessory that lets you find the proper
exposure whether shooting through

a microscope or in a dimly lighted room.
Canon also gives you a complete
system of precision lenses including

a Macro lens system. Canon makes the
finest line of accessories available
today. But let's say you also want a
camera for your day off . . . for shooting
sports, kids, fun. The Canon FT-QL is the
ideal professional camera for every
scene. It's a modern, precision systems
camera with through-the-lens

Gentlemen:

If you can make scientific photography easier, I'm inter-
ested. Please send me your free booklet, “Simplified

Photomacrography/Photomicrography.”
Name & Title

spotmetering. Accepts 23 Canon lenses
all the way up to 1000mm telephote,
including three zoom lenses. A snap
to load. Easy to use. And with the
Booster accessory, you can even shoot
at night. Find oul more about the
complete line of Canon systems
cameras by sending for our free booklet
“Simplified Photomacrography/
Photomicrography," or see your
franchised Bell & Howell/Canon dealer.

Canon

Im | BELLe HOWELL

Bell & Howell Company
Department S9

7100 McCormick Rd.
Chicago, lll. 60645

Firm or Company.

[ professional use

Address

[ personal use

City. State.

24

Zip________ [Iboth (check one)
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York University expeditions in Turkey,
a University of Cambridge expedition in
Turkey, University of London expedi-
tions in Turkey and Jordan and Pennsyl-
vania State University expeditions in
Afghanistan. “My father,” he writes, “is
the leading authority on the Monroe
Doctrine, and my mother was the au-
thor of the Fannie Farmer Cookbook.”
Mrs. Daly was graduated from the Car-
negie Institute of Technology in 1948.
She is now a doctoral candidate in the
department of anthropology at Colum-
bia University. In 1964 she did field-
work with a Columbia expedition in the
Near East, and in 1965 she was with a

| New York University expedition in Tur-

key. She writes that she finds her work
of analyzing animal bones in the ar-
chaeological context in which they were
found “much more entertaining than
pottery or stone tools.”

ERNST HADORN (“Transdetermi-
nation in Cells”) is professor of zoology
and comparative anatomy at the Uni-
versity of Zurich, with which he has
been affiliated since 1939. From 1962
to 1964 he acted as rector of the univer-
sity. Hadorn received his Ph.D. from
the University of Bern in 1931 and lec-
tured there for several years. He then
spent a year as a Rockefeller fellow at
Harvard University and the University
of Rochester before taking up his work
at Zurich. His research deals with prob-
lems of experimental embryology and
physiological and biochemical genetics.
Among his writings are a book, Devel-
opmental Genetics and Lethal Factors,
and the article “Fractionating the Fruit
Fly” in the April 1962 issue of Scien-
TIFIC AMERICAN.

FELIX HESS (“The Aerodynamics of
Boomerangs”) is in the department of
applied mathematics at the University
of Groningen in the Netherlands. He
received there last December his doc-
toral degree, which is equivalent to a
master’s degree in the U.S., and now is
working toward a Ph.D. by means of his
studies on the aerodynamics of boomer-
angs. Hess also did his undergraduate
work at Groningen, receiving the “can-
didate” degree that is equivalent to the
baccalaureate in the U.S.

AMOS DE-SHALIT, who in this issue
reviews the Ciba Foundation Symposi-
um Decision Making in National Science
Policy, is Herbert H. Lehman Professor
of Theoretical Physics at the Weizmamn
Institute of Science in Israel. He is also
director general of the Weizmann In-
stitute.



What keeps speed and
feed from burning up
dollars in cut-off

Ever wonder what keeps a spinning abra-
sive wheel from flying apart? Or what
keeps it coolwhile it throws off hot sparks?

R/M achieves both objectives through its
long-time experience in the field of com-
posites.

In grinding, snagging, finishing, and cut-
off wheels, for example, R/M builds in a
number of cost-cutting features. Special
fabrics to improve resistance to centrifu-
gal shattering. Special bonds to promote
and prolong cutting action, prevent heat
buildup and bond breakdown. More dura-

and rinding

R/ comosite

operations?

A

: L A%

ble bonds to minimize feathering and
preserve effective wheel contour. Spe-
cially selected abrasive grains to provide
desired cutting action and finish.

R/M uses combinations of asbestos, rub-
ber, sintered metals, specialized plastics,
and other man-made and natural mate-
rials to create exciting composites that
solve perplexing problems for the home-
owner, the businessman, industrial work-
ers, and the military.

How can R/M’s composite capability help
you? Ask us.

abrasive wheels.

Specializing in
creative composites

Raybestos-Manhattan, Inc.

Passaic, N.J. 07055
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ELECTRONICS: flashing safety signals to warn of crane overloads.

The idea turned us on.

Cranes — from small ones up to giants that tower 20
stories or more in the air — face the common danger of
overloads. o Turned on by this safety problem, Eaton
Yale & Towne technologists utilized electronic load cells
to create a unique load sensing computer. This computer
constantly monitors the crane load and the boom angle,
flashes red danger signals and rings warning bells when
critical load limits are approached. Can even be pro-
grammed to stop the crane’s operation. 0 In the materials
handling field, our technologists have come up with other
unusual electronic load cell devices that instantly report

to bring you exciting new products

the weight of loads lifted by fork lift trucks. Eliminate
separate weighing. Warn of overloading. o Practical
application of advanced technology is what Eaton Yale &
Towne engineers do best. Special emphasis is given to the
dynamics of control systems, mate-
rials movement, transportation, metal-
lurgy, construction, security systems,
and to products for your comfort, con-
venience and safety. o For more about
Eaton Yale & Towne, write today for
our 28-page book, “PANORAMA.”

s o

EATON
YALE &
| TOWNE

wec. |

100 ERIEVIEW PLAZA = CLEVELAND,CHIO 44114

Applying advanced technology
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The Dimensions ol World Poverty

Tiwo-thirds of the people in the world live in countries «whose annual

income per capita is less than $300. The pressing problem is hunger,

and under present plans it will remain critical for at least 20 vears

he economic gulf that has divided
I the poorer countries of the world
from the richer countries is rapidly
widening. Whereas the affluent nations
continue to become richer, the impov-
erished nations continue to increase in
population without raising their food
production fast enough to reach a state
of self-sustaining growth. Even though
there have been recent gains in their ag-
ricultural production, and even if one
makes the most optimistic assumptions
about the programs instituted to limit
the growth of populations, the prospect
remains bleak. It is highly probable that
for at least the next 20 years most of the
people in the world will continue to exist
at the margin of subsistence.

Where is poverty the most serious?
How many people are critically deprived
of food and the other necessities of life?
In this review of the available evidence
concerning world poverty I shall attempt
to answer these questions, concluding
with some proposals as to what can be
done about the groups that are critically
underfed.

There is no single statistical indicator
by which one can distinguish people who
are seriously deprived from those who
are merely poor. One can make only
rough estimates based on a number of
indicators, all of them crude. The justi-
fication for using such necessarily uncer-
tain statistics is that, in Gunnar Myrdal's
words, “it is better to paint with a wide
brush of unknown thickness than to leave
the canvas blank.”

by David Simpson

The measure of a country’s material
progress that has been most widely
adopted is per capita national income,
which is to say the net value of goods and
services produced by a nation within one
year per head of population. As a com-
parative measure of the standard of liv-
ing or of the degree of well-being, it
nonetheless has at least three weak-
nesses. The first is the difficulty of mea-
surement: A comparison between the na-
tional incomes of two countries essential-
ly involves valuing two bundles of goods.
Inasmuch as similar goods have different
prices depending on the country, two
answers are possible according to which
set of prices is used in the valuation. The
second weakness is more fundamental:
The satisfactions that people in different
societies gain from similar goods are not
comparable. It is argued that even if
a Burmese peasant and an American
housewife consumed similar goods at the
same prices, and the American consumed
40 times as much as the Burmese, it
would not follow that the American was
40 times better off. Finally, per capita
income is an average measure; it cannot
reflect the distribution of income within
a country.

In spite of these shortcomings per
capita income can be defended as an in-
dicator of the level of output of goods
and services within a country, and in-
deed it is widely used as such. Even
when the estimate of income can only be
crude, it nevertheless reveals differences
in the order of magnitude of the incomes
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of the rich and the poor regions of the
world. Thus on the basis of figures for
1965 (or the most recent year available)
the average per capita income of the
poorest region of Latin America is more
than twice that of the poorer regions of
Asia and Africa. The countries of Europe
have average incomes that are 10 times
greater than those of the poorer regions
of Asia and Africa; in Oceania national
incomes are larger by a factor of 14 and
in North America they are larger by a
factor of 28. It should be mentioned,
however, that the way these estimates
are prepared tends to overstate the dif-
ferences between the richest and the
poorest regions of the world.

t is clear that within continents there is
considerable variation between re-
gions and countries. South Asia and In-
donesia have much lower incomes than
East Asia or West Asia. The average in-
come of the North African region is more
than twice that of eastern and southern
Africa. On both continents there are rich
countries  such as  Japan, Singapore,
Israel, Cyprus, Libya and the Republic
of South Africa, whose average incomes
approach European levels or even sur-
pass them.

If we regard per capita income as a
first approximation to the identification
of the poorest regions of the world, it in-
dicates that these regions include east-
ern, northeastern, southern, western and
central Africa together with South and
Southeast Asia and Indonesia. This im-
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pression is confirmed when one ranks the
countries of the world whose average in-
comes are less than $300 per head ac-
cording to relative wealth, dividing them
into four classes.

First of all are countries with the low-
est average incomes, namely a range
from $30 to $79 per head. Of the 22
countries, 17 are African and account for
more than half of the continent’s popula-
tion, or about 167 million people. In this
class there are only five Asian countries:
Afghanistan, Burma, Laos, Nepal and
Yemen, with a population totaling less
than 60 million.

The next income class (380 to $99) is
important because it includes India, In-
donesia and Pakistan, the three major

countries of South Asia, whose popula-
tion amounts to almost 700 million.

In the third class ($100 to $199) fall
China, most of the Arab countries and
four countries of Latin America (Bolivia,
Ecuador, Honduras and Paraguay). The
estimate of the per capita income of
China is extremely uncertain, but I feel
reasonably confident in placing China
within this range.

The fourth and relatively highest in-
come range ($200 to $299) includes Iran,
Turkey, the Philippines and Brazil but
only two African countries, Ghana and
Rhodesia. The countries in this range
could be described as being on the
threshold of economic development: all
the countries in the range below them

(83100 to $199) are clearly not developed,
whereas Cuba, Costa Rica, Portugal and
Yugoslavia, whose incomes fall in the .
range above them ($300 to $399), clear-
ly are.

It would be unwise to propose any
single value of per capita income above
which a country can be judged to have
passed out of the stage of economic back-
wardness or underdevelopment, both be-
cause of the uncertainty of the estimates
and the variation in circumstances
among countries. If a line must never-
theless be drawn for practical purposes,
then $300 would appear to be a reason-
able level at which to draw it. Whereas
there are many countries clustered below
$300, there are relatively few spread

LESS THAN $79
$80—$99
$100—$199
$200—%$299

IMPOVERISHED COUNTRIES are grouped according to their

average per capita income for 1965 (or the most recent year avail-
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able). Estimates have not been made for some of the smaller
countries. The income and population of the larger countries



over the wide range of incomes between
$300 and $700. About 2.1 billion people,
or 64 percent of the world’s population,
live in countries whose average income is
less than $3090, and almost 1.9 billion of
these people live in countries whose aver-
age income falls below $200. A world
poverty line at $300 is of course far be-
low the level at which the poverty line
would be drawn in the richer regions of
the world. Taking four people as the
average number in an American family,
the simple U.S. poverty line works out at
$750 per head.

An interesting characteristic of the
countries with incomes less than $300,
which we shall now call the low-income
countries, is that their distribution in

terms of population is extremely skewed.
About 67 percent of the people in this
group live in only four countries: China,
India, Indonesia and Pakistan. At the
other end of the scale, 50 small countries
of Africa, Asia and Latin America ac-
count for less than .6 percent of the peo-
ple in the group. These facts alone sug-
gest that there are no simple universal
prescriptions for economic development.

As an index of the economic progress of
+ X the low-income countries, the level
of per capita income is of course less im-
portant than the rate of its growth. Esti-
mates of the annual growth rates of per
capita income are available for only a
few of these countries. Statisticians at

e e ? =t + AN -\
-
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are listed on the next two pages. The data used here and in subsequent illustrations in this
article are based on statistics of United Nations agencies and estimates of the author.
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the United Nations have, however, esti-
mated the average growth rate of per
capita income (at constant prices) of de-
veloping, or poorer, countries as a group.
During the 1950’s their growth rate was
2.3 percent, and it dropped slightly to
2.2 percent during the period from 1960
to 1964. The corresponding figures for
the developed countries were 2.7 percent
and 3.7 percent, thus the widening gap
between rich and poor. Naturally these
averages conceal a wide variety of ex-
perience in different countries. Per capita
income actually dropped in Morocco,
Haiti and Syria in the 1950°s and in
Guyana and Uruguay from 1960 to 1965.
On the other hand, the annual rate of
growth of per capita income was 4.3 per-
cent in Burma in the 1950’s and 3.5 per-
cent in Iran between 1960 and 1965.
Over the same two periods the incomes
of India and Nigeria grew modestly but
steadily, whereas Pakistan moved from
an annual growth rate of .6 percent in
the 1950’s to a rate of 3.2 percent in
the 1960’s.

It should be remembered that a grow-
ing per capita income is quite compatible
with a simultaneous increase in the ab-
solute number of people in the country
who are subsisting at the lowest income
level. The statistics used in the calcula-
tion of the level and rate of growth of in-
come are national averages. For an ap-
preciation of the extent of poverty within
a country a knowledge of the distribution
of income is essential. Unfortunately the
available statistics of income distribution
in the low-income countries are seriously
limited in both quantity and quality. The
most thorough analyst of these data,
Simon Kuznets of Harvard University,
draws the conclusion that the upper-
income groups in the countries below
the $300 line receive a larger share of
total income than their counterparts in
the rich countries do; below the top-
income groups there is a greater equality
in the distribution.

If we interpret poverty to mean sus-
tained deprivation, then per capita in-
come is not necessarily the best measure,
and it is certainly not the only measure,
of such poverty. It is possible, for exam-
ple, to envision a society that has a very
low per capita income as a result of a low
level of material production but at the
same time is not seriously deprived of the
basic necessities of life: food, shelter,
clothing and reasonable conditions of
health. What precisely constitutes sus-
tained deprivation or serious poverty is a
matter that could be discussed at length.
Fortunately such a discussion is unneces-
sary, because the number of statistical
indicators that are relevant to any rea-

29



sonable definition of serious poverty and
also are actually available is quite limit-
ed. It is therefore simpler to consider
these indicators in turn and to allow the
impression of poverty to be formed by
them.

As‘ far as the lack of shelter is con-
43 cerned, the available quantitative
evidence does not allow us to draw any
conclusions that are relevant to our pur-
pose. We know the average number of
inhabitants per room for some segments
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WEALTH OF NATIONS is expressed in annual income per head
of population. The impoverished countries, those with per capitain-
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of the population, but we do not know
the number of inhabitants per square
foot. A country with a high proportion
of dwellings without electricity or with-
out a piped-in water supply can be con-
sidered poor, but this does not necessar-
ily represent serious hardship. Dwellings
are not easily comparable from country
to country, and needs vary. Similar con-
siderations apply to the availability of
clothing as a measure of poverty.

In the cities of the poorer countries
there is of course dramatic and visible

evidence of the qualitative inadequacy
of housing. The population of such cities
as Nairobi, Calcutta, Caracas, Bogota
and Sao Paulo is growing faster than the
rate at which even rudimentary housing
facilities can be provided. A recent ac-
count of housing conditions in Calcutta
illustrates the magnitude of the problem
there. The 1966 development plan of the
Calcutta Metropolitan Planning Organi-
sation states that adequate housing is
“not within the bounds of feasible
achievement over a 25-year period.” The
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come less than $300 (color), are seen to be predominant. Coun-

tries with a population under one million are omitted from this
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dimensions of the problem are so enor-
mous that the plan does not anticipate
the provision of houses but rather the
construction of open-sided sheds to serve
as shelters. One estimate suggests that 77
percent of the families in Calcutta at
present have less than 40 square feet (an
area a little more than six feet square) of
living space per person. Nevertheless,
the problem of housing in the cities may
be not so much a problem of shelter as a
problem of sanitation, and therefore of
disease. In cities such as Calcutta the

chart and subsequent ones; exceptions here are Brunei, Cyprus
and Kuwait, whose high incomes in relation to nearby countries

lack of housing means that the spread of
disease in the slum areas is literally un-
controllable.

The problem of disease in the poorer
countries is inextricably linked to other
social conditions: lack of sanitation, lack
of food and lack of medical facilities. It
would therefore seem that the incidence
of particular diseases would be a useful
indicator of levels of poverty. Although
diseases such as hookworm, trachoma
and malaria, respiratory diseases (tuber-
culosis, whooping cough), intestinal dis-
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eases (typhoid, dysentery, gastroenteritis)
and deficiencies arising from malnutri-
tion (kwashiorkor, anemia, goiter, beri-
beri, rickets) are known to be prevalent
in some of the poorer countries, there is
no reliable evidence of their incidence.
The reason is that the countries require
notification of only a limited number of
illnesses and the reporting of these is in-
complete. It is of interest, however, that
the global incidence of malaria, a disease
that is prevalent in tropical Africa, East
Asia and South America, has been esti-
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illustrate the variation in wealth within geographic regions. There
are fewer poor countries in Latin America than in Africa and Asia.
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mated to be about 140 million cases per
vear, from which result just under a mil-
lion deaths per year.

Perhaps the most useful single index
of the health conditions prevailing in
a community is the infant death rate.
Deaths, unlike illnesses, are usually re-
ported, at least in towns, and the death
of children under the age of one year
reflects a multitude of diseases and the
entire spectrum of social and economic
conditions. Currently the highest infant
mortality rate is that of Cameroon, which
has 137.2 infant deaths per 1,000 live
births; for comparison the average rate
in North America and western Europe
is fewer than 25 deaths per 1,000 live
births. These figures are national aver-
ages, and one would expect the rates in
particular localities to be much higher.
IFor exnmple, in a recent vear the infant
mortality rate in the state of Alagoas in
northeastern Brazil was 266.9. On the
whole, infant mortality is higher in Af-
rican countries than it is in most Asian
countries. VWhat may be surprising is
that the rate in many Latin-American
countries is higher than it is in Asian
countries; Chile, Ecuador, Peru and
Guatemala, all with rates close to 100,
are the outstanding examples.

Another indication of the extent of
poverty in a country is the number of in-
habitants per physician. Whereas Indo-
nesia and all the African countries except
those in the north have more than 30,000
inhabitants per physician, South, East
and West Asia have 6,000 people or few-
er for each physician. The differences

N
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GROWTH RATE OF PER CAPITA INCOME (PERCENT)
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between individual countries are great:
in thousands of population per physician
Upper Volta has 63, Niger 65, Ethiopia
69 and Rwanda 97; yet countries with
only slightly higher levels of per capita
income, such as Burma, Pakistan, India
and South Korea, have figures of 11.7,
6.2, 5.8 and 2.7 respectively. With the
exception of Haitiall the Latin-American
countries have rates lower than 5.2, and
the rates of most of them are less than
3.0, as are those of North America and
Europe. This indicator thus underlines
the impression created by the others,
namely that the impoverished countries
of Africa are worse off than their Asian
counterparts, and that the impoverished
Latin-American countries are in general
much better off than their Asian counter-
parts.

et us now consider one other measure

< of poverty: nutrition. If there is one
form of deprivation in the interdepen-
dent pattern of poverty that could be
described as fundamental, it is the depri-
vation of food. Hunger weakens an in-
dividual’s resistance to disease, lowering
his ability to perform work, and there-
fore his ability to provide himself and his
family with food for the future. The most
widespread nutritional diseases arise
from the lack of calories and the lack of
protein. Whereas calorie deficiency (un-
dernutrition) is due to an insufficient
quantity of food, protein deficiency (a
form of malnutrition) reflects the inade-
quate quality of a diet. Since proteins
are one source of calories (the others are

2.2

DIFFERENTIAL INCOME GROWTI indicates a widening economic gap between the

poorer countries of the world (eolor) and the richer countries (gray). The average per capita

income of the poorer nations actually grew somewhat more rapidly during the 1950’s (left) *

than from 1960 to 1964 (right). Constant prices were used in estimating income growth.
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fats and cereals), a diet that contains
enough proteins is also likely to provide
enough calories. The reverse is not true.
Calorie deficiency, then, is much less
common than protein deficiency but
much more serious.

Since calorie deficiency is precisely
measurable, at least in principle, and
also the mark of sustained deprivation
of food, it is potentially a good indicator
of the existence of serious poverty. A de-
ficiency of calories, however, means a
shortage of supply in relation to require-
ment, and in the measurement of both
supply and requirement there are am-
biguities. During the several stages be-
tween the production of food in the
poorer countries and its consumption by
an individual there is wastage varying
from 20 to 50 percent of the calorie con-
tent. The estimate of calorie supply
therefore depends on the stage at which
the estimate has been made, and on the
allowance that has been made for losses
at later stages. On the other hand, the
definition of the number of calories re-
quired varies according to the weight,
sex, age and other characteristics of the
individual, including the intensity of his
activity and the climate in which he
is working. Even the standard require-
ment for a reference individual, worked
out by the Food and Agriculture Or-
ganization (FAO), has been revised
(downward) over the years (inspiring
the remark that physiology is “even
more inexact a science than economics”).

In spite of these recognized difficul-
ties, the FAO has estimated calorie
supplies by country and calorie require-
ments by region, and these data upset
the hierarchy of poverty established by
the previous indicators. They show the
lowest-calorie regions to be not in Africa
but in Asia and in parts of Latin Amer-
ica. Almost 1.8 billion people live in the
calorie-deficient regions and 1.6 billion
of these people are in Asia. As we shall
see, this does not mean that so large a
number of people are suffering from un-
dernutrition, nor does it mean that we
can ignore the possibility of undernutri-
tion in the calorie-surplus regions. In or-
der to reach an estimate of the number
of people who are suffering from calorie
deficiency, one must first know some-
thing about the distribution of calories
within countries.

rI‘he problem of the distribution of
+ food within a country has a space
dimension and a time dimension. The
movement of food from the food-surplus
regions of a country to the food-deficit
regions may be restricted by lack of



transportation facilities, by political dif-
ficulties or both. Within regions the dis-
tribution of food is obviously limited by
the distribution of purchasing power;
even if a distribution to households in
proportion to each household’s needs
were somehow ensured, there is no guar-
antee of an appropriate distribution
within the household. Indeed, in many
impoverished societies custom dictates
that those who require the most calories
(women of childbearing age, children
aged one to four and adolescents) re-
ceive less than their requirement and
the adult male receives more than his
requirement.

An unequal distribution of calories
over a period of time arises from inade-
quate methods of storage, so that the
“hungry months” before harvest are a
familiar feature of poor societies. Again,
a harvest may fail in one year, or a suc-
cession of years, leading to a tempo-
rary drop in the food supply below the
level of requirements. The availability of
food grains in India is estimated to have
fallen from 19 ounces per head per day
in 1965 to 16.5in 1966.

Putting together the results of house-
hold-diet surveys of India, Pakistan,
Ceylon and Burma, and certain hypo-
thetical distributions of calorie require-
ments for these countries, P. V. Sukhat-
me made a pioneering estimate of the
numbers of people in the world who
suffer from calorie deficiency. He put the
total figure at between 300 and 500 mil-
lion. It is important to emphasize that
these figures refer only to the numbers
suffering from undernutrition as distinct
from protein deficiency. Sukhatme esti-
mates the number of the latter to be
between a third and half of the world’s
population.

\ There are the 300 million or more

people in the world who are under-
nourished? For the reasons given above,
their number and location vary from
year to year as circumstances change.
Nonetheless, one can use such indicators
as child mortality (age one to four years),
not to be confused with infant mortality
(from birth to one year), and crop yields

INFANT DEATH RATES (birth to one
year) reflect social and economic conditions
and thus are an index of poverty. The aver-
age rate in North America and western Fu-
rope is fewer than 25 deaths per 1,000 live
births. Rates for Algeria, Brazil, Burma and
Nigeria refer only to towns. The death rate of
Bantu infants in South Africa is not known.
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PROPORTION OF PHYSICIANS in a population also indicates the level of poverty. In
this breakdown rich countries are omitted, as are China, Ghana, North Korea, North
Vietnam, Somalia, South Yemen, Yemen and part of Rhodesia. There are fewer than 1,000
people per physician in Australia, Europe, New Zealand, North America and the U.S.S.R.

per acre to identify some of the more
critical areas. Child-mortality rates are
particularly sensitive to protein and cal-
orie deficiency.

Any estimate of the total number and
distribution of the underfed in the world
must lean heavily on the assumptions
that are made about China, a country
for which little reliable information has
been available for the past 10 years.
Sukhatme estimated that 20 percent of
the population of China (some 140 mil-
lion people) were undernourished, but
this fraction appears rather high if one
considers food production in China in
1965. The total cereal production per
head of population appears to have been
almost 50 percent higher in China than
in India in that year, and one also ex-
pects there to be a more equal distribu-
tion of food in China. For these reasons
it would seem unrealistic to suggest that
more than 100 million people are under-
nourished in China, and the true figure
might be nearer 50 million.

There is no reason to doubt Sukhat-
me’s estimate that 25 percent of the pop-
ulation of India and Pakistan is under-
fed. A careful nutrition survey of East
Pakistan recently carried out by the
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Office of International Research of the
U.S. National Institutes of Health dis-
covered that “46 percent of the house-
holds studied had an inadequate calorie
intake.” Hence India and Pakistan to-
gether could account for between 100 to
150 million of the undernourished of the
world. Indonesia, where Java is a critical
area, might provide about 20 million
more people, and the rest of Asia—East,
Southeast and West—perhaps another
20 million. In Africa there may be about
40 million underfed people. West Africa
and Ethiopia are the most serious areas,
although the high child-mortality rate
in West Africa may reflect a deficiency
of protein rather than of calories. In
Latin America the hungriest areas would
appear to be in Guatemala, Honduras,
Bolivia and Ecuador and in northeastern
Brazil. Taken together, these areas could
account for the remaining 20 million
people.

The evidence we have reviewed sug-
gests that hunger is primarily an Asian
problem, and that more than two-thirds
of the people in the world who are un-

dernourished are to be found in four

countries: India, Pakistan, China and
Indonesia. On the other hand, material
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poverty and health conditions appear to
be worse in African countries. As we
have seen, 17 countries, representing
more than half the population of Africa,
are in the very lowest income range. All
the indicators suggest that, with the ex-
ception of one or two countries or areas
within countries, Latin America is much
better off than either of the other two

continents.

It would be inappropriate to conclude
this review of world poverty without

commenting on the prospects for its al-

leviation. What can be done?

If we take hunger as the most urgent
form of poverty, then the prospects of
achieving a solution range from the eu-
phoric to the cataclysmic. The differ-
ence between the two extreme views—
that there is a world food surplus and
that famine is just around the corner—
turns on the question of distribution.
The world’s calorie supply slightly ex-
ceeds the world’s calorie requirement.
Given the continuation of present trends
in food production, a worldwide food
shortage is improbable. In this sense it
is true to say that there is a world food
surplus. This fact, however, is of little
comfort to the low-calorie countries if
their rate of food production cannotkeep
pace with their food requirements, and
if balance-of-payment considerations
place a limit on the amount of food they
can import from the high-calorie coun-
tries. Similarly, a country’s total food
production may be growing fast enough
to meet total requirements, but maldis-
tribution may mean that grave food
shortages can be expected in certain re-
gions. In many respects the food prob-
lem is really a distribution problem
rather than a production problem. None-
theless, it may be easier to achieve in-
creases in production than improvements
in distribution.

It would be fair to say of the national
and international plans designed to in-
crease food production in the low-calorie
countries that they have concentrated
on long-run solutions. This is so because
it is recognized that a significant increase
in agricultural production presupposes
changes in habits and attitudes, which
can seldom be altered rapidly. The pro-
duction of food in these countries is not
expected to match their nutritional re-
quirements for 15 to 25 years. The pro-
grams to control the growth of popula-
tions must also be classed as long-run
solutions. It has been estimated that
even if current birth-control programs
are extremely successful, the overall
food requirements of the low-calorie



countries in 1985 will be at most 11 per-
cent lower.

Nor do official plans usually provide
for any change in the present distribu-
tion pattern of food supplies. Yet in the
absence of any deliberate policy of re-
distribution it is clear that still larger
total supplies would be necessary to en-
sure nutritionally adequate diets to ma-
jor sections of the population. V. M.
Dandekar goes so far as to suggest that
in India the average daily intake of cal-
ories would have to be 3,000 or more
if “the usual inequalities in the distribu-
tion of essential food supplies among in-
dividuals are to be allowed for.” For
most of the low-calorie countries the
achievement of such an average level of
calorie intake is much more than 20
years away.

Thus according to current develop-
ment plans there appears to be no pros-
pect of a solution to the problem of hun-
ger for 20 years at the very least. Given
the resources that are at the disposal of
the rich countries, it seems quite unrea-
sonable to condemn at least 300 million
people to wait 20 years for their hunger
to be satisfied. What is required to com-
plement the long-run development strat-
egy is a short-term program to alleviate
the most extreme cases of hunger and
other forms of poverty. Such a program
might include three features: first, sur-
veys of the health and nutritional status
of the populations in the poorest areas
of the world to establish priorities and
requirements; second, food given to
women and children either at schools or
clinics (or both) in exchange for their
attendance at instruction on elementary
points of nutrition and hygiene; third,
food given to men in exchange for work
on projects yielding some immediate and
visible return, such as improving the
supply and distribution of water.

Such a program could not be more

than a holding operation, but it
would have two clear advantages. By
feeding those who normally have the
least food in relation to their needs
(women and children), it would reduce
the long-run food production require-
ment, because fewer calories would be
needed to lift the lower end of the popu-
lation distribution free from the level of
undernutrition. Furthermore, a program
of this kind would be less likely to en-
counter the current political resistance
to transfer of resources from the rich
countries to the poor ones. From the
point of view of the donor country each
unit of aid would have visible and im-
mediate results; from the recipient coun-

try’s point of view there would be no in-
terference in its long-run development
strategy.

There are of course many organiza-
tions, both official and voluntary, that
already carry out functions such as those
I have proposed. These activities are,
however, only a drop in an ocean of
need. The major objection to giving
these proposals a systematic basis is the
problem of administration: one recoils
instinctively at the prospect of still an-
other international-aid bureaucracy, yet
some administration is essential to or-
ganize the transport and distribution of

food and medicine. One possible solu-
tion might be to use the most effective
organization already existing in each
country; in many countries this might
be the armed forces.

A further objection is that such a
scheme would never work because of its
low political priority: in the areas of se-
rious poverty people are literally too
weak to protest. Unless some such
scheme is put into effect, however, there
seems to be little prospect of making
any reduction in the number of people
suffering from serious poverty in the
world during the next 20 years.
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CALORIE PROVISIONS, in proportion to need, are another rough indicator of poverty
(but one that does not tell how calories are distributed within a population). Almost 1.8
billion people live in calorie-deficient countries, 1.6 billion of these people in Asia. Oceania
is chiefly Australia and New Zealand. Regions of Africa and Asia do not include rich countries.
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STRONG AND DUCTILE STEELS

deitiona"y the price paid for slrength m steel alloys was

brittleness. Deeper knowledge of the behavior of solids has led

to a class of alloys much tougher than any previously known

trong materials are normally brittle,
S and strong steels have been no ex-
ception. Commercial steels are
strong when they are brittle and com-
paratively weak when they are ductile.
Within the past few years, however,
advances in the basic understanding of
solids have led to the development of a
new class of high-strength steel alloys
that are unusually ductile. These alloys
are the “trip” steels, “trip” standing for
“transformation-induced plasticity.”

The new steels are a tangible result
of undertaking to answer the question:
Can hard steels ever be made tough and
ductile? Most earlier attempts to an-
swer the question did not lead to en-
couraging results, perhaps because until
recently too little was known about the
basic phenomena that control strength
and ductility. As knowledge of these
phenomena has advanced during the
past two decades, it has gradually be-
come possible to apply quantitative the-
ory to analyze the behavior of solids as
their internal structure is varied in con-
trolled ways.

One of the properties of materials that
are of greatest concern to engineers and
scientists concerned with materials is
fracture. The scope of fracture problems
is wide, ranging from catastrophic fail-
ures of bridges, tanks, pipelines and ma-
chine parts to basic considerations such
as how atoms become separated when
single crystals of a metal are broken.
Both calculations and experiments have
shown that the metals used by engineers
should be about 10 times stronger than
the engineer actually finds they are. The
hope of achieving this strength in tech-
nically useful materials seemed remote,
however, because experience had also
shown that when materials are made
stronger by alloying and processing
treatments, they become more brittle
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and consequently less useful in engi-
neering structures.

Several fundamental questions thus
presented themselves: Why do materi-
als become brittle when they become
stronger? Can something be done to
double or triple the load-carrying ca-
pacity of practical materials without
their becoming too brittle for safe use in
structures? Although questions of this
kind have by no means been fully an-
swered, advances are certain to be made
by the application of the basic knowl-
edge that has been accumulated on the
flow and fracture of materials. The story
of trip steels is an example of the kind
of investigation that is helping to reveal
and define the upper boundaries of
strength and ductility that practical ma-
terials may reasonably be expected to
reach within the next decade.

teels were selected as a research ma-

terial for a number of reasons. They
are the cheapest and most commonly
used metallic materials. Moreover, they
are among the most versatile. Steels are
iron alloys containing carbon and often
other elements such as nickel, chromium
and molybdenum. The crystal structure
of iron can change within a convenient
temperature range. At moderate tem-
peratures the iron atoms are packed in
a body-centered cubic array; at high
temperatures they are l'earrnnged into a
face-centered cubic packing [see top
illustration on page 38].

The atoms of carbon that harden steel
are small enough to fit into the interstices
between the iron atoms in the face-
centered cubic structure but are much
too big to fit into the spaces when the
structure becomes body-centered cubic.
As a result carbon dissolves in iron at
high temperatures but precipitates out
of the metal at low temperatures. As the
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carbon precipitates out of the iron dur-
ing Cooling or subsequent treatment, it
does so not as elemental carbon but as
a carbide of iron (FeyC). This com-
pound is both hard and strong. When it
precipitates, it prevents the planes of
atoms in iron from sliding freely over
one another as they normally do when
the carbon is absent.

By adjusting the composition to con-
trol the amount of carbide in the steel,
and by controlling heat treatment to
produce the desired fineness of the pre-
cipitated particles, the hardness and
strength of the steel can be varied by a
factor of four or five. Increased strength,
however, was always accompanied by a
loss of ductility. The problem we set our-
selves was to find out, if we could, why
steels become less ductile as their
strength is increased, and if this could
be achieved, to discover what could be
done to enhance the ductility of high-
strength steels.

In evaluating the tensile strength and
ductility of steels engineers commonly
plot “yield strength” against the elonga-
tion of steel test bars that have been
pulled apart [see bottom illustrations on
page 38]. The yield strength is a mea-
sure of the useful load-carrying ability
of the material. It is equal to the number
of pounds of load that would be re-
uired to permanently stretch a bar with
a cross-sectional area of one square inch
by a small amount (usually .2 percent of
its original length). The units of yield
strength are pounds per square inch.

The elongation is a measure of duc-
tility, in this case how much a bar can
be stretched before it finally breaks. It is
determined by actually breaking the bar
by pulling it apart in a special testing
machine and then measuring the sepa-
ration that has occurred between two
p()ints located exactly two inches apart



on the original bar. As the bar stretches
the two points move apart. The amount
by which they have moved, divided by
the original distance between them, is
the elongation (generally expressed as a
percentage).

When the strength of steel is increased
by alloying and heat treatment, the
ductility decreases continuously with
increasing strength. Conservative engi-
neers are generally reluctant to use ma-
terials that have elongation values as
low as 10 percent, because there have

been a number of cases where such ma-
terials have failed in unexpected ways.
Hence the practical upper limit of the
yield strength of steels is some 200,000
pounds per square inch.

Metallurgists for a long time tried to
estimate the upper limit of ductility,
a property that is highly sensitive to
changes in internal structure. It turns
out that the mathematical theory known
as continuum mechanics provides a
more useful approach to the problem
than a theory based on atomic bonding

and crystal structure. Continuum me-
chanics, which can be applied to any
homogeneous material whose properties
are the same in all directions, can be
used to predict the bulk behavior of
steels and other metals. The ductile be-
havior of metals is determined primarily
by microstructure rather than by struc-
ture at the atomic level. By microstruc-
ture is meant those internal structural
features that can be seen with a light
microscope at magnifications ranging
from 100 diameters to a few thousand.

BRITTLE AND TOUGH STEELS, both of roughly the same
yield strength, behave very differently when notched and placed
under stress. A strong commercial steel yields very little, then
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breaks brittly (left). One of the tough new steels developed in the
authors’ laboratory tears under the same conditions (right). Tough-
ness is produced by the plastic zone that forms ahead of the crack.
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TRON ATOMS IN STEEL can exist in two possible arrangements. room temperature the stable form is a body-centered cubic lattice

At temperatures in the red -heat range (910 to 1,400 degrees Celsius) (right). Carbon atoms can dissolve in iron at high temperatures
the stable configuration is a face-centered cubic lattice (left). At because the face-centered packing is looser than the body-centered.

TEST BARS used to measure strength and
ductility of steel specimens have been
stretched by a large machine. A “neck”
forms just before the final fracture occurs.
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Examples of such microstructures are
provided by the photomicrographs on
this page, which show iron containing
iron carbide particles. In one case the
carbide is in the form of plates, which
appear as lines in the micrograph. In
the other case the carbide is in the form
of spheroidal particles. The same steel
can have either microstructure, depend-
ing on how it is heat-treated. Slow cool-
ing from a high temperature produces
the platelike structure. The spheres are
produced by fast quenching followed by
reheating.

Iron carbide is an intermetallic com-
pound, and such compounds are char-
acteristically strong but brittle. There-
fore when steel containing carbide
plates is stretched or bent, the plates
crack. With continuous stretching the
multitude of microscopic cracks causes
the ductile iron between the carbide
plates to tear in much the same way
that perforated paper tears between the
holes, and the metal breaks with limited
ductility. The same material, however,
can be made tough and ductile by
changing the shape of the carbide par-
ticles into spheres. The shape of brittle
particles has important effects, as one
can sense by considering the behavior
of glass. A small sphere of glass—a mar-
ble, say—can be dropped onto a con-
crete sidewalk from a height of several
feet and it will rebound without break-
ing, whereas the same amount of glass in
the form of a thin sheet would shatter.

Control of microstructure can thus be
used to provide a partial answer to
the control of ductility. This has been
known for many years. All the high-
strength steels with the properties plot-
ted in the bottom illustration at the right
on the opposite page were heat-treated
to produce spheroidal carbide particles.
The size of the particles and their total
volume controlled the yield strength.
The presence of other alloying elements
such as nickel, chromium and molyb-
denum (added for other purposes) has
essentially no effect on the curve of yield
strength plotted against elongation. Ac-
cordingly all commercial steels that are
heat-treated to produce the same micro-
structures have properties that fall with-
in a narrow range.

It might therefore seem that little
could be done to change the relation
between yield strength and elongation.
Closer examination of the matter re-
veals, however, that ductility measured
by elongation is somewhat misleading.
When a test bar is stretched to the
breaking point, it does not stretch uni-
formly throughout the two-inch length
used for measuring elongation. In fact,

the deformation is highly nonuniform.
To analyze this nonuniform behavior
one must again make use of continuum
mechanics.

Let us take a closer look at the chang-
ing shape of a metal bar as it is gradual-
ly pulled apart [see top illustration on

next page]. The shape of the bar chang-
es as it is loaded; the corresponding
stress-strain curve rises to a maximum
and then turns down. The load level is
given by the nominal stress, which is
the load applied to the bar divided by
the original cross-sectional area of the

IRON CARBIDE PLATES appear as parallel rods in a micrograph of steel that has been
cooled slowly from red heat. Slow cooling produces a platelike structure in which layers of
iron (darker areas) alternate with layers of iron carbide (FesC). Before cooling the carbon
atoms were dissolved in the iron. Iron carbide is strong but brittle. Thus steels that contain
plates of iron carbide tend to crack readily if the steel is bent. The polished surface of the
specimen has been lightly etched with acid. The magnification is about 2,000 diameters.

SPHEROIDAL PARTICLES OF TRON CARBIDE appear in a sample of steel that has
been quenched rapidly in cold water and then reheated to 300 to 400 degrees C. The carbon
in solution at high temperatures does not have time to precipitate during quenching but re-
mains in supersaturated solution. Reheating allows the carbon to migrate through the iron
and to precipitate as rounded particles of iron carbide. Spheroidal particles of iron carbide
resist cracking and produce a steel that is much tougher than one containing carbide plates.
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STRESS-STRAIN CURVE sumunarizes important properties of steel. To obtain such a
curve the load on a test bar (top) is gradually increased until it breaks. Stress is the applied
load divided by the original cross-sectional area of the bar. Strain is the change in length
divided by the original length between two gage points, commonly two inches. Initially the
metal is elastic and there is a linear relation between stress and strain. At the yield point
planes of atoms begin sliding past one another, so that the change in length becomes perina-
”” which continues until the maximum
stress is reached. A neck then forms in the specimen and fracture occurs soon thereafter.

nent. This plastic flow produces “strain-hardening,
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STRAIN AT FRACTURE depends on the initial gage length selected and so does not ac-
curately reflect the plastic behavior of a steel specimen. The curve shows how the strain at
fracture varies when the elongation is measured over different initial gage lengths. The
shorter the gage length, the greater the elongation and the greater the strain at fracture.
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bar. The strain is determined by divid-
ing the increase in distance between the
points that mark the two-inch gage
length by the original two-inch length. :

Several significant properties of the
metal are revealed by the stress-strain
curve. The first is the elasticity of the
material, which is shown by the straight
line rising steeply from the origin to the
yield point. At this stage of loading the
material is elastic, and if the load is re-
moved, the bar will return to its original
shape. Beyond the yield point, howev-
er, permanent stretching (called plastic
strain) occurs. As the load is increased
above the yield point, the material ac-
tually becomes stronger. The curve rises
rapidly with increased strain until it
has reached a maximum stress called the
ultimate tensile strength.

The phenomenon of increasing
strength with increasing strain is called
strain-hardening. (We shall need to con-
sider this phenomenon again, because
the rate at which a metal strain hardens
has a controlling influence on the elon-
gation and toughness of high-strength
steels.) Beyond the ultimate tensile
strength the curve drops off rapidly, and
soon the bar breaks. During this last
stage of plastic flow the bar no longer
stretches uniformly but forms a com-
paratively narrow neck. Plastic flow be-
comes localized in a small region of the
bar where the cross-sectional area is be-
coming smaller. Fracture finally occurs
across the section with the minimum
area.

\'7'11)/ does uniform elongation cease

and necking down begin? Contin-
uum mechanics answers this question.
As the load increases, the bar stretches
and its cross-sectional area becomes
smaller. Plastic flow does not, however,
occur uniformly along the length of the
bar. Some particular small element of
length stretches first. The actual stress
on this small element is therefore higher
than it is on the unstretched areas. The
bar would quickly fail in the first ele-
ment that had stretched if it were not for
the fact that, by virtue of stretching, this
little element had become substantially
stronger.

At stresses below the ultimate tensile
strength the strain-hardening rate is so
high that the elastic limit is raised in
the stretched portions above the im-
posed stress level and plastic flow stops.
Plastic flow will not start again in the
deformed element until all elements
along the length of the bar have been
stretched an equal amount. When the
load is raised, plastic flow will again



occur in the original element, and the
process is repeated. The bar will stretch
uniformly throughout its length because
of the high strain-hardening rate that
holds during the early stages cf strain-
ing. As loading continues, however, the
strain-hardening rate decreases until
finally, at the ultimate strength of the
material, the rate becomes tco low to
produce an increase in strength sufficient
to compensate for the reduction in cross-
sectional area. Necking down then be-
gins. The maximum stress has been
reached and thereafter the stress de-
creases with increasing strain.

When we reexamine the term “elon-
gation” as it is customarily used by en-
gineers, we find that it has no basic
physical meaning. It is not a material
constant but an arbitrary figure used as
an empirical relative measure of duc-
tility. If the gage length had not been
arbitrarily selected as two inches, a dif-
ferent value would have resulted for
the measured elongation. For example,
the bottom illustration at the left on the
opposite page shows that a bar with an
elongation of 47 percent in a two-inch
gage length has an elongation of only 30
percent in an eight-inch gage length, or
one of 80 percent in a half-inch gage
length. We can conclude that the low
elongation (about 10 percent) stated
above as being typical of high-strength
steels does not accurately reflect the po-
tential of the material for plastic flow
prior to fracture.

A far better indicator of the material’s
potential can be obtained from a mea-
sure of how much the cross-sectional
area of a bar decreases during the neck-
ing-down process and before fracture
occurs. An examination of published
data for high-strength steels shows that
a large majority of those steels with
yield strengths between 200,000 and
300,000 pounds per square inch have a
reduction in cross-sectional area of 50
percent at the point of fracture. This
corresponds to a local elongation of 100
percent. When the final area is only half
of the original area and the volume re-
mains constant, a short local element
must become twice as long.

Thus we see that high-strength steels
are in reality not brittle at all. They un-
dergo extremely high strains before they
fail, but only locally. The problem, then,
is not how to make high-strength steel
more ductile, because such steels are in-
herently highly ductile, but how to make
such materials stretch uniformly as much
as they stretch locally.

As we have seen, local straining oc-
curs when the strain-hardening rate be-
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PLASTIC FLOW occurs in steel test bars when planes of iron atoms slide past one another.
The sliding takes place along planes that make angles of about 45 degrees to the axis of
loading. Traces of the slip planes can be observed in micrographs of polished surfaces (right).
Slip does not occur uniformly throughout the metal. Bands of slip planes move while large
blocks of crystal remain unchanged. Plastic strain destroys the perfection of the crystal
lattice, making additional slip either within the bands or across them more difficult. As new
slipbands grow across a crystal they tend to stop when they meet bands previously created.
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CURVES OF TRUE STRESS AND TRUE STRAIN provide a more accurate picture of
steel performance than the engineering type of stress-strain curve (seetop illustration on op-
posite page). The slope of a true-stress true-strain curve shows the strain-hardening rate. The
true stress at any strain is the load divided by the actual minimum cross-sectional area; as
the bar is stretched it becomessmaller in diameter. The corresponding true strain must take
into account the elongation of the bar with strain. Thus the true strain is the in tegral of the
incremental change in length divided by the length at each instant. The open circles show
the onset of necking down; the X’s signify fracture. In these curves slope does not reverse.
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comes too low to strengthen the ma-
terial at a rate greater than the rate at
which the cross-sectional area is reduced
by the plastic flow. To prevent necking
down, and therefore to enhance ductil-
ity, we must discover how to increase
the rate of strain-hardening above the
rate provided by the natural processes
that function within strained metal.
The normal strain-hardening proc-
esses that occur in metals are the result
of defects that are introduced into the
crystal lattice of the metal by plastic
flow. To describe plastic flow briefly
and in a somewhat simplified way, it is
due to the fact that the flat planes of
atoms in a crystal tend to slide over one
another, much as the cards in a deck can
be moved past one another. When a test
bar of metal is stretched in tension, it
becomes longer as the planes of atoms
are forced to slide over one another.
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The sliding occurs along planes at 45 de-
grees to the loading axis, and since there
are two 45-degree directions, two inter-
secting sets of slip planes come into
play.

Plastic flow destroys the perfection
of a crystal lattice, introducing local re-
gions where there are either too many
planes of atoms with respect to the sur-
rounding lattice or too few. Planes of
atoms slide over one another easily,
however, only in highly perfect lattices.
As plastic flow progresses the lattice in
the slipped region becomes less perfect,
until finally the slippage is so strongly
resisted that it stops in that region.
When the load is increased, plastic flow
starts again, but only in regions of the
crystal that had not previously slipped
[see top illustration on preceding page].
When there are two or more sets of slip-
bands in a metal crystal, a newly formed

slipband has difficulty crossing an exist-
ing one. Hence the metal is hardened by
slip. both along slipbands and across
them. This is one of the more important
phenomena contributing to strain-hard-
ening.

The lattice defects generated by plas-
tic flow effectively strengthen metals
with low yield strength, but as the yield
strength is enhanced by alloying and
heat treatment these stratagems become
less effective. High stresses can force
blocked slipbands to break through the
imperfect lattice in intersecting slip-
bands. Therefore in high-yield high-
strength steels, although the normal
strain-hardening processes function, they
do not give rise to barriers with sufficient
strength to prevent penetmtion by inter-
secting slipbands, and the strain-harden-
ing rates are too low to prevent necking
down at low strains. Expressed more

LOCATION OF CARBON ATOMS in steel helps to determine
strength as well as brittleness. When steel is red hot and iron crys-
tals are in the face-centered cubic form (a), there is room for carbon
atoms (dark balls) to fit between the atoms of iron. In body-cen-
tered cubiciron (b), the stable form at room temperature, no carbon
atoms will dissolve because the spaces are too small. If, however,
iron containing carbon is quenched rapidly from red heat, carbon
atoms are trapped in solution in a body-centered arrangement that
is distorted into a tetragonal structure (c). Thisis a hard but brittle
material called martensite; it accounts for the brittleness of simple
iron-carbon alloys that are quenched. If nickel and chromium are
added to the alloy, a metastable face-centered structure, with room
for carbon atoms, can be retained at room temperature. When such
alloys are deformed plastically, the metastable structure changes
over to martensite, which concentrates in the slipbands and resists
penetration by other slipbands. Distributed in this way, martensite
adds to the strength of the steel without adding to brittleness.
This is the principle underlying the “trip” steels described in this
article. “Trip” stands for “transformation-induced plasticity.”
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quantitatively, the strain-hardening rate
would have to increase in direct propor-
tion to the yield strength if the uniform
strain preceding necking down were to
remain unchanged.

The best way to measure the strain-
hardening rate is by means of the true-
stress true-strain curve, which is similar
to the stress-strain curve described above
[see top illustration on page 40] except
that here the stress is the load applied
to the specimen divided by the actual
cross-sectional area supporting that load
(whereas in the conventional curve the
stress value is obtained by dividing the
load by the original cross-sectional area).
The strain in the true-strain curve is
equal to the integral of dl/I between the
limits of /, and [, where dl is the instan-
taneous change in length, I, is the initial
length and [ is the final length.

When low-alloy steels are heat-treated
to produce higher yield strengths, the
true-stress true-strain curves are parallel
[sce Dottom illustration on page 41].
The strain-hardening rate is the slope
of the true-stress true-strain curve. It
is evident that strain-hardening by the
interaction of dislocations produces a
strain-hardening rate that is substantially
independent of the yield strength. As the
circles on the plot show, however, neck-
ing down begins at lower strains the
higher the yield strength of the material.
It thus becomes evident that barriers
that are stronger than dislocation arrays
lodged in slipbands must be introduced
during plastic straining it the onset of
necking down is to be delayed so that
the inherent ductility (as indicated by
the reduction of area) can be utilized
more effectively.

rl’here are very few changes in internal

structure other than those associated
with dislocations that can be made to
occur as a consequence of plastic flow.
Nonetheless, there is one that could have
a major effect on mechanical behavior,
numely a transformation in crystul struc-
ture from the face-centered cubic form
to the body-centered tetragonal one. In
steel the latter structure is called mar-
tensite, and the changeover is called a
martensitic transformation. This change
can, in certain special alloys, be made to
take place during straining. As we have
said, iron can exist in two dilferent crys-
tal structures, the face-centered cubic
structure at high temperatures and the
body-centered cubic one at low tempera-
tures. Carbon dissolves in the face-cen-
tered structure at high temperatures, but
it is substantially insoluble in the body-
centered form at room temperature. Fast
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STRAIN-HARDENING, represented by the slopes of these curves, occurs at a higher rate
in trip steels (colored curves) than in commercial steels of comparable strength (black curves).
Because the martensite bands produced in trip steels by plastic deformation are not readily
penetrated by intersecting slipbands, the applied load (reflected in true stress) increases
more rapidly per increment of strain (reflected in true strain) than is the case when only
normal slipbands are present. As a consequence, necking down (open circles) is postponed.
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MARTENSITE CONTENT OF TRIP STEELS increases rapidly when a load is applied to
a test bar. The body-centered tetragonal structure of martensite is ferromagnetic, whereas
the metastable face-centered cubic structure is nonmagnetic. Thus by making magnetic
measurements during a tension test the increase in martensite content can be determined.
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quenching causes the carbon to become
trapped in the body-centered lattice, dis-
torting it from a cubic structure into the
tetragonal martensitic structure [see il-
lustration on page 42]. The change to
the tetragonal structure cannot be sup-
pressed in iron-carbon alloys, and they
become brittle. If nickel and chromium
are added to the alloy, however, a face-
centered structure can be retained at
room temperature. This structure can
later be changed to martensite, and dis-
tributed in a more favorable way, if the
material is deformed plastically.

The tetragonal martensite that forms
in the slipbands is stronger than its face-
centered cubic counterpart; it is also
significantly stronger than the defective
slipbands that account for the normal
kind of strain-hardening. Because the
martensite bands cannot be as readily
penetrated by intercepting slipbands,
the applied load must be increased more
rapidly with strain than is the case when
only normal slipbands are present. In
steels that form martensite during strain-
ing necking down is postponed, and the
slope of the curve that is obtained by
plotting true-stress true-strain curves is
steeper than it is for conventional steel
[sce top illustration on preceding page].
The higher rate of strain-hardening as-
sociated with martensite formation en-
hances uniform plastic flow by delaying
the onset of necking down. Steels that
have high values of elongation because
of a martensite transformation can be
said to have a transformation-induced
plasticity; they are the trip steels.

The transformation that occurs in
trip steels has been known and studied
for many years, but the earlier investi-

CARBIDES IN TRIP STEELS precipitate preferentially along
slipbands (dark lines) produced when the steels are plastically de-
formed at an elevated temperature. The magnification is about 600
diameters. The carbide content must be high i produce an alloy
with the desired strength. In an ordinary high-carbon alloy the
carbides precipitate along grain boundaries, making the steel brit-
tle. Trip steels are much less brittle because plastic deformation
provides nucleation sites throughout the volume of all crystals.
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gations were confined to materials whose
yield strength was low. To make mate-
rials of high yield strength it is necessary
to increase the carbon content so that
enough tiny particles of iron carbide are
precipitated during heat treatment to
provide the high yield strength desired
(more than 150,000 pounds per square
inch). Attempts have been made to in-
crease the yield strength of face-centered
cubic steels by larger additions of car-
bon, as has been done successfully with
body-centered cubic steels, but the face-
centered materials invariably become
brittle when the carbon content is in-
creased significantly. Carbides tend to
precipitate preferentially at the bound-
aries between crystals. The brittle net-
works thus formed lead to early failure
when the material is strained.

The tendency for carbides to precipi-
tate at crystal boundaries is a natural
one; in these regions the atomic archi-
tecture is less perfect. When two differ-
ently oriented crystals join as they grow
from a liquid (or when two crystals join
in a highly deformed solid that is heated
enough for the atoms to move around
and rearrange themselves in new crys-
tals), between them there is a poorly
fitted region where the atomic density is
low. Such regions provide favorable nu-
cleation sites for the precipitation of the
brittle carbides.

We had to devise a means for over-
coming this embrittling reaction in order
to make strong steel alloys that would
also exhibit high elongation and tough-
ness. This was accomplished by provid-
ing nucleation sites throughout the vol-
ume of all the crystals in the metal. As
we have seen, plastic flow produces in-
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ternal defects in the lattices of the
crystals. These defects are excellent nu-
cleation sites where particles of precipi-
tate can form as readily as they do at
crystal boundaries. The trip alloys were
deformed at an elevated temperature
where the face-centered structure was
stable. (The deformation was accom-
plished by passing hot bars of allov re-
peatedly through a laboratory rolling
mill.) The temperature was high enough
(which means that atomic mobility was
high enough) for spontaneous precipi-
tation to occur. The resulting materials
exhibited remarkably high yield strength
when tested at room temperature. The
photomicrograph at the left below shows
how carbide has precipitated in the de-
formed face-centered material. The mi-
crograph at the right below shows bands
of martensite that appeared when a spec-
imen of trip steel was placed under strain
and fractured at room temperature.

The transformation process can be
followed precisely but simply in the trip
alloys because the body-centered tetrag-
onal crystals of martensite that form dur-
ing straining are ferr()mngnetic, whereas
the face-centered cubic crystals are non-
magnetic. Therefore by making mag-
netic measurements one can readily plot
the volume of martensite that forms dur-
ing a tension test as a function of strain
at room temperature [see bottom illus-
tration on preceding page]. In addition
one can actually see the solid-state trans-
formation as it is taking place. The trans-
formation is accompanied by a substan-
tial amount of shear, so that if a sheet of
material is pulled, it shears along planes
at 45 degrees to the suwrface. The shear-
ing produces an offset at the surface that

MARTENSITE BANDS IN TRIP STEELS show up as closely
spaced parallel lines in this photomicrograph of a trip specimen
that was stressed until it fractured. The magnification is the same
as in the micrograph at the left. The slipbands show where plastic
flow has changed the crystal structure from the metastable face-
centered cubic form to the body-centered tetragonal form of
martensite. Martensite bands not only are hard but also resist
plastic deformation more effectively than ordinary slipbands do.



will scatter light from a beam shining
upward from below. The scattered light
can then be recorded by a camera lo-
cated in front of the specimen [sce top
illustration at right]. The same tech-
nique can be used to reveal the zone of
metal where plastic flow has occurred
ahead of a sharp notch or crack.

rl*he behavior of high-strength steels

when notches or cracks are present is
quite significant. Defects of this kind
weaken and embrittle strong steels, just
as they do a piece of glass. Steels, how-
ever, are not as brittle as glass; more-
over, there are big difterences in the
tendency of various steels to fracture in
a brittle way when cracks are present.
The trip steels perform unusually well
under these adverse conditions. Whereas
an alloy steel of high yield strength will
break brittly, an equally strong trip steel,
being much tougher, will tear apart [sce
illustration on page 37]. The higher
strain-hardening rate of the trip steel
helps to spread the deformation over a
much greater volume than is the case in
an ordinary steel, with its lower strain-
hardening rate.

As we have noted, an elongation of 15
percent is on the high side for present
steels with a yield strength in the range
of 200,000 to 300,000 pounds per square
inch. Trip steels of comparable yield
strength show an elongation of 20 to 40
percent. And trip alloys of somewhat
lower vield strength (100,000 pounds
per square inch) can be stretched as
much as 80 percent before fracturing
[sce Dottom illustration at right]. Pres-
ent commercial steels of this lower
strength fracture at an elongation below
30 percent. (We remind the reader that
these elongations are measured at the
arbitrary two-inch gage points.)

It is evident that substantial progress
has been made on the problem of en-
hancing the ductility and toughness of
high-strength steels. A number of cem-
panies are interested in the possibility of
using trip steels in special applications
where high ductility must be combined
with high strength. The objective of
the investigation, however, was not to
develop new steels. The work was un-
dertaken to establish upper limits for
strength and ductility, to set forth the
principles that control the relations of
strength to ductility in high-strength ma-
terials, and to apply these principles to
the production of new materials with
properties superior to those now exhib-
ited by available steels. The trip steels
are only the first step into this unex-
plored territory.

CAMERA
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DEFORMATION BANDS on the surface of a polished specimen of trip steel can be
photographed directly using the lighting and camera arrangement illustrated at the left.
The slipbands produce offsets in the polished surface and scatter light into the camera lens,
whereas the undeformed surface of the specimen reflects light away from the lens. Thus the
deformed bands appear white against a dark background in the photograph at the right.
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TPPER LIMITS OF STRENGTH AND DUCTILITY are now clearly defined. Over a
wide range of yield strengths, trip steels (dots) exhibit significantly higher values of elonga-
tion than conventional steels. But they have barely penetrated the large unexplored region.
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The Prevention of “Rhesus” Babies

The problem of Rh incompatibility can now be solved by giving

an Rh-negative mother an anti-Rh antibody that inactivates any

Rh-positive fetal blood cells that may pass into her circulation

s a child I was fascinated by butter-
A flies, particularly a yellow swal-
lowtail butterfly that flies in a
marshy area of the east coast of England
known as the Norfolk Broads. After
World War II, I wanted to breed these
insects but found it easier said than
done. Swallowtails usually will not mate
in a cage, as they need an elaborate
courtship flight to stimulate pairing. My
interest in the insect did not wane, and
by persevering I learned a simple trick
to make captive swallowtails mate. Hold-
ing the female in the left hand and the

AA X aa
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by C. A. Clarke

male in the right, one brings the pair
close together, pries open the male’s
claspers with the nail of the left-hand
middle finger and thereby induces the
male to lock onto the female, after which
mating follows naturally.

The happy acquisition of this tech-
nique in 1952 led me on to experiments
in crossbreeding butterflies that turned
up some surprising results and fruitful
genetic findings. Thus, by the pleasant
route of pursuing idle curiosity, my col-
leagues and I were led unexpectedly to
a solution for the well-known medical
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DOMINANT AND RECESSIVE GENES figure in the Rh problem. Each box shows
in the top line a parental arrangement of dominant genes (capital letters) and recessive ones
(small letters) and in bottom line the combination of genes to be expected in offspring.
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problem having to do with the inheri-
tance of the Rh factor in human blood!
A clue suggested by the butterfly work
has enabled us to develop a successful
method of preventing the anemia hazard
for babies born of an Rh-positive father
and an Rh-negative mother. The method
can best be explained by describing both
the butterfly work and the blood-group
investigation from the beginning.

In 1952 I happened to acquire a female

butterfly of a black swallowtail spe-
cies common in America (Papilio as-
terias), and in an idle moment one Sun-
day afternoon I hand-mated her to a
male of the yellow British species (Pa-
pilio machaon). Since the two species
are related, the mating was success-
ful, and their first-generation offspring
turned out to be like the American par-
ent (showing that black and American
were dominant to yellow and British!).
When the hybrid was back-crossed to
the recessive yellow parent species,
however, the new (second) generation
segregated for the ground color again:
half of the offspring were black and half
were yellow. Clearly, then, the ground
color of the wings must be controlled by
a single gene. A butterfly that inherited
the dominant gene for black from either
hybrid parent would have black wings,
whereas an offspring that received yel-
low genes from both parents (each of
which possessed the yellow as the re-
cessive gene) would be yellow.

It was this experiment that aroused
my interest in genetics. Soon afterward
I met P. M. Sheppard, who is now a
colleague of mine at the University of
Liverpool but then was at the University
of Oxford. We decided to use the mating
technique to investigate the genetic as-
pects of mimicry in certain butterfly spe-
cies. In wing coloring and form the mim-



BABY’S CELLS in the mother’s circulation give rise to the Rh
problem. In this photomicrograph, made by Flossie Cohen of the
Child Research Center of Michigan, the red blood cells of the baby
are darker than the mother’s red blood cells because of a technique

that has washed the hemoglobin out of the adult cells while leaving
hemoglobin in the fetal cells that are more resistant to the tech-
nique. The steps whereby fetal cells in the maternal circulation
can create an Rh problem are shown at top of next two pages.
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STEPS IN DEVELOPMENT of the Rh problem begin (I) when an Rh-negative mother has an

Rh-positive baby and some of the baby’s red blood cells get into her circulation. Although the

@ Rh ANTIBODY

icking butterflies copy butterflies of dif-
ferent species or genera and even of
different families. The “model” butter-
flies are nauseous to predators (particu-
larly birds), and thus the mimics avoid
attack although they are themselves ed-
ible. A single species of mimic may have
several different forms, each imitating a
different model; such a species is said
to be polymorphic. In formal terms
polymorphism refers to distinctly differ-
ent types (such as blood types in human
beings) that persist in an interbreeding
population living in the same habitat,
and that occur in frequencies such that
the rarest form could not be maintained
by recurrent mutation. In both mimic
butterflies and their models the relative
proportion of edible and inedible species
in any one area is kept in balance by
natural selection. For example, if the
edible species mimicking a particular
wing pattern comes to outnumber the
inedible species, that pattern becomes
attractive to predators. The pressure of
natural selection is then unfavorable to
the mimic species instead of being fa-
vorable to it.

How does the mimicry arise in the first
place? Does it come about by the muta-
tion of a single gene, causing a butterfly
to acquire a mimetic pattern at one
jump? This seemed to us a tall order,
considering the complexity of colors and
configurations in a butterfly’s wings. For
an answer to our question we investi-

gated an African butterfly (Papilio dar-
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danus) and one from southeast Asia (Pa-
pilio memnon). In both cases we found
that the “gene” controlling the wing
pattern is really a group of closely linked
genes behaving as a single unit—what is
known as a supergene. We found evi-
dence for this in crossovers (exchanging
of genes) within the genetic group. For
example, in a southeast Asian butterfly
we bred we were able to see a crossover
in the chromosomal unit responsible for
the change in wing pattern [sce illustra-
tion on page 51].

There is another significant point
about these two species of butterfly that
is relevant to the blood-group work. In
these species mimicry occurs only in the
female; in both species the males do not
show mimetic patterns although they
carry the genes that are responsible for
the patterns in the female. Evidently
there is an interaction between sex and
the mimetic supergene, so that the su-
pergene is somehow switched off in the
male.

] y the time we had got this far in the

genetic research on butterflies we
could not help noticing certain strik-
ing parallels between the inheritance of
their wing patterns and the inheritance
of blood types in man. In man the blood-
group differences between individuals
—Rh-positive, Rh-negative, O, A, B, AB
and so on—are genuine manifestations of
polymorphism. The Rh genetic units are
supergenes, composed of three closely
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baby’s cells soon disappear naturally (2), the mother may manufacture antibody to the Rh
antigen (3). The first baby is not affected, because it has been born by the time the antibody

linked genes, with alternative recessive
forms in many different combinations.
Moreover, as in the male butterfly, in
man there is an interaction whereby an-
other blood-group system can interfere
with the formation of antibodies against
the antigens controlled by the Rh super-
gene. To appreciate the significance of
these facts we must take a fresh look at
the particulars of the Rh problem.
About 85 percent of the population in
Britain and in the U.S. are Rh-positive,
which means their red blood corpuscles
contain the “rhesus” factor or substance,
so named because it was originally de-
tected in rhesus monkeys. The Rh factor
is an antigen; if Rh-positive blood gets
into the bloodstream of an Rh-negative
individual, the person may produce an
antibody (called anti-Rh or anti-D) that
destroys the Rh-positive red blood cells.
Therein lies the hazard for babies of an
Rh-negative mother. The hazard, when
it arises, usually comes about in the fol-
lowing way. If an Rh-positive father and
an Rh-negative mother produce an Rh-
positive baby (inheriting the Rh factor
from the father), and if some of the
baby’s Rh-positive red blood cells get
into the mother’s circulation at the time
of delivery, the mother may subsequent-
ly manufacture the Rh antibody. The
antibody does not harm the mother, and
a first baby is not affected because the
antibody is produced after the baby’s
birth. The antibody in the mother’s
blood remains as a threat, however, to
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appears. If the mother has a subsequent Rh-
positive baby, however. the antibody may
attack the baby’s red blood cells (4), there-
by giving rise to a possibly fatal anemia.

any subsequent Rh-positive baby, be-
cause it will enter the circulation of the
fetus in the womb and destroy red blood
cells, thereby causing possibly fatal
anemia. The baby may be stillborn or be
born with hemolytic disease.

The risk of this happening is not very
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high; although 15 percent of women are
Rh-negative, among the 850,000 births
each year in Britain, for instance, the
number of “rhesus” babies is probably
not more than about 5,000. Several fac-
tors operate to limit the risk. First, leak-
age of the baby’s blood through the
placenta into the mother’s circulation in
sufficient quantity to stimulate the pro-
duction of Rh antibodies does not occur
often. Second, some women do not pro-
duce antibodies even though there is
leakage. Third, when the Rh-positive fa-
ther is heterozygous (having received an
Rh-negative gene from one of his par-
ents), there is only a 50 percent chance
that the baby will be Rh-positive.
Fourth, and this is what particularly in-
terested us, in about 20 percent of all the
potential cases the formation of anti-
bodies is prevented by the protective
mechanism arising from interaction with
other blood-group genes.

As an example, the mechanism oper-
ates in cases where the blood of the Rh-
negative mother is of the type known as
Group O. Blood of the O type always
contains naturally occurring antibodies
against A-type or B-type blood. The an-
tibodies, called anti-A and anti-B, attack
the red cells in blood of Group A or
Group B. Thus if a Group O Rh-nega-
tive mother bears an Rh-positive baby
whose blood is of the A type, her anti-
A will rapidly get rid of any red cells
that leak into her circulation from the
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baby at delivery, thereby removing the
stimulus for the production of anti-Rh
antibodies [see illustration below]. This
situation, technically called ABO in-
compatibility between the mother and
the fetus, is almost always effective in
preventing immunization of an Rh-nega-
tive mother against an Rh-positive baby.

I,Iere, then, was an intriguing analogy

to our findings about butterflies.
The mode of inheritance of the blood
groups and the interaction of the Rh
and ABO systems were remarkably sim-
ilar to what we had observed in the in-
sects, particularly the interaction of sex
and the mimetic supergene that in male
butterflies prevents wing mimicry. Could
we somehow devise a protective system
for unprotected Rh-negative mothers,
that is, for cases where there is no ABO
incompatibility between the mother and
the fetus?

For months T puzzled over the prob-
lem with my colleagues Sheppard and
Richard B. McConnell. One night my
wife, who had taken a keen interest in
our work, woke me from a sound sleep
and said: “Give them anti-Rh.” Now,
nothing is more irritating to a physician
than to be awakened in the middle of the
night and told how to manage his medi-
cal affairs. In a huff I replied, “It is anti-
Rh we are trying to prevent them from
making,” and turned over and went to
sleep again. In the clear light of morn-

'3 MOTHER

IMMUNITY to the Rh problem can result from what is called ABO incompati-

bility. Blood of the O type always has antibodies against blood of the A and B. Hence if an Rh-

K TYPE-A ANTIGEN

negative woman with O-type blood has an Rh-positive baby with A-type blood (1), her anti-A
factor will attack any fetal red blood cells that enter her circulation (2). The cells are thus made

nonantigenic, and the mother’s body does not make antibodies against them. As a result she is

> TYPE-A ANTIBODY
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not immunized against Rh-positive blood, so her subsequent Rh-positive babies will not be harmed.
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ing, infuriatingly, the idea began to
make sense. Giving the mother antibody
to get rid of incompatible Rh-positive
cells before her own antibody machinery
went into production was obviously sim-
ilar to the way nature accomplished the
same objective, for instance in Group O
mothers with a Group A baby or Group
B one. I discussed the proposal with my
colleagues, and we decided to test it.
The first experiments consisted in in-
jecting Rh-positive red blood cells, la-
beled with radioactive chromium atoms,
into Rh-negative male volunteers and
then giving anti-Rh to half of the sub-
jects, the other half serving as controls.
We put Ronald Finn in charge of the
cxperiments, and Dermot Lehane, di-
rector of the Liverpool Blood Transfu-
sion Service, provided and injected the
radioactively labeled infusions. The im-
mediate results were exciting: the in-
jected anti-Rh did indeed knock down a
high proportion of the Rh-positive cells.
Alas, the initial effect did not stand up.
After six months we found that instead
of suppressing the formation of anti-
bodies the treatment had actually en-
hanced it. Confident nonetheless that our
reasoning was basically sound, we per-
sisted and discovered that we had given
the wrong type of anti-Rh: the “com-
plete” form of the antibody (which acts

in saline solution). This material, we
found, destroys the Rh-positive cells but
still leaves the residue antigenic. We
therefore did a second series of experi-
ments with “incomplete” anti-Rh, which
coats the antigen so that it does not make
contact with the antibody-forming cells.
These injections were much more suc-
cessful: they prevented the production
of Rh antibody in most of the subjects.
We now proceeded to find out if the
treatment would work in Rh-negative
mothers who received the antibody in-
jection after delivery of their first baby.
First of all, Finn and Joseph C. Wood-
row of our group determined that the
likelihood of production of Rh antibody
by mothers generally depended on the
number of Rh-positive cells that had
leaked into the maternal circulation from
the fetus: the more such cells in the
mother’s blood just after delivery, the
greater the risk she would produce anti-
body. On the strength of this informa-
tion we felt justified in testing the pre-
ventive effect of antibody injection in
Rh-negative mothers who, after delivery
of their first baby, showed a fair num-
ber of fetal red cells in their blood (five
or more per 50 fields in a low-power mi-
croscope). Our obstetrical liaison was
with Shoma H. Towers of the depart-
ment at Liverpool headed by T. N. A.

Jeffcoate. In these clinical trials we used
a new form of the antibody preparation
that was similar to one that had been
developed by a team at the Sloane Hos-
pital for Women in New York: John G.
Gorman, Vincent J. Freda and William
Pollack, who had arrived independently
at the anti-Rh concept. The preparation
consists of anti-Rh gamma globulin in-
stead of anti-Rh serum; its great advan-
tage is that it avoids the risk of jaundice,
which is always a potential danger in
blood transfusions. Employing anti-Rh
gamma globulin prepared for us from
the serum of our immunized male volun-
teers by William d’A. Maycock and his
colleagues at the Lister Institute in Lon-
don, we gave the antibody to 131 select-
ed first-baby mothers within 48 hours
after delivery of the baby. Six months
later W. T. A. Donohoe and his staff,
who have carried out all our serological
tests, assayed the mothers’ blood for the
presence of Rh antibody. Only one of
the 131 mothers produced this antibody,
whereas in a comparable control group
of 136 first-baby mothers who had not
received the anti-Rh injection 21 per-
cent proved to be anti-Rh producers at
the six-month examination.

This result, suggesting that the treat-
ment gave almost C()mplete protection,
was far better than we had anticipated

WORK WITH BUTTERFLIES provided a lead to the solution of
the Rh problem. The work involved an investigation of mimicry,
in which a form of butterfly that is palatable to birds comes
to resemble a form the birds find distasteful. Mimicry occurs
only in females. A single difference in genes can turn one mimetic
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pattern into another. Here five female forms of the South African
butterfly Papilio dardanus are arranged in order from the bottom
recessive (I) to the two top dominants (I11 and 1}7), which form a
recognizable heterozygote (7). The human blood types equivalent
to these mimetic patterns are respectively O, B, A2, A; and AB.



BREEDING EXPERIMENTS involving a nonmimetic (left) and
a mimetic form (right) of the butterfly Papilio memnon of south-
east Asia produced a crossover insect (center). At bottom are
the respective chromosomal arrangements; D is vellow body color,
Cis small white wing window, F is long tails, d is black body color,

on the basis of the anti-immunization re-
sults in our male subjects. Furthermore,
clinical trials of essentially the same
method in the U.S., Canada, West Ger-
many, Australia and elsewhere produced
similarly successful outcomes for first-
baby mothers. Critics objected that the
six-month test was not necessarily con-
clusive as to protection: the treated
mothers might start to make anti-Rh
antibody under the stimulus of a second
pregnancy. This objection proved to be
groundless: subsequent tests at various
centers on treated women who had a
second Rh-positive baby showed that
these mothers very rarely produced anti-
Rh antibody. Immunologically speaking,
the treated mothers entered their second
pregnancy as if it were their first. The
possibility remains, of course, that a
“bleed” from the baby across the pla-
centa at the second delivery or any sub-
sequent one may stimulate the mother
to begin producing antibody. In such
cases the mother will require a new in-
jection of the protective treatment when-
ever her blood after the birth carries fetal

Rh-positive cells.
\XTe are currently conducting studies
" to settle on a standard, minimum ef-
fective dose of antibody for the treat-
ment. Tentatively it appears that about
200 micrograms of anti-Rh (about a fifth
of what we gave in the original trials) is
effective in most cases.
We have, of course, given a great deal
of study to the possible risks involved
in the anti-Rh injection. Occasionally we
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have noted a local swelling afterward at
the site of the injection (made intra-
muscularly), but this disappears within
a day or two. Will the injected gamma
globulin produce harmful effects later?
It disappears from the blood after a few
months, but some women (about 5 per-
cent in our trials) do produce antibodies
to the gamma globulin that perhaps
might cause a reaction to an anti-Rh
injection given after a later pregnancy.
This, however, does not appear to be a
substantial hazard, as is evidenced by
the fact that after a person has received
an ordinary blood transfusion (which can
generate gamma globulin antibodies) it
is not considered necessary as a general
practice to test the person for sensitivity
before giving him a second transfusion.
All in all, it appears that the risks of giv-
ing anti-Rh gamma globulin to an Rh-
negative mother after her first pregnancy
are negligible.

On the other hand, there is some risk
for the donors of the anti-Rh: the male
Rh-negative volunteers who must be in-
jected with whole Rh-positive blood to
manufacture the antibody. This risk is
the possibility of the virus of jaundice
being present in the injected blood. It
can be minimized by making sure that
the blood is obtained only from donors
whose contributions have never induced
jaundice in recipients. We have used
blood from a few carefully selected do-
nors and so far have not had a case of
transmitted jaundice. There is, of course,
the possibility of using serum from Rh-
negative women who have been natural-
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¢ is large white wing window and e is absence of tails. The patterns
are controlled by a group of closely linked genes called a super-
gene. There is interaction of sex and the mimetic supergene,
reflected by the fact that mimiery does not occur in male butterflies.
The Rh factor in human geneties is also controlled by a supergene.

ly immunized by an Rh-positive preg-
nancy; the Canadian workers use this
source exclusively. The number of vol-
unteers can also be greatly reduced with
the new technique called plasmaphere-
sis, which makes it possible to bleed the
donors of anti-Rh every few weeks; a
liter of blood is taken, the plasma con-
taining the anti-Rh is skimmed off, and
the red blood cells are reinjected into
the donor.

Some authorities feel that, because of
the jaundice risk to the donors and pos-
sible long-term harm to the women who
receive anti-Rh, it is unwise to adminis-
ter the antibody on a wholesale basis to
all Rh-negative mothers who conceiv-
ably might have “rhesus” babies. Con-
sidering the small proportion of cases in
which this actually happens, they sug-
gest that anti-Rh should be given only to
mothers who show a high probability
of producing Rh antibody. The trouble
is that it is impossible to identify these
“high risk” cases with precision. The
number of red cells from the baby found
in the mother’s circulation after the birth
is not always a reliable measure of the
risk. Many women produce antibodies
after receiving only a very tiny bleed
from the baby, and the indications are
that the cell-count basis for selection of
women to be treated would catch only
about a third of the risky cases. It seems
to us that if proper precautions are tak-
en, the hazards involved in the treat-
ment are so small, for the donors as well
as the mothers, that they are far out-
weighed by the benefits. All vaccination
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programs entail giving the injection to
great numbers of people who do not
necessarily need it but who take it none-
theless for safety’s sake. In this case
the inoculation would banish anxiety
for Rh-negative women, who would no
longer need to worry about the possibil-
ity of endangering their babies.

The discussion of the risks has, how-
ever, called attention to the fact that the
need for anti-Rh treatment could be ob-
viated in some cases by doing more than
is now done to keep the baby from
bleeding into the mother’s circulation in
the first place. It appears that the situa-
tions most likely to produce this un-
toward happening (called transplacental
hemorrhage) are the following: peeling
the placenta off the womb by hand when
the afterbirth is delayed, attempts to
turn around a poorly positioned baby in
the womb before it is delivered, an ex-
cessive number of abdominal examina-
tions of the pregnant mother, toxemia
of pregnancy, Cesarean delivery and
abortion. Therapeutic abortions are par-
ticularly likely to give rise to transpla-
cental bleeding, and when this occurs in
an Rh-negative mother with an Rh-posi-
tive fetus, all the Rh-positive children
she may deliver subsequently are apt to
be exposed to anti-Rh attack. It there-
fore seems prudent to give anti-Rh to all
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Rh-negative women who have had an
abortion even if the husband is Rh-neg-
ative, as one cannot always be absolutely
certain that the husband is the father.

Among the thousands of mothers who

have received the anti-Rh treatment
since the trials began in 1964, there have
been a few failures—cases in which the
mother produced antibody in spite of
the treatment. Two interesting possible
explanations suggest themselves. The
general rule has been to select for the
treatment only women who apparently
are not immunized, that is, who do not
show evidence of producing Rh anti-
bodies. One can suppose, however, that
the antibodies may be present in the
blood but not detectable by the usual
methods, and that they manifest their
presence only by going into action
against Rh-positive cells when the wom-
an becomes pregnant with an Rh-posi-
tive child. This may happen in the case
of a mother who had a previous Rh-posi-
tive pregnancy but showed no sign of
immunization afterward. In short, she
may have been “primed” by the earlier
pregnancy. We have actually encoun-
tered a case of priming in an Rh-nega-
tive man who volunteered for one of our
experiments. After testing his blood and
finding no evidence of the presence of

DAYS

FIRST TEST of plan to attack the Rh problem by administering Rh antibody produced
these results. Male volunteers were injected with Rh-positive cells and then halfof them (color)
were given anti-Rh. Technique produced the same result as natural ABO incompatibility.
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Rh antibodies, we injected five milli-
liters of Rh-positive fetal blood. Within
48 hours all the fetal cells disappeared
from his circulation, and we found traces
of Rh antibodies in his blood. Since they
could not have been produced so soon
after the injection of the Rh-positive
blood, we had to assume that he had
been primed earlier. We then learned
that the subject, who was 70 years old,
had received a blood transfusion in
World War I, which evidently was the
source of his immunization against Rh-
positive red cells.

This clear case of unsuspected prim-
ing suggests the exciting possibility that
the anti-Rh treatment may work even for
some mothers who are immunized, that
is, whose antibody-producing mecha-
nism has already been set in motion. It
may be that a number of the mothers
who have been given anti-Rh in the
trials had actually been primed by pre-
vious exposure to Rh-positive cells al-
though they showed no sign of being im-
munized when they were accepted for
the treatment. If that is the case, the
nearly perfect success in eliminating im-
munization in the thousands of women
who have received anti-Rh is all the
more remarkable.

Undetected priming is one of the two
interesting explanations that have been
offered for the few failures. The other is
that occasionally the Rh-positive fetus’s
red cells may get into the Rh-negative
mother’s circulation early in her preg-
nancy, in which case the mother may
develop the antibody-producing capaci-
ty before the baby is delivered and treat-
ment with anti-Rh at that time will be
too late. We believe such cases must be
very rare, because first babies are seldom
exposed to antibody from the mother.
Bruce Chown and his colleagues at the
University of Manitoba have, however,
found evidence of the presence of Rh
antibodies in some mothers during the
first pregnancy or immediately after de-
livery. They have therefore begun giv-
ing anti-Rh to the mother during preg-
nancy and find that in the doses they use
it does no harm to the baby. In cases
where a bleed is known to have occurred
early in pregnancy this method may be
extremely valuable.

So, starting with experiments in the
breeding of butterflies, the research has
grown into a project that has enlisted the
enthusiastic interest of a large team at
Liverpool, stimulated workers in other
laboratories around the world and pro-
duced a helpful advance in medicine and
that may be found to have still wider
applications.



The burden and privilege of choice

With KobpacHroME-X Film widely
available for 35mm color slides at 2V2
times the speed of KopACHROME Il
Film and therefore capable of deliver-
ing good pictures under a wider range
of conditions, why do we go on making
KopacHROME II Film?

Because the two interpret colors a
little differently, and enough people
still prefer what they see on Kobpa-
cHROME II Film. Any expert who
knows better than the customer what
constitutes a good picture is also a bit
of a fool.

Movie camera as teacher’s tool

An art teacher wants all her students to see
exactly how an expert holds a bamboo brush
for various Sumi brushstrokes. Even if she
had been able to bring the expert to the class-
room, the students in the back row would
probably have missed out.

A primary-grades teacher wants to get across
the idea that despite the differences there are
certain similarities between a lion in the
local zoo and a kitten at home.

A biology teacher wants to show how to open
a chicken egg without destroying the embryo.

¢ B sese Y waee @

- ——

A social studies teacher wants his students
to understand a little more about each other's
religious feelings.

A chemistry teacher wants to show how ana-
lytical chemistry is done around town with
atomic absorption equipment for which the
school laboratory is not yet ready.

The actual filming of a single-concept
movie may take the teacher no more
than an hour, sometimes only minutes.
If the students make the movie instead
of the teacher, it will take longer but
they will enjoy the lesson more and get
much more out of it. But don’t count on
just picking up the egg or the kitten and
the camera and starting to shoot point-
blank. All you’ll do is use up film,
which might be advantageous for us,
but not for you.

There is a grammar of movie-mak-
ing. It is not hard to learn. And there is
a system of cards one writes out to
guide the shooting of each scene. While
shooting, three cards are kept in sight
at all times: one for the previous scene,
one for the scene on camera, and one
for the next scene to be taken.

I’s all explained in “Movies with a
Purpose,” a pamphlet obtainable for the
asking from R. D. Poey, Department 640,

Eastman Kodak Company, Rochester,
N.Y. 14650.

Rising tide of mesomorphics

Imaginative people get excited over
liquid crystals. This category of people
includes optical physicists, artists, ana-
lytical chemists, aerospace engineers,
dermatologists, designers of integrated
electronic circuits, contestants in sci-
ence fairs, biophysicists, osmologists,
welding engineers, and entrepreneurs
who think it is still not too late to make
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a bundle by interesting
the human female in body
paint. Unimaginative peo-

ple believe the word “fraught” is
being overused. They may regret
their attitude, or they may not.

Meanwhile, there must be almost as
many laboratories either guarding or
disclosing liquid crystal secrets as are
working on holograms. With which
the mesomorphic, or liquid crystal,
state has no connection. Or does it?

A fraught statement enunciates the
liquid crystal principle and why we
bring it up: The liquid crystal state is
the opposite of the glassy state in the
sense that glass is rigid but unordered,
while the following become highly or-
dered even when soft as an unguent:

EAsTMAN Cholesteric | for temperature

Mixture Solution No. range
A10629 12-17C
A10632 16-19
A10634 17-20
A10637 18-21
A10673 21-23
A10639 22-25
A10676 24-27
A10642 31-32
A10645 32-33
A10647 33-34
A10650 34-35
A9861 35-36
A10655 36-37
A10657 37-38
A10660 38-39
A10662 39-40
A10665 40-41
A10668 41-42
A10670 43-44

These believed of most immediate
practical application for thermograph-
ic mapping of a surface within each
range indicated. With No. A10650, for
example, you get no information about
areas cooler than 34 C or warmer than
35 C, but you ought to be able to spot
variations within that one-degree span
from an iridescent blue appearance at
35 through a gamut of color to a red at
34. Order any of them at $25 for 100
ml from Distillation Products Indus-
tries, Rochester, N.Y. 14603 (Division
of Eastman Kodak Company). Black-
en surface, spray on, let evaporate.

If no temperature range here listed
fits proposed use, or if price seems dis-
couraging for application from a big
hose, inquire anyway. We pride our-
selves on a practical outlook. Said out-
look precludes offering (at least until
this thing develops further commer-
cially) much technical help beyond
what is contained in new “Informa-
tional 122-868”, which Distillation
Products Industries glad to send with
or without an order. Points way to fur-
ther reading, lists our more numerous
cholesteric mesomorphics offered as
identified compounds, as well as many
other EAsTMAN Organic Chemicals that
assume the progressively freer smectic
and nematic mesomorphic states.

Price subject to change without notice.
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TMI Tubing
Helps Turn Good

Design Ideas into

Better Products

Postmarks from all over
America keep us busy around the clock and
the calendar. And such a challenging array
of tubing specifications: we are just as
alert to the needs of the nuclear scientist
wearing giant industrial trademarks as the
more modest-sized specialists (like TMI)
who support their advance in the pioneer-
ing world. In fact, it seems there is no end
to the demand for finer quality custom-
engineered alloy tubing! That makes us
keep on doing our best. That’s a pledge we
would like to make to you, too. Specifi-
cations, please!

TUBE METHODS INC.

Since 1941, Engineers, Metallurgists and Manu-
facturers in an expanding range of stainless steels
and corrosion and heat resistant alloys .050” to
1.250” 0.D. to tolerances of .005” to.0005" as the
success of your products may require. Write, wire
or phone: 215-279-7700 or TWX 510-660-0140.
Bridgeport, Pennsylvania 19405.
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Deterrence and Defense

seven years in office, former Secre-

tary of Defense McNamara has set
forth what he believes should be the
basic assumptions and general line of
reasoning underlying the negotiating po-
sitions of both sides in the forthcoming
talks between the U.S. and the U.S.S.R.
on the prospects of limiting the arms
race in the area of strategic nuclear
weapons. McNamara’s thoughts on the
subject, which are essentially the same
as those he expressed directly to Premier
Kosygin at the Glassboro conference in
June, 1967, are outlined in Chapter IV
(“Mutual Deterrence”) of his new book
The Essence of Security.

In McNamara’s view the cornerstone
of a strategic policy based on the con-
cept of mutual deterrence is the main-
tenance of an “assured-destruction ca-
pability,” that is, “a highly reliable abil-
ity to inflict unacceptable damage upon
any single aggressor or combination of
aggressors at any time during the course
of a strategic nuclear exchange, even
after absorbing a surprise first strike.”
At present, he writes, both the U.S. and
the U.S.SR. have a strategic nuclear ar-
senal “greatly in excess of a credible
assured-destruction capability.” What
neither nation has at present, he con-
tinues, and what neither side can acquire
in the foreseeable future, is a “first-strike
capability,” that is, the ability of one
nation to attack another nation with nu-
clear forces first and thereby eliminate
the attacked nation’s retaliatory second-
strike forces.

It is in the context of this mutual ca-

]:n a kind of farewell address after
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pability for assured destruction, McNa-
mara believes, that the U.S. should view
the recent Russian decision to deploy a
“light” antiballistic-missile system around
Moscow. In his judgment such a system
“does not impose a threat because we
have already taken the steps necessary
to assure that our land-based Minute-
man missiles, our submarine-launched
new Poseidon missiles and our strategic
bomber forces have the necessary pene-
tration aids.”

It is in the same context, McNamara
continues, that the U.S. should consider
the question of “whether or not we
should deploy an ABM system against
the Soviet nuclear threat.” Although
technology in this area has advanced
substantially in recent years, “it is im-
portant to understand that none of
the systems at the present or foresee-
able state of the art would provide an
impenetrable shield over the United
States.”

Moreover, “were we to deploy a heavy
ABM system throughout the United
States, the Soviets would clearly be
strongly motivated to so increase their
offensive capability as to cancel out our
defensive advantage.” The inevitable
conclusion to be drawn from this “nu-
clear action-reaction phenomenon” is
that “it is futile for each of us to spend
$4 billion, $40 billion or $400 billion—
and, at the end of all the spending, at
the end of all the deployment, at the
end of all the effort, to be relatively at
the same point of balance on the secur-
ity scale that we are now.”

In an appendix to his book McNamara
draws a distinction between a “heavy”
$40-billion ABM system designed to
protect U.S. cities against a Russian at-
tack—a system he continues to oppose—
and the “light,” China-oriented Sentinel
ABM system decided on by President
Johnson, approved by Congress and now
under construction. Although he con-
cedes that “there are marginal grounds
for concluding that a light deployment
of U.S. ABM’s against this possibility is
prudent,” he cautions that such a deci-
sion contains two possible dangers. The
first is that “we may lapse psychological-
ly into the old oversimplification about
the adequacy of nuclear power.” The
second is that “in deploying this relative-
ly light and reliable Chinese-oriented
ABM system...pressures will develop
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to expand it into a heavy Soviet-oriented
ABM system. We must resist that temp-
tation firmly.”

As things stand at present, McNamara
says, “we have already initiated offen-
sive-weapons programs costing several
billions in order to offset the small pres-
ent Soviet ABM deployment, and the
possibly more extensive future Soviet
ABM deployments.” We must at the
same time “measure our own response
in such a manner that it does not trigger
a senseless spiral upward of nuclear
arms. ... Keeping in mind the careful
clockwork of lead-time, we will be
forced to continue that effort over the
next few years if the evidence is that the
Sovietsintend to turn what is now a light
and modest ABM deployment into a
massive one.... We would prefer not to
have to do that, however. It is a profit-
less waste of resources, provided we and
the Soviets can come to a realistic stra-
tegic arms-limitation agreement.”

Should the proposed talks fail and
should the Russians decide to expand
their ABM deployment, McNamara be-
lieves that “our response must be realis-
tic.” “There is no point whatever in our
responding by going to a massive ABM
deployment to protect our population
when such a system would be ineftec-
tive against a sophisticated Soviet of-
fense. Instead, realism dictates that we
then must further expand our sophisti-
cated offensive forces and thus preserve

our overwhelming assured-destruction |

capability. The intractable fact is that
both the Soviets and we would be forced
to continue on a foolish and unproduc-
tive course. In the end it would provide
neither the Soviets nor us with any great-
er relative nuclear capability. The time
has come for us both to realize that and
to act reasonably. It is clearly in our own
mutual interest to do so.”

Space Travel on the Ground

[\ special panel of the National Acad-
+ X emy of Sciences has urged greater
support for study of the planets using a
variety of new and improved earth-
based instruments. The report, titled
Planctary Astronomy: An  Appraisal
of Ground-Based Opportunities, points
out that continuing improvements in

radar, radio telescopes, image-scanning
devices, image reconstitution and Fou-

The conerent
lightbulb

A new concept in He-Ne continuous gas
lasers for systems and OEM users.
The Lasertront™ He-Ne plasma tube is
a lightbulb. A coherent one. Operate it
without a housing. Even under water.
And it is available as an individual com-
ponent or as a complete laser instrument
with a separate, detachable, low-ripple
solid-state power supply.

The Lasertron tube needs no adjust-
ment, alignment, or maintenance. Sim-
ply switch it on and off. Nothing more.
Its resonator mirrors are permanently
aligned inside a rigid coaxial pyrex enve-
lope. Collimation is built in; alignment
stability is guaranteed. Dust, humidity,
vibration, temperature extremes, and
ageing will not affectit.

Lasertron tubes are available in a vari-
ety of geometries for systems and OEM
users. Power outputs range from 10 mW
to 0.6 mW in TEM,, mode, at a wave-
length of 6328 Angstroms.
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uct literature, please return coupon or
contact University Laboratories, 733
Allston Way, Berkeley, California 94710
(415) 848-0491.

i University Laboratories

733 ALLSTON WAY, BERKELEY, CALIF. 94710

[0 Please send new brochure with complete specifications
on He-Ne laser instruments and accessories.

[J Please send information on Lasertront™ Plasma Tubes.
My interest is [] current [] for future reference.

Name

Organization

Dept., Mail Station
Address

City, State, Zip

55



rier interferometers now put within
reach important new knowledge about
the planets.

Included in the panel’s recommenda-
tions are the construction of a 60-inch
optical telescope, specifically for plane-
tary study, in the mountains of northern
Chile, where seeing conditions are su-
perior to any found in the U.S. The panel
urges that the instrument be complet-
ed by 1971 so that it can be used to
observe Mars during its next close ap-
proach. For the observation of planetary
atmospheres the panel recommends con-
struction of a 120-inch infrared telescope
at some desert site in this country where
atmospheric water vapor, which absorbs
infrared radiation, would be low. Be-
cause optical precision is not critical
at infrared wavelengths, the instrument
could have an inexpensive mirror, per-
haps one made of metal or plastic. The
report also endorses a plan to install a
36-inch infrared telescope in a jet air-
craft, which could fly above 99 percent
of the water vapor in the atmosphere.
For spectrometry in the infrared, the
panel recommends the use of new Fou-
rier interferometers of the type that has
been developed in France by Pierre
Connes (see “How Light Is Analyzed,”
by Pierre Connes; SCIENTIFIC AMERI-
CAN, September).

Other recommendations in the report
include (1) construction of a large new
dish-type facility for planetary radar as-
tronomy, (2) construction of three large
radio-telescope arrays for high-resolu-
tion observation of planetary radiation
at wavelengths ranging from millimeters
to decimeters and (3) worldwide photo-
graphic coverage of the planets from
January 1, 1969, to January 1, 1974,
using relatively small telescopes located
at various longitudes.

Subversive DN A

One of the puzzles associated with
virus-induced cancers of animal cells
is that virus particles can usually no
longer be found in cells after they have
become cancerous. Renato Dulbecco
and his colleagues at the Salk Institute
for Biological Studies now publish evi-
dence in Proceedings of the National
Academy of Sciences that supports a
favored hypothesis: a portion of the
hereditary material of the virus—its DNA
—becomes integrated with the DNA of
the host cell and in effect disappears.
The fragment of viral DNA attached to
the cell’s own DNA now becomes part
of the genetic message that is replicated
at each cell division. It is the information
contained in this foreign fragment that
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subverts the cell’s normal controls, con-
verting it into a cancer cell.

Dulbecco and his co-workers con-
trived a series of experiments to follow
what happened to the DNA of the ani-
mal virus SV40 after it had invaded and
“transformed” a pure line of cultured
mouse cells, a strain designated 3T3.
These experiments established the fol-
lowing points: (1) the transformed cells
contain the viral DNA not in its normal
coiled form but in a linear form; (2) the
transformed cells contain less free viral
DNA than is present in the virus; (3) the
viral DNA found in transformed cells is
integrated with the cell's own DNA; (4)
the fragment of viral DNA is sufficient
to give rise to some 20 different proteins;
(5) the viral DNA is bound to the cellu-
lar DNA by an enzyme manufactured
according to the instructions contained
in the viral DNA.

Dulbecco and his colleagues con-
clude: “The viral DNA may be linked
to the cellular DNA as one large piece
at a single site, or it may be connected
at multiple sites after many individual
insertions. This problem is currently un-
der investigation.” Dulbecco’s co-work-
ers were Joseph Sambrook, Heiner
Westphal and P. R. Srinivasan, who is
on leave from Columbia University.

Galactic Magnetism

"I he first accurate measurement of the

strength of the magnetic field in the
galaxy has been reported by Gerrit L.
Verschuur of the National Radio As-
tronomy Observatory in Green Bank,
W.Va. The measurement was made by
a method first suggested in 1957 by
two Australian radio astronomers, J. G.
Bolton and J. P. Wild, and attempted
many times since without success by
radio astronomers at various observa-
tories around the world. The method is
based on a precise determination of the
Zeeman splitting of the radio “line”
emitted at a wavelength of 21 centi-
meters by clouds of hydrogen atoms in
space. The amount of Zeeman splitting
observed is proportional to the strength
of the magnetic field in the vicinity of
the emitting atoms.

Working with this method, Verschuur
measured the magnetic field in two re-
gions of the Milky Way. The two regions
are in directions toward the strong radio-
emitting sources Taurus A and Cassio-
peia A. The target areas, which are re-
spectively about 3,000 and 8,000 light-
years away, were found to have a field
strength of three and 20 microgauss re-
spectively. (A microgauss is a millionth
of a gauss, the unit of magnetic-field
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strength. The earth’s magnetic field is
about one gauss near the mugnetic
poles.)

Verschuur attributes his present suc-
cess in part to the powerful 140-foot
radio telescope at Green Bank and also
to a new 400-channel receiver devel-
oped recently by his colleagues Sander
Weinreb, A. M. Shalloway and R.
Mauzy.

Smog for Sale

successful means of removing the
atmospheric pollutant sulfur diox-
ide from flue gas and converting it into
salable sulfuric acid has been worked
out by the Monsanto Company and the
Metropolitan Edison Company. A pro-
totype plant that employs a catalytic
oxidation process has been in operation
at Metropolitan Edison’s generating sta-
tion at Portland, Pa., for a year. Officials
of the two companies assert that they
have achieved “a demonstrated solution
to the serious air-pollution problem of
sulfur dioxide emissions.”

The Portland station burns soft coal.
Ilue gases are taken directly from the
boiler and passed first through an elec-
trostatic precipitator, which removes
more than 99 percent of the solids, such
as fly ash. The gases next go through a
converter, where the sulfur dioxide is
catalytically oxidized to sulfur trioxide,
which is combined with water to form
sulfuric acid. The acid is of commercial
quality and has been sold; Monsanto
believes that in a full-scale operation
the sales would cover the installation and
operating costs of the purification sys-
tem. At Portland the operation converts
90 percent of the sulfur dioxide.

4L

Hybrid Ribosomes

r[‘he particles called ribosomes, the

biological machines that assemble
proteins inside the living cell, are com-
plex structures consisting of a number
of proteins associated with molecules of
ribonucleic acid (RNA). Each ribosome
consists of two subunits of unequal size,
identified as 30S and 530S because of
their sedimentation properties. Earlier
this year Masayasu Nomura and his co-
workers at the University of Wisconsin
showed that if the 30S subunit was dis-
sociated into an RNA fraction and a pro-
tein fraction, the two fractions would
spontaneously reassemble, join with a
50S subunit and exhibit their normal
functional activity.

Now Nomura, Peter Traub and Helga
Bechmann report in Nature that they
have reconstituted active 30S subunits
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One man. Observing the failure of
a material being subjected to ten-
sile loading. One man.

And when the critical point is
reached where the material thins,
necks, fractures and fails, one
man will seeit. One man to com-
municate his findings to his col-
leagues.

All that takes time.

Time has always been important

in research and development. To-

day it's critical.
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Let's take the same experi-
ment captured on video-
tape. Mounting the cam-
era to the telescope
allows a roomful of col-
leagues to view it simul-
taneously.
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And only videotape gives you in-
stant playback that lets you stop
and analyze a critical moment,
just seconds after it happens. Or
anytime afterwards, anywhere.

The Ampex VR-7800 videotape
recorder has unique features
which make it invaluable to sci-
ence and technology.

It records and plays back in ultra
fine detail, in black and white or
color. It lets you compare sepa-
rate tests or experiments as
though they had occurred in suc-
cession, thanks to electronic edit-
ing. It replays experiments in slow
motion. And it allows multiple
dubbing and remote control
operation. The timesaving bene-
fits go on and on.

As a result, videotape makes for
better researchers, better techni-
cians, better results.

Ampex has the longest, most ex-
tensive experience in videotape.
We introduced the first practical
videotape system and we’'ve been
first with every major innovation
since.

THE AMPEX VR-7800 VIDEOTAPE RECORDER
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READY, WILLING AND ABLE.

Ready—to relieve you of waiting to get on the big computer.
Constantly available. At your fingertips whenever you need it.

Ready to abolish tedium from scientific and engineering computation.
Ready to slash through long routines

and come up with answers in milliseconds.

The new Hewlett-Packard 9100A personal computer.

Willing—to perform log and trig functions,

even hyperbolics and coordinate transformations,

at the touch of a key. Willing to work

with extremely large and small numbers simultaneously.
Willing to take your programming commands

in mathematical language.

No computer language or programming specialist required.
Willing to communicate with you on your terms.

The new Hewlett-Packard 9100A computing marvel.

Able—to take on the most complex problems:

roots of a fifth-degree polynomial...

solutions to three simultaneous equations...

Bessel functions. .. Fourier analysis... elliptic integrals...
real and complex polynomial evaluation...

coordinate geometry ... regression analysis. ..

numerical integration ... vector analysis...

and many, many more!

Able to be your fast, responsive mathematical servant.

The new Hewlett-Packard 9100A electronic genie.

This major computing capability

is compressed into one 40 pound package.

Its only moving parts are the keys, the switches
and one decimal wheel.

No noise.

The 9100A computing genie is being delivered NOW,
with an extensive—and growing—program library
that puts you in control.

Examine the keyboard, question every key and switch.
Then decide to command the computing genie.

A telephone call or purchase order directed to any

HP Sales and Service Office

(in principal cities throughout the world)

will start the executive process.

If you are still skeptical, or of faint heart

ask for a demonstration.

It will affirm, assure

(and only slightly delay)

your entry into the solid-state
of personal computing power.
Be a Master.

Hewlett-Packard, Box 301,
Loveland, Colorado, 80537;
Europe: 54 Route des Acacias,
Geneva.

9100A puts answers just a touch away!

HEWLETT @ PACKARD

enie:

Dynamic range 10 *8to
10%?, nearly 200 dec-
ades. Observation of
math operations on 3 displayed registers.
Up to 16 more registers for data storage.

7548367 = temporary
5,336 845815 05 y accumulate|
3350 x keyboard

Complex and vector arithmetic
simplified with coordinate trans-

T0
POLAR
formation keys, rectangular-to-

polar and vice-versa, in milliseconds.

Trig functions covering all quad-
rants and any size angle in
degrees or radians.
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= Up to 196 program steps, each

a simple key stroke. “IF” keys
permit looping and branching
flexibility found anly on large computers.

Edit programs easily. Single-step
through programs to check and
de-bug Address an individual
step and make corrections without re-

entering the entire program

Program from the keyboard.
Record and store programs on
credit-card-size magnetic cards
for repeated use.

Designed for expansion. Printer, |
plotter, electrical data input/
output will become available. i
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plication, negative multlpllcahon standard
deviations and all statistical calculations,
squares and higher powers, co-ordinates and
associated land survey formulae, and every
other computation arising in science and
commerce . . . Available on a trial basis.
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that are hybrids: the protein fraction is
supplied by the bacterium Escherichia
coli and the RNA fraction can be from
any of three bacterial species that are
only distantly related to E. coli. Less
active but still successful hybrids were
also produced by combining E. coli
ribosomal RNA with ribosomal protein
from two of the three species of bacteria.

These findings lead to a number of
inferences about the RNA and protein
fractions, whose structures are still not
known. For a hybrid 30S subunit to be
active there must be a rather good fit
between the RNA from one species and
the set of proteins (more than a dozen in
all) from another species. Evidently as
the species became separated in the
course of evolution, a functional prop-
erty of the ribosomal RNA was con-
served—its ability to interact success-
fully with various sets of ribosomal
proteins. It is known, however, that the
sequence of bases (the chemical build-
ing blocks) in RNA varies considerably
among different species of bacteria. “We
conclude,” say Nomura and his col-
leagues, “that the requirement for a spe-
cific base sequence in ribosomal RNA in
the reconstitution is not absolute. We
suggest that only certain small regions
(‘conserved’ regions) of ...RNA are di-
rectly involved in the specific interaction
with ribosomal proteins in the assembly
of ribosomal particles.” They suggest
that the proteins may also retain com-
mon structural features that have been
conserved by evolution.

What Keeps the Earth Wobbling?

rl‘he force that sustains the earth’s nat-
ural wobble on its axis of rotation
appears to be the large-scale deforma-
tions produced by major earthquakes.
This is the conclusion of L. Mansinha
and D. E. Smylie of the University of
Western Ontario. The wobble was first
observed in the 1890’s, when it was
found that, among other motions, the
earth’s north pole of rotation describes
an irregular counterclockwise circle
some 40 feet in diameter every 14
months. Rigid-body dynamics allows an
object such as the earth to have a nat-
ural wobble with a 10-month period.
The origin of the force required to keep
the earth wobbling in spite of strong
natural damping tendencies, however,
has continued to be a puzzle. Mansinha
and Smylie note in Science that dis-
placement of the pole of rotation with
respect to the geographical pole pro-
duces variations in latitude measure-
ments. As a result the movements of the
pole of rotation have been observed
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since 1900, and 10-day mean positions
have been published since 1957.

Recently the two investigators com-
pared the dates of the 22 major earth-
quakes that have occurred since 1957
with the dates of unusual changes in the
pole path. Over the 11-year period they
found a correlation for 15 out of the 22
earthquakes, which is far greater than
might be explained by chance. More-
over, they found that path changes had
occurred from one to 18 days before five
of the six most severe earthquakes and
from eight to 15 days before three of the
seven next most severe.

As long as the shift of mass within the
earth produced by major earthquakes
was thought to extend only a few hun-
dred miles from their epicenter, such de-
formations fell short by several orders of
magnitude of the force needed to sustain
the wobble. Mansinha and Smylie had
nonetheless speculated that the cumula-
tive effect of large-scale deformations
might be sufficient; in their report they
point to recent studies implying that the
mass shifts associated with major earth-
quakes actually extend for thousands of
miles. They suggest that observation of
the pole path, combined with a watch
over active fault zones, could contribute
to a solution of the problem of forecast-
ing earthquakes.

lonospheric Ion

A large negative ion of a type that

may account for certain pr()perties
of the ionosphere has been isolated and
studied at the National Bureau of Stan-
dards. It is the five-atom ion of hydroxyl
monohydrate (H30,). Workers at the
bureau think it may be the most com-
plex negative ion ever isolated with suffi-
cient resolution for unambiguous iden-
tification.

The ionospheric phenomenon of in-
terest takes place from time to time in
the lowest region of the ionosphere. At
such times the concentration of ions in
the region increases at sunset and de-
creases at sunrise. Because the lowest
region of the ionosphere is the one that
reflects radio and radar waves back to
the earth, the changed concentrations of
ions affect radio and radar transmissions.

Presumably the changes arise from
the presence in the ionosphere of ions
from which electrons are detached dur-
ing the day by the energy of solar radia-
tion. Hence during the day the ions be-
come electrically neutral molecules. At
night the electrons reattach themselves
to the molecules, reconstituting the neg-
ative ions. Investigators in several lab-
oratories have been trying to identify
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no ivory tower

The scientists who operate Celanese’ 39 million dollar In the practical world of commercial chemistry,

R & D effort work in a very real world. When they leave there is intellectual stimulation aplenty. The problems
the laboratory, they are just as likely to be headed for are no less complex for being commercial. But the
acustomer’s plant as for a seminar on theory. The scientist who functions best in this atmosphere
problems they seek to solve are cleanly stated. Who needs takes pleasure in the pragmatic proof of

the problem solved, and why, and what the solution profitable marketing to validate the success

is worth, are also stated. of his efforts.
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The woven building:

5 times as tallasthe
Empire State Building.

The weavers in Lowell, Massachusetts
have been famous for over a century.
But no chambray, gingham, or voile they
ever loomed holds a candle to their
latest triumph.

It's a weave of boron filament.

New processing techniques could make
boron a key material of the future.

Pound for pound, it's got five times the
tensile strength of steel. In filament form,
it can be combined with metals or plastics
to produce a stronger, more rigid
structural framework, at about half the
weight of current ones. For buildings,
bridges, airplane frames.

Right now, Avco’s Space Systems
Division is developing a new technique
for “weaving’ boron (or any other
filament). Not the kind of weaving you
might do with cotton — boron is far too stiff
to be intermeshed in the conventional
way. But by arranging the filamentsin a
special 3-D pattern, with strands running

Avco is 50,000 people moving ahead in a dozen growing, expanding businesses. Avco Corporation, 750 Third Ave., N.Y., N.Y. 10017. An equal opportunity employer,

in three directions, each perpendicular to
the others, unique structures suddenly
become a reality.

And Avco scientists are hot on the trail
of some other astonishing new space-age
materials as well. In fact, materials
research is one of Avco’s growth fields
of the future. All in all, Avco is deeply
involved in no less than 21 of the areas
Forbes described recently as the ones
on the threshold of the greatest dynamism
over the next 15 years.

Like space exploration. And aircraft
engines. And broadcasting, insurance,
finance and medical research.

In a way, the current term, ““‘conglo-
merate’’, doesn’t really describe us
accurately.

How about a here-and-now company
with one foot firmly planted in the future?

© 1968 SCIENTIFIC AMERICAN, INC



SCIENTISTS AND ENGINEERS. ..

WANTED:
CREATIVE ANALYSTS
T0 SOLVE
IMPORTANT
PROBLEMS

Are you specially gqualified to solve problems of national
importance? Our expanding activities offer several immediate
opportunities for experienced professionals. We now have
openings on our newly formed New York City-area staff, as well
as in our Washington DC-area and Santa Barbara facilities.

Essentially, ours is a business of problem solving in a full
range of disciplines — from the physical sciences to the social
sciences, from missile defense to urban development. Thus,
we diligently maintain the best climate possible for uninhibited
creative thought and unrestrained professional growth.

Our most pressing needs are outlined below. To qualify, you
should have a thorough academic background plus one to ten
years of outstanding performance in your specialty. We also
have a few openings for recent graduates with strong aca-
demic records at all degree levels.

Computer Simulation
Computer Programming and Analysis

Real Time Software Systems

Resource Allocation
Systems Analysis
Computer Modeling of Physical Systems

Command and Control
Data Processing Systems,
Computer Systems Design —
Hardware and Software

Radar Systems Analysis

Interceptor Design
Flight Mechanics
Missile Guidance and Control

We’'re a seven-year-old public company with an interna-
tional reputation and solid plans for future growth. If you're
interested, we'll welcome your resume. In return, we'll send
you ours — a brochure that tells you about us and the unique
opportunities we offer outstanding people.

Write in confidence to Dr. Earl D. Crisler, Vice President,
General Research Corporation, 1501 Wilson Blvd., Arlington,
Virginia 22209.

Or, on the West Coast, write to Mr. Harold C. Beveridge,
Vice President, at our Santa Barbara headquarters.

GENERAL
RESEARCH

... contributing to the solution of problems of national importance

CORPORATION

POST OFFICE BOX 3587 - SANTA BARBARA, CALIFORNIA 93105

AN EQUAL OPPORTUNITY EMPLOYER
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the negative ions responsible for the
ionospheric effects and to determine the
amount of energy the ions require for
the detaching of electrons. Bruce Steirler
and Stephen Golub of the Bureau of
Standards were able to isolate and iden-
tify the H;O. ion by means of a recently
completed apparatus that consists of a
source of ions, a double-focusing mass
analyzer that focuses a narrow beam of
ions for study, a collision chamber and
a source of monochromatic light. In the
collision chamber the ion beam interacts
with light at various wavelengths, ab-
sorbing photons and emitting electrons
in ways that can be accurately measured.

lkhnaton and the Computer

A 3,300-year-old jigsaw puzzle, cre-
+ X ated when Egypts traditional
priesthood destroyed the great temple
erected at Thebes by the ill-fated mono-
theistic reformer Ikhnaton, appears to
be well on its way to solution through
the use of computer matching tech-
niques. Ikhnaton’s temple for the sun
god Aten was built out of uniform sand-
stone blocks 24 inches long and 10 inch-
es high; its walls were then sculptured
in relief and the scenes and inscriptions
were decorated in a variety of colors.
After the temple’s destruction the blocks
were all reused, either as fill or as foun-
dation stone for later structures. For
many decades Egyptologists digging
through later ruins have recognized and
set aside the characteristically uniform
blocks with sculptured faces. Some 30,-
000 of them have now been recovered;
preserved on some are portraits of Ikh-
naton, his wife Nefertiti, their children,
scenes of ritual and the chase, and nu-
merous inscriptions.

Scholars have despaired of rearrang-
ing the scrambled blocks so as to restore
the original appearance of the temple
walls. Recently, however, the Egyptian
Antiquities Service issued a permit to
the University Museum of the University
of Pennsylvania to develop a project in
collaboration with the Cairo service cen-
ter of the International Business Ma-
chines Corporation aimed at applying
machine methods to the formidable task.
Financed by counterpart funds, project
workers have already photographed 25,-
000 of the blocks and coded their visual
contents so that computer matching of
block with block can be substituted for
laborious handwork. Ray W. Smith, the
director of the project, and his Egyptian
colleagues expect that a photomontage
restoration of the temple’s decorated
walls will be completed within a few
months.



Concerned with curve fitting?

For example:
LEAST SQUARE'S FIT
TO A PARABOLIC FUNCTION.

If so, with the Olivetti Underwoaod
Programma 101 desk-top computer,

magnetic cards slightly larger than
a dollar bill:

can performa fitto:y = axb.

You just enter the variables x,, y.

The Programma gives you

n

XlogX
2{LogX)?
SlogY
2logxLogyY
Zlogy

Log a

b

FLogXiany
(Correlation Coeificient)
b

(Standard Error of Estimate)

on a paper tape.

OUTPUT

. 56942

7

3.71040690
.31032793

It's simple to put a program on a
magnetic card. You just enter it on
the easy-to-understand keyboard.
Magnetic cards are a snap to store
And they permit you to use the
program again and again. The Pro-
gramma is amazingly simple to
program. No complicated coding.
Whether you're an engineer, sCi-
entist, researcher or statistician,
the Programma should be
vour concern. You will be
more than amazed at how
much it can do for you,

olivetti underwood

T T T T T Tl

| Olivetti Underwood Corporation
| Attention: Marketing Services

| One Park Avenue

[ New York, N.Y. 10016

| Gentlemen:

| I’'m interested in learning more about |
| the Olivetti Underwood Programma 101. |

i Name |

I Tite |
|

[ Company |

| Address I
| |
State |

| City _Zip__

b
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VISUAL TLLUSIONS

Why do simple [igures sometimes appear dhstorted or aml)iguous?

Perlmps because the visual system has to make sense of a world

m which m*eryday objects are normally distorted bv perspecti\'e

Asatisfactory theory of visual percep-
tion must explain how the fleet-
L ing patterns of light reaching the
retina of the eye convey knowledge of
external objects. The problem of how
the brain “reads” reality from the eye’s
images is an acute one because objects
are so very different from images, which
directly represent only a few of the im-
portant characteristics of objects. At any
instant the retinal image represents the
color of an object and its shape from a
single position, but color and shape are
in themselves trivial. Color is dependent
on the quality of* the illumination, and
on the more subtle factors of contrast
and retinal fatigue. Shape, as we all
know, can be strongly distorted by vari-
ous illusions. Since it is obviously not in
the best interests of the possessor of an
eye to be tricked by visual illusions, one
would like to know how the illusions
occur. Can it be that illusions arise from
information-processing mechanisms that
under normal circumstances make the
visible world easier to comprehend? This
is the main proposition I shall examine
here.

Illusions of various kinds can occur
in any of the senses, and they can cross
over between the senses. For example,
small objects feel considerably heavier
than larger objects of exactly the same
weight. This can be easily demonstrated
by filling a small can with sand and then
putting enough sand in a much larger
can until the two cans are in balance.
The smaller can will feel up to 50 per-
cent heavier than the larger can of pre-
cisely the same weight. Evidently weight
is perceived not only according to the
pressure and muscle senses but also
according to the expected weight of
the object, as indicated by its visually
judged size. When the density is unex-
pected, vision produces the illusion of
weight. T believe all systematic-distor-
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by Richard L. Gregory

tion illusions are essentially similar to
this size-weight illusion.

Although several visual illusions were
known to the ancient Greeks, they have
been studied experimentally for only a
little more than a century. The first sci-
entific description in modern times is
in a letter to the Scottish physicist Sir
David Brewster from a Swiss naturalist,
L. A. Necker, who wrote in 1832 that
a drawing of a transparent rhomboid
reverses in depth: sometimes one face
appears to be in front and sometimes
the other. Necker noted that although
changes of eye fixation could induce this
change in perception, it would also occur
quite spontaneously. This celebrated
effect is generally illustrated with an iso-
metric cube rather than with Necker’s
original figure [sce top illustration on
page 68].

Somewhat later W. J. Sinsteden re-
ported an equally striking effect that
must have long been familiar to Nether-
landers. If the rotating vanes of a wind-
mill are viewed obliquely or directly
trom the side, they spontaneously re-
verse direction if there are no strong
clues to the direction of rotation. This
effect can be well demonstrated by pro-
jecting on a screen the shadow, seen in
perspective, of a slowly rotating vane. In
the absence of all clues to the direction
of rotation the vane will seem to reverse
direction spontaneously and the shadow
will also at times appear to expand and
contract on the plane of the screen. It is
important to note that these effects are
not perceptual distortions of the retinal
image; they are alternative interpreta-
tions of the image in terms of possible
objects. It is as though the brain enter-
tains alternative hypotheses of what ob-
ject the eye’s image may be representing.
When sensory data are inadequate,” al-
ternative hypotheses are entertained and
the brain never “makes up its mind.”

© 1968 SCIENTIFIC AMERICAN, INC

The most puzzling visual illusions are
systematic distortions of size or shape.
These distortions occur in many quite
simple figures. The distortion takes the
same direction and occurs to much the
same extent in virtually all human ob-
servers and probably also in many ani-
mals. To psychologists such distortions
present an important challenge because
they must be explained by a satisfactory
theory of normal perception and be-
cause they could be important clues to
basic perceptual processes.

Distortion Illusions

The simplest distortion illusion was
also the first to be studied. This is the
horizontal-vertical illusion, which was
described by Wilhelm Wundt, assistant
to Hermann von Helmholtz at Heidel-
berg and regarded as the father of ex-
perimental psychology. The illusion is
simply that a vertical line looks longer
than a horizontal line of equal length.
Wundt attributed the distortion to asym-
metry in the system that moves the eye.
Although this explanation has been in-
voked many times since then, it must be
ruled out because the distortions occur
in afterimages on the retina and also in
normal images artificially stabilized so
as to remain stationary on the retina. In
addition, distortions can occur in several
directions at the same time, which could
hardly be owing to eye movements. It is
also difficult to see how curvature dis-
tortions could be related to eye move-
ments. All the evidence suggests that the
distortions originate not in the eyes but
in the brain.

Interest in the illusions became gen-
eral on the publication of several figures
showing distortions that could produce
errors in the use of optical instruments.
These errors were an important concern
to pllysicists and astronomers a centu-



ILLUSION INVOLVING PERSPECTIVE is remarkably con-
stant for all human observers. The two rectangles superposed on
this photograph of railroad tracks are precisely the same size, yet
the top rectangle looks distinctly larger. The author regards this
illusion as the prototype of visual distortions in which the per-
ceptual mechanism, involving the brain, attempts to maintain a
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rough size constancy for similar objects placed at different dis-
tances. Since we know that the distant railroad ties are as large
as the nearest ones, any object lying between the rails in the mid-
dle distance (the upper rectangle) is unconsciously enlarged. In-
deed, if the rectangles were real objects lying between the rails,

we would know immediately that the more distant was larger.
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L

NECKER ILLUSION was devised in 1832 by L. A. Necker, a Swiss naturalist. He noticed
that a transparent rhomboid (left) spontaneously reverses in depth. The area lightly tinted in
color can appear either as an outer surface or as an inner surface of a transparent box. The
illusion is now more usually presented as a transparent cube (right),known as a Necker cube.

POGGENDORFF 1ILLUSION was proposed by Johann Poggendorff in 1860, the same
year that Johann Zollner proposed the figure shown on the cover of this issue of SCIENTIFIC
AMERICAN. In Poggendorff’s figure the two segments of the diagonal line seem to be offset.

PONZO JTLLUSION, also known as the railway lines illusion, was proposed by Mario Ponzo
in 1913. It is the prototype of the illusion depicted in the photograph on the preceding page.
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ry ago, when photographic and other
means of avoiding visual errors were
still uncommon. The first of the special
distortion figures was the illusion pub-
lished by Johann Zollner in 1860 [sce
cover of this issue]. The same year
Johann Poggendorfl published his line-
displacement illusion [see middle illus-
tration at left]. A year later Ewald
Hering presented the now familiar il-
lusion in which parallel lines appear
bowed; the converse illusion was con-
ceived in 1896 by Wundt [see illustra-
tions on opposite page].

Perhaps the most famous of all distor-
tion illusions is the double-headed-ar-
row figure devised by Franz Miiller-Lyer
and presented in 15 variations in 1889
[see illustration on page 70]. This figure
is so simple and the distortion is so com-
pelling that it was immediately accepted
as a primary target for theory and ex-
periment. All kinds of theories were ad-
vanced. Wundt again invoked his eye-
movement theory. It was also proposed
that the “wings” of the arrowheads drew
attention away from the ends of the cen-
tral line, thus making it expand or con-
tract; that the heads induced a state of
empathy in the observer, making him
feel as if the central line were being
either stretched or compressed; that the
distortion is a special case of a supposed
general principle that acute angles tend
to be overestimated and obtuse an-
gles underestimated, although why this
should be so was left unexplained.

All these theories had a common fea-
ture: they were attempts to explain the
distortions in terms of the stimulus pat-
tern, without reference to its significance
in terms of the perception of objects.
There was, however, one quite different
suggestion. In 1896 A. Thiery proposed
that the distortions are related to the
way the eye and brain utilize perspec-
tive to judge distances or depths. Thiery
regarded the Miller-Lyer arrows as
drawings of an object such as a saw-
horse, seen in three dimensions; the legs
would be going away from the observer
in the acute-angled figure and toward
him in the obtuse-angled figure. Except
for a brief discussion of the “perspec-
tive theory” by Robert S. Woodworth in
1938, Thiery’s suggestion has seldom
been considered until recently.

Woodworth wrote: “In the Miiller-
Lyer figure the obliques readily suggest
perspective and if this is followed one of
the vertical lines appears farther away
and therefore objectively longer than
the other.” This quotation brings out
the immediate difficulties of developing
an adequate theory along such lines.
The distortion occurs even when the



HERING ILLUSION was published in 1861 by Ewald Hering.

The horizontal lines are of course straight. Physicists and astron-

perspective suggestion is not followed
up, because the arrows generally appear
flat and yet are still distorted. Moreover,
no hint is given of a mechanism respon-
sible for the size changes. An adequate
theory based on Thiery’s suggestion must
show how distortion occurs even though
the figures appear flat. It should also
indicate the kind of brain mechanisms
responsible.

The notion that geometric perspec-
tive—the apparent convergence of paral-

lel lines with distance—has a bearing on
the problem is borne out by the occur-
rence of these distortions in photographs
of actual scenes in which perspective is
pronounced. Two rectangles of equal
size look markedly unequal if they are
superposed on a photograph of converg-
ing railroad tracks [see illustration on
page 67]. The upper rectangle in the
illustration, which would be the more
distant if it were a real object lying be-
tween the tracks, looks larger than the

omers of that period took a lively interest in illusions, being con-
cerned that visual observations might sometimes prove unreliable.

lower (and apparently nearer) one. This
corresponds to the Ponzo illusion [sce
Dottom illustration on opposite page].
Similarly, the eye tends to expand the
inside corner of a room, as it is seen in
a photograph, and to shrink the outside
corners of structures [see illustration on
page 71]. The effect is just the same as
the one in the Miiller-Lyer figures,
which in fact resemble outline drawings
of corners seen in perspective. In both
cases the regions indicated by perspec-

/’

CLK

D202

CONVERSE OF HERING ILLUSION was conceived in 1896 by
Wilhelm Wundt, who introduced experimentation into psychology.

© 1968 SCIENTIFIC AMERICAN, INC

Wundt earlier described the simplest of the visual illusions: that
a vertical line looks longer than a horizontal line of equal length.
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tive as being distant are expanded,
whereas those indicated as being closer
are shrunk. The distortions are opposite
to the normal shrinking of the retinal
image when the distance to an object is
increased. Is this effect merely fortui-
tous, or is it a clue to the origin of the
illusions?

Paradoxical Pictures

Before we come to grips with the
problem of trying to develop an ade-
quate theory of perspective it will be
helpful to consider some curious fea-
tures of ordinary pictures. Pictures are
the traditional material of perceptual re-
search, but all pictures are highly artifi-
cial and present special problems to the
perceiving brain. In a sense all pictures
are impossible because they have a dual
reality. They are seen both as patterns of
lines lying on a flat background and as
objects depicted in a quite different
three-dimensional space. No actual ob-
ject can be both two-dimensional and
three-dimensional, yet pictures come
close to it. Viewed as patterns they are
seen as being two-dimensional; viewed
as representing other objects they are
seen in a quasi-three-dimensional space.
Pictures therefore provide a paradoxical
visual input. They are also ambiguous,
because the third dimension is never
precisely defined.

The Necker cube is an example of a
picture in which the depth ambiguity is
so great that the brain never settles for
a single answer. The fact is, however,
that any perspective projection could
represent an infinity of three-dimen-
sional shapes. One would think that the
perceptual system has an impossible
task! Fortunately for us the world of ob-
jects does not have infinite variety; there
is usually a best bet, and we generally
interpret our flat images more or less
correctly in terms of the world of objects.

The difficulty of the problem of see-
ing the third dimension from the two
dimensions of a picture, or from the
retinal images of normal objects, is in-
geniously brought out by special “im-
possible pictures” and “impossible ob-
jects.” They show what happens when
clearly incompatible distance informa-
tion is presented to the eye. The im-
possible triangle devised by Lionel S.
Penrose and R. Penrose cannot be per-
ceptually interpreted as an object in
normal three-dimensional space [see il-
lustration on page 72]. 1t is, however,
perfectly possible to make actual three-
dimensional objects, not mere pictures,
that give rise to the same perceptual
confusion—provided that they are viewed
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with only one eye. For example, the
Penrose triangle can be built as an open
three-dimensional structure [see top il-
lustration on page 73] that looks like an
impossible closed structure when it is
viewed with one eye (or photographed)
from exactly the right position [see bot-
tom illustration on page 73].

Ordinary pictures are not so very dif-
ferent from obviously impossible pic-
tures. All pictures showing depth are
paradoxical: we see them both as being
flat (which they really are) and as having
a kind of artificial depth that is not quite
right. We are not tempted to touch ob-
jects shown in a picture through the sur-
face of the picture or in front of it. What
happens, however, if we remove the sur-
face? Does the depth paradox of pic-
tures remain?

The Removal of Background

To remove the background for labora-
tory experiments we make the pictures
luminous so that they glow in the dark.
In order to deprive the brain of stereo-
scopic information that would reveal
that the pictures are actually flat the pic-
tures are viewed with one eye. They may
be wire figures coated with luminous
paint or ph()t()graphic transparencies
back-illuminated with an electrolumi-

nescent panel. In either case there is no
visible background, so that we can dis-
cover how much the background is re-
sponsible for the depth paradox of pic-
tures, including the illusion figures.

Under these conditions the Miiller-
Lyer arrows usually look like true cor-
ners according to their perspective.
They may even be indistinguishable
from actual luminous corners. The fig-
ures are not entirely stable: they some-
times reverse spontaneously in depth.
Nonetheless, they usually appear accord-
ing to their perspective and without
the paradoxical depth of pictures with
a background. The distortions are still
present. The figure that resembles a dou-
ble-headed arrow looks like an outside
corner and seems shrunk, whereas the
figure with the arrowheads pointing the
wrong way looks like an inside corner
and is expanded. Now, however, the
paradox has disappeared and the figures
look like true corners. With a suitable
apparatus one can point out their depth
as if they were normal three-dimensional
objects.

Having removed the paradox, it is
possible to measure, by quite direct
means, the apparent distance of any se-
lected part of the figures. This we do by
using the two eyes to serve as a range
finder for indicating the apparent depth

MULLER-LY ER ILLUSION was devised by Franz Miiller-Lyer in 1889. Many theories
were subsequently invoked in an attempt to explain why reversed arrowheads (right) seem
to lengthen a connecting shaft whereas normal arrowheads seem to shrink the shaft (left).
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of the figure, which is visible to only one
eye. The back-illuminated picture is
placed behind a polarizing filter so that
one eye is prevented from seeing the
picture by a second polarizing filter ori-
ented at right angles to the first. Both
eyes, however, are allowed to see one or
more small movable reference lights that
are optically introduced into the picture
by means of a half-silvered mirror set at
45 degrees to the line of sight. The dis-
tance of these lights is given by stereo-
scopic vision, that is, by the conver-
gence angle of the eyes; by moving the
lights so that they seem to coincide with
the apparent distance of selected parts
of the picture we can plot the visual
space of the observer in three dimen-
sions [see top illustration on page 74].
When this plotting is done for various
angles of the “fin,” or arrowhead line, in
the Miiller-Lyer illusion figure, it be-
comes clear that the figures are per-
ceived as inside and outside corners.
The illusion of depth conforms closely to
the results obtained when the magnitude
of the illusion is independently mea-
sured by asking subjects to select com-
parison lines that match the apparent
length of the central line between two
kinds of arrowhead [see bottom illustra-
tion on page 74]. In the latter experi-
ment the figures are drawn on a normal-

THEORY OF MULLER-LYER ILLUSION favored by the
author suggests that the eye unconsciously interprets the arrow-like
figures as three-dimensional skeleton structures, resembling either

ly textured background, so that they
appear flat.

The two experiments show that when
the background is removed, depth very
closely follows the illusion for the vari-
ous fin angles. The similarity of the
plotted results provides evidence of a
remarkably close connection between
the illusion as it occurs when depth is
not seen and the depth that is seen when
the background is removed. This sug-
gests that Thiery was essentially correct:
perspective can somehow create distor-
tions. What is odd is that perspective
produces the distortions according to
indicated perspective depth even when
depth is not consciously seen.

Size Constancy

The next step is to look for some per-
ceptual mechanism that could produce
this relation between perspective and
apparent size. A candidate that should
have been obvious many years ago is size
constancy. This phenomenon was clearly
described in 1637 by René Descartes in
his Dioptrics. “It is not the absolute size
of images [in the eyes] that counts,” he
wrote. “Clearly they are 100 times bigger
[in area] when objects are very close
than when they are 10 times farther
away, but they do not make us see the

© 1968 SCIENTIFIC AMERICAN, INC

objects 100 times bigger. On the con-
trary, they seem almost the same size,
at any rate as we are not deceived by too
great a distance.”

We know from many experiments that
Descartes is quite right. What happens,
however, when distance information,
such as perspective, is presented to the
eye but two components of the scene,
one of which should be shrunk by dis-
tance, are the same size? Could it be
that perspective presented on a flat plane
triggers the brain to compensate for the
expected shrinking of the images with
distance even though there is no shrink-
ing for which to compensate? If some
such thing happens, it is easy to see why
figures that suggest perspective can give
rise to distortions. This would provide
the start of a reasonable theory of illu-
sions. Features indicated as being dis-
tant would be expanded, which is just
what we find, at least for the Miiller-
Lyer and the Ponzo figures.

It is likely that this approach to the
problem was not developed until recent-
ly because, although size constancy was
quite well known, it has always been
assumed that it simply follows apparent
distance in all circumstances. Moreover,
it has not been sufficiently realized how
very odd pictures are as visual inputs.
They are highly atypical and should be

an outside (left) or inside corner (right) of a physical structure.
A perceptual mechanism evidently shrinks the former and enlarges
the latter to compensate for distortion caused by perspective.
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studied as a special case, being both
paradoxical and ambiguous.

Size constancy is traditionally identi-
fied with an effect known as Emmert’s
law. This effect can be explained by a
simple experiment involving the appar-
ent size of afterimages in vision. If one
can obtain a good afterimage (preferably
by briefly illuminating a test figure with
an electronic flash lamp), one can “pro-
ject” it on screens or walls located at
various distances. The afterimage will
appear almost twice as large with each
doubling of distance, even though the
size of the image from the flash remains
constant. It is important to note, how-
ever, that there is a change in retinal
stimulation for each screen or wall lying
at a different distance; their images do
vary. It is possible that the size change
of the afterimage is due not so much to a
brain mechanism that changes its scale
as to its size on the retina with respect
to the size of the screen on which it ap-
pears to lie. Before we go any further,

-
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it is essential to discover whether Em-
mert’s law is due merely to the relation
between the areas covered by the after-
image and the screen, or whether the
visual information of distance changes
the size of the afterimage by some kind
of internal scaling. This presents us with
a tricky experimental problem.

As it turns out, there is a simple solu-
tion. We can use the ambiguous depth
phenomenon of the Necker cube to es-
tablish whether Emmert’s law is due to
a central scaling by the brain or is mere-
ly an effect of relative areas of stimu-
lation of the retina. When we see a
Necker cube that is drawn on paper re-
verse in depth, there is no appreciable
size change. When the cube is presented
on a textured background, it occupies
the paradoxical depth of all pictures
with visible backgrounds; it does not
chunge in size when it reverses in pseu-
do-depth.

What happens, however, if we remove
the cube’s background? The effect is

IMPOSSIBLE TRIANGLE was devised by Lionel S. Penrose and R. Penrose of  Uni-
versity College London. It is logically consistent over restricted regions but is nonsensical
overall. The author sees a certain similarity between such impossible figures and ordinary
photographs, which provide the illusion of a third dimension even though they are flat.
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dramatic and entirely repeatable: with
each reversal in depth the cube changes
its apparent shape, even though there is
no change in the retinal image. Which-
ever face appears to be more distant al-
ways appears to be the larger. The use
of depth-ambiguous figures in this way
makes it possible to separate what hap-
pens when the pattern of stimulation
of the retina is changed. The answer is
that at least part of size constancy, and
of Emmert’s law, is due to a central
size-scaling mechanism in the brain that
responds to changes in apparent distance
although the retinal stimulation is un-
changed.

Apparent size, then, is evidently es-
tablished in two ways. It can be estab-
lished purely by apparent distance. It
can also be established directly by
visual depth features, such as perspec-
tive in two-dimensional pictures, even
though depth is not seen because it is
countermanded by competing depth in-
formation such as a visible background.
When atypical depth features are pres-
ent, size scaling is established inappro-
priately and we have a corresponding
distortion illusion.

The size scaling established directly
by depth features (giving systematic dis-
tortions when it is established inappro-
priately) we may call “depth-cue scal-
ing.” It is remarkably consistent and
independent of the observer’s perceptual
“set.” The other system is quite differ-
ent and more subtle, being only indi-
rectly related to the prevailing retinal
information. It is evidently linked to the
interpretation of the retinal image in
terms of what object it represents. When
it appears as a different object, the scal-
ing changes at once to suit the alterna-
tive object. If we regard the seeing of an
object as a hypothesis, suggested (but
never strictly proved) by the image, we
may call the system “depth-hypothesis
scaling,” because it changes with each
change of the hypothesis of what object
is represented by the image. When the
hypothesis is wrong, we have an illusion
that may be dramatic. Such alternations
in hypotheses underlie the changes in
direction, and even size, that occur when
one watches the shadow of a rotating
vane.

Observers in Motion

The traditional distortion illusions
can be attributed to errors in the setting
of the depth-cue scaling system, which
arise when figures or objects have mis-
leading depth cues, particularly per-
spective on a flat plane. Although these
illusions might occasionally bother in-



vestigators making visual measurements,
they are seldom a serious hazard. The
other kind of illusion—incorrect size-
scaling due to an error in the prevailing
perceptual hypothesis—can be serious in
unfamiliar conditions or when there is
little visual information available, as in
space flight. It can also be important in
driving a car at night or in landing an air-
plane under conditions of poor visibility.
Illusions are most hazardous when the
observer is in rapid motion, because
then even a momentary error may lead
to disaster.

So far little work has been done on
the measurement of illusions experienced
by observers who are in motion with
respect to their surroundings. The ex-
perimental difficulties involved in mak-
ing such measurements are severe; nev-
ertheless, we have been tackling the
problem with support from the U.S. Air
Force. The equipment, which is fairly
elaborate, can move the observer with
controlled velocity and acceleration
through various visual environments, in-
cluding the blackness of space (with or
without artificial stars presented opti-
cally at infinite distance).

We measure the observer’s visual
sense of size constancy as he is moving
by having him lcok at a projected dis-
play that changes size as he approaches
or recedes from it. As he moves away
from it, the display is made to expand
in size; as he approaches it, the display
is made to shrink. The change in size is
adjusted until, to the moving observer,
the display appears fixed in size. If there
were no perceptual mechanism for con-
stancy scaling, the size of the display
would have to be adjusted so that its im-
age on the observer’s retina would be
the same size regardless of his distance
from it. If, at the other extreme, the size-
constancy effect were complete, we
could leave the display unchanged and
it would still appear to be the same size
regardless of its actual distance from the
observer. In practice some size change
between these limits provides the illu-
sion of an unchanging display, and this
gives us a measure of the size-constancy
effect as the observer is moved about.

We find that when the observer is in
complete darkness, watching a display
that is projected from the back onto a
large screen, there is no measurable size
constancy when the observer is moving
at a fixed speed. When he is accelerated,
size constancy does appear but it may
be wildly wrong. In particular, if he in-
terprets his movement incorrectly, ei-
ther in direction or in amount, size con-
stancy usually fails and can even work
in reverse. This is rather similar to the

ACTUAL IMPOSSIBLE TRIANGLE was constructed by the author and his colleagues.
The only requirement is that it be viewed with one eye (or photographed) from exactly
the right position. The top photograph shows that two arms do not actually meet. When
viewed in a certain way (bottom), they seem to come together and the illusion is complete.
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HALF-SILVERED MIRROR

APPARATUS FOR STUDYING ILLUSIONS was devised by
the author. The objective is to present figures such as the Muller-
Lyer arrows with the background removed so that the figures seem
suspended in space. Under these conditions the Muller-Lyer
arrows generally look like true corners. The subject can adjust a
small light so that it appears to lie at the same depth as any part

\/
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of the figure. The light, which the subject sees in three-dimension-
al space with both eyes, is superposed on the illuminated figure
by means of a half-silvered mirror. A polarizing filter is placed over
the figure and the subject wears polarizing glasses that allow him
to see the figure with only one eye. Thus he has no way of telling
whether the figure is really two-dimensional or three-dimensional.

+?l

+

I
= TN

|
|
l
|
|

DEPTH DIFFERENCE (CENTIMETERS)
(e}

TIT

j i A

30 40 50 60 70 80 %0 100

110 120 130 140 150 160 170 180

ARROWHEAD ANGLE (DEGREES)

QUANTITATIVE MEASUREMENT OF ILLUSION produced
the results plotted here for Muller-Lyer arrows. The black curve
shows the average results for 20 subjects who were asked to select
a comparison line that matched the length of a central shaft
to which were attached arrowheads set at the angles indicated.
When arrowheads were set at less than 90 degrees, the comparison
lines were as much as one centimeter shorter. When the arrowhead
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was sel al 150 degrees, the comparison line was more than 1.5
centimeters longer. The colored curve shows the maximum depth
difference perceived for the same set of arrows when displayed,
with the background removed, in the apparatus shown in the illus-
tration at the top of the page. The two curves match quite closely
excepl at the extreme setting of 170 degrees, when the figure no
longer resembles a true corner when presented in the light box.
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reversal of size constancy with reversal
of the depth of the luminous Necker
cube. In the conditions of space, percep-
tion may be dominated by the prevailing
hypothesis of distance and velocity. If
either is wrong, as it may well be for
lack of reliable visual information, the
astronaut may suffer visual illusions that
could be serious.

The Nonvisual in Vision

Visual perception involves “reading”
from retinal images a host of characteris-
tics of objects that are not represented
directly by the images in the eyes. The
image does not convey directly many
important  characteristics of objects:
whether they are hard or soft, heavy or
light, hot or cold. Nonvisual characteris-
tics must somehow be associated with
the visual image, by individual learning
or conceivably through heredity, for ob-
jects to be recognized from their images.
Psychologists now believe individual
perceptual learning is very important for
associating the nonoptical properties of
objects with their retinal images. Such
learning is essential for perception;
without it one would have mere stim-
ulus-response behavior.

Perception seems to be a matter of
looking up information that has been
stored about objects and how they be-
have in various situations. The retinal
image does little more than select the
relevant stored data. This selection is
rather like looking up entries in an en-
cyclopedia: behavior is determined by
the contents of the entry rather than by
the stimulus that provoked the search.
We can think of perception as being es-
sentially the selection of the most ap-
propriate stored hypothesis according to
current sensory data.

Now, a look-up system of this kind
has great advantages over a control sys-
tem that responds simply to current
input. If stored information is used,
behavior can continue in the tempo-
rary absence of relevant information, or
when there is inadequate information to
provide precise control of behavior di-
rectly. This advantage has important
implications for any possible perceptual
system, including any future “seeing ma-
chine”: a robot equipped with artificial
eyes and a computer and designed to
control vehicles or handle objects by
means of artificial limbs. Even when
enough direct sensory information is
available for determining the important
characteristics of surrounding objects
(which is seldom the case), it would re-
quire a rate of data transmission in ex-
cess of that provided by the human
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Why companies standardize on
Wang electronic calculators

A truly functional, basic cal-

culator design, the Wang 300
Series, fills the needs of most
company operations. Each calcu-
lator consists of: a briefcase-size
electronics processor and a com-
pact, telephone-size keyboard. Up
to four keyboards, each tailored
to individual requirements, can
operate simultaneously from the
electronic package. Wang's unique
multiple keyboard approach re-
sults in far greater versatility and
less cost per operator than any
comparable electronic calculator.
(One leading company reports a
saving of $73,000 four months
after installing Wang calculators.)

As simple to learn and operate
as a 10-key adding machine,
Wang calculators are powerful
and versatile enough to solve, at

your desk, everything from the
usual arithmetic calculations to
complex equations and pro-
grammed computations which
otherwise require the use of
computers.

You can begin as simply as
budget and requirements dictate.
As your needs grow, simply add
compatible Wang plug-in modules
such as an 80-step card program-
mer, an automatic output writer,
etc. (Wang offers more optional
capabilities than all other calcu-
lator manufacturers combined.)

Over 10,000 Wang users have
already discovered the advantages
of standardization without built-
in obsolescence. Call your nearest
Wang office for an immediate
demonstration.
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The Celestron 16
SCHMIDT-CASSEGRAIN TELESCOPE

The many basic features of this superb f/11,
16-inch Telescope as well as optional accessories
make it the most versatile instrument available for
educational institutions. Visually it may be used
at low magnification for open cluster or nebulae
study or at high magnification for close-up views
of the moon or planets. In either case the images
are unusually crisp and well illuminated. Accessories
are available for using this instrument as a plane-
tary camera or as an f/2 Schmidt Camera.

Priced at $11,500.00 including on-site installa-
tion assistance and instruction.

Celestron Pacific, Inc. 2430 Amsler
LTorrance, Calif. 90505 Ph. (213) 534-2322
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nervous system (or current computers) to
enable a robot to behave appropriately.
Hence there are strong general design
reasons for supposing that any effective
seeing system—whether biological or
man-made—should use current sensory
information for selecting preformed hy-
potheses, or models, representing impor-
tant features of the external world of ob-
jects as opposed to controlling behavior
directly from sensory inputs.

If we consider the problems of stor-
ing information about objects, it soon
becomes clear that it would be most
uneconomical to store an independent
model of each object for every distance
and orientation it might occupy in sur-
rounding space. It would be far more
economical to store only typical charac-
teristics of objects and to use current
sensory information to adjust the select-
ed model to fit the prevailing situation.
The model must be continually scaled
for distance and orientation if the owner
of the perceptual system is to interact
with the object.

We might guess that depth-cue scal-

ing represents this adjustment of the
selected model in the light of the avail-
able depth information. When the avail-
able information is inappropriate (as in
the case of perspective features on a flat
plane), it will scale the perceptual model
wrongly. There will be a systematic er-
ror: a distortion illusion due to inappro-
priate depth-cue scaling. There will also
be errors—possibly very large ones—
whenever a wrong model is selected. We
see this happening in a repeatable way
in the ambiguous figures, such as the
luminous  Necker cube, that change
shape with each depth reversal even
though the sensory input is unchanged.

If this general account of perception
as essentially a look-up system is cor-
rect, we should expect illusions similar
to our own to arise in any effective per-
ceptual system, including future robots.
Ilusions are not caused by any limita-
tion of our brain. They are the result of
the imperfect solutions available to any
data-handling system faced with the
problem of establishing the reality of ob-
jects from ambiguous images.
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RAILWAY LINES ILLUSION can also be studied quantitatively. The methods are the
same as those described in the bottom illustration on page 74. Subjects were presented with
a horizontal line at one of the indicated positions and asked to select a second line that
seemed to match it in length. The matching error for different pairs is plotted in the top

curve. Pairs of lines were then presented in

the apparatus shown at the top of page 74 and

the subjects ad justed the light to match the apparent depth of each line. Under these condi-

tions (bottom curve) the illusion of depth is

much more dependent on where a given pair

of lines is located with respect to the “rails,” but the trend of the top curve is preserved.
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monorails and rockets to the moon get al
the publicity.

Railroads seem to go about their
business more quietly. Yet they’re keeping
abreast of a fast moving world with the
most advanced industrial design and
engineering.

And the most modern computer
technology. Like the UN1vAC® Real-Time
System.

Take, for example, the Japanese
National Railways, one of Asia’s largest
enterprises.

If it weren’t for the JNR, Japan
wouldn’t be able to move the 100 million
people that are crammed into an area
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100 million people. And most of them
depend on railroad transportation.

That’s why passenger and freight
volume are forever on the rise and have to
be run on incredibly tight schedules.

This isn’t easy when you’re handling
16.5 million people and 563,000 tons of
freight every day.

But the JNR does it. And with the help
of the UNIVAC 490 manages to provide some
of the fastest and safest train rides in the
world. And some of the most comfortable
and punctual.

The UNIVAC 490 serves as a nucleus
for integrated work in cost accounting,
settlements, assets, payroll, purchase and
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personnel and health programs.

Univac is working for a number of
railroad systems—from the newly formed
Penn Central; the French National;
C&0/B&0; Great Northern—to the Boston
and Maine; Spokane, Portland and Seattle;
Bessemer and Lake Erie.

Univac systems are working around
the clock and around the world for industry,
education and government, to help people go
where they want to go faster.

UNIVAC

Univac is saving alot of people a lot of time.
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T he Bullet Train is the world’s fastest. It speeds by Mount Fuji every day at 125 mph.




The thought isn’t as wild as you might
think.

At least the challenge is clear. Everybody
knows that smoke is caused by incomplete
combustion. How then do you build a perfect
fire? A fire that consumes its own smoke.

A team of scientists at Esso Research (a
Jersey affiliate) are trying to find the secret by
scrutinizing the innerdynamicsof flames. These
are still somewhat of a mystery. But a recent
experiment provides a clue.

Flames contain electrically charged parti-

A world without

cles known as ions. This was proved when
scientists first bent a flame by passing a direct
electric current across it. The Esso Research
scientists went one step further.

If a direct current could bend a flame,
wouldn’t an alternating current make it wiggle
back and forth and thus make it burn better?

Results were startling.

A long, smoky, turbulent flame immedi-
ately became short and clear. And it produced
95 percentlesssmoke. This,of course,isalabora-
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smoke?

tory experiment. The practicality of making an
electrical field powerful enough for commercial
application is unlikely. But it does poke a tiny
hole in the mystery.

Another experiment has come even nearer
to perfect combustion. It uses a device called a
well-stirred reactor. An improbable name for
an improbable object.

This astonishing little furnace is about the
size of an apple. Fuel thunders into it at sonic
speeds and creates such merry hell that it pro-

duces more heat than a hundred home furnaces
with scarcely a trace of smoke. Some apple.

Whether these experiments will lead to a
world without smoke remains to be seen. The
gap between theory and application is still wide.
The scientists can only provide clues to point
the way.

But they are surely pointing.

Standard Oil Company
(New Jersey)
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BARIUM CLOUD changes in color and shape as its atoms under- colored and spherical, but soon (right) the ionized atoms separate
zo ionization from solar radiation. At first (left) the cloud is multi- along the earth’s lines of magnetic force. lonized cloud is purple.

HIGH-ALTITUDE RELEASE of a barium cloud was made about is spherical and the ionized part is following lines of force that go

590 miles above the U.S. East Coast. At left the nonionized part through point of origin. lons later fall to lower altitude (right).

-

TWO CLOUDS were created in the auroral zone over Canada in more than 60 miles when the second cloud is released. At right an
August, 1967. Av left the first cloud has grown to a length of elongated cloud shows striations aligned with earth’s magnetic field.
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Artificial Plasma Clouds in Space

In which clouds of barium atoms are released by rockets at high

altitudes and ionized by solar radiation. These clouds of plasma

then interact with electric and magnetic fields around the earth

he early observation that the tails
I of certain comets always point
away from the sun provided a
hint of the vast movements and interac-
tions of plasmas in the universe. A plas-
ma is a gas with distinctive electrical
properties. The tails of many comets
consist of a plasma, and the fact that
they are directed away from the sun led
the German astrophysicist Ludwig Bier-
mann to the recognition of another cos-
mic plasma: the solar “wind,” a thin, hot
gas expelled by the sun. The plasma tail
of a comet points away from the sun for
the same reason that a wind sock at an
airport shows the direction of an earthly
wind.

Comets, of course, are not under
earthly control. It has seemed to a num-
ber of investigators that a useful purpose
would be served by artificially creating
visible clouds of plasma in space. Such
clouds could be expected to lead to a
better understanding of the behavior of
comet tails. Another important interest
was the likelihood that the artificial
plasma clouds would help in the study
of the magnetosphere, the region in
which the earth’s magnetic field influ-
ences the behavior of plasmas. More-
over, the interaction of plasmas and
magnetic fields is of much interest in
such diverse areas as space travel, high-
temperature technology and the produc-
tion of electric power from nuclear
fusion.

It was with these aims in view that
our group at the Max Planck Institute
for Physics and Astrophysics near Mu-
nich began in 1962 to develop a tech-
nique for releasing visible plasma clouds
from rockets fired into space. Our first
shot, in 1963, was only partly successful,
but since then we have produced and
observed a number of clouds. The re-
sults have been spectacular, as can be
seen in the photographs on the opposite

by Gerhard Haerendel and Reimar Lust

page. The experiments are also fulfilling
our hopes of acquiring information about
plasmas and their interaction with elec-
tromagnetic forces.

A plasma in the sense we are using
4+ X the word is a gas composed both
of positively charged ions, which are
atoms or molecules that have lost one or
more electrons as a result of an outside
influence such as the ultraviolet radiation
of the sun, and of free electrons, which
are negatively charged. These electrical
properties make a plasma behave quite
differently from an ordinary gas, which
is electrically neutral because it consists
of neutral atoms and molecules. The
most significant behavioral difference is
that a plasma responds to the forces of
electric and magnetic fields.

These responses are not easily observ-
able in the cosmos. Part of the reason is
that the cosmic plasma, although it ac-
counts for more than 90 percent of the
mass of the universe, is very dilute ex-
cept where it is concentrated in stars.
Moreover, the cosmic plasma consists
mainly of ionized hydrogen and helium
(protons and alpha particles), which
have an extremely small cross section
for light-scattering and so, like the even
smaller electrons, do not scatter enough
light to make their presence visible.

Two kinds of dilute plasma can occa-
sionally be seen in the solar system. One
of them is the corona of the sun. The
corona can be seen during solar eclipses
because it is somewhat denser than most
of the plasma in the cosmos and be-
comes visible when the brighter disk of
the sun is obscured. The second kind of
visible dilute plasma is the plasma in
comet tails. Its visibility arises from the
comparatively large cross section for
light-scattering of the ionized molecules
(such as carbon monoxide) in the tails.

One might think that we would have

© 1968 SCIENTIFIC AMERICAN, INC

used such molecules in creating our ar-
tificial clouds, since we were interested
in learning more about the behavior
of comet tails. We concluded, however,
that it would be easier and more eco-
nomical to work with the ions of a heavy
element such as barium. One reason is
that the ions of barium have a light-
scattering cross section three orders of
magnitude larger than the cross section
of the molecular ions in comet tails and
so are more effective in scattering light.

Underlying our expectation that ex-

periments with artificial ~plasma
clouds would yield valuable information
were certain considerations about the
behavior of charged particles in electric
and magnetic fields. To the extent that a
positively charged ion or a negatively
charged electron entering a magnetic
field has a component of velocity per-
pendicular to the field, the particle will
be deflected by the field and so will gy-
rate in circles around the magnetic lines
of force. To the extent that the particle
has a component of velocity parallel to
the field, it is unaffected by the field
and so can proceed in the direction of the
field. The combined forces cause the
particle to move in a helical path along
the lines of magnetic force [see top il-
lustration on page 83].

It is possible for the particle to en-
counter two kinds of disturbing force
that will deflect it from its helical path
around a certain line of magnetic force.
It can collide with another. particle. In a
cosmic plasma, however, the frequency
of such collisions is very low compared
with the frequency of gyration. As a re-
sult the predominant disturbing force is
an encounter with an electric field. In an
electric field that is at right angles to the
magnetic field the charged particles of a
plasma tend to drift in the direction that
is perpendicular to both fields. The com-
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OUTER MAGNETOSPHERE

EARTH’S MAGNETOSPHERE is largely shaped by the solar wind. On the side of the
earth toward the sun the magnetosphere is flattened by the pressure of the solar wind; on
the other side of the earth the solar wind blows the magnetosphere into a long tail. Barium
clouds help to show interactions of such plasmas with one another and with magnetic fields.

ponent of the electric field in the direc-
tion parallel to the magnetic lines of
force is normally very small in a plasma.
It affects predominantly the light elec-
trons, giving rise to the conventional
electric current. Such a current has very
little effect on the behavior of an ion
cloud.

An observer moving with the plasma-
drift velocity will see only the spiral-
ing of the particles around magnetic
lines of force. In other words, in this
moving frame of reference the electric
field no longer exists. The Swedish phys-
icist Hannes Alfvén describes such a
case as one in which the lines of force

are “frozen in the material.” His descrip-
tion is the same as saying that the plasma
ard the lines of force move together as
far as motions at right angles to the
magnetic field are concerned. Electiic
fields and motions of field lines perpen-
dicular to the direction of the magnetic
field are consequently interchangeable
notions in many situations.

Thus it follows that from the drift of
a plasma cloud perpendicular to a known
magnetic field, such as the earth’s, one
can determine the transverse component
of an electric field that is affecting the
particles. Information about this electric
field is important to an understanding
of the earth’s magnetosphere and the
ionosphere: the region of ionized atoms
and molecules in the atmosphere. A
cloud of artificial plasma makes the lines
of force and motion of a magnetic field
immediately apparent. Before the devel-
opment of the artificial-cloud technique
no other reliable measurements of elec-
tric fields in space were available.

It was clear from the outset of our
program that the cheapest source of en-
ergy for ionizing and exciting the atoms
in an artificial cloud was solar radiation.
If we were to use that source, we would
have to meet two requirements. The
first was that the neutral atoms should
have a high probability of being ionized

CLOUD EXPERIMENTS had to be conducted in early morning
or evening, when the cloud at an altitude between 90 and 150 miles
would be in sunlight but the observers on the ground would be in
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the shadow of the earth. At other times artificial clouds would have
been difficult to see because they are rather dim. Ground stations
(dots) had to be well separated for location of clouds by triangulation.



by the ultraviolet radiation of the sun.
Second, the ions so generated should
have resonance lines in the optical
range—that is, they should absorb so-
lar energy and reemit it at the wave-
lengths of visible light—so that sunlight
scattered by them could penetrate the
earth’s atmosphere and be visible to ob-
servers on the ground.

The second requirement placed a se-
vere limitation on the choice of a suit-
able element for ionization. Most singly
ionized atoms either have rescnnmg
lines in the ultraviolet spectral region, so
that they would not be visible, or have
too low a probability of undergoing a
transition from one energy level to a
lower one and emitting a photon of light
in the process. The elements that gave
the most promise of meeting our re-
quirements were the alkaline-earth met-
als strontium and barium and the rare
earths ytterbium and europium.

Since free atoms and ions absorb and
reemit sunlight only at a few spectral
lines, the brightness of even a dense ar-
tificial cloud is rather low. In order to
make the cloud distinguishable from
the background radiation of the sky the
experiment must be carried out at twi-
light, when the cloud is illuminated by
the sun but the observers on the ground
are in the shadow of the earth. The cloud
is observed from two or more stations,
which must be well separated so that the
position of the cloud can be deter-
mined by triangulation. The stations are
equipped with a variety of cameras,
spectrographs and other instruments.

During our first experiments in the

upper atmosphere in 1963 a few
kilograms of strontium in each of sev-
eral rockets were shot to altitudes be-
tween 90 and 120 miles, vaporized by
means of a chemical reaction and ejected
into the atmosphere. On these occasions
nonionized strontium clouds appeared,
but to our disappointment no ionized
strontium was detectable. Therefore we
began developing new methods for va-
porizing the heavier alkaline-earth ele-
ment barium. During the development
program we learned from detailed spec-
troscopic investigations that barium has
a much higher probability of ionization
by solar photons than strontium does be-
cause of differences in the energy levels
of barium and strontium atoms.

By November, 1964, we were ready
for a series of experiments using barium.
To our delight we found that within 10
seconds after the release of vaporized
barium a plasma cloud of ionized barium
atoms could be seen from the ground
with the unaided eye. Indeed, the transi-

MAGNETIC FIELD

BEHAVIOR OF PARTICLES in a magnetic field is to spiral around the magnetic lines of
force if the particles are responsive Lo electromagnetic forces, as in the case of the ions and
electrons in a plasma. To the extent that a particle has a component of velocity perpendicu-
lar to the field, it tends to move in a circle around a line of magnetic force. To the extent that
the particle has a component of velocity parallel to the field, it tends to move in the direction
of the magnetic field. The combination of the two effects puts the particle into a helical path.

MAGNETIC FIELD
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ELECTRON ION

ELECTRIC FIELD superposed on a magnetic field changes the direction of movement of
charged particles. If the electric field is at right angles 1o the magnetic field, the particles tend
to drift in a direction that is at right angles to both fields. The observed movement of a cloud
of charged particles in a known magnetic field reveals the characteristics of an electric field.
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tion from the nonionized state to the
ionized state could be watched without
instruments, because the barium cloud
changes in both color and shape during
the transition.

The nonionized cloud is essentially
green. In actuality it radiates in several
green, yellow and red lines of the visible
spectrum. The radiations in the green
region are the strongest, and therefore

ELECTRIC FIELD

green is the color that is seen the longest
as the cloud becomes fainter. The ion-
ized barium atoms radiate in the violet,
blue and red regions of the spectrum,
thus producing a purple color. Hence
an ionized cloud can be distinguished
casily from a nonionized one because
the ionized cloud is purple and the non-
ionized one is green.

The change of shape takes place in

HALL CURRENT .

>

PEDERSEN CURRENT

ELECTRIC CURRENTS in the ionosphere are mainly the Pedersen and Hall currents,
which arise from collisions (C) of ions and electrons with neutral particles. Here the magnetic
field (colored dots) is perpendicular to the electric field and projecting upward from the page.
At higher altitudes (top) the ions, being of greater mass, collide more frequently during one
period of gyration than the electrons do. If a collision occurs, the center of gyration of an ion
is displaced an average of one radius of gyration in the direction of the electric field; an
electron is displaced the opposite way. At lower altitudes (bottom) an ion cannot complete
even one gyration. The influence of the magnetic field on the ions is therefore reduced,
and they drift in direction of electric field; electrons still drift as at higher altitudes.
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the following way. The neutral cloud is
spherical and increases in diameter rath-
er rapidly. The expansion is eventually
slowed by collision of the barium atoms
with other atoms and molecules in the
earth’s atmosphere. Thereafter the neu-
tral cloud increases in size at a much
slower rate.

Meanwhile the ionized part of the
barium cloud undergoes quite different
changes. The positively charged ions
and the negatively charged electrons are
trapped by the earth’s magnetic field,
and they begin spiraling around the
lines of magnetic force. For this reason
the plasma cloud will continue to grow
only along the lines of force. The cloud
thus becomes cigar-shaped and so can
be distinguished readily from the spheri-
cal nonionized cloud. Later, however,
considerable distortion of this typical
shape can be caused by inhomogeneous
electric fields.

One further effect is visible. The
barium used in the experiments always
contains a small amount (less than 1
percent) of strontium as an impurity.
The strontium does not become ionized,
and therefore a neutral cloud of stron-
tium, emitting blue light, remains visible
even after all the barium atoms have
become ionized.

Nlost of our experiments to date have
- been carried out in the ionosphere
at altitudes between 90 and 150 miles.
We had two principal reasons for choos-
ing this range of altitudes. The first was
that these heights can be reached with
small and relatively inexpensive rockets.
Second, the motion of the plasma clouds
yields information not only about the
region of the ionosphere where the
clouds are released but also about much
higher regions in the magnetosphere.
The ionosphere extends from about
40 miles above the surface of the earth
to about 600 miles. It can be regarded
as the lowest layer of the magnetosphere,
which forms a cavity with a long tail that
is embedded in the streaming solar wind
[see top illustration on page 82]. In the
lower parts of the magnetosphere, out to
perhaps five earth radii, the magnetic
field is governed almost entirely by the
earth. Therefore any motions of plasma
in this region must leave the magnetic
field unchanged. Hence the conducting
matter distributed along a field line must
move in such a way that the field line
is transformed as a whole into a neigh-
boring one. This class of motions was
first discussed by Thomas Gold of Cor-
nell University. They are possible only
because the magnetic lines of force in
the magnetosphere are not fixed to the



THE UOP CORPS OF
ENVIRONMENTAL
ENGINEERS
IS WINNING THE
WAR ON POLLUTION

UOP AIR CORRECTION
DIVISION

UOP WATER SERVICES
DIVISION

UOP JOHNSON DIVISION

UOP PROCESS DIVISION

UOP has four divisions marshalled to attack pollution on several fronts.

In air correction, this is the one company offering the broadest selection of systems and equipment,
in world-wide use. UOP Air Correction Division relieves you of the technical burdens of air
pollution control, and provides you with the best equipment at the most economical cost. It offers
eight basic types of control equipment, plus a complete range of services, from stack gas analysis
to field start-up.

To deal with water management problems, UOP Johnson Division manufactures screens and
filtering equipment. These are widely used in water treating, water conditioning, slurry screening,
water filtration, de-watering, odor, color and suspended solids removal. There are many other
anti-water pollutant uses for Johnson-brand screens, including disposal well applications.

A variety of water treating chemicals, for both process and make-up, are offered by UOP Water
Services Division. They are used for treating algae and slime, preventing scale and corrosion,
providing oxygen scavenging, sludge conditioning, and foam suspension.

UOP works to alleviate pollution in many ways. One new UOP refining process is an efficient and
economical method of desulfurizing heavy fuel oil, so that fuel oils burn cleaner. Another new
development from UOP Process Division is an effective counter-measure against water con-
tamination. It eliminates problems caused by detergents that do not break down by bacterial action,
by improving biodegradable detergents.

It is easy to see how UOP’s environmental engineering competence can help you with your air
and water pollution problems. And new concepts are on the way. Universal Oil Products Company,
30 Algonquin Road, Des Plaines, Illinois 60016, U.S.A.
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AUTOMATIC 3O

Julie’s other hearing aid.

When you’re trying to give lan-
guage to a child who’s never heard
any, even the most powerful hearing
aid may not help much. So you use
every tool there is.

At St. Francis de Sales School for
the Deaf in Brooklyn, N. Y., where
children like Julie rely on their eyes
to read lips, and their fingertips to
feel sounds, the Polaroid Land cam-
era has become such a tool.

Seeing a picture, seconds after it’s
taken, is fun for normal people. And
that’s nice.

It’s just as much fun for profoundly
deaf children. And that’s a key to the
enlargement of their entire education.

Before Julie begins the painstaking
process of learning to lip-read and
pronounce the word parrot, she must
have a concept of what parrot means.

Field trips are often made for the
purpose of obtaining new concepts.
But the teachers at St. Francis de
Sales find that, in the absence of
language to keep them fresh, the con-

cepts may lose their power to moti-
vate by the time the children return
to the classroom.

If conventional photographs of the
trip are brought to class just a few
days later, the children have little in-
terest in them. “Finished,” they say.
(It’s done with.) That’s one of their
most frequently used words. And
that’s why a Polaroid camera goes
along on every field trip.

Because, with Polaroid photogra-
phy, the children see picture and sub-
ject at the same time. So the picture
is intimately tied to the event. This
immediacy fixes the concept in the
children’s minds and language learn-
ing can begin again in the classroom.

By the time the learning program
is finished, over half of these children
can be expected to lip-read and speak
well enough to go to college.

Perhaps one picture is worth a
thousand words. But for us it’s enough
to know that, to Julie, one Polaroid
picture is worth one word.

Polaroid Corporation

© 1968 SCIENTIFIC AMERICAN, INC



Zinc.

Make something of it.
Something that lasts.

Like die-cast zinc functional and
decorative parts for the deluxe
model Maytag washer.

A beautiful one-piece bezel to
surround the who's who and to
house the what's what. Pump in-
sert and pump pulley to keep
things going, and zinc-plated fas-
teners to keep things tight.

Or a sturdy wringer washer
with more than a dozen critical
parts made of zinc; parts that will

' ZINC INSTITUTE INC. » AMERICAN METAL CLIMAX » AMERICAN SMELTING AND REFINING « ASARCO MEXICANA « AMERICAN ZINC « ANACONCA « BALL BROTHERS » BUNKER HILL « CERRO SALES « COMINCO * DAY MINES « EAGLE
‘ PICHER » ELECTROLYTIC ZINC (AUSTRALASIA) » GENERAL SMELTING « HUDSON BAY MINING & SMELTING « IMPERIAL TYPE METAL * MATTHIESSEN & HEGELER ZINC « NATIONAL ZINC « NEW MARKET ZINC « NEW JERSEY ZINC
+ NORANDA SALES * OZARK-MAHONING « PEND OREILLE MINES & METALS « PLATT BROTHERS «

last for just as long as the washing
keeps coming.

Or a dryer trimmed in chrome-
plated zinc, with a zinc motor pul-
ley to keep everything going.

Every major appliance manu-
facturer in the country makes dec-
orative trim and many functional
parts of die-cast zinc.

Why zinc?

Because he can make some-
thing of it that lasts.
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ST. JOSEPH LEAD « SOCIETE METALLURGIQUE DU KATANGA [AFRICAIl « SUPERIOR ZINC » U. S. SMELTING REFINING & MINING



earth. The reason is that the highly con-
ducting magnetosphere is shielded from
the conducting body of the earth by the
insulating atmosphere (in particular the
troposphere), which need not partici-
pate in the motion. There is strong fric-
tion between the nonionized gas of the
lower atmosphere and the plasma of the
magnetosphere, so that the inner part
of the magnetosphere is forced to rotate
with the earth. (Some slipping of the
magnetospheric plasma with respect to
the surface of the earth is possible.)

The frictional forces on the outside of
the magnetosphere, which are caused
by the solar wind, lead to motions of the
magnetic-field lines inside the magneto-
sphere down to the insulating lower at-
mosphere. Thus it is that when a plasma
cloud at a rather low level indicates mo-
tion of a line of magnetic force in that
region, it may be giving information
about the state of motion at much high-
er levels. The observed velocity of a
plasma cloud can be expressed in terms
of the strength of an electric field: a
velocity of 100 meters per second per-
pendicular to a magnetic field of .5
gauss (a typical strength for low alti-
tudes) corresponds to an electric-field
strength of about five volts per kilo-
meter.

The electric fields connected with
these motions of the magnetic lines of
force will give rise to electric currents in
the ionosphere. There one encounters
two particular kinds of electric current:
the Pedersen current, which is essential-
ly carried by positive ions, and the Hall
current, which is carried by electrons.
(The Pedersen current is named for the
Danish physicist P. O. Pedersen, who in-
troduced the concept in 1927, and the
Hall current for the American physicist
E. H. Hall, who first described the ef-
fect in metals in 1879.) Both currents are
related to the fact that the transition
from the highly conducting magneto-
sphere to the insulating lower atmo-
sphere is not abrupt.

The transitional region is in the lower
parts of the ionosphere, where collisions
between the gyrating particles of the
ionospheric plasma (consisting mainly
of free electrons and of such positive
ions as nitric oxide, molecular oxygen
and atomic oxygen) and the neutral
molecules of the air become frequent.
When the gyration frequency is about
equal to the collision frequency, the
effect of the magnetic field on the par-
ticles is reduced. The electrons and posi-
tive ions begin to move in the direction
of any electric field they encounter—as

RATIO OF GYRATION

HEIGHT (MILES)

ELECTRONS
MOR%STHAN HIGH
75 HIGH
60 HIGH
45 UNITY

HALL AND PEDERSEN CURRENTS are found in the iono-
sphere, which is the lowest part of the magnetosphere. The currents
shown assume a magnetic field perpendicular to the plane of the
paper and pointing downward and an electric field within the plane

AND COLLISION FREQUENCIES

they would in the absence of a magnetic
field. Since electrons and positive ions
have opposite charge, their velocity
components in the direction of the elec-
tric field are opposite to each other,
which is another way of saying that they
are carrying a current.

Electrons gyrate many times more
around magnetic lines of force before
hitting neutral atoms or molecules be-
cause the mass of an electron is far less
than the mass of a positive ion. Hence
there is a range of altitudes from about
50 to 90 miles where the electrons are
still drifting as they would in free space,
whereas the ions are already strongly af-
fected by collisions with the neutral
molecules. The resulting gain of ion mo-
bility in the direction of the transverse
electric field gives rise to the Pedersen
current. At the same time the reduction
of the drift of the ions at right angles to
the electric field causes an electric cur-
rent—the Hall current. The former effect
predominates in the upper half of the al-
titude range between 50 and 90 miles,
and the latter one predominates in the
lower half.

then plasma clouds are created in
the upper atmosphere for studying
the electric field, it is important that the

VELOCITIES OF

ELECTRIC CURRENT

ELECTRONS AND IONS

IONS
ELECTRONS
HIGH — ZERO
IONS
[———
UNITY o

LOW S ————— 2__—___—_—_—_?'1

LOW
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of the paper and pointing toward bottom of page. Length of the
arrows indicates the magnitude of the phenomenon described. Ratio
of gyration and collision frequencies indicates how long a particle
will gyrate around lines of force before colliding with another particle.
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ION CLOUD

L=

MOVEMENT OF ARTIFICIAL CLOUDS is shown for a period
of 1,000 seconds, or about 17 minutes. At 1 the cloud has just been
ejected from a rocket. Ten seconds later (2) the cloud is in an ex-
pansion phase. About 100 seconds after the starting time (3) two

coupling to the neutral atmosphere be
fairly weak, that is, that the frequency of
gyration of the barium atoms be rather
high compared with their frequency of
collision with the neutral particles of
the atmosphere. At a height of 120 miles
the ratio of the two frequencies is about
100 to one; at 145 miles it is about 500
to one. Here is another reason for con-
centrating most of our experiments in
this range of altitudes. For the study of
ionospheric effects it is not economical
to generate the clouds at higher levels;
the ions are no longer supported by the
atmosphere, and so they fall along lines
of magnetic force to levels below 200
miles within a few minutes. The height
gained by launching a bigger rocket is
therefore of little value.

On the other hand, certain important
effects can be examined only if the par-
ticles are high enough to travel for sev-
eral minutes without colliding. In April,
1966, we were able to carry out two ex-
periments at an altitude of 1,200 miles,
using French rockets launched from a
site in the Sahara Desert. The two ion-
ized barium clouds, each of which con-

90
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sisted of about 50 grams of barium ions,
marked the lines of force of the earth’s
magnetic field over a length of 1,200
miles. They were observed from the
middle of Africa to central Germany.
Five months later we released a cloud
some 570 miles above the East Coast of
the U.S. The ion cloud could be watched
for about 50 minutes as it expanded
along the lines of magnetic force while
falling into the lower atmosphere. It was
visible as far away as North Dakota.

Our group has now conducted enough

plasma-cloud experiments in enough
places to make it possible to attack a
few of the more general problems that
can be approached through an analysis
of the electric field in the magneto-
sphere. One such problem concerns the
maintenance of the worldwide iono-
spheric electric-current system [see up-
per illustration on opposite page]. This
current, which is strongest on the earth’s
sunlit hemisphere, consists of two sys-
tems meeting at the geomagnetic equa-
tor. There, for reasons connected with
the horizontal direction of the magnetic
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CLOUD
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distinct clouds are evident. The spherical neutral cloud, consisting
of nonionized particles, is moved by the wind; the ionized cloud
responds mainly to the electric field. Situation at end of period (4)
shows large separation of clouds due to respective drift motions.

field, the conductivity is high and the
current is strong. These patterns of flow
have been derived from the continuous
recordings made by magnetic observa-
tories throughout the world. Many fea-
tures of the current were well known
long before the era of space research;
among its outstanding students have
been Sydney Chapman of Britain (who
is now at the Geophysical Institute of
the University of Alaska) and Julius
Bartels of Germany.

As early as 1882 the British physicist
Balfour Stewart suggested that electric
currents in the upper atmosphere could
be generated by the motion of the neu-
tral atmosphere across the magnetic
field. The situation is analogous to the
“dynamo effect” in a typical electromag-
netic generator, where an electric cur-
rent is generated when conductors are
moved through a magnetic field. The en-
tire atmospheric current system would
be similar to an electric circuit consist-
ing of a generator and an external re-
sistance. There is an essential difference
in the relative orientations of current and
electric field in both parts of the circuit.



In the external resistance they are point-
ing in the same direction, whereas inside
the: dynamo they are opposite to each
other.

Observation of the motion of the arti-
ficial plasma clouds demonstrated the
existence of such electric fields in the
atmosphere. They showed also that in
the twilight zones at middle magnetic
latitudes the direction of the electric
fields corresponds to the situation inside
a dynamo. The clouds have therefore
provided what is apparently the first di-
rect experimental verification of the
Stewart hypothesis. The observed elec-
tric fields have a strength of between
one and three volts per kilometer at
middle magnetic latitudes.

Another interesting feature of the
barium-cloud experiments is the appear-
ance in the clouds of striations aligned
with the magnetic fields. The striations
range in width from a half-mile to about
six miles. They seem to indicate that the
density distribution of the ionized mat-
ter in the ionosphere (and probably also
in the higher magnetosphere) is not
smooth but rather like a bundle of fibers.
The fibers are not constant in space but
change within a few minutes. The mech-
anisms of their generation and decay
are not well understood.

fascinating region for experiments
with ion clouds is the zone where
auroras are regularly observed. In the
auroral zone the magnetic lines of force
that are linked to the distant part of the
magnetosphere (particularly to the tail
region) meet the surface of the earth.
The motions set up in the outer mag-
netosphere by interactions with the so-
lar wind are transferred by means of
electric fields to lower altitudes.

For periods of a few hours strong cur-
rents can flow in the ionosphere. The
maximum current, called the polar elec-
trojet, flows westward along the oval
track in which most auroras are seen.
Such currents are normally accompanied
by auroral displays.

Since inside an aurora the density of
ionization is higher than it is outside,
the conductivity is also enhanced in that
region. The maximum conductivity is
normally located at an altitude of about
65 miles, which is the region of strong
Hall current. Inasmuch as the Hall cur-
rent consists of electrons, it is regarded
as being positive in a direction opposite
to the flow of electrons. In other words,
a Hall current measured as moving west-
ward consists of electrons drifting east-
ward.

At higher altitudes electrons and posi-
tive ions drift with the same velocity.

L

Theretore one would expect to see an
artificial ion cloud traveling eastward
whenever a magnetometer on the ground
records a Hall current in the ionosphere
as flowing westward, and vice versa.
This expectation was fully confirmed by
the experiments.

The first experiments of this kind

were carried out in April, 1967, in north-
ern Sweden. On each of five consecutive
nights an ion cloud was released at an
altitude of about 140 miles. The devel-
opment and motion of a cloud could be
watched for as long as two and a half
hours [see lower illustration below].
The changes in the value and direction
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CURRENT SYSTEM in the ionosphere was plotted on the basis of magnetic perturbations
recorded on the ground. The electric currents shown are on the sunlit side of the earth. The
highest current density, at the geomagnetic equator, is called the equatorial electrojet.
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PATHS OF CLOUDS released over Sweden on five days in April, 1967, are plotted. The
clouds were released in the ionosphere over Kiruna in the late evening or early morning of
the dates shown. The consecutive dots on each path represent intervals of 10 minutes.
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We split hairs

We do many things at Liberty Mirror.

You may know that we make

optical coatings, front surface mirrors,

beam splitters and dichroics. But did

you know that hair-splitting precision in

the fabrication of flat glass parts is one of
our capabilities? Also precision edgework and
resurfacing of glass components? And the
assembly of those components with mating metal frames?
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spectral transmission, temperature, density, and even split hairs
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or the velocity or the Dbarmum clouds
showed that the electric field is quite
variable.

The variability of the electric field
was also demonstrated in another way.
During our experiments in the auroral
zone a few artificial plasma clouds quick-
ly assumed an elongated bandlike form
that closely resembled an auroral arc.
The length of such a cloud perpendicu-
lar to the magnetic field sometimes
reached 120 miles and more. This elon-
gation showed that the electric field
varied considerably over the original
width of the cloud and therefore impart-
ed different velocities to different parts
of the cloud.

The experiments in Sweden were car-
ried out near midnight, meaning that we
were creating clouds in the side of the
magnetosphere away from the sun. The
movements of the ion clouds showed that
the magnetospheric matter on that side
is drifting around the earth, sometimes
westerly and sometimes easterly. There
is also a southerly component of velocity,
which corresponds to an inward motion
of the plasma at the geomagnetic equa-
tor. If one can apply along the entire
length of lines of force the concept that
movements of lines in the distant re-
gions of the magnetosphere lead to mo-
tions in the ionosphere, the observed
movements of the ion clouds can be in-
terpreted in terms of a convection in the
magnetospheric plasma.

The young technique of producing

artificial plasma clouds in the upper
atmosphere is now being employed by
several groups of investigators. It has
started to provide geophysicists with
new kinds of information about the mag-
netosphere, and in particular about its
electric field. The experiments are also
of interest to the plasma physicist, par-
ticularly when they are conducted far
out in the magnetosphere. There the
strength of the magnetic field is so low
that the plasma can affect the field,
which is the situation that obtains in

| most experiments with plasmas in the

laboratory.

Experiments in the outer magneto-
sphere are now planned for the HEOS
(highly eccentric orbital satellite) satel-
lite being prepared by the European
Space Research Organization and also
for an undertaking that we shall conduct
jointly with the U.S. National Aeronau-
tics and Space Administration. If these
experiments are successful, we may try
as the next step to create visible plasma
clouds outside the magnetosphere, in the
solar wind. We would thus be making
an artificial comet tail.



The 1974 cars are on the Amoco drawing boards.

If authorities are right, by
1975 smog-free gasoline-
powered automobiles will be

rolling off the assembly lines.

That’s the objective of
massive research programs
underway currently by
automotive and petroleum
companies.

To aid these programs,
Amoco petroleum additive
specialists will be working on
ways to keep the automobiles
of the future running
smoothly.

Anti-smog hardware began
appearing on cars in 1966 with
PCV (Positive Crankcase
Ventilation) devices. As more
complicated devices are
developed, more sophisticated
additive packages for gasolines
and motor oils will very

likely be needed.

So Amoco is putting its
experience in dispersants,
inhibitors, detergent-inhibitor
blends, viscosity-index
improvers, and pour point
depressants to work developing
these approaches. Right now.

Amoco Chemicals Corporation,
130 East Randolph Drive,
Department 9693, Chicago,
Ilinois 60601.

AMOCO CHEMICALS A

Where what’s happening gets its start.
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For vehicles that move in hostile environmental )
worlds, Lockheed has devised some unique features Protectln
and systems to help support human life over ex-

tended missions—like long-sustained flight at a

searing Mach 3+, or days in the ocean deeps, or life in hOStile

an entire year in outer space. °
Guarding the Deep Divers. To work at great depths, t

new special undersea craft must contain life-support sys- env1r0nmen S.
tems no less critical than those used in outer space. Such
systems must be self-
contained, since these
deep-diving vessels can
neither snorkel nor carry
bulky equipment loads.

For Deep Quest, the
Lockheed-funded sub-
mersible designed for
missions down to 8,000
feet, a system was de-
vised to sustain 4 men
Deep Quest life-support system func- for a normal 12-hour
tions as specified in dive to 8,310 feet. cruise and to deliver an
added 36 hours of emergency support if needed.

Deep Quest’s complex has 9 subsystems. Simpler func-
tions include fire protection, waste management, removal
of CO2 and trace contaminants, and control of
carry-on food, water and first-aid supplies. Three
features, however, are notably sophisticated:

(1) Fully automatic control of total cabin
pressure and O3 partial pressure cuts operator
involvement to a minimum. A differential
regulator works with a temperature-
compensation reference chamber to
maintain this control, but crewmen can
manually override the system if mal-
function occurs.

(2) Since existing open and semi-
closed emergency breathing
systems would excessively
increase pressure in the
small cabin, Lockheed
developed a closed-loop
system that works up
to 3 hours without
noticeably affect-
ing pressure. Full
face-masks and
breathing bags as-
sure complete per-
sonnel protection,
easy gas circulation,
and minimum breath-
ing resistance. Acti-
vated charcoal and LiOH
remove CO2 and contaminants, ¥ o, L s L v
and a differential pressure regulator N 7
automatically admits a fresh Oz supply. I_OCKHEED

(3) A third subsystem exercises discriminating control LOCKHEED AIRCRAFT CORPORATION

(Y N om0 -
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over temperature and humidity. By design, critical elec-
" tronic gear is separated from the crew compartment.
Since the equipment operates best at temperatures higher
than comfortable for human beings, cooling is directed
mainly to the “people space.” This saves power, lessens
atmosphere contamination, and improves effectiveness
of fire prevention and extinguishing systems.
Following successful chec_k-outs and manned tests, Deep
Quest recently dived toan 8,310-foot depth. In all respects,
the life-support system performed within tolerances.

LU QOF XIs}

Block u’l'(t_gr(rm ,-,_,f TGRLSS, lff.\f]:nrrl‘ fo krff) support 4 creemen for np
fo _\'r‘d!'\ duralion in onler space.

Two-Gas Regenerative Life Support System
(TGRLSS). Complications of sustaining human
life grow by orders-of-magnitude as outer-
space missions are planned to stretch over
many weeks or months. Each facet of en-
vironment must be calculated and con-
trolled to a point of fail-safe precision
that has no precedent.

Anticipatinglongstaysin space,
Lockheed has developed the
TGRLSS to help support a 4-man
crew for up to a year. Embody-
ing several unique Lockheed sub-
systems, the TGRLSS controls
pressure, temperature, humidity,

and O2 partial pressure; removes
CO2 and toxic trace contaminants;
processes CO2 and H2 to regenerate
fresh Oz stores; and, by filtering at-
mospheric condensate and vacuum-
distilling urine, it supplies the crew
with pure drinking water.

That last function involvesa unique
method for separating liquid from
gas and reclaiming moisture under
zero-gravity conditions.

Initially, atmosphere is fan-drawn
from both the cabin and the crewmen'’s
suits and is circulated into a humidity con-

trol system. A condensing heat exchanger, gov-

erned by preset limiting devices, extracts excess
moisture from the gas stream and passes both gas and
water downstream to a water separator. There the con-
densed moisture is formed into droplets, and these, along

with the ‘‘dried”’ atmosphere, are passed to a final sep-
aration stage: a system of 2 screens and sumps, one hydro-
phobicand the other hydrophilic,that perform an effective
‘“go and no-go’’ function. Cabin atmosphere is blocked by
the hydrophilic system but allowed to flow freely through
the hydrophobic screen and be routed back to the cabin.
Water, restricted by the hydrophobic screen, passes
through the hydrophilic screen and is withdrawn for
filtration and storage.

During a recent 5-day manned test, the full TGRLSS

functioned exactly as designed, keeping a constant pres-
sure of 7.5 psia in a cabin atmosphere of 42% oxygen
and 58% nitrogen.
Cooling Off Fiery Flight. Hurtling through the atmos-
phere 80,000 feet up at Mach 3+, the SR-71 must endure
extreme heat. To protect this U.S. Air Force special-
purpose plane, which maintains its speed for long periods
of flight producing stabilized high-temperature oven-like
conditions, Lockheed had to evolve new thermodynamic
approaches.

The airframe itself and every internal component were
vulnerable to heat. (Pumps, valves, switches, wires,
sealants and others were designed to tolerate more than
600°F.) Of chief concern, however, was the assurance of
a tenable cockpit environment just inches away from
lethal heat.

New criteria were set for all materials and functions.
A high-grade titanium formed both structure and skin,
and a high-emissivity external black paint increased ex-
ternal radiative heat losses and reduced the skin temper-
ature. New techniques were developed to block or limit
each heat leak path. But the major problem was finding
a downstream heat sink for the super hot engine bleed air
—primary cooling alone
by ram air at over 700°F
was far from adequate.

Expendable evapo-
rantswereout;theSR-71
could not take their extra
volume and weight and
still perform at top capa-
bility. The solution was
a bold step taken for the
first known time in air-
craft: a direct air-to-fuel
heat exchange through
a specially designed fail-

safe system. Graphic
Schematic environmental diagram of : .
SR-71 cockpit in flight conditions of Proof of its success is
Mach 3 speed at 80,000-foot altitude. that the SR-71 crew

operates in a 60°F environment despite the searing,
oven-like external conditions.

The activities described here are only a few of
Lockheed’s R&D projects in environmental controls. If
you are an engineer or scientist interested in this field of
work, Lockheed invites your inquiry. Write K. R. Kiddoo,
Lockheed Aircraft Corporation, Burbank, California
91503. An equal opportunity employer.

PRESSURE
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KNUCKLEBONES from the feet of four animals of the species (bottom left) and a pig (bottom right). Each is a load-bearing bone,
that supplied most of Suberde’s meat vary in size. They come the astragalus. The size variations reflect the weight of the animals.
from an ox (top left), a red deer (top right), a sheep or goat Oxen weighed about 2,000 pounds, sheep only some 150 pounds.

METAPODIAL BONES of the same animals vary in size and (top right) and a sheep (bottom right). Pigs have four per foot; two
also in number. Seen here is the end and part of the shaft of the of them are visible here. They come from a modern boar killed at

single metapodial bone in the foot of a red deer (top left), an ox Suberde; only fragments of Neolithic pig metapodials were found.
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A Hunters’ Village in Neolithic Turkey

Were the inhabitants of Suberde herdsmen or hunters? The analyvsis

of animal bones at the site

but also that they probably

ntil quite recently most prehis-
l torians believed that the first vil-

lages, which date back to early
Neolithic times, arose in response to the
settled way of life made possible by
man’s discovery of agriculture and ani-
mal husbandry. Within the past few
years, however, a number of Neolithic
villages have been excavated whose
inhabitants clearly depended for their
livelihood on collecting wild plants or
killing wild game. This is one reason
why there is currently much interest in
Neolithic sites in western Asia, where
the oldest known remains of villages
have been found. The excavator seeks
to know, among other things, whether
the villagers were hunters and/or gath-
erers or farmers and/or herdsmen.

One aspect of this general question
can be approached by means of a com-
paratively new technique: faunal analy-
sis, or the analysis of the animal bones
unearthed at an archaeological site.
Faunal analysis can demonstrate wheth-
er the occupants of the site were hunters
or herdsmen, and it can provide more
detailed information on their way of
life. For example, if the villagers were
hunters, it can indicate what hunting
techniques they used.

We have recently completed the fau-
nal analysis of an early village site
in southwestern Turkey. Some 300,000
pieces of bone, the largest number yet
recovered from any site in western Asia,
were unearthed there in 1964 and 1965
by archaeologists from New York Uni-
versity working under the direction of
Jacques Bordaz and the auspices of the
National Science Foundation. The site,
a small community of the early Neolithic
period, was first located by Ralph S.
Solecki of Columbia University. It oc-
cupies the top of a hill some 3,000 feet
above sea level in the region where the
Konya plain borders the Taurus Moun-

by Dexter Perkins, Jr., and Patricia Daly

tains near the modern village of Suberde
[see map on next page]. Until recently
the hill was almost entirely surrounded
by the waters of a lake, and at the time
the Neolithic settlement was inhabited,
in the middle of the seventh millennium
B.C., the lake intermittently covered a
large part of the adjacent plain. Today
there are still wild boars in a marshy area
to the southwest of the site, and wild
goats roam the nearby foothills of the
Taurus. Once the region also abounded
with herds of wild sheep, but they were
hunted to extinction less than a century
ago.

The digging of test trenches at Su-
berde in 1964 revealed levels of prehis-
toric occupation in an area half an acre
in extent at the northern edge of the
hill. The work of two seasons removed
more than 230 cubic yards of material
from the area. Below a disturbed surface
layer the uppermost of two Neolithic
levels was represented by a two-foot
thickness of red-brown loam. In addition
to tools, ornaments and bones, the up-
per level contained poorly preserved re-
mains of houses with plastered floors and
mud-brick walls. Underlying the red-
brown loam was a second level, in places
as much as six feet thick. In its light
brown loam were hearths, deposits of
ash and charcoal, a few unplastered
floors, walls and benches, and some cir-
cular basins that had been scooped in
the earth, lined with clay and then baked
hard on the spot. Charcoal samples from
the second level yielded carbon-14 dates
that average around 6500 B.c. for the
early occupation of Suberde.

By the end of the second season the
excavators had collected about a ton
and a half of animal bones. Our first step
in dealing with this enormous accumu-
lation was to cull out all the scraps of
bone that were unidentifiable. The pre-
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shows not only that theyv were hunters

"‘schl()pped” meat home in animal skins

liminary sorting took place at the site
and reduced the collection from 3,000
pounds to 650 and from 300,000 speci-
mens to 25,000. Although fewer than 10
percent of the potential specimens had
survived the sorting, there were still
plenty of bone fragments to work with.

We next sorted the bones according
to the species of animal they represent-
ed. In many cases, however, it was not
possible to tell what species was repre-
sented by a bone. Sheep and goat ver-
tebrae, for example, look much alike.
Worse still, the vertebrae of roe deer and
fallow deer and even some pig vertebrae
look enough like sheep and goat verte-
brae to be confusing. Nonetheless, ver-
tebrae are unmistakably vertebrae and
are therefore not culled out when the
unidentifiable scrap in a collection is
eliminated. The same is true of rib
bones: although they are easily identifi-
able as ribs, the species they represent
is rarely certain. We put such bones
aside and worked only with the speci-
mens that could be identified by species.

By the time we had identified a total
of 20 species, we had discarded as use-
less for identification nearly half of our
25,000 specimens, reducing the study
collection to about 14,000 pieces of
bone. The large majority of them—more
than 9,000 specimens—were the bones
of sheep (the Anatolian mouflon, Ouvis
orientalis anatolica) or goats (the Asian
bezoar, Capra hircus aegagrus). Sheep
and goats are lumped together in the
statistics because, except for skulls, horns
and a few other bones, their remains are
not easily distinguished. Of the more
than 9,000 specimens only 700—fewer
than 10 percent of the sample--were
identifiable as to species. The propor-
tion was 85 percent sheep to 15 percent
goats.

Considering Suberde’s waterside loca-
tion, it is curious that neither fish, shell-
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SITE OF SUBERDE is located in southwestern Turkey, some 3,000 feet above sea level on
the Konya plain. Two other Neolithic sites, Can Hasan and Calal Huytuk, are its neighbors.

fish nor waterfowl seem to have played
any significant role in the diet of the
Neolithic villagers. Among our speci-
mens were only a very small number of
fishbones, freshwater-clam shells and
bird bones (which seem to belong to a
species of pelican). Better represented
than any of these aquatic animals was
the land tortoise, a slow-moving prey of
the kind commonly collected by women
and children in primitive societies even
today.

The inventory of mammals other than
sheep and goats at Suberde is extensive.
The domestic dog was present, and the
countryside supported such wildlife as
jackal, fox, bear, wildcat, marten, badg-
er, hedgehog, hare, roe deer and fal-
low deer. The bones of three additional
mammals were found in sufficient abun-

dance to indicate that they had shared
the role of meat animals with the sheep
and goats. These were the pig (Sus
scrofa), represented by more than 1,400
bones; the red deer (Cervus elaphus),
represented by some 340 bones, and a
now extinct ox (Bos primigenius), rep-
resented by nearly 300 bones.

Having determined that five animal
species  furnished most of Suberde’s
meat, our next task was to find out if the
relative importance of the species in
each of the site’s various strata indicated
any change over the centuries either
in the villagers’ dietary preferences, in
the availability of particular animals, or
both. Bordaz was able to distinguish
a number of stratigraphic subdivisions
within the two main levels at the site,
but he found that the evidence for cul-

CLAY FIGURINES of pigs are among the few examples of art unearthed at Suberde. Pork
was a consistently popular foodstuff throughout the site’s occupation and boars’ tusks were

used as ornaments. Why the pig was represented in sculpture, however, remains unknown.
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tural change from stratum to stratum
was slight. The major innovations.in the
upper strata were the use of polished
stone in addition to the previously fa-
vored tool material, chipped obsidian,
and the plastering of floors. The tools
found at Suberde changed somewhat in
style with the passage of time but not
greatly in function. With such a record
of cultural continuity, we did not expect
to find much change in the villagers’
diet.

rl_‘he preponderance of sheep and goat

“* bones indicates that these animals
were the most important ones at Su-
berde. What about the other animals?
The relative frequency of their bones in
each stratum should provide at least
part of the answer. One way to deter-
mine this relative frequency is simply to
let the total number of all identifiable
bone specimens represent 100 percent
and then to conclude that the percent-
age of bones belonging to each species
reflects its abundance among the ani-
mals killed. There are, however, several
(uestionable assumptions inherent in
this approach. It assumes that the sur-
vival of specimens has the same pattern
for all species, and that the relative num-
ber of identifiable specimens is the same
for each species. It further assumes that
each of the animals was butchered in
the same way.

A second approach is to determine the
minimum number of individuals of each
species present (based on a count of
some particular bone or bones) and then
to express these minimum numbers as
percentages. This method largely avoids
the pitfalls of the first, but it has its own
drawbacks. The bone one selects as rep-
resentative of a single animal may in
fact prove to be so rare in a particular
stratum that accidents of preservation
(for example the lucky survival of two
bones rather than one) could seriously
distort the percentages.

The method we used avoids both dif-
ficulties. We first eliminated from our
calculations the bones of the five meat
animals that, for one reason or another,
had not survived in approximately equal
numbers among all the species. This re-
duced the collection from some 11,000
specimens to about 3,800. At the same
time we allowed for the fact that differ-
ent animals have a different number of
bones in their skeleton. In the Suberde
collection the bones that survived equal-
ly well among all the species were cer-
tain of the foot bones. Pigs, however,
have more than twice as many foot bones
than the other meat animals at the site



do: a pig’s four extremities consist of 52
bones, whereas the extremities of the
other animals consist of 24. A stratum
that contains 100 sheep foot bones and
100 pig foot bones does not indicate,
therefore, that sheep and pigs were pres-
ent in a one-to-one ratio. The ratio is
closer to two sheep for every pig. An ex-

ANCESTRAL OX Bos primigenius became an increasingly im-
portant source of meat at Suberde over the centuries. The skeleton
is shown divided into the 4 and B components. The A skeleton

ample is provided by the number of
identifiable pig bones in the lowest strat-
um of the site, designated by Bordaz as
Level III-IV. They made up nearly 14
percent of all bones in the level. More-
over, the minimum proportion of pigs in-
dicated by the pig foot bones in that
level was 15 percent of all the animals.

ANATOLIAN MOUFLON, a sheep of the species Ovis orientalis, together with lesser num-
bers of goats, was the primary meat animal at Suberde. The remains of sheep and goat 4
skeletons were found to be in proportion to the remains of their B skeletons, demonstrating
that schlepp factors were inoperative in the inhabitants’ treatment of smaller mammals.
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When we eliminated the bias due to the
pig’s characteristic skeleton, however,
we found that the pig accounted for less
than 7 percent of the population [see
bottom illustration on next two pages].

Determining the relative frequency
of each species in each level did not
by itself indicate its economic impor-

——rer e

comprises bones of the feet, the B skeleton those of the legs. Many
more ox foot bones than leg bones were unearthed at Suberde.
This puzzle led to the authors’ discovery of the “schlepp effect.”

”; ;
\ CALCANEUS g{,f ;

ASTRAGALUS
.&:{E
;
|

FIRST PHALANGE

SECOND PHALANGE

BONES OF THE FEET were used by the
authors to calculate how many of each meat
animal had been present at Suberde because
most foot bones were usually well preserved.
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DIGGERS AT SUBERDE had to cut away a disturbed surface
layer before reaching the underlying Neolithic remains on a hill

tance in terms of meat. An additional
calculation was required. Sheep and
goals are much the same size, but an ox
yields more meat than a deer and much
more meat than a sheep. Because the
pig has short legs with more meat on
the shank than there is on the legs of oth-
er animals, a pig yields about 20 percent
more edible meat per pound of live
weight. To estimate the proportion of
meat in the Suberde diet supplied by
each of the five species we assumed
that sheep and goats yielded about 77
pounds of edible protein each (half the
live weight), that a red deer yielded
about 220 pounds and an ox about 1,000
pounds (also half the live weight). Pigs
provided the same amount of edible
meat as red deer because 70 percent of
their live weight is edible meat. We were
now in a position to calculate if the com-
position of the Suberde meat supply had
altered over the centuries.

The excavators at Suberde had of
course catalogued the animal bones ac-
cording to the strata in which they were
found. It was our assumption at first
that, regardless of which level contained
which bones, the collection as a whole
would probably form a homogeneous
sample. When we tested the collections
from different levels for homogeneity,
however, we found the statistical prob-
ability that the whole collection was

100

homogeneous was less than .02 percent.
Working further with bones from vari-
ous stratigraphic subdivisions, we found
that the oldest ones (from the lowest
stratum, where a particularly large quan-
tity of animal remains extended down to
bedrock) showed a better than 90 per-
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bordering a dry lake (background). The countryside is ideal pasture
for sheep; wild goats still roam the Taurus foothills beyond.

cent probability of homogeneity. The
same was true of the bones from the
higher strata in the older deposit, called
the III levels by the excavators, and of
the bones from the lower strata in the
younger deposit above, known as the II
levels. The bones from all the III and II

SPECIES (PERCENT OF ALL BONES)
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RELATIVE IMPORTANCE of the five meat animals during three time intervals at
Suberde is not reflected accurately by a simple count of the number of bones of each species
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RELATIVE FREQUENCY OF SPECIES

levels, when taken together, also showed
a better than 90 percent probability of
being homogeneous. Because the site’s
few cultural innovations appear only in
the II levels, however, we have con-
tinued to deal with the animal remains
from each of these deposits as separate
entities.

Applying our calculated yields of
meat per species to the estimated num-
ber of animals in the earliest levels and
the later ones, we found a significant dif-
ference in proportions. The amount of
pork in the Suberde diet remained about
the same—14 percent of all meat—from
Level III-1V at the bottom up through
the II levels at the top. In contrast, the
amount of sheep and goat meat showed
a sharp decline: from nearly 70 percent
in Level III-IV to barely 50 percent in
the II levels. As sheep and goats de-
clined in dietary importance, oxen and
red deer increased. Deer meat, how-
ever, seems to have been a relatively
marginal item: the supply in the II levels
was twice that in Level III-IV but still
represented less than 7 percent of all
meat. The supply of ox meat showed a
notable rise: from about the same per-
centage as pork in Level III-IV it grew
to an average of 30 percent of all meat
in the IIT and II levels.

Do the animal bones at Suberde rep-
resent domesticated flocks or hunt-
ers’ prey? There is no known instance of
red deer being domesticated, but Su-
berde is not far from another Turkish

(PERCENT)

ALL 1l

-1v

(left). The schlepp factors remain undetected and the pig, which has
twice as many foot bones as the other animals, is disproportionately

Neolithic site, Catal Hityiik, where do-
mesticated cattle were known during
roughly the same period. Moreover, do-
mesticated sheep and goats were kept at
the valley settlement of Zawi Chemi
Shanidar in neighboring Iraq nearly
3,000 years before Suberde came into
existence.

Evidence for domestication can be of
several kinds. The plainest is the pres-
ence of an animal in a region outside its
natural range; the pig in the New World
is a recent example. In instances of this
kind the suggestion is strong that the
animal left its ancestral habitat under
the guidance and control of man. A sec-
ond kind of evidence is a change in the
form of the animal, either because of
the crowding that is a significant func-
tional aspect of domestication or because
of man’s selective preservation of variant
forms that would not survive in the wild.
A third kind is a sudden rise in the
proportion of one particular species for
which no natural cause is apparent; the
animal has obviously become a more re-
liable food source, possibly as a result of
human control. A similar kind of evi-
dence is the discovery that the remains
of certain species all fall within certain
age classes; the finding suggests either
a seasonal pattern of hunting or selec-
tive culling of a domesticated herd, for
example to cut down the number of
animals that must be fed through the
winter.

At Suberde no evidence of the first
kind was available; the site is located

well within the former natural range of
all five of the meat animals, and two of
them survive in the area today. As for
any change in the form of the animals,
we encountered some negative indica-
tions but only one doubtful piece of posi-
tive evidence. The evidence for and
against domestication at Suberde is best
described species by species.

To begin with the most numerous
group, out of the more than 9,000 speci-
mens of sheep and goat bone we found
one skull fragment that seemed to be
from a hornless sheep. Although the loss
of horns is a change characteristic of do-
mesticated ewes, one skull fragment is
not an adequate basis for stating that the
sheep at Suberde had been domesticat-
ed. Hornless females are known among
some wild populations of the Asiatic
mouflon, the species of sheep at Suberde.
Moreover, instead of increasing in num-
bers and importance as time passed (an
indication of possible human control)
Suberde’s sheep and goats declined. In
order to determine if the last remaining
kind of evidence—the evidence of age
classes—was positive or negative, we
compared the proportion of juvenile
sheep to mature sheep in the Suberde
sample with the proportion among the
domesticated sheep in an Iron Age set-
tlement in Europe (as reported by E. S.
Higgs of the University of Cambridge)
and the proportion in a population of liv-
ing wild sheep (as reported by Adolph
Murie of the U.S. National Park Ser-
vice). The proportion in the Suberde

MEAT SUPPLY PER SPECIES (PERCENT)
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represented. Once the relative number of each species is known (cen-
ter) one can show the percentage of meat that each provided (right).
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sample was almost identical with the one
found by Murie in wild sheep [see upper
illustration below].

Subdividing our sample even further
by age, we found that no sheep speci-
mens represented animals younger than
three months or older than three years,
although the sample was in general
evenly distributed between these two

extremes. According to Murie, the old
animals and the very young animals are
precisely the ones that are taken by wild
predators. We were therefore brought
to two conclusions. First, the sheep and
goats at Suberde had been wild. Second,
the randomness of the sample with re-
spect to age suggests that the Suberde
villagers were not solitary hunters but

IRON AGE
DOMESTIC

MODERN WILD

SUBERDE
(TOOTH
ERUPTION)

SUBERDE
(BONE FUSION)

i

|
| | l
25 50 75
PERCENT

O

7] UNDER 15 MONTHS B 5 vonTHS AND OLDER

SUBERDE SHEEP were evidently wild rather than domesticated. Whether estimated on
the basis of tooth eruption or on the basis of bone fusion, the age of most Suberde sheep was
over 15 months. The proportion of mature to immature animals was close to that among
living wild sheep and was quite unlike that among the domesticated sheep of the Iron Age.

DOMESTIC
(JARMO)

MODERN WILD

SUBERDE

10 20 30 40 50
THIRD MOLAR :MEAN CROWN LENGTH (MILLIMETERS)

SUBERDE PIGS were also evidently wild. The crown length of the rearmost molar teeth is
soon reduced in domesticated pigs because the animals’ jaws grow shorter; an example is the
mean crown length of the third molar teeth in domesticated pigs from Jarmo, an Iraqi site of
the seventh millennium B.c. The Suberde pigs’ teeth are nearer to modern wild pigs’ teeth
in size. Kent V. Flannery of the University of Michigan measured Jarmo and modern teeth.
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rather were engaged in cooperative
drives, slaughtering whole flocks at a
time.

The status of the pigs at Suberde was
also uncertain. They had neither de-
clined nor increased in importance as
time passed, and thus their numbers
provided no evidence for or against pos-
sible domestication. Unfortunately re-
liable age-class information is not avail-
able for the pig. Age is commonly
determined by the fusion of the ends of
the long bones to the bones’ main shaft.
There is no information on the rate of
fusion in wild pigs, and the information
on domesticated pigs merely suggests
that the process is too delayed to al-
low accurate identification of young age
classes. One piece of negative evidence,
however, was at our disposal. Ancient
domestication might be defined as a
combination of malnutrition and over-
crowding. In pigs a change that soon re-
sults is a foreshortening of the jaw and
face, with a consequent crowding of
late-erupting tooth buds and a reduction
in the length of the molar crowns. We
compared the crown length of the Su-
berde pigs’” upper third molars with the
crown length of domesticated pigs from
the site of Jarmo in Iraq and with the
crown length of modern wild pigs. We
found that the Jarmo crown length was
substantially reduced but that the Su-
berde and wild-pig crown lengths were
almost identical [see lower illustration
at left]. We concluded that the Suberde
pigs had not been domesticated.

"I his brought us to the oxen. Unlike

- the sheep and goats (whose numbers
had declined) and the pigs (whose num-
bers had remained the same), the oxen
had increased in number as time passed.
Could the increase be taken as evidence
for domestication? Two anomalies ap-
parent in the bone collection argued
against such a conclusion. The first is
thatnone of the cattle specimens is from
an immature animal. The same is true of
the red deer specimens, which is attrib-
utable to the structure of deer herds: fe-
males and young comprise one herd and
the males another. If hunters selectively
stalk only the herd of males, which are
notably easier prey than the alert and
timid females, they will kill no juvenile
deer. Perhaps the herds of ancient oxen
had a similar composition. Since they are
now extinct, we shall never know the
answer. The total absence of juvenile
cattle bones at Suberde, however, is only
part of the evidence suggesting that the
villagers hunted wild oxen.

Quite early in our analysis we noticed



This man keeps his kidney in the bedroom closet

He’s living today thanks to an
artificial kidney machine developed
by doctors and technicians at the
University of Washington.

Here’s the story:

Eight years ago, this man was dying
of chronic kidney malfunction. Today,
he and hundreds of other victims

of otherwise fatal kidney disease lead
productive, normal lives,
distinguishable from others chiefly by
their twice weekly trysts with a
lifegiving, mechanical bedpartner.

To accommodate the mechanized
kidney, an ingenious tube or
cannula is permanently implanted in
the patient’s arm. Arterial blood is
drawn out, filtered through the
machine and returned intravenously.
Harmful wastes filter through a
porous membrane of the artificial
kidney, leaving only the cleansed
blood to circulate back through the
body.

In 1960, the mechanical kidney and
all its components filled a
good-sized room. The kidney itself
was about a yard long and the huge
metal container of electrolytic
dialysate solution looked like a small
water tank. That was eight years ago.
Today, the ingenuity of researchers
and the specialized production

capabilities of a local Washington
State manufacturer have developed a
safer and more efficient kidney which
occupies only a modest corner—

not of a hospital room—but of the
patient’s own bedroom at home.

Because of these new compact
machines, the University was able to
initiate the now widespread home
dialysis program. Home dialysis
cuts costs to the patient in half,
provides opportunity for more
frequent dialysis, and relieves
crowding of hospital facilities. The
compact home machines work on
the same principle as the hospital

models. Patients undergo an intensive

training program prior to going
home to eliminate their dependency
on trained personnel.

The marriage of engineers,
physicists and physicians that
produced the improved artificial
kidney is a harmonious one. In the
near future this group plans to

introduce an ultra-compact kidney
unit the size of a telephone book. The
next step, a portable kidney is in early
developmental stages. Ultimately,

the research team envisions an
inexpensive, wearable kidney unit that
can be connected inconspicuously

at work or at home.

The State of Washington is a
fertile field for the exciting new
breakthrough industries of the
future. In bio-engineering,
aerospace, agriculture, fisheries,
oceanography, atomic energy and
many other areas, the smart money
is betting on Washington State.

Governor

STATE OF WASHINGTON

For information, write: Daniel B. Ward, Director, Department of Commerce and Economic Development, Olympia, Washington 98502,

© 1968 SCIENTIFIC AMERICAN, INC

103



that the leg bones of oxen were curious-
ly scarce. When we compared the num-
ber of what we characterized as “A skel-
eton,” or foot, bones with the number
of “B skeleton,” or leg, bones, for exam-
ple, we discovered that the proportion
was quite different for oxen from what
it was for sheep and goats. The foot
bones of sheep and goats comprised
about 55 percent of the combined total;
the leg bones made up the remaining 45
percent. With the oxen 83 percent of
the bones were foot bones and only 17
percent were leg bones [see lower illus-
tration below]. This distribution puzzled
us until we remembered the various

OX BONES
(CAN HASAN)

OX BONES
(SUBERDE)

B oo

ways the bison hunters of the American
Great Plains had dealt with their prey
and realized that the villagers of Suberde
must have faced a quite similar problem.

If the cattle at Suberde had been do-
mesticated, we reasoned, they would
have been slaughtered conveniently
near home. How, then, could one ex-
plain the absence of the leg bones? Some
bones are more likely to disappear after
burial than others, for various reasons.
Some decay rapidly, the way hooves do.
Rodents may dig into the soil and carry
away small bones, and larger carnivores
such as wolves and jackals may do the
same. The leg bones of oxen, however,

:
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SUBERDE OXEN were also evidently wild. At Can Hasan, where cattle were domesti-
cated, the proportion of bones from ox Bskeletons and A skeletons was roughly three to two.
The proportion at Suberde was closer to six to one. The authors attribute the discrepancy
to the schlepp effect: the Can Hasan oxen, being domesticated, could be slaughtered close to

home without leaving any bones. The Suberde oxen, in contrast, must have been butchered

far from home, leaving some bones behind. Such a system suits hunters, not herdsmen.

SHEEP/GOATS

RED DEER

OXEN

B .ec
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VARIABILITY of the schlepp factors at Suberde is evident in the different proportion of

L
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sheep and goat, red deer and ox A-skeleton and B-skeleton bones found at the site. The
small animals, lighter loads, were apparently brought home unbutchered; they were prob-
ably Killed fairly near home. The contrast between the proportions for ox and for deer, the
latter identical with the proportion for Can Hasan oxen, may reflect the greater ease in deal-
ing with a 400-pound animal rather than a 2,000-pound one when both are killed far afield.
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are not more susceptible to decay than
ox foot bones, and they are more difficult
to carry away. Moreover, the foothills
near Suberde are typical sheep terrain,
but the nearest cattle country is a few
miles away. The missing leg bones indi-
cate that the cattle were not slaughtered
near the village. At the same time the na-
ture of the countryside makes it improb-
able that wild cattle would have been
encountered near the village.

Archaeologists working at Paleo-In-
dian sites in the New World have shown
that, if only a few parts of a bison skele-
ton are found, the site is probably a more
or less permanent camp to which the
hunters brought back meat from animals
they had killed and butchered elsewhere.
If, on the contrary, most of the bisons’
bones are present, the site is probably a
“kill” site to which the successful hunt-
ers summoned their families. Suberde
was a permanent settlement, and most
cattle long bones were missing from its
faunal inventory. We concluded that the
oxen were indeed wild and had been
killed away from home.

When a Suberde hunting party killed
a wild ox, they apparently butchered it
on the spot and used the animal’s own
hide as a container for carrying the meat
home. They evidently stripped the fore-
quarters and hindquarters of meat and
threw the leg bones away. They appar-
ently left the feet attached to the hide,
perhaps because the feet made conve-
nient handles for dragging the meat-
filled hide. Perhaps they also valued the
feet: this part of the animal contains use-
ful sinews and has been called “the hunt-
er's sewing kit” We have named the
disparity between the number of cattle
foot bones and leg bones that resulted
from this treatment of the prey the
“schlepp effect,” after the German verb
meaning “to drag.” It combines a factor
related to the size of the game animal
with one related to the distance between
kill site and home settlement. Sheep and
goats, for example, were small enough,
and were killed close enough to Suberde,
to be immune from the schlepp effect.
The wild oxen were not.

One further consideration supports
our conclusion: the proportion of ox leg
bones to ox foot bones at Can Hasan, a
nearby Neolithic site where cattle were
domesticated. The proportion is 38 per-
cent leg bones to 62 percent foot bones,
sharply different from the Suberde pro-
portion [see upper illustration at left].

11 in all, what have the bones at Su-
berde told us about the lives of its
Neolithic inhabitants? Suberde was a
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settled community of the kind that has
been thought to have arisen only after
men had mastered the growing of crops
and the herding of animals. Analysis of
the plant remains at the site has not yet
been completed. Regardless of the pres-
ence or absence of domesticated plants
at Suberde, however, one point is clear.
The villagers fed largely on meat and
were not herdsmen but hunters.

Second, in its early years Suberde de-
pended on cooperative hunting tactics to
secure nearly 70 percent of its meat sup-
ply. Sweeping through the adjacent foot-
hills, the village hunters slaughtered en-
tire flocks of sheep and goats at a time,
perhaps driving them by setting fires.
The methods used to rouse boars from
the marshy thickets of the region are not
apparent from the faunal remains.
Among the artifacts at Suberde, how-
ever, are ornaments made from boar
tusks, and the scant representational art
at the site includes pottery figurines of
pigs [see bottom illustration on page 98].
Although pork played only a limited role
in the Suberde diet, the wild pig was
evidently much on the villagers” minds.
As for the red deer, the lack of immature
deer remains makes it probable that only
the male herds were stalked. Because a
solitary hunter would scarcely find
easy to schlepp more than 200 pounds
of butchered meat and hide back to the
village, group hunting again seems more
likely. In the case of the wild oxen, the
1,000-pound burden of each animal’s
meat and hide—as well as the heavy
work of butchering the animals—means
that the pursuit of cattle by the inhabi-
tants of Suberde was almost certainly a
group activity.

Finally, the earlier inhabitants of Su-
berde depended more heavily on sheep
and goat meat, or possibly found sheep
and goat easier prey than their succes-
sors did. Pending a report on the plant
remains at the site, we can say only that
there is no obvious evidence for a change
in climate that might account for the
change in hunting pattern. Because the
change appears in all the III layers and
the site’s few cultural innovations do not
appear until the II layers, it seems doubt-
ful that a cultural shift was the cause.
We are left guessing. Were the local
foothills overhunted, so that the villagers
had to go farther afield to find other wild
herds? Whatever the explanation, the
analysis has shown that a change did oc-
cur and has measured its extent. Faunal
analysis is capable of providing similar
information about the lives of prehistoric
peoples at other sites throughout the
world.
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This is one
form of communication
we havent been
able to improve on.

Just a few minutes ago, Bob returned from
a two-week business trip to Europe. This “wel-
come home” is saying more than any words ever
could.

But Fran had time to do her hair, tidy up
the house and prepare a special dinner,complete
with candlelight, because she got the message
about her husband’s flight home from a cable-
gram “via ITT.”

This is routine for a lot of people every
day, because we operate a communications net-
work made up of thousands of cable, radio and
satellite circuits and can transmit a message to
almost any point on the globe.

We have installed telephone equipment
and systems in 71 countries around the world.
Our microwave systems not only link nations
but also are used by pipeline companies, rail-
roads and industrial firms.

Making communications history

Last year we made telephone history with
a new computerized electronic switching system
which uses a special-purpose computer to con-
trol the switching network in a public telephone
system. And we also made history with the first
transportable earth station for communicating
via satellite. Fifteen of these are now operational
or under construction, worldwide.

With our DATEL service, computers in the
U.S. can exchange information with their counter-
parts in Europe at the rate of 1,330 words a
minute.

Every day the U.S. Department of State
channels some 10,000 messages to almost 300
diplomatic posts around the world. The heart of
State’s new high-speed communications center
is a specialized electronic switching system de-
signed, built and installed by one of our com-
panies. The system also processes messages into
the diplomatic telecommunications network of
the White House, the U.N. in New York, and cer-
tain government agencies in the Washington area.

Similar systems also serve the National
Aeronautics and Space Administration, and some
of the world’s busiest airlines.

Recently, computers in Washington, D.C.
and Houston were linked to an American soldier
in a Tokyo hospital to provide “instant’”’ diagnosis
of his condition by medical research centers,
thousands of miles away.

Information on the patient’s condition was
sped to the medical centers over a 50,000-mile
communications link, via satellite and telephone-
company landlines. One of our companies set up
the link and acted as technical coordinator for
the two-day demonstration which underscored
the growing application of communications in
the solution of complex medical problems.

One of our inventions, Pulse Code Modu-
lation (PCM), has become the standard technique
for simultaneously transmitting large numbers of
telephone conversations. PCM can increase the
conversation load of existing telephone cables
twelve-fold.

We'vealso invented a technique that could
make a light beam carry 6,000 PCM channels.
And then make the light travel along a glass fiber,
little thicker than a human hair. Over a cable of
such fibers, the entire population of New York
City could, theoretically, speak at the same time
with everyone in Los Angeles.

Better services for you

In all areas of communication, our exper-
tise and resources generate increased competi-
tion within industries which results in more effi-
cient use of manpower and material. This means
better communication services for you and peo-
ple all over the world.

But there’s one form of communication
we’re not trying to improve on. We'll leave that
to people like Fran and Bob.

International Telephone and Telegraph
Corporation, 320 Park Avenue, New York, New
York 10022.
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TRANSDETERMINATION IN CELLS

When an embryonic cell begins to differentiate, 1t 1s said to be

deternmmned for that function. Yet when cells of a fruit—ﬂy larva

are transplanted into an adult fly. their determination can change

r Ijhe investigation of how the ge-

netic material guides the devel-

opment of cells and organisms is
surely one of the most exciting enter-
prises of modern biology. It has already
yielded many illuminating discoveries,
but it is still full of surprising phe-
nomena. We have encountered such a
phenomenon in experiments conducted
in our laboratory at the University of
Zurich.

Let me first explain what prompted
our experiments. We wanted to find out
when and under what circumstances the
future of embryonic cells is determined,
so that the cells will proceed to special-
ize and form the various differentiated
structures of the adult organism. It is
well established that all the embryonic
cells start out with an identical full set
of genes, carrying instructions for the
specific development and functioning of
every kind of cell in the organism. It is
generally assumed that a distinct path-
way of differentiation is determined for
cells when specific groups of genes are
activated, some groups directing the dif-
ferentiation of muscle cells; some, nerve
cells; some, gut cells, and so on. We say
that such cells are in a certain deter-
mined state. Thus determination is an
important event in which cells of identi-
cal genotype begin to differ in their
characteristics, or phenotype. At what
stage in the embryo’s development is
this determination established? How sta-
ble is such a state? Will it be inherited
by all cells descended from a deter-
mined ancestor, or can the cells perhaps
be switched into new pathways?

The organism we chose for our experi-
ments is the fruit fly Drosophila melano-
gaster. This insect has rendered prodi-
gious service to genetics, but at first it
seems much less suitable for studies of
development than the embryos of am-

1o

by Ernst Hadorn

phibians and sea urchins. For our spe-
cial purpose, however, Drosophila of-
fered a most convenient feature.

In the early embryonic development of
higher insects such as flies, bees and
beetles a remarkable separation of cells
occurs. In one class of embryonic cells
final differentiation proceeds without
delay, that is, it is initiated as soon as
the cells become established by the
process of cleavage and rudiment for-
mation. These cells give rise to the body
of the insect larva, with all its function-
ing organs. Another class of cells is set
apart, however, in what are called im-
aginal disks. Although the cells of the
imaginal disks are in contact with their
differentiating neighbors, they remain
in an embryonic state throughout the
larval period. In this first period of in-
sect life the cells of the disks divide.
Therefore a few thousand of them are
present in each disk when the larva is
ready to become a pupa and proceed
with metamorphosis. The location of a
few of the imaginal disks in the larva of
Drosophila is shown at bottom right in
the illustration on the opposite page.
During metamorphosis most of the
larval organs break down within the case
of the pupa. Their cells eventually dis-

integrate. At the same time, and only at
this time, the cells of the disks lose their
embryonic character and differentiate
into the specific body tissues of the im-
ago, or adult fly. Each of the disks fur-
nishes its part of the metamorphosed in-
sect, as the illustration shows. One disk,
the genital disk, contains cells that will
develop into the structures of the sex
organs, the back parts of the abdomen
and the hind gut. There is a disk for each
of the six future legs, and three pairs
of disks combine to form the head. (Of
these latter disks only the eye-antenna
disk appears in the illustration.)

Each disk forms a set of different
structures. A leg disk, for instance, con-
tains cells that respectively develop into
claws, tarsal parts, tibia, femur, trochan-
ter, coxa and adjoining parts of the
thorax. Moreover, in each section of leg
many different functions must be con-
ducted. Accordingly bristles and hairs
of various sizes and shapes are formed
by different cells and are distributed in
definite patterns.

Imaginal disks can be dissected out of
an insect larva. In our experiments with
Drosophila we cut the disks with a fine
tungsten needle and implant the pieces
in the body cavity of other larvae. Then,
when the host larvae metamorphose into

CELLS FROM A LARVA of the fruit fly Drosophila were kept alive and undifferentiated
by transplanting them into the abdomens of 100 successive generations of adult fly hosts;
alterations in the genetic control of the cells are plotted in the illustration on the opposite
page. The cells were taken from the cell cluster, or imaginal disk, destined to form the
adult fly’s sex organs and part of the gut and abdomen (blue area in larva and fly). At each
transfer some of the cells were transplanted into larvae that underwent metamorphosis,

as did the transplanted cells. By the eighth transfer (B) the cells’ initial genetic controls

had begun to change; metamorphosis produced head parts (red) and leg parts (yellow) and

soon thereafter wing parts (green) and thorax parts (brown). By the 56th generation none

of the cells in any subculture any longer matured into genital components. The letters A

through G in the illustration refer to the structures shown in photomicrographs on page

118. The subcultures connected by broken lines (below D) showed mutant abnormalities.
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pupae, the implants also differentiate
into adult structures. For example, when
a piece of implanted disk contains cells
determined for eyes, a fully developed
eye is found in the host’s abdomen. By
much experimentation we found that
cach imaginal disk contams a mosaic
of different cell populations; these ru-
diments are determined for particular
structures within a body region. Some
mosaic regions of a male genital disk
will develop into a sperm pump, other
regions will differentiate into various
elements of the penis, still others furnish
anal plates and hind gut. In short, the
future differentiation of the cells is al-
ready determined in the larval stage.

We need more detailed information,
however. What about the individual
cells? Could it be shown that each cell
in a mosaic region of an imaginal disk is
primed for a particular differentiation,
regardless of the company in which it
might find itself later?

We investigated this question by
breaking disks down into individual
cells and then implanting a mixture of
cells from different disks into a host
larva [see drawing at left]. The fruit
fly is particularly convenient for this
kind of experiment because of the avail-
ability of readily identifiable mutant
forms, which differ from one another in
visible features such as body color and
bristle shape. Therefore we could mix
disk cells from, say, a yellow mutant and
a dark ebony mutant, allow the cells to
clump together and then see where each
cell ended up when the implant formed
adult structures in the host larva.

It turned out that the individual cells
of disks are indeed already programmed
for specific differentiation. They col-
laborate in forming normal structures.
For example, yellow leg cells and ebony
leg cells combine to produce leg parts
that are an ebony and yellow mosaic
[see photomicrographs on opposite
page]. My collaborators Rolf Nothiger,
Heinz Tobler and Antonio Garcia-Belli-
do performed many experiments, testing
mixtures of imaginal-disk cells in various
combinations. The results were consist-
ent: Somehow during the development

of the host fly those cells in the im-
planted mixture that carry a particular
differentiation program recognize one
another and move about until they come
together to form precisely the indicated
structure. In contrast, cells from differ-
ent disk regions never combine but sep-
arate from one another. A cell from a leg
disk never joins one from a wing disk,
and wing-base cells do not collaborate
with wing-tip cells to form a base or a
tip.

We were able to conclude, therefore,
that every cell in an imaginal disk of a
fruit-fly larva is individually determined
for a specific differentiation. This deter-
mination is fixed long before any mor-
phological differences of the cells can
be detected. We worked with such de-
termined but not yet differentiated geni-
tal-disk cells in the experiments 1 shall
now describe.

As- we started this work we wondered
what would happen if we implant-
ed parts of larval disks directly into
adult fruit flies. With such a procedure
the pupal stage would be bypassed.
When we tried the experiment, there
were three quite unexpected results.
First, when larval cells were trans-
planted into the abdomen of an adult
fly, they divided and grew without limit.
In the normal course of events the same
cells would have stopped dividing as
soon as pupal metamorphosis set in. Un-
der the influence of the insect hormone
ecdysone they would have begun to dif-
ferentiate into adult structures such as
bristles, hairs, claws and gland cells.
The unlimited growth of these cultures
has now continued for six years. Since a
host fly lives for about a month, we have
had to transfer the proliferating cultures
about every two weeks. The oldest cul-
tures are now in their 160th transfer
generation. For the permanent mainte-
nance of a culture we need only take a
small part of an implant to found the
next transfer generation. It is thus easy
to start many subcultures from a single
culture.
The second result was even more sur-
prising. Although the cultured cells have

MIXTURE OF LEG CELLS from the larvae of fruit flies that belong to separate color
strains is formed by removing part of a leg imaginal disk from each larva (a, top of drawing at
left). The bits of disk are then separated into their individual cells, mixed together (b) and
implanted in the body cavity of a host larva (¢). The host pupates (d) and the implanted cells
mature. When removed from the adult fly (e), the leg organs are partly yellow and partly
ebony in color (see photomicrographs on opposite page). The organs include (I, top photo-
graph) a leg tip with one ebony and one yellow claw, (I, middle) an ebony-and-yellow sex
comb and (I11, bottom) ebony-and-yellow tibia bristles. The mixed colors show that cells
with the same differentiation potential will find one another and join to form normal organs.
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now lived for years in adult flies, they
retain their original embryonic char-
acter. No differentiation has been ob-
served. Apparently the pupal phase is
indispensable for the initiation of dif-
ferentiation. From this observation we
conclude that ecdysone, which is domi-
nant during pupal metamorphosis, is no
longer present or active in the imago.
The adult body fluid in which the cul-
tured cells float seems to be much like
the body fluid of the larva.

The third result is encountered when
parts of cultures are transplanted back
into larvae. Such implants will now
metamorphose along with their new
host. With some exceptions, to which I
shall refer later, the test pieces taken
from the permanent cultures difleren-
tiate normally into those adult struc-

STEM

tures for which they were determined.
The capacity for normal development
is therefore propagated in our cultures;
during all the transfer generations the
genetic endowment needed for adult dif-
ferentiation remains intact. Such stabil-
ity is unusual for cells in permanent cul-
tures. In all the dividing cells of the
cultures we find only the normal set of
chromosomes.

\\”hat I have said so far is prologue to

the main chapter of our story. Let
us now start a permanent culture with
half of a male genital disk. One half, the
stem piece, is implanted in the abdomen
of an adult fly. The other half, the test
picce, we implant in a larva within
which it will differentiate. The stem
piece grows, and after two weeks it is

removed from its first adult host. It is
again divided into a stem piece, which
will maintain the culture, and a test
piece, which shows us what kind -of
adult differentiation it is capable of.
After a few transfers the cultures usual-
ly grow faster, so that it becomes possi-
ble to pass more than one test piece
through metamorphosis and to implant
several stem pieces and found branched
sublines [see illustration below].

In the course of 160 transfer genera-
tions over a period of six years, several
thousand test implants were studied.
This experimental situation clearly of-
fers a unique experimentu] opportunity.
At any time we can find out what ca-
pacities for differentiation are present
in the proliferating cells.

In the first few transfer generations

TEST

408 ¢

SUCCESSIVE TRANSFERS of cells grown from a single bit of
imaginal disk is diagrammed over four gencrations. A bit of genital
disk from a larva is divided between an adult host (I, left) and a
larva (right), which is allowed to mature so that the condition of
the transferred cells can be checked. The process is repeated (2) by
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retransplanting the disk cells of the “stem’ host. By the next trans-
plant (3) the stem disk cells have increased sufficiently to provide
two transplants for testing and two transplants into stem hosts.
In the next genéralion (1) the number quadruples. Disk cells have
survived and multiplied for more than 150 transfer generations.



Thomas Young Woodcarving by William Ransom
(1773-1829) Photographed by Max Yavno

“Fellow and Foreign Secretary of the Royal Society, member of the National
Institute of France; a man alike eminent in almost every department of human
learning. Patient of unintermitted labour, endowed with the faculty of intuitive
perception, who, bringing an equal mastery to the most abstruse investigations of
letters and of science, first established the undulatory theory of light, and first pene-
trated the obscurity which had veiled for ages the hieroglyphics of Egypt!™

1Epitaph, Westminster Abbey.

INTERACTIONS OF DIVERSE DISCIPLINES

Investigations into the abstruse have been Planning Research Corporation’s principal activity
since its inception in 1954. Success in this activity is attested to by its present role in affairs of
public interest, and in major projects, including automation, for business and industry. Its
1,000 professional staff members represent 30 areas of knowledge in the classical sciences,
the behavioral and management sciences, most branches of engineering, economics, mathe-
matics, and the computer sciences. These disciplines interact on multidisciplined teams to
form the most powerful tool ever achieved for the solution of complex problems.

Approximately half of the corporation’s current work is related to applications of com-
puter systems, the newest applications being in brokerage office operations. A Planning
Research Corporation document, Computer Systems Design and Implementation, describes
this work. For a complimentary copy, address your request to Mr. John N. Graham, Jr., Vice
President and General Manager, Computer Systems Division.

PLANNING RESEARCH CORPORATION
Home office: 1100 Glendon Avenue, Los Angeles, California 90024

An Equal Opportunity Employer. Candidates are invited to write to the Administrator for Professional Staffing.
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ADULT FLY’S ORGANS are formed by the maturation of a number of imaginal disks
that are present in the body of the larva. The sex organs and portions of the gut and ah-
domen are formed from the cells of the genital disk and the head develops from three pairs
of disks; each of the fly’s six legs develops from a separate disk. Disk cells that are kept in an
undifferentiated state by successive transplants into adult hosts for years will continue to
mature into the appropriate organs when allowed to undergo metamorphosis. After a
number of transfer generations, however, a change takes place and the disk cells turn into
adult tissue of some other kind. The “transdetermination” generally follows the same
sequence (see illustration below) and the change is preserved over many more generations.
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THORAX HALTERES
TRANSDETERMINATION SEQUENCE undergone by seven kinds of imaginal-disk cells
is shown by arrows. Genital cells, for example, may change into leg or antenna cells, whereas
leg and antenna cells may become labial or wing cells. In most instances the final trans-
determination is from wing cell to thorax cell; the change to thorax appears to be irreversible.
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the test pieces from the genital disk de-
veloped in accordance with their original
determination, that is, they differen-
tiated “autotypically” into genital and
anal organs. Thereafter came the sur-
prise. Parts of the test implants devel-
oped instead into head organs or leg
parts. In other words, populations of
cells no longer differentiated as their an-
cestors had. They now produced “allo-
typic” organs that in normal develop-
ment arise only from the cells of a head
imaginal disk or a leg disk. For the
change from one developmental path-
way to another we introduced the term
transdetermination.

rljhe entire story of one typical culture

can be followed in the illustration on
page 111. If the reader will study the
illustration, he will see that in the eighth
transfer generation (after about four
months) head and leg structures appear.
A further transdetermination leads in
Transfer Generation 13 to wings. In
Transfer Generation 19 thorax cells be-
come established for the first time. After
many culture transfers we were able to
make some generalizations about deter-
mination and transdetermination. First,
we found that a state of determination
can be replicated without any change
when the cells divide; the characteris-
tics of a determined cell population are
transferred by “cell heredity.” This
holds true for the initial autotypic state
as well as for newly acquired allotypic
states after they become established by
transdetermination. For example, one
can see in the illustration that genital
and anal organs appear in the test im-
plants without interruption from Trans-
fer Generation 1 to Transfer Generation
55. By the same token, however, newly
initiated allotypic cell populations are
also multiplied by cell heredity. In cer-
tain sublines head structures, legs,
wings and thorax parts appear continu-
ously for years.

For each given state of determination
there exists a distinct probability or fre-
quency of transdetermination in a spe-
cific direction. In the cells of genital
disks a transdetermination of the first
order leads with about the same fre-
quency to head or leg cells. From these
allotypic states a transdetermination of
the second order results in wing cells.
We have never observed a direct switch
from genital to wing cells. Finally rudi-
ments of thorax arise by a further trans-
determination from wing cells.

These sequences are summarized in
the bottom illustration at the left.
Some of the changes are indicated as



CHAPTER TWO:

THE RENAULT 16
SEDAN-WAGON

Our story opened with the
Renault 10. And thatchapteris
being writteneveryday. At last
count, there were over 35,000
Renault 10’s on the road.

And so the stage is nicely set
for our latest installment: The
Renault 16 Sedan-Wagon.

The Sedan-Wagon. Besides
being a new chapter for us, the
Sedan-Wagonrepresents a new
chapter in the industry.

Until now, even if you only
needed a station wagon occa-
sionally, you had to drive one
around all the time. With the
Renault 16, you drive around
asedan. And when you need a
station wagon, it turns into a
station wagon.

*P.0.E. EAST COAST.

Thefront-wheeldrive.Quite
logical.The engine up front to
get maximum hauling area in
therear.The drive wheels also
up front to get maximum trac-
tion from the engine’s weight.

The engine. Pressure cast
aluminum block. 5 main bear-
ings. And a sealed liquid cool-
ing system that virtually elim-
inates the bother of having to

add anti-freeze. It can milk 28
miles out of a gallon of gas,
and still manages a top speed
of 93 mph. It is so well put to-
gether that you could roll up
30,000 continuous miles at 85,
as we did, back and forth and
back and forth between Rome
and Milan.

Theseats. They’re every bit
as comfortable as those in the

———
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Renault 10. And the seats in
the Renault 10 have been stack-
ed up against the seats in the
Rolls-Royce.

The road manners. The sus-
pension is soft, without being
mushy. Each wheel moves up
and down independently, con-
trolled by long torsion bars.

The price. The Sedan-Wag-
on sells for $2,445.* The price
of most sedan-sedans.

RENAULTé

FOR INFORMATION SEE YOUR DEALER OR
WRITE RENAULT INC, 100 SYLVAN AVENUE,
ENGLEWOOD CLIFFS.N.J.Q7632.BOX 12
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being reversible, others as being irre-
versible. For instance, it seems impossi-
ble for dividing thoracic cells to revert
to genital cells. The dynamics of trans-
determination lead to a shift in the fre-
quency of different kinds of differentia-
tion in the test implants. The initial
states represented by the autotypic
structures decrease or even disappear,
whereas the “end stations,” such as tho-
rax, become increasingly frequent.

I have given the experiments with
genital disks as an example; the same
behavior is observed for other imaginal
disks. The cells of these disks, which are
initially determined for head and mouth
parts, for wing parts or for thorax parts,
also undergo transdetermination in the
course of prolonged culturing. Each
series of changes follows its own se-
quence.

ransdetermination leads, as we have

seen, to a change in cell heredity.
What factors cause this switching and
on what mechanisms might it be based?
A satisfactory answer to these complex
questions cannot yet be given. We can
only offer a few tentative speculations.
One fact, established by my co-workers
Tobler and Hansruedi Wildermuth, is
that the frequency of transdetermina-
tion is correlated with the rate of pro-
liferation of the cells: the faster they
multiply, the higher the probability of
a change in the cell’s heredity. We
therefore interpret transdetermination
as a phenomenon somehow brought
about by changes in the dynamics of
proliferation on which the functional in-
teraction of different cellular compo-
nents might depend.

Stability of determination is ensured
only when the same group of genes re-
mains active in subsequent cell genera-
tions. Transdetermination leading to a

TRANSDETERMINATIONS of cells from
a genital disk during 100 successive transfer
generations are shown in a series of photo-
micrographs (left; organs formed before and
after transdetermination are identified in the
accompanying drawings). The generations
are those illustrated on page 111. Mature
structures from the first transfer generation
(A) are all normal products of genital cells.
By the eighth generation (B) some genital
cells have matured into head-cell compo-
nents. A specimen from the 24th genera-
tion (C) shows leg structures. In the 37th
generation (D) and the 38th (E), specimens
still form genital as well as head structures.
The wing parts (F) are from the 60th gen-
eration and thorax structures (G), the final
products, are from the 100th generation.



goes better with PDP-10

Much better.

PDP-10 is the only computer now avail-
able that does real-time, batch proc-
essing, and time-sharing simultane-
ously.

PDP-10 is a better computer now,
measured in cost-effectiveness, than
any other machine even promised!
Beats the others cold.

In this environment, BASIC® is beau-
tiful. 64 simultaneous users won't even
slow the machine down. Processing in
microseconds, rather than minutes.
BASIC, FORTRAN, AID, MACRO, DDT,
TECO, EDITOR. Pick the language. Pick
the mode.

All together now.

BASIC goes better with PDP-10.

PDP-10

Maynard, Mass.

® Registered: Trustees of Dartmouth College

© 1968 SCIENTIFIC AMERICAN, INC

119



NORMAL AND ABNORMAL STRUCTURES are shown in two photomicrographs and

identified in the accompanying drawings. At top is mature tissue from the 31st transfer

generation of genital-disk cells; it has changed into normal head-cell components. At bottom

are the same components but in abnormal forms, as found in tissue from the 41st transfer

generation. The abnormalities, probably caused by mutations, have proved to be hereditary.

long-lasting new type of cell heredity,
however, requires the action of new sets
of genes. From the findings of molecular
genetics we know that genes are activat-
ed or repressed by certain effector mol-
ecules. When our cells divide and grow,
the effectors will be diluted and new
ones must be synthesized. Differences
and changes in the rate of cell division
could in different populations of a cul-
ture perhaps affect the inventory of cel-
lular components that control the activ-
ity of genes, and a new equilibrium
between interacting factors might result.
Members of a formerly active gene
team that established determination for
legs, say, could become inactivated.
Their role would then be taken over by
wing—determining genes.

Only further experiments can bring a
better understanding of all the things
that happen in transdetermination. 1
should like, however, to call attention to
one additional fact. We have seen that
cells determined for genital organs can
give rise to descendants that develop
alternatively into an entire set of other
body parts. As my collaborator Walter
Gehring has shown, sequences of di-
verse differentiations arise even in cell
populations (clones) derived from a sin-
gle cell. Therefore normal determina-
tion is certainly not based on an irre-
versible state of cellular units. Compe-
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tence for entering many different path-
ways of development is a persistent
characteristic of cells.

hus far we have dealt with changes

in the cultures that lead from one
normal type of differentiation to another
normal type. Indeed, allotypic thorax
implants cannot, even after six years of
culturing, be distinguished from auto-
typic test pieces taken directly from a
fresh larval control disk. In addition to
such “normotypic” differentiation, how-
ever, we encountered in a few sublines
an “anormotypic” type of development
[see illustration above]. In a subline
that could be followed from Transfer
Generation 38 to Transfer Generation
90 the small hairs and protuberances
(trichomes) that cover the cuticle be-
tween the bristles look coarse and
somewhat distorted. Similarly, the aris-
ta, a structure pr()truding from the an-
tenna, is abnormal in shape. On the
other hand, the bristles are all normal.
In another subline the ground pattern
is fully normal, but here the capacity
for forming bristles is lost. Such anormo-
typic lines might be due to classical
mutations. Reversion to n()rmality was
never observed. Once established, the
abnormal characteristics breed true as
long as we have observed the descend-
ants. A further developmental type be-
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came established in other sublines.
These cultures have an extremely high
rate of growth, but the test pieces either
disappear during metamorphosis or pass
the pupal stage without any visible
change; in any case, the ability for adult
differentiation is lost. Perhaps such
types of cell heredity are due to the kind
of mutations that in whole animals
would be called developmental lethals.

;Yl the events revealed in the cultures
+ % of cells from imaginal disks should
now be ccmpared with processes going
on in other biological systems. Here I
shall mention only a few obvious sim-
ilarities. Stability in cell heredity—the
kind of stability observed in our pro-
liferating cultures—is encountered in,
among other tissues, the epidermis of
human skin and in human bone mar-
row. There the stem cells remain un-
differentiated, but they breed true
throughout life by replicating a specific
state of determination.

Transdetermination might also have
biological counterparts. Consider cer-
tain types of regeneration. Bi()logists
working on leg regeneration in amphib-
ians have demonstrated that formerly
specialized and differentiated cells have
offspring that become determined for
new tasks. In insects and crustaceans
one observes occasionally that from an
antenna stump a leg or an eye can re-
generate. Such allotypic performance is
probably based on the same cellular
events as transdetermination. Moreover,
in Drosophila quite a few mutants of the
type called homoiotic are known that
lead to allotypic organs. One such mu-
tation is termed aristapedia; it steers the
developmental fate of the cells in the
antenna disks so that leg parts instead of
antennal structures become differentiat-
ed. The end effect is the same as in our
transdetermining cells, but one should
not overlook the differences in principle.
The effects of homoiotic mutations are
due to changes in the genetic material,
whereas for transdetermination we pos-
tulate a change in the control systems
that only regulate the activity of un-
mutated genes.

Since we observe in cultures so many
changes in the proliferating behavior of
cells and in their heredity, one is tempt-
ed to compare certain of our results with
cancerous growths and aberrant differ-
entiation in tumors. I think it is too early
for any detailed comparison. All one can
say at present is that cancer cells, like
transdetermined cells, depart from the
puthwnys of their ancestors and enter
on new pathways of development.



Some People don’t buya Hasselblad because
they think they know a camera that’s almost as good. And so on.

“Almost as good” can mean any-
thing you want it to. Mostly it
means “halfthe price.”

If youwant the very best camera
you can afford, and you can't af-
ford a Hasselblad, we understand.

But don’t read any further, be-

cause we're going to explain why
there’s no other camera in the
world almost asgoodas the Hassel-
blad, and we don’t want you to feel
badly.

Let us begin with the idea of a
system. Hasselblad is surely not
the only “system” camera, but The
Hasselblad System has major fea-
tures that other systems lack.

Most significantly, it is a 2%
system, which offersyouthe speed
and mobility of 35mm equipment
plus the superior image quality of
a larger format camera. With the
Hasselblad, you can view your
image better while you're shooting,
after you develop your slides and
contacts, and when you enlarge
your pictures.

Another major difference be-
tween the Hasselblad and any
camera you might want to com-
pare it to is our five interchange-
able magazines, which allow you
to make 12 or 16 exposureson 120
film, 24 exposures on 220 film,
and 70 exposures on 70mm film,

as well as permitting a choice of
three differentformats (2va square,
2Ya X 1%, 1% X 198). You can also
load one magazine with color film,
onewithblack and white, and then
switch back and forth between
them without losing time or film.
Every system offers lenses, but
it isthe range and quality of Hassel-
blad lenses which sets them apart
from lenses in other systems. Ours
are made by Carl Zeiss and there
are 8 of them — 40, 50, 80, 120, 135,
150, 250, and 500mm. Each lens
has a built-in Synchro Compur
shutter, with automatic stopping
down at the moment of exposure,
and manual preview for depth of
field checks. Every lens has both
M and X synchronization, allowing
the use of flash and strobe up to
speeds of 1/500th of a second.
The System not only offers multi-
ple lenses and magazines, it offers
multiple Hasselblads. First, the
standard 500C, a 2% square for-
mat single lens reflex viewing cam-
era which lets you see your three
dimensional picture on the ground
glass screen in two dimensions,
the same way a view camera does.
The reflex viewing on an enlarged
screen allows you to compose and
frame your shot more accurately,
with no fear of parallax error. The

large 2Va format also lets you be a
better judge of your focusing, so
that you may increase the sharp-
ness of each individual shot. And
since your contacts and slides
will also be larger in proportion to
the camera, you can more easily
selecttheonesyouwanttoenlarge.
You will also benefit from the supe-
rior image quality of 2% over
35mm when it is enlarged to any
degree.

Second, we have the Hasselblad
Super Wide C. Equipped with a
38mm, 90° angle of view Zeiss Bio-
gon f/4.5 lens, this camera allows
you to take pictures previously
considered impossible. The su-
perboptics of the lens assures per-
fect distortion-free horizontal and
vertical delineation, with sharp-
ness of image from corner to cor-
ner of the negative area, even at
full aperture. (Depth of field at f/22
is from 12 inches to infinity.)

Third, there is the electrically
driven Hasselblad 500EL. This
camera automatically advances
the film and cocks the shutter, per-
mitting you to make a rapid series
of exposures, either by use of the
camera release or long release
cords, timer, or remote !
radio control. .

Last, there is the _
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70mm Hasselblad, which is elec-
trically driven like the Hasselblad
EL, with a 70mm film magazine al-
lowing 70 exposures on cassette
loaded 70mm film. This camera
gives you total freedom from me-
chanical necessities when a job re-
quiresalargenumberofexposures.

The Hasselblad System also of-
fers a huge range of accessories.
Proxars. Extension tubes. Bellows
extension for close-up work. Filters.
Transparency copy holder. Cut
film back. Eye level prism finders.
Sports view finders. Sun shades. A
rapid winding crank. Quick focus-
ing handles. Grips. Underwater
housing. Ring light. Microscope
attachments. Carrying cases.

We would be the last ones to say
that there are no other fine cam-
eras available to you. We only want
you to realize the error of compar-
ing any of them to Hasselblad.

The Hasselblad System is a sys-
tem unto itself.

For more information and a free
40page catalogue, write to Paillard
Incorporated, 1900 Lower Road,
Linden, New Jersey 07036.

The Hasselblad System



a measure
of progress

1 Checking the speed
o of your funny bone

If you bang your elbow just right, you’ll
feel a tingling shock all the way down
to your little finger. Almost instantly.
The blow on your ulnar nerve arti-
ficially stimulates an electrical signal
which travels down the nerve at a rate
better than 1200 miles per hour. One
way to judge the health of nerves in
the body’s motor network is to check
this speed. Neurologists do it with an
instrument called an electromyograph.

The electromyograph made by Hewlett-
Packard has come a long way

since Galvani stimulated a

frog’s leg with his voltaic cell

in 1791. With our instrument

a neural specialist can

observe the shape of

nerve signals on an
oscilloscope, note
their strength and
frequency, meas-
ure the speed they
travel, and listen
to the sounds they
make on a loud-
speaker. Using a
variety of elec-
trodes, he can
see how much
potential you
generate to
move your arm,
how much
stimulus is re-
quired behind
your knee \ 0

to move

an ankle muscle, or how long it takes
for a sensation in your finger tip to
make the round trip through your back-
bone and back to a muscle in the finger.

An electromyograph is useful in diag-
nosing injuries or diseases of nerves
and muscles, following the progress of
healing, or distinguishing psychoso-
matic from physiological problems. The
Hewlett-Packard 1510A Electromyo-
graph is versatile enough for research,
teaching, diagnosis and evaluation of
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1. Electromyography

2. Signal analysis in the
frequency domain

3. Preparative gas chromatography

4. HP Computers & BASIC
S. Electric writing

therapy. It has the latest solid-state de-
sign; two input channels for comparing
two parts of the same muscle or two
muscles that must work together; a
range of receiver frequencies and
sweep speeds to capture either high
frequency fibrillations or slow conduc-
tion responses; a choice of stimulator
pulse rates, widths and strengths to
allow for different sizes and sensitivi-
ties of motor units; plus a variable per-
sistence scope to make both observa-
tion and photography easier when
studying fast, one-shot responses or
comparing the effects of multiple stim-
uli. It costs $3750.

If you would like to know more about
today’s electromyograph and how it’s
used, write for Data Sheet 1510A.

Waveforms from a
o new point of view

If you want to look at something small,
you use a microscope or projector. If
it’s fast, you slow it down with movies
or freeze it in a photograph. And if it’s
electrical, you display it on an oscillo-
scope. But the question today is, what’s
the best point of view. Generally, we
observe electrical signals travelling
across a scope face, changing in rela-
tion to time. But we might prefer to
examine signals from the point of view
of their component frequencies.

Oscilloscopes that operate in the time
domain are fine if you have pure sig-
nals,if you want to compare their phase
or time relationship, or if you're study-
ing the shapes of waves and pulses. But
many a signal is made up of several
frequencies, and a conventional
oscilloscope doesn’t show these

frequency components.

As it happens, in designing
oscillators, amplifiers, mixers,
filters and similar circuits,

© 1968 SCIENTIFIC AMERICAN, INC

most engineers think of circuit perform-
ance in frequency domain terms. They
need to know how circuit characteris-
tics relate to frequency response, signal
power output, harmonics, noise, drift,
modulation and the like. The question
is, how can the designer see or measure
these effects in terms of signal fre-
quency composition. Spectrum analysis
—the only answer—has in the past
been mostly a lab curiosity, turned to
only in desperation because of the te-
dium involved or a lack of confidence
in the results. But now Hewlett-Packard
has developed a new lab tool that
makes frequency domain measure-
ments easily, accurately, and more
meaningfully.

The HP8552A/8553L Spectrum Ana-
lyzer sweeps any selected rf range, up
to 100 megahertz wide, between 1 kilo-
hertz and 110 megahertz. Every fre-
quency component in the signal within
that range is presented on the scope as
a vertical line whose height is directly
calibrated in millivolts or power, and
whose position along the baseline is
calibrated in frequency. You can mag-
nify any portion of the spectrum 50,000
times, and can measure a signal ad-
jacent to one 3000 times greater in
amplitude.

The designer now has a direct-reading
lab tool that delivers information to
him in the same terms he uses to evalu-
ate his circuits—those of frequency
performance. You might call the in-
strument a new type of oscilloscope —
a Frequency Domain Oscilloscope. We
think the instrument is so useful it will
soon take its place alongside traditional
time domain oscilloscopes in every
electronics design lab.

The HP 8552A/8553L Spectrum Ana-
lyzer with 141S variable persistence
display costs $5225. Our brochure
describes all the capabilities of the
Spectrum Analyzer and the many ap-
plications of a Frequency Domain
Oscilloscope. Just write for your copy.




3 Doubling the value
o of an analytical GC

If you owned a Gas Chromatograph,
you’d have one of the fastest, most ac-
curate and economical instruments ever
made for chemical analysis. It’s a whiz
at separating and measuring the chem-
ical components of most any substance.
Yet its techniques of vaporizing, sepa-
rating and detecting can also be used
for collecting very pure samples of
many chemicals. Because of the highly
efficient resolving power of GC, purity
of collected fractions can be as high
as 99.9% .

Up to now the analytical job and the
collecting, or preparative, job were gen-
erally done by separate chromato-
graphs, each most efficient at its own
task. That is, until Hewlett-Packard
developed a reliable, low-cost extension
for the analytical GC instrument that
makes it a very efficient collector of
small samples—without interfering in
the least with its analytical role. Since
Hewlett-Packard manufactures both
analytical and preparative chromato-
graphs, it was just a matter of time until
a unit was designed to give both func-
tions to the analytical GC.

The HP 5795A Automatic Preparative
Attachment introduces mechanical sim-
plicity and advanced electronic circuits
to eliminate any uncertainty or unre-
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liability. A programmed Control Unit
permits continuous, unattended opera-
tion overnight or during weekends. It
will direct the collection of any six
fractions from up to twenty possible
components in the original.

The Injection Unit feeds slugs of the
bulk sample into your GC with mi-
crometer accuracy. The Collection Unit
distributes the vapor fractions from the
GC to the proper trap over and over
again, until the required amount has
been collected. In one test with rectified
turpentine, the instrument cycled auto-
matically 53 times during an 18-hour
run. The alpha and beta pinene col-
lected were calculated to be 99.95%
and 99.92% pure.

The cost of extending your present GC
with the HP 5795A is $2500. For more
details, ask for Bulletin 5795.

4 A simple-minded
o language helps

More and more students today need to
study computer techniques. The com-
puter has become so widely useful in
business and industry, they might miss
a good opportunity without some
formal training before graduation. And,
of course, good training demands the
tool as well as the textbook. But by and
large, computers have been either too
expensive or too complicated to make
these courses widely available. Happily,
Hewlett-Packard now offers a range of
systems based on small, low-priced
computers and a very simple program-
ming language . . . BASIC.

We chose a conversational language
resembling English to help students
discover the power of a computer with-
out the burden of complex program-
ming procedures. A student can learn
to use Conversational BASIC in about
four hours. With it he can talk back
and forth with the computer on a tele-
printer, solving a problem one step at
a time. BASIC runs in any of our three
computers and doesn’t require any non-
standard extras. In fact, we’ve assem-
bled a small computer system on wheels
to roll from room to room. The system
includes a teleprinter, a paper tape
reader and software — everything
needed to learn computers — and it’s
priced at $18,374.

We also build “time-share” systems
that let 16 people use the computer
at once. And optical card readers that
let you instruct the computer with pen-
cil marks. So we ended up with a
number of easy-to-use, relatively inex-
pensive computer packages with which
high-schools and colleges can teach
computer techniques through actual,
hands-on experience.

If you're interested in computers that
you can operate without all kinds of
effort, write for the brochure, “Com-
puters for Education.”

HEWLETT
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5 Writing without
o watching

There are times when graphic record-
ers must write without anyone around.
The recorder may only be in a lab when
everyone’s home.
Or it may be in
some far off spot,
shielded but alone
with the elements. | |

Yet data on 8 8 9
weather changes, | [

air pollution,
earthquakes or ra-
diationlevels can’t
be left to chance.

"I

Therecorder must E
start up and start .
writing instanta- =
neously. 4

Hewlett-Packard’s

electric writing

technique is one solution. A current-
sensitive coating on the recording paper
changes color chemically when a small
dc current flows from the recording
stylus through the paper. All that’s re-
quired is that the recorder’s power be
turned on. Heat, light, pressure or
humidity have little effect. Sudden starts
and stops, slow speeds or fast pose no
problem. Electric writing makes cer-
tain you get the record down on paper.
The electric writing feature is available
on Hewlett-Packard 680 and 7100
Strip-Chart Recorders. Write for a free
sample of electric writing.

Hewlett-Packard, 1505 Page Mill Rd.,
Palo Alto, California 94304; Europe:
54 Route des Acacias, Geneva.

PACKARD

Measurement, Analysis
and Computation 00806
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THE AERODYNAMICS OF BOOMERANGS

A computer-assistcd analysis of the forces that affect

the flight path of a boomerang, causing 1t to return

to the thrower, is tested by experiments in the field

the air, making it fly around in a large

circle and having it come to rest gent-
ly at your feet. Preposterous! Yet of
course this is exactly what a boomerang
does, provided that it has the right shape
and is thrown properly. Like many oth-
er people I have been fascinated since
childhood by the question of what makes
a boomerang return. It was not until a
few years ago, however, that I became
really irritated with not understanding
the behavior of the boomerang. I was
then a student of physics at the Univer-
sity of Groningen in the Netherlands,
and in my spare time I began to throw
homemade boomerangs over the grass-
lands of Groningen and calculate their
flight paths. This interest gradually led
to a theory of the returning boomerang,
which I shall outline later in this article.

Imagine throwing a piece of wood into

by Felix Hess

As is well known, boomerangs origi-
nated among the aboriginal inhabitants
of Australia. Although boomerang-like
objects have been found in other parts
of the world as well (in Egypt and
India, for instance), these objects are not
able to return, as far as [ know. The read-
er may be a little disappointed to learn
that most Australian boomerangs also do
not return. Australian boomerangs can
be roughly divided into two types: war
boomerangs and return boomerangs.
Those of the first type are, as their name
implies, made as weapons for fighting
and hunting. A good war boomerang can
fly much farther than an ordinary
thrown stick, but it does not return. Re-
turn boomerangs, which exist in much
smaller numbers, are used almost exclu-
sively for play.

Actually things are not quite as simple

EXPERIMENTAL BOOMERANG built by the author is equipped with a small light
bulb, mounted in one wing tip and connected with two 1.5-volt cells, mounted in a hqllow
in the center. This arrangement makes it possible for the boomerang’s flight to be recorded
photographically at night. This particular boomerang is left-handed, as is the author.
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as this. There are many kinds of aborigi-
nal weapons in Australia, a number of
which look like boomerangs, so that the
distinction between boomerangs and
throwing or striking clubs is not a sharp
one. Neither is the distinction between
war boomerangs and return boomerangs.
The shape of boomerangs can difter
from tribe to tribe, and some tribes
along the northern coast of Australia
have no boomerangs at all. In the com-
paratively few places where return boo-
merangs are found war boomerangs also
exist. An unusual type of boomerang,
limited to one region in northeastern
Australia, consists of two straight pieces
of wood fastened together at the center
in the form of a cross; it returns quite
well.

Whether a given boomerang belongs
to the return type or not cannot always
be inferred easily from its appearance.
Return boomerangs, however, are usual-
ly less massive and have a less obtuse an-
gle between their two arms. A typical re-
turn boomerang may be between 10 and
30 inches long, one and a half to two
inches wide and a quarter- to a half-inch
thick. The angle between the arms may
vary from 80 to 140 degrees. The weight
may be as much as 300 grams (about six-
tenths of a pound).

"T'he characteristic banana-like shape

of most boomerangs has hardly any-
thing to do with their ability to return.
Boomerangs shaped like the letters X,
V, S, T, H, Y (and probably other letters
of the alphabet) can be made to return
quite well. The essential thing is the
cross section of the arms, which should
be more convex on one side than on the
other, like the wing profile of an airplane
[see upper illustration on page 128]. It
is only for reasons of stability that the
overall shape of a boomerang must lie



ACTUAL BOOMERANG FLIGHT was photographed at night in
the Groningen Stadspark, using the boomerang shown on the
opposite page. (Because the author is left-handed this photograph
and those on pages 135 and 136 have been reversed to show a

ral right-handed flight.) The camera shutter was left open

THEORETICAL BOOMERANG FLIGHT was calculated on a
computer according to the author’s theory and then automatical-
ly plotted for a perspective-corrected projection corresponding to

the view in the photograph at top. The dots represent the boomer-

during the flight. The short, heavy track was made prior to the
beginning of the flight when the boomerang was still in the thrower’s
hand. The boomerang flew first to the right, then away from the
camera, crossed the field of view from right to left, approached the

camera again and finally descended in the vicinity of the thrower.

ang’s position at intervals of a tenth of a second. The calculations
were continued until the boomerang had descended more than
two meters below the starting point. Different initial conditions
were tried until an orbit resulted that resembled the recorded path.
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AUTHOR’S BOOMERANG COLLECTION includes an Australian aboriginal boomerang

made by the Ooldea tribe from a piece of acacia wood (a) and a variety of homemade

boomerangs. The latter include a typical right-handed boomerang made from plywood and
filed into the required airfoil-shaped profile (b); a plywood boomerang with a symmetrical
shape that is both right-handed and left-handed (c); a cross boomerang made from ex-
tremely light balsa wood for indoor flying (d), and an eight-armed boomerang made from a
sheet of aluminum (e). Two small pieces of lead are held by means of rubber bands on the
arms of the cross boomerang. This ballast can be shifted outward, increasing the boomer-
ang’s moment of inertia and hence the diameter of its orbit. By twisting the arms of the alu-
minum boomerang it can be changed from right-handed to left-handed and vice versa. All
eight arms of this boomerang have a zero eccentricity; hence one would expect it to have
a zero torque around an axis perpendicular to its direction of motion (this torque is termed
T in the text). Yet this boomerang is observed to “lie down” during its flight. In this case
“lying down” must be due entirely to wake effects. All the boomerangs shown here return.
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more or less in a plane. Thus if you make
a boomerang out of one piece of natural
wood, a smoothly curved shape follow-
ing the grain of the wood is perhaps the
most obvious choice. If you use other
materials, such as plywood, plastics or
metals, there are considerably more pos-
sibilities.

How does one throw a return boomer-
ang? As a rule it is taken with the right
hand by one of its extremities and held
vertically upward, the more convex, or
upper, side to the left [see illustration on
opposite page]. There are two possibili-
ties: either the free extremity points for-
ward—as is the practice among the Aus-
tralians—or it points backward. The
choice depends entirely on one’s per-
sonal preference. Next, the right arm is
brought behind the shoulder and the
boomerang is thrown forward in a hori-
zontal or slightly upward direction. For
successful throwing, two things are im-
portant. First, the plane of the boomer-
ang at the moment of its release should
be nearly vertical or somewhat inclined
to the right, but certainly not horizontal.
Second, the boomerang should be given
a rapid rotation. This is accomplished
by stopping the throwing motion of the
right arm abruptly just before the re-
lease. Because of its inertia the boomer-
ang will rotate momentarily around a
point situated in the thrower’s right
hand. Hence it will acquire a forward
velocity and a rotational velocity at the
same time. In this way a boomerang
starts its flight with a forward speed of
some 60 miles per hour and a rotation of
about 10 revolutions per second.

At first the boomerang just seems to
fly away, but soon its path curves to the
left and often upward. Then it may de-
scribe a wide, more or less circular loop
and come down somewhere near the
thrower’s feet, or describe a second loop
before dropping to the ground. Some-
times the second loop curves to the right,
so that the path as a whole has the shape
of a figure eight. It is a splendid sight if
the boomerang, quite near again after
describing a loop, loses speed, hovers
some 10 feet above your head for a while
and then slowly descends like a helicop-
ter. Descriptions, however, can give only
a rather poor idea of what a real boomer-
ang flight is like. One should stand in the
open air to see how very three-dimen-
sional this phenomenon is and hear the
soft, pulsating, swishing sound of the
boomerang arms moving rapidly through
the air.

Every boomerang has its own char-
acteristics with respect to ease of
throwing, shape of path and hovering



ability. Moreover, one boomerang can
often describe very different orbits de-
pending on the way it is thrown. The pre-
cision of return depends to a large extent
on the skill of the thrower, who must
take into account such factors as the in-
fluence of wind. The greatest distance
during a flight may be 120 feet, but it
can also be much less or perhaps twice
as much; the highest point can be as
high as 50 feet above the ground or as
low as five feet. I have heard that with
modern boomerangs of Australian make
distances of more than 300 feet can be
attained, still followed by a perfect re-
turn, but I regret to say that so far I have
not been able to make a boomerang go
beyond about 180 feet. When witnessing
a real boomerang flying, one is often left
with the impression that the flight lasted
about half a minute, whereas its real du-
ration was a mere eight seconds or so.

In the foregoing general description it

was tacitly assumed that the thrower
was right-handed and used a “right-
handed” boomerang. If one were to look
at an ordinary right-handed boomerang
from its convex side while it was in flight,
its direction of rotation would be coun-
terclockwise [see lower illustration on
next page]. Hence one can speak of the
leading edge and the trailing edge of
each boomerang arm. Both the leading
and the trailing edges of an aboriginal
boomerang are more or less sharp. The
leading edge of a modern boomerang
arm is blunt, like the leading edge of an
airplane wing. Sometimes the arms have
a slight twist, so that their leading edges
are raised at the ends.

By now it should be clear that a boo-
merang is designed for only one direction
of rotation. If you make it rotate in the
opposite direction, it generally does not
fly like a good boomerang at all. The mir-
ror image of such a right-handed boo-
merang, on the other hand, will work
well only when the boomerang is rotat-
ing clockwise. Such a “left-handed” boo-
merang is suited to left-handed throwers
(such as myself). In every respect, in-
cluding the orbit, a left-handed throw

FIRST PART of the flight of a return
boomerang is seen in this demonstration by
the author. The plane of the boomerang
at the moment of its release is nearly
vertical and the boomerang has been given
a rapid rotation by stopping the throwing
motion of the arm just before the release.
In the film, made at a speed of 64 frames
per second, one revolution takes about
six frames. Hence the boomerang rotates
at about 10 or 11 revolutions per second.
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with a left-handed boomerang is the ex-
act mirror image of a normal right-hand-
ed throw. In Australia both left-handed
and right-handed boomerangs exist. By
carefully shaping a boomerang to give it
a symmetrical cross section it is possible
to make it “double-handed” so that it will

perform equally well either way.

I I does one begin to understand the
* remarkable behavior of a returning

boomerang? Naturally such an intrigu-

ing phenomenon has attracted the atten-

tion of many people;-and-a large number

of articles have been written about it.

namics was still in its infancy. Only a
small fraction of this literature might be
called scientific. Often the very simplest
observations (duration of flight, dimen-
sions of orbit) were left unmade, so
that in some cases rather wild descrip-
tions added to the fantastic character of
the boomerang. The entire phenomenon
must of course be explained in terms of
the interaction of the boomerang with
the air; in a vacuum even a boomerang
would describe nothing but a parabola.
This interaction, however, is difficult to
calculate exactly because of the compli-
cated nature of the problem. Let us

nonetheless look at the matter in a sim-

ple way.

Most of them appeared between about
1870 and 1920, a time when aerody-
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CROSS SECTION of a boomerang arm is more convex on one side (the upper side) than
on the other (a). Three such profiles are shown in b: the first is a lens-shaped profile of an
Australian aboriginal boomerang; the other two have blunt leading edges, like the leading
edge of an airplane wing. When in flight (¢), the air exerts a force on such a wing, which can
be resolved into two components: a lift (L), directed perpendicularly to the velocity from
the flatter to the more convex side, and a drag (D), directed opposite to the velocity (v).
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LEADING EDGLES of a right-handed boomerang (a) and a left-handed boomerang (b) are
indicated by shading. Both boomerangs are viewed fromn their inore convex, or upper, side.
In this orientation the direction of rotation of a right-handed boomerang is counterclock-
wise, whereas the direction of rotation of a left-handed boomerang is clockwise. Neither
boomerang will performn well when it rotates in the opposite direction. In every respect, in-
cluding flight path, the left-handed boomerang is the mirror iiage of the right-handed one.
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If one throws a boomerang in a hori-
zontal direction, with its plane of rota-
tion vertical, each boomerang arm will
“wing” the air. Because of the special
profile of the arms the air will exert a
force on them directed from the flatter,
or lower, side to the more convex, or up-
per, side. This force is the same as the
lifting force exerted on the wings of an
airplane. In a right-handed throw the
force will be directed from the right to
the left as viewed by the thrower. This
force alone, however, is not sufficient to
make a boomerang curve to the left.

Following one boomerang arm during
its motion, one can see that its velocity
with respect to the air is not constant.
When the arm points upward, the for-
ward velocity of the boomerang adds to
the velocity due to the rotation; when it
points downward, the two velocities are
in opposite directions, so that the result-
ant speed will be smaller or even vanish
at some points [see bottom illustration
on opposite page]. That is why the aero-
dynamic forces on a boomerang arm are
stronger when it points upward than
they are when it points downward. Thus
on the average the boomerang experi-
ences not only a force from the right to
the left but also a torque acting around
a horizontal axis, which tends to cant
the boomerang with its upper part to the
left. Actually this turning over will not
be observed because the boomerang is
spinning rapidly and hence behaves like
a gyroscope.

Now, a gyroscope (which really is
nothing more than a rapidly spinning fly-
wheel) has the property that, when a
torque is exerted on it, it does not give
way to that torque but changes its orien-
tation around an axis that is perpendicu-
lar to both the axis of rotation and the
axis of the exerted torque; in the case of
a boomerang the orientation turns to the
left. This motion is called precession.
(The phenomenon of precession is ex-
ploited, to cite a homely example, when
one bicycles “with no hands” through
a curve: leaning to the left makes the
spinning front wheel turn to the left.)
Thus the boomerang changes it orienta-
tion to the left, so that its plane would
make a gradually increasing angle to its
path were it not for the rapidly increas-
ing forces that try to direct the path
parallel to the boomerang plane again.
The result is that the path curves to the
left, the angle between boomerang plane
and path being kept very small.

In actual practice one often sees that,
although the plane of the boomerang is
nearly vertical at the start of the flight,
it is approximately horizontal at the end.
In other words, the plane of the boomer-



TYPICAL BOOMERANG ORBIT may have a diameter of about
90 feet and a maximum height of about 30 feet. The boomerang
starts its flight with a forward velocity of about 60 miles per hour
and a rotation of about 10 revolutions per second. It stays in the

SMALL
FORCE

VELOCITY OF A BOOMERANG ARM with respect to the air is
not constant. When the arm points upward, the forward velocity of
the boomerang adds to the velocity due to the rotation (v -+ a at
left), but when it points downward, these two velocities are in op-
posite directions, so that the resultant speed of the arm through the
air will be smaller (v — a at left). As a result the aerodynamic
force, which is directed from the flatter to the more convex side, is
stronger when the arm points upward than when it points down-
ward (center). Thus on the average a hoomerang experiences not

air for about eight seconds. Widely different path shapes are pos-
sible, depending on the properties of the boomerang; in addition
very different orbits can be obtained with the same boomerang,
although all of these will have approximately the same diameter.

APPLIED
TORQUE (T)

only a force from the right to the left but also a torque acting
around a horizontal axis that tends to cant the boomerang with its
upper part to the left. Because the boomerang is rapidly spinning it
behaves like a gyroscope (right). When a torque is exerted on a
gyroscope (which is simply a spinning flywheel with a free axis), it
does not give way to that torque but changes its orientation around
an axis that is perpendicular to both the axis of rotation and the
axis of the applied torque. This motion is called precession. Simi-
larly, the boomerang as a whole changes its orientation to the left.
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CENTER OF MASS of a cross boomerang (left) is at the intersection of the arms. The
arms of such a boomerang are said to have a zero eccentricity. In the case of an ordinary
boomerang (right) one arm precedes the center of mass, whereas the other arm follows it.
The preceding arm has a positive eccentricity, the following arm a negative eccentricity.

a LIFT (L) b

VELOCITY
V)

FORWARD
VELOCITY (v) . 1

BOOMERANG ARM RESEMBLES an airplane wing moving in a straight line with a
velocity v with respect to the air. In a the spanwise direction of the wing is perpendicular
to the velocity v; in b the velocity v has a component parallel to the wing that has no influ-
ence on the aerodynamic forces. Therefore v is replaced by its component perpendicular to
the wing, which is called the effective velocity, or veg (colored arrow). Both lift and drag on
the wing are proportional to the effective velocity squared, or (to)?. In ¢ the effective veloc-
ity of a point on a boomerang arm is found by first adding vectorially the forward velocity v
and the velocity due to rotation wr. This gives the total velocity (black resultant arrmw). Its
component perpendicular to the boomerang arm is the effective velocity veg (colored arrow).
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ang slowly turns over with its upper part
to the right; the boomerang in eftect “lies
down.” This behavior indicates that the
average torque may have its axis not ex:
actly horizontal.

The foregoing explanation is a rough
one but it contains the essential ele-
ments: the combination of airplane wing
and gyroscope is the basis for the behav-
ior of the boomerang. Let us now con-
sider the question in more detail.

]gecause much is known about the

aerodynamic forces on airfoils (air-
plane wings), it is convenient to regard
each boomerang arm as an airfoil. Look-
ing at one such wing, we see that it
moves forward and at the same time ro-
tates around the boomerang’s center of
mass. We explicitly assume that there is
no motion perpendicular to the plane of
the boomerang. With a cross boomerang
(as with the rotor of a helicopter) the
center of mass lies at the intersection of
the wings, but this is not the case with
an ()l'dil]‘dl'y bOOmel“dng. Hel'e one arm
precedes the center of mass, whereas
the other arm follows it [see top illus-
tration at left]. We call both arms “ec-
centric,” the eccentricity being the dis-
tance from the arm to the center of
mass. A preceding arm has a positive
eccentricity, a following arm a nega-
tive eccentricity. A fixed point of a wing
feels an airstream that changes continu-
ously in magnitude and direction with
respect to that part of the wing. Some-
times the airstream may even blow
against the trailing edge of the wing
profile, which can easily be imagined if
one thinks of a slowly rotating boomer-
ang with high forward velocity and looks
at the arm pointing downward. What are
the forces on an airfoil moving in this
special manner?

Let us first look at a simpler case: an
airfoil moving in a straight line with a
constant velocity v with respect to the
air [see bottom illustration at left]. It is
customary to resolve the aerodynamic
force into two components: the lift (per-
pendicular to v) and the drag (opposite
to v). These are both proportional to v2.
If the spanwise direction of the wing is
not perpendicular to the velocity, v has
a component parallel to the wing that
has no influence; therefore we replace
v by its component perpendicular to the
wing, or the “effective velocity” veg. In
this case the forces are proportional to
(Vesp)*

Looking at the boomerang arm again,
it is clear that each point on the arm
takes part in the boomerang’s forward
velocity v. The velocity with respect to



LIFT DISTRIBUTION on a boomerang arm that is moving to the
left and rotating counterclockwise is derived from a plot of the
distribution of (v)? for different ratios of rotational to forward
velocity. As mentioned before, the value of (1,)? depends on the
point’s position on the arm as well as on the orientation of the arm
at any given moment. If for a certain fixed orientation one calcu-
lates the value of (vef)? for every point on the arm, and repeats this
procedure after the arm has rotated through a small angle, and so
on until a complete revolution has been made and the arm has
swept out a full circle, one gets patterns such as the ones shown
at center and right. The patterns at top are for an arm with length
[ and zero eccentricity; the patterns at bottom are for an arm with
length [ and eccentricity 1/5 [. The darker the shading, the higher

the value of (veg)2. Some lines have been drawn along which

(ver)? has a constant value; these values, expressed in units of
wlv, are indicated by the numbers labeling those lines. The hatcheil
areas indicate where the wing feels the air blowing against its
trailing edge. The ratios of wl/v chosen for rotational to forward
velocity are 2 (rapid rotation) and .5 (high forward speed). The
darker shading in the upper parts of the diagrams indicates that
there must be an average torque acting around an axis parallel to
v. The diagrams for the armm with zero eccentricity (top) show a
perfect symmetry, whereas those for the arm with positive eccen-
tricity (bottom) do not. In the latter case the highest values of
(vegr)? are shifted in the direction of v. This indicates that the aver-
age torque has a component around an axis perpendicular to v.

the air due to the rotation, however, is
different for each point. For a rotational
velocity o and a point at a distance
from the axis of rotation (which passes
through the boomerang’s center of mass),
this velocity is wr. For each point on the
arm one can reduce the velocities v and
or to one resultant velocity. Its compo-
nent perpendicular to the arm is v, Of
course, the value of v, for a particular
point on the arm will change continu-
ously during one period of revolution.
One assumes that the contributions to
the lift and drag of each part of a boo-
merang arm at each moment are again
proportional to (v,)*.

It is evident that the value of (v,;)?
depends on the point’s position on the

arm as well as on the orientation of the
arm at the moment under consideration.
If for a certain fixed orientation of a boo-
merang arm one calculates the value of
(v5)? for every point of the arm, and re-
peats this procedure after the arm has
rotated through a small angle, and so
on until a complete revolution has been
made and the arm has swept the surface
of a circle, one gets patterns like those
in the illustration above. In these dia-
grams some lines are drawn along which
(veg7)* has a constant value. These figures
may give an idea of the distribution of
lift and drag on a rotating and forward-
moving boomerang arm for different ra-
tios of rotational to forward velocity.
Since the upper parts of all the dia-

© 1968 SCIENTIFIC AMERICAN, INC

grams are shaded darker than the lower
parts, indicating higher values of (v)?
and hence of the lift, one immediately
sees that indeed there is an average
torque around an axis parallel to the for-
ward velocity v (horizontal in the draw-
ings). The diagrams for the arm with
zero eccentricity show a perfect symme-
try, which is not the case for the arm
with positive eccentricity. Here the dark-
est part is shifted forward in the direc-
tion of v (for negative eccentricity it
would have been shifted backward). This
indicates that the average torque also has
a component around an axis perpendicu-
lar tov.

Calculations were made of the follow-
ing forces and torques, averaged over
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one period of revolution: the average lift
force L; the average torque T, with its
components Ty around an axis parallel to
v (which makes the boomerang turn to
the left) and T, around an axis perpen-
dicular to v (which makes the boomer-
ang “lie down”); the average drag D,
which slows down the forward velocity
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v, and the average drag torque T,
which slows down the rotational veloc-
ity o. It turns out that none of these
quantities except 1", depends on the ec-
centricity for boomerang arms that are
otherwise identical; T\, is exactly propor-
tional to the eccentricity. The approxi-
mate dependence on o and v (for suffi-

Y
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ciently rapid rotation) is given by the
following table:
L: o
T1 D ov?
T:_) Lol
D : ov
T,, D o*

(The sign : means “proportional to,” the
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THEORETICAL PATHS for a given boomerang “thrown” with

different initial velocities (v) are represented in three orthogonal

velocity
If the velocity
in the air longer. The diameter of its path, however, remains rough-

small (top), the boomerang does not return completely.
increased (center and bottom), the boomerang 5
projections: bird’s-eye view (left), view from behind the thrower

(middle) and view from the thrower’s right side (right). If the initial ly the same. The dots are spaced at intervals of a tenth of a second.
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factors of proportionality depending on
the exact shape of the boomerang arm.)

This is the extent of the required aero-
dynamics. The forces and torques acting
on a boomerang as a whole are obtained
by adding their values for each of its
arms. The contributions to T, by arms
with opposite eccentricity may partly or

LR I

5
-

completely cancel each other. I must extremely difficult to take wake effects
mention, however, that a factor that is  into account, but it is plausible that they
probably very important has been com-  cause an increase of the ratio T, : T.
pletely neglected: the wake. A boomer-

ang arm that traverses air ulready N()w we come to the important ques-
brought into motion by a preceding arm tion: How does a boomerang move
will not experience the same forces as it~ under the influence of these aerodynamic
would in flying through “virgin” air. Itis  forces and torques (and of the force of
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MORE THEORETICAL PATHS were calculated for the same the boomerang stays low and the orbit curves inward. As ()

boomerang “thrown” at a constant initial velocity but with differ-
ent initial angles (¢) between the plane of the boomerang and the
horizon. If the boomerang plane is nearly vertical at the start (top),

is decreased (center and bottom) the orbit rises and curves less in-
ward, or even outward toward the end. The orthogonal projections
are the same as those in the illustration on the opposite page.
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gravity, of course)? As mentioned earlier,
the average torque T causes the gyro-
scopic precession of a boomerang. Let us
take a closer look at the gyroscope. If a
gyroscope spins around its axis with a
rotational velocity » and one exerts a
torque T on it, acting around an axis per-
pendicular to the spin axis, the gyroscope

o
Seanpnad

DIFFERENT THEORETICAL BOOMERANGS, that is, boo-
merangs for which the boomerang parameter 3 is varied, were
“thrown” in the same way as on the preceding page to obtain these
theoretical paths. A higher value of 3 means that the boomerang
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precesses around an axis perpendicular
to both the spin axis and the torque axis.
The angular velocity of the precession is

called Q. A very simple connection exists
between Q, », T and the gyroscope’s mo-
ment of inertia I, namely Q = T/Iw. We
have seen that for a boomerang T is pro-
portional to ot, so that the velocity of

precession Q must be proportional to
ov/lw, or v/I. Hence the velocity of pre-
cession does not depend on o, the rota-
tional velocity of the boomerang.

An even more striking conclusion can
be drawn. The velocity of precession is
proportional to v/I, the factor of p
tionality depending on the exact shape

ZX
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“lies down’ faster and reaches the horizontal orientation (§=0)
sooner. Where this happens the bird’s-eye projections show a point
of inflection; thereafter the path curves to the right. In this
case also the orthogonal projections are the same as on page 132.




of the boomerang. Therefore one can
write Q = cv, with ¢ a characteristic
parameter for a certain boomerang. Now
let the boomerang have a velocity twice
as fast; it then changes the orientation
of its plane twice as fast. That implies,
however, that the boomerang flies
through the same curve! It is just like
bicycling through a curve in the road:
pedaling twice as fast and at the same
time turning the handlebars twice as fast
means that one rides through the same
curve.

Thus, roughly speaking, the diameter
of a boomerang’s orbit depends neither
on the rotational velocity of the boomer-
ang nor on its forward velocity. This
means that a boomerang has its path di-
ameter more or less built in. Actually this
conclusion has to be slightly modified.
Under the influence of gravity the boo-
merang’s orbit is described approximate-
ly on the surface of a large sphere. It is
the diameter of this sphere rather than of
the orbit itself that is fixed for a certain
boomerang. The diameter of the orbit
may be smaller if the path is described
near the bottom of the sphere’s surface.

The dimensions of a boomerang’s
flight path are proportional to the mo-
ment of inertia of the boomerang, and
they are smaller if the profile of the arms
gives more lift. Therefore if one wants a
boomerang to describe a small orbit (for
instance in a room), it should be made
out of light material. For very large or-
bits a heavy boomerang is needed with
a profile giving not much lift (and of
course as little drag as possible).

The average force L does not enter
the path calculations because in the ideal
case any motion of the boomerang in a
direction perpendicular to its plane is
supposed to vanish. Moreover, of the
force of gravity only the component par-
allel to the boomerang plane is of inter-
est. From observation it appears that a
boomerang’s rotational velocity o—un-
like its forward velocity v—does not
change appreciably during one flight.
This allows one to forget about o (and the
drag torque T ) altogether, as far as path
calculations are concerned; o only has to
be sufficiently great. Finally, there is the
average drag D, which makes the boo-
merang lose part of its energy.

Now one has everything needed to
form the equations of motion for a theo-
retical boomerang. These equations can
be solved numerically on a computer,
giving velocity, orientation and position
of the boomerang at each instant, pro-
vided that one gives the computer, in ad-
dition to the computing program, two
sets of numbers. The first set determines

0-DEPENDENCE of actual boomerang orbits is demonstrated in these two moonlit
photographs, in which 8 (the initial angle between the plane of the boomerang and the

horizon) is about 20 degrees less in the bottom picture than it is in the top picture. The

recorded paths can be compared with the theoretical paths in the middle column on page 133.

the relevant properties of the boomer-
ang; these numbers, called boomerang
parameters, are: ¢, which determines the
velocity of precession and has a close
comnection with the path dimensions
(greater ¢ means smaller orbit); f3, an
angle that is a measure of the ratio
T,:T, and determines how fast the
boomerang “lies down,” and p, which is
a measure of the drag. The second set
fixes the theoretical way of throwing (ini-
tial conditions); these are determined by
giving the initial values of v, of 6 (the
angle between the boomerang plane and
the horizon) and of ¢ (the angle between
the direction of v and the horizontal line
in the boomerang plane).

A few theoretical paths were calculat-
ed in this way, but it soon turned out that
the complete neglect of motion perpen-
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dicular to the boomerang plane was not
justified. In reality boomerangs appear to
sag out of their “ideal” orbits, a tendency
that indeed can often be seen, particu-
larly at the end of a flight. Although this
sagging can be neglected with very light
boomemngs, it apparently cannot with
heavier ones. The effect was taken into
account by considering it to be a small
disturbance of the ideal motion.

For each calculated orbit three or-
thogonal projections were drawn by an
automatic plotter. The plots consist of
discrete points representing the consec-
utive positions of the boomerang with
intervals of a tenth of a second. For each
path the computation was continued un-
til the theoretical boomerang had de-
scended more than six feet below the
starting point. The three projections
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AMATEUR
TELESCOPE
MAKING

Edited by Albert G. Ingalls

This set of books is the au-
thoritative reference library
of the enthralling hobby of
amateur telescope making.
Through these books thou-
sands have discovered a fas-
cinatingmechanicalartcom-
bined with a great science.

Book One

It begins at the beginning,
teaches the basics of glass
grinding and how to com-
plete the first telescope.
(497 pages, 300 illustra-
tions.) Postpaid: $5.00 do-
mestic, $5.35 foreign.

Book Two

This book leads on into ad-
vanced methods of amateur
optical work and describes
new projects for the tele-
scope maker. (650 pages,
361lillustrations.) Postpaid:
$6.00 domestic, $6.35 for-
eign.

Book Thiee

Book Three opens up fur-
ther fields of enterprise;
e. g., binoculars, camera
lenses, spectrographs,
Schmidt optics, eyepiece de-
sign, ray tracing (made
easy). (644 pages, 320 illus-
trations.) Postpaid: $7.00
domestic, $7.35 foreign.

Send postcard
for descriptive circular

SCIENTIFIC
AMERICAN

415 Madison Avenue, New York, N.Y. 10017
(Residents of New York City please add 5% sales tax)
(Other NYS residents please add 2% state sales
tax plus local tax)
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MORE COMPARISONS between actual recorded orbits (left) and theoretical orbits ob-

tained with the aid of a computer (right) show a remarkable similarity in both general

appearance and certain peculiarities between the real paths and the paths computed on the

basis of the author’s theory. Since the camera was not very far from the thrower (about 50

yards) those parts of the recorded paths where the boomerang was close to the camera
appear exaggerated; this effect of perspective was taken into account in the computations.

were chosen as follows: projection XY

' (bird’s-eye view); projection ZY (view

from behind the thrower); projection
ZX (view from the thrower’s right side).
The illustrations on pages 132 and 133
demonstrate how the path shape for a
given boomerang varies with the way of
throwing, in particular with the initial
velocity and with the initial angle be-
tween boomerang plane and horizon (f).
Finally, the illustration on page 134
shows how, for a fixed way of throwing,
the orbit depends on the boomerang
parameter (3.

'I;[()w do these calculated paths com-

-+ pare with real boomerang flights?
For an objective comparison it would be
necessary to record the position of a boo-
merang during its flight. This could be
done by means of two cameras. In order
to control the initial conditions, a boo-
merang-throwing machine would be nec-
essary. As yet I have had no opportunity
to do such experiments, but I did man-
age to record one projection of experi-
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mental boomerang paths with a single
camera. In the wing tip of a boomerang
a tiny electric lamp was mounted, fed by
two small 1.5-volt cells connected in se-
ries, placed in a hollow in the central
part of the boomerang [see illustration
on page 124]. In this way the boomer-
ang was made to carry during its flight
a light source strong enough to be pho-
tographed at night. Some of the paths
recorded in this manner are shown in
the illustration above; calculated orbits
are added for comparison.

Because the camera was not very far
from the thrower, those parts of the tra-
jectories where the boomerang was close
to the camera appear exaggerated in the
photographs. This effect of perspective
was taken into account in the accompa-
nying calculated paths. The reader may
decide for himself whether or not he
finds the agreement between theory and
experiment satisfact()ry. At any rate, the
general appearance and peculiarities of
real boomerang paths are reproduced

reasonably well by this theory.
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The Fairbanks Morse
Caprocon system speeds
the processing of cargo—
automatically,

for United Airlines.

A key to the system
is Kleinschmidt

For high speed in automated
communications, there’s only one
answer: Kleinschmidt.

Take the Fairbanks Morse
CAPROCON™system. At United
Airlines Cargo Terminal in Los
Angeles, Caprocon, aided by Klein-
schmidt data printers, brings new
speed and efficiency to the processing
ofrandom parcels.

Working at a rate of 800 parcels per
hour, Caprocon weighs and measures
parcels instantly. It feeds the infor-
mation on cubage and density to
Kleinschmidt data printers. Bills,
labels,and shipping instructions are
printed out automatically. Result:
more efficient palletizing, more
economical aircraft loading, faster
service than ever before.

Kleinschmidt 311™ Data Printer
works at speeds up to 4 times faster
than most other teleprinters. And,
with 70% fewer moving parts, it’s
extremely reliable.

Like other Kleinschmidt data
printers, the 311 is compatible with
all makes of telecommunication
equipment. You can fit it directly into
your present system or intoone being
designed for you.

If you have a problemin
telecommunications, shouldn’t you
communicate with Kleinschmidt?




The speed and destructive force of today’s weapons are
such that every action of an enemy that can be antici-
pated ... must.

New electronic systems enhance mission effectiveness.

The demand for new concepts in the battle of measures,’
countermeasures and counter-countermeasures never
ends. A vital part in meeting this need is Sanders unique
systems capability.

At present, Sanders is involved in programs ranging
from battlefield defense measures to missile operations.
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Anticipating enemy action

is critical

to the nation’s defense.

Specific projects include ECM systems for Naval air-
craft and the F-111A, direction finding systems for sub-
marines, and the FAAR systems that detect and identify
low flying enemy aircraft in forward area operations.

At Sanders, specialists in widely diverse technologies
combine their talents to solve a single problem. A typical
systems team includes experts in such areas as data
control, computer evaluation, doppler processing, solid-
state physics, magnetic radiation and optical tracking.

This approach has made Sanders a leading supplier of
electronic warfare systems that continually improve mis-
sion effectiveness by neutralizing enemy action.

Creating New Directions
In Electronics
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Sanders is applying this same systems technique to data
management, electro-optics, oceanography, world-wide
communications and other fields.

If you'd like to know more about this systems concept
of problem solving, contact: Corporate Division Devel-
opment, Sanders Associates, Inc., Nashua, New Hamp-
shire 03060. Phone: (603) 883-3321, extension 1674.

Systems-oriented scientists and engineers interested in
current career opportunities at Sanders are invited to
call Professional Placement, Extension 6967.

ETPN SANDERS
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An equalopportunity employer M and F



MATHEMATICAL GAMES

On the ancient lore of dice and

the odds against making a point

by Martin Gardner

he chance element in thousands
I of indoor games is introduced by
a variety of simple random-num-
ber generators. The most popular of
such devices, ever since the time of an-
cient Egypt, have been cubical dice.
Why cubical? Because of their symme-
try, any of the five regular solids can be
and have been used as gaming dice, but
the cube has certain obvious advantages
over the other four solids. It is the easiest
to make, its six sides accommodate a set
of numbers neither too large nor too
small and it rolls easily enough but not
too easily.

The four-sided tetrahedron has been
the least popular over the centuries; it
hardly rolls at all and will randomize
no more than four numbers. Next to the
cube the octahedron has been most used
as a randomizer for games. Specimens of
octahedral dice have been found in an-
cient Egyptian tombs and are still used
today in certain games. Dodecahedrons
(12 sides) and icosahedrons (20 sides)
have been employed mainly for fortune-
telling. A dodecahedral die was a popu-
lar fortune-telling device in 16th-century
France, and if you break open one of
those large fortune-telling balls in which
answers to questions float up\vurd in a

liquid and appear in a window at the
top, you will find the answers printed on
the 20 faces of a floating icosahedron.

A few years ago the Japanese Stan-
dards Association (Kobikikan-Bekkan
Building, 6-1, Ginza-higashi, Chuo-ku,
Tokyo) found a clever practical use for
icosahedral dice. Since the number of
an icosahedron’s sides is twice 10, pairs
of its sides can be marked with one of
the 10 digits from 0 through 9 to make
an elegant little instrument for generat-
ing random decimal digits to be used in
Monte Carlo methods, game theory and
so on. The dice are sold in sets of three,
each a different color (red, blue, yellow)
so that every throw produces a triplet of
random digits. Photographs of these dice
are on the cover of Birger Jansson’s val-
uable monograph, Random Number
Generators, written in English and pub-
lished in Sweden in 1966.

The earliest known cubical dice, found
in Egyptian tombs predating 2000 B.c.,
are not uniform in size, material or the
way the sides are numbered, although
many are identical with modern dice (on
which the digits 1 through 6 are placed
so that opposite sides add to 7). If that
arrangement is not required, there are
30 ways a cube’s face can be spotted to
represent 1 through 6, counting mirror-
reflection forms as different (but not tak-
ing into consideration the two different
orientations of the 2, 3 and 6 spots,
which, in their traditional patterns, lack

Western-style Japanese die (left) and die for Mah-Jongg (right)
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fourfold symmetry). If opposite sides
total 7, as they do on all modern dice,
there are just two ways of arranging the
numbers, each a mirror reflection of the
other.

All Western dice are now made with
the same handedness. If you hold a die
so that you see its 1-2-3 faces, the num-
bers go counterclockwise. Dice of both
handednesses are sold today in Japan
[see illustration on this page]. The type
matching Western dice is used in all Jap-
anese games except Mah-Jongg, which
uses dice that—as Lewis Carroll’'s Alice
put it—“go the other way.” Dice of either
handedness are sold in two forms: the
Western, in which all the spots are black,
and the traditional Japanese form, in
which the ace is very large, deeply in-
dented and colored red. Chinese and
Korean dice also have the large red spot,
and in addition the spots on the 4 side
are also red. Red sides seem to play no
role in Chinese and Korean games except
in determining who throws first, the first
player being the one who rolls the most
red spots. The origin of the red color-
ing is not known. Stewart Culin, in his
privately printed monograph Chinese
Games with Dice (Philadelphia, 1889),
recounted some old Chinese myths that
explain the red coloring, but he himself
believed it derives from earlier Indian
dice.

A professional dice gambler is often
so well acquainted with the handedness
of modern dice—that is, with exactly
how any triplet of numbers is arranged
around a corner—that if you show him a
die with your finger and thumb covering
any two opposite sides, he can immedi-
ately tell you which number is under the
finger and which under the thumb. This
knowledge is useful in detecting a com-
mon variety of crooked dice known in
the trade as “tops.” Tops are cubes mis-
spotted so that each bears only three
numbers; pairs of identical numbers are
on opposite sides. Since no more than
three sides of a cube can be seen at one
time, a pair of tops resting on a surface
appear perfectly normal to all players.
There is no way, however, to make a die
of this sort so that every triplet of faces
goes the “right way.” If the reader will
take a sugar cube and pencil on it any
three pairs of digits that surround a cor-
ner on a standard die, putting duplicate
numbers on opposite faces, and then in-
spect the die by viewing each of its eight
corners, he will find that at four corners
the three faces go the “wrong way” when
compared with a modern die. This means
that the probability of such a die’s falling
with its three visible faces showing the



wrong handedness is exactly 1/2. When
this occurs, a knowledgeable gambler
immediately recognizes the die as mis-
spotted.

Tops are made in a variety of com-
binations so that the bust-out man—a
man who is expert at secretly switching
tops in and out of games—can “bust into”
the game whatever kind of tops is need-
ed at the moment. [The essential rules
of craps are: If the shooter rolls a “nat-
ural” (7 or 11) on his first roll, he wins at
once. If he throws a “crap” (2, 3, or 12),

WAYS

SUM TO MAKE

]

he loses. Any other number becomes his
“point,” and he continues to throw until
he either wins by making his point or
loses by throwing a 7 before making his
point. All of this is accompanied by much
betting of various kinds between play-
ers, the nature of which depends on
whether the game is informal or played
in a casino.] For example, if the shooter
is trying for a point of 4, 6, 8 or 10, a
1-3-5 and 2-4-6 pair of tops will not
form any of those numbers, and so he is
sure to “seven out” before he makes his

point. Tops of this kind are called “miss-
es.” Tops designed to make points and
incapable of throwing a 7 (for example,
1-3-5 and 1-3-5) are known as “hits.”

Tops cannot be left long in a game
because the danger of detection is too
great, and so a bust-out man has to work
fast, as well as continually and indetect-
ably. “Good bust-out men die young,”
writes gambling authority John Scarne
in Scarne’s Complete Guide to Gambling
(1961); “it's hard on the nervous system.”

A “one-way top” is a die with only one
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Hotwe many spots are opposite the 6 on this mis-spotted die?

number (usually 2 or 5) duplicated. Such
dice can be used in pairs or in combina-
tion with a legitimate die to give milder
percentages, but they are harder to de-
tect and sometimes are left in a game
for hours. “Door pops” are still adver-
tised in the catalogues of crooked-gam-
bling-supply firms but are strictly for
sucker customers. No professional cheat
would consider using them. One set al-
ways craps out because one cube bears
only aces and deuces, the other only
aces. Another set, with 6’s and 2’s on one
die and all 5’s on the other, always sev-
ens or elevens. As Scarne puts it, they
can be used only on “soft marks” (ex-
tremely gullible suckers) “for night play
under an overhead light when the
chumps can’t see anything but the top
surfaces of the dice. Strictly for use by
cheats who don’t know what a set of real
tops is.”

Mis-spotting is only one of dozens of
ways dice can be “gafted” for cheating.
They can be loaded in many ingenious
ways: they can be shaped somewhat like
bricks; certain sides can be made a trifle
convex, causing the cube to favor the
flat sides, or sides can be made slightly
concave to create suction on smooth,
hard surfaces. Edges can be beveled to
alter percentages. “Capped dice” are
made with certain faces bouncier than
others. “Slick dice” have some faces
smoothed and others roughened. Mag-
netic dice are loaded to roll normally
unless an electromagnet concealed un-
der the rolling surface is turned on. Or-
dinary loaded dice are best tested by
dropping them in a glass of water many
times to see if certain faces show more
often than they should. The interested
reader will find all of this and much
more explained in fascinating detail in
the standard work on cheating at dice,
Scarne on Dice, by John Scarne and
Clayton Rawson (ninth edition, 1968).

Dicing was enormously popular in an-
cient Greece and Rome, particularly
among the upper classes, and during the
Middle Ages it was a favorite time-
waster for both knights and the clergy.
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There were even medieval dicing schools
and guilds. In the U.S. today the most
popular dice game is craps. Apparently
it dates from the early 1890’s, when Ne-
groes in the New Orleans area simplified
the complicated rules of the English
game of hazard. (Dice are still face-
tiously called “African dominoes.”) Then,
like jazz, craps spread up the Mississippi
River and fanned out over the continent.
The big gambling casinos did not take it
up until near the end of the 19th cen-
tury. Today it gets faster action than any
other casino game. Many players believe
the shooter has a 50-50 chance of win-
ning, but it is not hard to prove that the
odds are slightly against him. To be pre-
cise, the shooter’s winning probability is
exactly 244/495, or .493+.

It is easy to go wrong in ﬁguring the
probability of dice throws. In the 10th
chapter of the last book of Rabelaiss
Gargantua and Pantagruel the adven-
turers visit Sharper’s Island, formed of
two enormous cubic blocks of dazzling
white bone. “Our navigator informed
us,” says Pantagruel, “that these cube-
shaped white rocks had caused more
shipwrecks, entailing a greater loss of
life and property, than...Scylla and
Charybdis.” Dice were often called “the
devil’s bones,” and Rabelais has Sharp-
er’s Island inhabited by 20 devils of
chance, one for each combination of two
dice, from Double Six, the largest devil,
to Double Aces, the smallest. Actually
there are 21 such combinations. The
chart on the preceding page shows the
6 X 6, or 36, different ways two dice
can fall. Inspection reveals 21 different
combinations. With this basic chart one
can quickly calculate the probability of
throwing any sum from 2 through 12.
Note that 7 can be made in six ways,
more than any other sum. The probabil-
ity of throwing a 7 is therefore 6/36, or
1/6. It is the easiest of all sums to make.

William Saroyan, in a fine short story
about crap shooting called “Two Days
Wasted in Kansas City,” speaks of 4, the
point he is trying to make, as “one of
the toughest numbers in the world.” The
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chart proves he is right. Two and 12 are
the hardest sums to roll, since each can
be made in only one way (probability
1/36), but neither 2 nor 12 can be a
point. Three and 11 come next, with
probabilities of 2/36, or 1/18, each, but
3 is a crap and 11 a natural and so nei-
ther of them can be a point either. The
hardest points to make are “Little Joe”
(4) and “Big Dick” (10). Since each can
be made in three ways, the probability
of throwing each is 3/36, or 1/12.

Some of the greatest mathematicians
have gone astray in calculating dice
odds. Leibniz thought 11 and 12 had
equal probabilities because each could
be made with only one combination of
two dice; he failed to consider that 12
can be made in only one way, whereas
11 can be made with either die 6 and
the other 5, making 11 twice as easy to
throw as 12. The Greeks and Romans
preferred games with three dice, and
Plato, in his Laws (Book 12), cited 3
and 18 as the most difficult sums to roll
with three dice. They are the only sums
that can be made in only one way (1-1-1
and 6-6-6). Since there are 6 X 6 X 6,
or 216, equally probable ways of rolling
three dice, the probability of making a 3
is 1/216. The same holds for 18. That 3
and 18 were the two most difficult throws
was well known to both the Greeks and
the Romans. The Greeks called 6-6-6
“Aphrodite” and 1-1-1 “the dog,” terms
corresponding to our slang of “snake
eyes” for 1-1 and “boxcars” for 6-6.
There are many references to these and
other dicing terms in Greek and Latin
literature. The Roman emperor Claudius
even wrote a book called How to Win
at Dice, but unfortunately it did not
survive.

Sucker bets are bets professional gam-
blers like to spring on marks because
they can be made at odds that seem to
favor the mark but actually do not. In
craps, for instance, one might guess that
it would be just as easy, if the point is 4,
for the shooter to make it the “hard way”
(by throwing identical faces on the dice,
in this case 2-2) as to make 6 the hard
way (3-3). Now, it is true that the prob-
ability of throwing any sum the hard
way is 1/36, but the probability of mak-
ing a point the hard way is altogether
different. There are three ways to make
4. Only one (2-2) is the hard way. The
shooter fails to make his point the hard
way if he throws 3-1 or 1-3, or if he
throws 7 before he makes 4. Since he can
roll 7 in six different ways he has eight
ways to lose and one to win, and so the
odds are eight to one against making 4
the hard way. Put differently, his prob-
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ability of doing it is 1/9. Now consider
making 6 the hard way. There are five
ways to roll 6. Only one is the hard way.
The shooter can lose by throwing 6 in
any of the other four ways or by throw-
ing 7 in any of its six ways, making a
total of 10 ways to lose and one to win.
The odds against making 6 the hard way
are therefore 10 to one and the proba-
bility goes down to 1/11.

One of the oldest and subtlest sucker
bets goes like this: The hustler first bets
even money that the mark will throw
an 8 before he throws a 7. The mark,
knowing that 7 is easier to make than
8, quickly accepts such bets, which he
tends to win. The hustler then switches
from 8 to 6, betting even money the
mark will throw 6 before 7. Again the
hustler tends to lose because 6, like 8,
can be made in only five ways as against
six ways for 7. Now comes the big
swindle. The hustler, who is pretending
to be an ignoramus about dice odds, de-
cides to bet even money again, at much
higher stakes, that the mark will make
both 8 and 6 before he throws two 7’s.
This seems to be just as good a bet to
the sucker as before; actually the odds
now make a surprising shift to favor the
hustler. If he had specified the order of
the two numbers, first a 6 or first an 8,
the odds would have been against him
as before. But because the shooter can
roll either sum first, it turns out that the
hustler has a probability of 4,225/7,744
—a bit better than 1/2—of winning.
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Here are three easy dice puzzles. The
solutions will be given next month:

1. A magician turns his back and asks
someone to roll three standard dice and
add the top faces. The spectator then
picks up any die and adds its bottom
number to that total. The same die is
rolled again and its top number is added
to the previous total. The magician turns
around for the first time to glance at the
dice. Although he has no way of know-
ing which cube was picked for the extra
roll, he is able to state the final total
correctly. How does he do it?

2. The same mis-spotted die is shown
in three views on page 142. How many
spots are opposite the 6? (The problem is
from an unpublished manuscript of orig-
inal puzzles by Aaron J. Friedland, a
mathematician with Atomic Power De-
velopment Associates, Inc., in Detroit.)

3. How can two cubes be labeled,
each side bearing a number from 1
through 6 or left blank, to make a pair
of dice that will throw with equal prob-
ability each sum from 1 through 12?

The use of the die as a randomizer has
made it a popular literary symbol for
chance. We are all familiar with such
expressions as “The die is cast” (said to
have been uttered by Julius Caesar after
he had made his decision to cross the
Rubicon), and the ancient Greeks had a
proverb, “The dice of the gods are al-
ways loaded.” The central dogma of
quantum mechanics is that pure chance
underlies events on the quantum lev-

Six solutions to last month’s hexagon problem
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el; in Einstein’s well-known metaphor,
quantum mechanics implies that Cod
dices with the universe. It is sometimes
argued that even though this may be
true on the quantum level, on the macro-
level of human history strictly determin-
istic laws must still hold. A simple
thought experiment provides a dramatic
counterexample. Imagine an artificial
satellite carrying a hydrogen bomb. The
bomb’s release is triggered by a Geiger
counter click recording the emission of
an electron in radioactive decay. If the
timing of such a click is pure chance, as
quantum theory demands, then pure
chance decides which portion of the
earth is demolished. Thus we could, in
actual practice, make an instant leap
from pure chance in the quantum mi-
croworld to a major alteration of macro-
world history, a thought most disturbing
to philosophical determinists.

The view that God dices with human
history found a grimly amusing literary
expression this year in Robert Coover’s
peculiar novel, The Universal Baseball
Association, Inc., J]. Henry Waugh, Prop.
J. Henry Waugh, whose name suggests
Jehovah, is a lonely accountant who
lives over a delicatessen. To amuse him-
self he invents a way of playing imagi-
nary baseball by rolling three dice, as-
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Solution to first cube problem

signing certain events to each of the 56
combinations and various sequences of
combinations. (Originally he based his
games on the 216 ways three dice can
fall, using dice of three different colors,
but after almost going blind trying to
sort out the colors on every throw he
shifted to three white dice, considering
only their combinations.) Over the
months Waugh begins to imagine actual
personalities playing on his team until,
like so many great characters of fiction
—Don Quixote, D’Artagnan, Sherlock
Holmes—the players inside Waugh’s
skull take on a life of their own to the
point where they become, in a sense,
more real and permanent than Waugh
himself. They even begin to wonder if
Waugh exists.

One thinks of Pirandello’s play Six

Characters in Search of an Author and
Unamuno’s earlier novel Niebla (Mist),
in which the protagonist visits the au-
thor to protest the author’s decision to
have him die at the close of the novel,
and to remind Unamuno that he too
may be only a misty, impermanent
dream in the mind of some inconceivably
vast roller of the devil’s bones.

rl‘he answers to the problems present-

ed last month are given on page 144
and on this page. The illustration on
page 144 shows one way of forming
the hexagon with the 24 color triangles
for each of the six possible varieties of
one-color border, with the added pro-
viso that the three solid-color triangles
be placed svmmetrically around the cen-
ter in the manner shown. It is not known
how many solutions there are for each of
these six types. The illustration at the
left gives the unique solution (not count-
ing rotations, reflections or permutations
of colors as different) for forming a 3 X
3 X 3 cube with 27 unit cubes, nine of
each of three colors, so that each of the
27 orthogonal rows contains a cube of
each color. The solution was published
by Charles \. Trigg in Mathematics
Magazine for January, 1966. The illus-
tration below gives for the first time in
print the only two ways, both found by
John Horton Conway of Sidney Sussex
College at the University of Cambridge,
of arranging the same set of 27 cubes
into a 3 X 3 X 3 cube so that each of its
49 straight rows of three (orthogonal and
diagonal, including the cube’s four di-
agonals connecting opposite  corners)
contains neither three cubes of the saume
color nor three cubes of three different
colors.

Two solutions to the second cube problem
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Double lens made by Aristid 1. Grosse

A weightless lens A three-component pillar

Optical properties of a double lens
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Conducted by C. L. Stong

number of interesting structures
% s can be made by combining liq-
uids that differ in density and
surface tension. An amusing example is
the parlor trick in which cream is made
to float on the surface of hot coffee. A
teaspoon is lowered horizontally into the
coffee until the edge of the spoon is even
with the surface of the coffee. Cream is
poured into the spoon so that it over-
flows. The cream floats on the coffee.

When a naive onlooker attempts to
duplicate the trick, the cream sinks. It
should. Cool cream is denser than hot
coffee, meaning that it weighs more per
unit volume. The dinner-table perform-
er takes this fact into account before do-
ing the trick and stealthily mixes three
spoonfuls of sugar into the coffee, thus
making the coffee denser than the cream.

Altering the surface tension of a liq-
uid can also lead to interesting effects.
Surface tension arises from attraction
between the molecules of a liquid and
explains in part why some liquids refuse
to mix with others. For example, mole-
cules of mercury are so strongly attract-
ed to one another that they literally
squeeze out molecules of water or other
substances that do not readily mix with
mercury.

A particularly fascinating effect that
accompanies a change in surface tension
can be demonstrated with an iron nail
and a small pool of mercury that is im-
mersed in an electrolyte. The mercury is
placed in a shallow container with a
spherical bottom, such as a large watch
glass, and flooded with about 30 milli-
liters of tap water. To the water is added
four drops of sulfuric acid and about
three milligrams of potassium dichro-
mate. (A dozen particles of potassium di-
chromate about the size of sugar gran-
ules approximate this weight.)

A clean iron nail, free of rust, is placed

Experiments

liguids that

in the solution with the point directed
toward the center of the container and
the head of the nail overhanging the
edge [see illustration on next pagel.
Push the nail slowly toward the center
of the watch glass until the point makes
contact with the mercury. The mercury
will immediately dart away from the
nail, return, make contact and repeat the
performance again and again. Depend-
ing on the amount of mercury and the
position of the nail, the oscillation will
assume an ever changing pattern of
amoeba-like forms.

If the pool contains 40 grams of mer-
cury. the nail can be shifted by trial and
error into a position at which the mer-
cury oscillates as a standing wave with
three crests and three valléys, as illus-
trated. The action will continue for half
an hour or longer, until most of the po-
tassium dichromate combines chemical-
ly with the mercury. The apparatus
functions as a voltaic cell in which the
mercury and the iron serve as electrodes.
Current generated by the cell periodical-
ly alters the intermolecular attraction of
the mercury that accounts for its surface
tension. The variations, which are in ef-
fect pulses of force, induce the vibration.

The behavior of liquids that float on
or within other liquids without much
mixing has in recent years attracted the
interest of Aristid V. Grosse, president
of the Research Institute of Temple Uni-
versity. Grosse and his associates spe-
cialize in research at high temperatures.
In the course of this work the need arose
for a container that could be heated
above the melting point of any known
substance. Ultimately they devised one:
a crucible made of liquid! The furnace
that heats the crucible consists essential-
ly of a horizontal, rotating cylinder of
metallic oxide exposed on the inside to
a plasma jet that develops a tempera-
ture close to 30,000 degrees Fahrenheit.
The inner surface of the oxide melts; the
resulting fluid is held against the rotating
shell of solid oxide by centrifugal force.
The liquid metal of interest floats on the
molten oxide without mixing. (Carbides,
nitrides and other metallic compounds
can also be used.)
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do not mir

“In the course of these experiments,”
Grosse writes, “it became apparent that
many facts about immiscible or partly
miscible liquids had never been investi-
gated. Since experimentation is much
easier at room temperature than at high
temperature, I decided to study the be-
havior of a liquid lens of gallium floating
on mercury—the simplest case of two im-
miscible metals that can exist in the liq-
uid phase at room temperature. Gallium
is a rare and costly metal, however, a
fact that seriously restricted the scope of
the experiments.

“For this reason it became apparent
that the investigation could be extended
only by substituting selected organic and
inorganic liquids for the metals. Experi-
ment soon demonstrated that such sub-
stances worked nicely—so nicely that I
found myself tinkering with them at
home. Thus was born my new hobby:
making liquid structures. The structures
include double lenses, triple lenses and
poly-lenses that float on and in water;
‘weightless” lenses and other forms that
I suspend between solutions, and multi-
ple-layered pillars that stand in liquid. It
is also possible to make such structures
as enclosures and walls.

“The variety of structures that can be
made appears to be limitless. Some com-
binations behave in strange and unex-
pected ways. The forces that bind the
liquids together still await thorough in-
vestigation. Here, then, is a hobby full of
opportunity, one I am delighted to share
with amateurs.

“In making the structures I use clear
glass dishes of various sizes, including
beakers, graduated cylinders and tubes.
To prevent evaporation all the contain-
ers can be closed, preferably by ground-
glass covers or ground-glass stoppers.
Lipless beakers and crystallizing dishes
with covers are ideal. The various liquids
are added to the containers by means of
pipettes or, in some cases, by disposable
hypodermic syringes with a capacity of
two to 10 cubic centimeters.

“For preparing solutions I prefer
freshly distilled water. Tap water usual-
ly contains air that in time comes out of
solution and is deposited on the walls of
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the container as small bubbles. The bub-
bles obscure the contents of the contain-
er. Moreover, when they break free and
rise, they set up currents that may dis-
turh the structures. In addition, tap
water may contain dissolved substances
that react chemically with the liquids.
When tap water is used, it should first
be boiled and cooled to drive out dis-
solved gases.

“Some of the chemicals I have used
are listed in the accompanying table
[page 155], together with their density
(at room temperature), surface tension
and normal boiling point. In general
these materials are available from dis-
tributors of chemicals, such as the Fisher
Scientific Company, Springfield, N.J.
07081. Exceptions include n-cetane,
which can be obtained from the Phillips
Petroleum Company; silicone oil, from
the General Electric Company, Silicone
Products Department; fluorocarbon wet-
ting agent FC-128 and other fluorocar-
bon preparations, from the 3M Compa-
ny; Freon materials and oil-soluble dyes,
from E. I. du Pont de Nemours and
Company. The materials are listed in
order of increasing density. Those at the

top of the list will float on those below
and, in general, will not mix appreciably
with near neighbors.

“Experiments need not be confined to
the listed substances. Many readily avail-
able liquids can be used. The density of
ordinary paraffin oil, for example, is ap-
proximately .9. Hence it floats on water,
which has a density of about 1 at room
temperature.

“Paraffin oil mixes with carbon tetra-
chloride, which has a density of approxi-
mately 1.6. A solution of paraffin with a
density equal to that of water can be
made by adding six parts (by volume)
of paraffin oil to one part of carbon tetra-
chloride. The solution can be made
slightly denser than water by increasing
the proportion of carbon tetrachloride.

“Similarly, the density of water can be
increased by making a solution of table
salt. Moreover, a solution that increases
gradually in density with depth can be
made by partially filling a container with
warm water and slowly adding cold
brine at the bottom through a slender
tube that touches the bottom of the con-
tainer. The brine will diffuse upward,
although a uniform concentration would

fixed ivon nail

watch glass

dilute solution
of sulfuric acid
and potassium
dichromate

Mercury oscillates in a
standing wave pattern

on the bottom of the dish. i

a Oscillating
/7 blob of

T mercury

Oscillations resulting from changes in surface tension

150

© 1968 SCIENTIFIC AMERICAN, INC

not be attained for years if the solution
were undisturbed. In a brine solution
drops of immiscible fluids that are slight-
ly denser than water—for example the
mixture of mineral oil and carbon tetra-
chloride—will descend to the depth that
approximates their own density. There
they will come to rest as free-floating
bodies.

“The case of a single lens on water,
such as a floating drop of oil, has been
intensively investigated, but I have
found no reference in the literature to
the study of double lenses or poly-lenses.
They are systems of lenses denser than
water that are supported by adhesion to
one or more buoyant lenses at or near
the surface. A simple pair is easy to con-
struct by the following steps.

“Add a lens of paraffin oil to a con-
tainer of water by placing the tip of an
oil-filled pipette in contact with the sur-
face near the center of the container and
letting the oil flow into a patch about
four centimeters in diameter. Add to the
water three or four drops of wetting
agent (Kodak Photo-Flow 200). With a
clean pipette apply o-toluidine to the
center of the paraffin oil. The o-toluidine
will migrate through the oil lens and
form a suspended meniscus that adheres
to the lower surface of the paraffin oil.
The optical properties of the combina-
tion (acting as a lens) can be judged by
the accompanying photograph [bottom
of page 148].

“A triple lens can be formed by sub-
stituting two milliliters of silicone oil for
paraffin oil. To the solution add three
drops of a 2 percent (by weight) aqueous
solution of FC-128 wetting agent. One
milliliter of o-toluidine is added to the
bottom of the silicone. The third lens is
then made by allowing a few drops of
Freon E-5 to migrate through the assem-
bly and form a crescent on the bottom
surface of the o-toluidine. If desired, the
Freon can be colored blue by mixing in
a small quantity of fluorocarbon dye,
Type L-1802, which is obtainable from
the 3M Company.

“A quadruple lens is built up by a sim-
ilar procedure. First a double lens is
made with two milliliters of paraffin oil
and 1.5 milliliters of silicone oil, after
adding 10 drops of FC-128 wetting
agent to the water. The third lens con-
sists of .8 milliliter of o-toluidine. I
stained this lens pink so that its bound-
aries could be examined easily. The
fourth lens was made of .15 milliliter of
Freon E-5 dyed blue [sce top illustration
on opposite page].

“The quadruple lens is a perfectly
stable structure. It has eight interfaces:
air-oil, water-oil, oil-silicone, water-sili-



cone, water-o-toluidine, silicone-o-tolui-
dine, Freon-o-toluidine and Freon-wa-
ter. It also has four triple-interface lines:
air-water-oil, water-oil-silicone, water-
silicone-o-toluidine and water-o-tolui-
dine-Freon.

“The first quadruple lens I made did
not last long. The o-toluidine dissolved
slowly in the water and disappeared af-
ter a few days. I learned to prevent this
by first saturating the water with o-tolui-
dine. In some experiments it may be de-
sirable to saturate the water with all the
substances used for making lenses. Each
lens material can also be saturated with
the compounds that border it. To satu-
rate a liquid merely add to it an equal
amount of the saturating liquid, shake
the mixture, let it stand for a few hours
and pour off the supernatant.

“The quadruple lens just described is
by no means the highest possible num-
ber of lenses that can form a stable struc-
ture. The problem of the maximum pos-
sible number of lenses is closely related
to the problem of the maximum number
of insoluble liquids that can be poured
one on top of another. The problem has
fascinated chemists since the Middle
Ages.

“Joel H. Hildebrand, an American pi-
oneer in the study of liquids, first demon-
strated that as many as seven immiscible
liquids can be deposited as layers in a
cylindrical container. In the order of in-
creasing density they are heptane, ani-
line, water, perfluorokerosene, phospho-
rus, gallium and mercury. If these layers
are completely mixed by being shaken,
they will re-form.

“It is also possible to make a system
of nine layers in which all adjacent lay-
ers are immiscible even though some
layers remote from one another are mis-
cible. The substances are, in order of in-
creasing density, paraffin oil, silicone oil,
water, carbon disulfide, n-perfluorohep-
tane, a 62.5 percent solution (by weight)
of zinc chloride, tri-n-perfluorobutyla-
mine, liquid gallium and mercury. If a
container holding such a system is shak-
en, the zinc chloride solution mixes with
the water and the two fluorocarbon lay-
ers combine. The combinations reduce
the system to the same number of layers
Hildebrand devised.

“The addition of liquid phosphorus
from Hildebrand’s system would not in-
crease the number of layers because the
phosphorus can be mixed with carbon
disulfide. This is not to say that Hilde-
brand’s system of immiscible layers can-
not be increased. I have devised a sys-
tem of 13 layers that have been tested
in two sections but have not yet been
combined into a single column. The liq-

fluid surface

Four kinds of liquid lens

uids, again in order of increasing den-
sity, are paraffin oil, silicone oil, o-tolui-
dine, a 2 percent solution (by weight) of
common salt, carbon disulfide, n-per-
fluoroheptane, a 64.5 percent solution
(by weight) of zinc chloride, liquid phos-
phorus, tri-n-perfluorobutylamine, 100
percent phosphoric acid, lead tetrameth-
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yl, liquid gallium and mercury. This list
is by no means the ultimate. Compounds
could be synthesized that, when sand-
wiched between two adjoining layers,
would not be miscible with them. For
example, liquid heavy-metal perfluoroal-
kyls would be denser than the corre-
sponding metal alkyls and would not be

,nitrobenzene
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Steps in making a four-layer liquid pillar
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miscible with them or with liquid gal-
lium. Hence they would fit between lay-
ers 11 and 12 on the list.

“It is obvious that in addition to sus-
pended poly-lenses it should be possible
to stack lenses upward from the bottom
of a container. I call such structures ‘re-
verse’ lenses. A simple reverse double
lens can be made by first placing 200
milliliters of water containing 2 percent
of a 2 percent sblution (by weight) of
FC-128 wetting agent in a circular crys-
tallization dish 9.7 centimeters in diame-
ter, with a flat bottom and straight sides.
A ring of thin aluminum wire is then
centered on the bottom of the dish to
serve as an anchor that prevents the lens
from drifting. By means of a pipette ani-
line is deposited in the center of the
aluminum ring. It forms a beautiful re-
verse lens 1.25 centimeters in diameter.

“A second lens, of silicone oil, is
deposited on top of the aniline. The den-
sity of silicone oil is less than that of
water. For this reason it tends to lift the
aniline lens and to decrease its radius.
Aniline has a solubility in water at 20 de-
grees centigrade of about 3.4 grams per
100 milliliters of solution. As the ani-
line dissolves, the lens shrinks in diam-
eter. After 24 hours the aniline lens

matches the diameter of the silicone lens.
The area of contact continues to

shrink, and at a critical moment the sili-
cone lens pulls the aniline lens upward
and rises with it to the surface. One can
then see the saturated aniline solution
stream downward as a diffraction pat-
tern that resembles in reverse action the
‘heat’ that rises from a steam radiator. In
a few hours the aniline portion of the
lens vanishes.

“Having made a number of poly-
lenses and their reverse counterparts, it
occurred to me that it should be possible
to combine them to form a layered pillar
that would be self-supporting. To devise
a structure of this type I first made a re-
verse double lens with one milliliter of
nitrobenzene and .4 milliliter of silicone
oil in 200 milliliters of water containing
FC-128 wetting agent, as in the experi-
ment just described. The container was
a crystallizing dish 9.7 centimeters in
diameter. A double lens was added at
the top with one milliliter of the same
silicone oil and .4 milliliter of aniline,
added by the drop inside the oil with a
hypodermic syringe. Two double lenses
were then facing each other [see bottom
illustration on preceding page].

“A thin glass rod was used to push
the upper lenses until they were cen-
tered directly above the reverse lenses.
Finally, the upper lenses were lowered
into contact with the reverse lenses by

silicone

o-toluidine

silicone
and carbon
tetra-
chloride

™ nitro-
methane

carbon
disulfide

pre,vent
drifting

A five-layer pillar of immiscible liquids'
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For the engineer:
The best of two worlds.

Tacking along a windward shore or tackling a complex system
analysis — both offer challenge to the creative man whose life and
work must satisfy exciting demands.

If this is the life you are looking for, we can offer such a
rounded environment: Challenging job. Right location. The best
of two worlds.

As our name suggests, our business is electronic systems:
total integrated packages for sea, ground, air and space
applications — perform the toughest defense missions of the day.

In addition to the Defense Department, our customers include
other government agencies, leading aerospace and electronics
contractors and many foreign governments.

We serve these exacting customers well. Look at our sales and

earnings growth. In 1966, sales were just over $123 million,
after-tax earnings were $2.6 million plus. Last year, sales surpassed
$181 million and earnings grew to $5.3 million. At present, we
have one of the largest backlogs in company history.

To sustain this rate of growth, we need the best specialists we
can find —who seek to combine the best of two worlds and grow
with us. Our programs range from undersea intelligence
studies to electronic warfare to re-entry physics. We have
opportunities for specialists in research, design, development,
production and management.

For more information on the exceptional career challenges
please write : Bill Hickey, Supervisor of Professional Placement,
P.O. Box 6118, Dallas, Texas 75222. An equal opportunity employer.

LTV ELECTROSYSTEMS, INC.

A SUBSIDIARY OF LING-TEMCO-VOUGHT, INC
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Revealing

the Rover 2000
Sports Sedan

for 1969

(only $4,198
complete)

Caught with its panels down.

The Rover 2000 for 1969 looks just
like the Rover 2000 for 1968. So, we
thought it might be fitting to show it to
you in its birthday suit. A fresh view.

To snap this photo, we had to divest
the car of nineteen bolted-on steel
and aluminum skin panels. We say skin
instead of body panels because that is
exactly what they are. Fenders, door
panels, hood and trunk lids, roof
covering and so forth, are simply a
sleek, metal sheath covering the real
structure of the car.

Contrary to the usual practice (in
which body and chassis are constructed
separately and later joined together)
the Rover 2000 is built as a single rigid
unit. The concept is much like that
of a modern office building whose walls
carry none of the load, but serve
instead merely to keep out wind and
weather, to provide privacy and a
reasonably decorative exterior.

Keep the car and leave the fender.

Anytime some reckless stranger
crumples the fender of your Rover
2000, the whole car doesn’t have to go
into dry-dock for repairs. The

D

-

mechanic simply unbolts the offended
fender and off you go with a perfectly
roadworthy if slightly out-of-uniform
automobile.

The real virtue of showing the
Rover 2000 defrocked, as it were, is
that it makes crystal clear one of the
main reasons why this car might
someday save your life. Not just your
life, but those of three passengers as
well. Thatrigidsteel girder construction
does a bang-up job of protecting the
car’s occupants in the event of collision.

It is difficult to avoid the subject of
safety in discussing any part of this
automobile. Every aspect of its design
has as its primary or secondary
purpose either the prevention of acci-
dents or else preserving life and limb
should an accident prove unavoidable.
Even the ash-trays are designed to
be windproof in the hopes of keepinga
stray cinder from flying into the
driver’seye.

The Rover Road to Romance.

The Rover 2000 (which, by the way,
comes in two incarnations—TC and
Automatic) is a rather thinly disguised
sports car. Its official designation as

= a Sports Sedan is due solely to the fact

that it boasts two more doors and

two more bucket seats than the average
sportster. In every other respect—
steering, suspension, braking, accelera-
tion, roadworthiness, you name it—

the Rover 2000 is calculated to gladden

The Rover 2000 for 1966, 1967, 1968... the heart of the enthusiast.

You can buy forgiveness.

The Rover suspension has been called
the most “sophisticated” in the world.
Radial ply tires and Girling disc

brakes are standard equipment on all
four wheels. Overall handling qualities
are unsurpassed by almost any car at
any price. The oddly appropriate
technical term for this is forgiving—
which means that when road or weather
conditions are slightly less than perfect
but you misjudge them and unwittingly
drive as though they were, the car
“forgives” you and handles properly
anyway.

Status can’t be bought.

It has been suggested that we missed a
bet by making the Rover 2000 neither
spectacularly beautiful nor spectac-
ularly ugly. We've been told that people
who regard automobiles as their
principal mark of status in this world
are apt to seek out more exotic-looking
machines and even willingly endure

the perpetual mechanical ailments such
machines may be heir to. We chose to
produce a car that is as unassuming,
unselfconscious, and anonymous-
looking as money and sound engineer-
ing could possibly make it. As a result,
the Rover owner doesn’t buy his car

to impress others, but to satisfy himself.
He hasn’t the least bit of patience

with exotic or even plain mechanical
troubles—and that is okay with us.

If it’s okay with you, too, why not
amble over to your Rover dealer and
insist on a test drive? You'll find the
dealer very amenable and the car itself

, is ditto. the Rover 2000

Imported by Leyland Motor Corporction of North America, 111 Galway Place, Teareck, New Jersey 07666
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slowly draining water from the container
through a siphon fitted with a pinch-
cock. The resulting structure, which was
held together entirely by the forces of
surface tension, measured about 2.5 cen-
timeters in height. In the course of a
few hours the aniline lens decreased in
size because of its solubility.

“The force per unit area that tended
to pull the structure apart finally ex-
ceeded the effective surface tension and
the pillar separated. Then the aniline
dissolved completely, leaving only the
upper silicone lens. The reverse lens re-
mained intact because the solubility of
nitrobenzene in water is only .19 gram
per milliliter in water at 20 degrees C.

“The tallest liquid pillar I have made
so far consists of five layers with a total
height of eight centimeters. The struc-
ture was self-supporting. It was assem-
bled in a beaker of two-liter capacity
and required about two days of patient
work.

“The bottom layer, which consists of
carbon disulfide, was deposited in a thin
ring of glass to prevent drifting and was
surrounded by an 18 percent (by weight)
solution of table salt to increase the
buoyancy of the carbon disulfide. At the
time of the experiment I had no access to
a silicone oil of a density intermediate
between that of o-toluidine (.999) and
nitromethane (1.130). Hence I increased
the density of the then available silicone
oil by adding carbon tetrachloride in the
amount of 17 percent (by volume).

“The five-layered pillar lasted many
hours. It was, however, inherently un-
stable because the carbon tetrachloride
in the middle layer dissolved slowly in
both adjacent layers, with an unexpect-
ed effect on surface tension at its bound-
ary. A small ‘tongue’ of o-toluidine peri-
odically moved down from the center
into the silicone, in what can be most
clearly described as a ‘licking’ motion.
The amplitude of the motion increased
in the course of a few hours. Eventually
a cylinder of o-toluidine formed com-
pletely around the silicone, which then
assumed the form of a beautiful hyper-
boloid that lasted for about an hour.
In time the hyperboloid separated at
the waist. The silicone drifted upward,
breaking the pillar, and joined the other
silicone lens at the surface.

“Multiple-liquid lenses can also be
formed at the plane boundary between
two liquids. One of many possible ex-
amples can be prepared by first pouring
cetane and perfluoroheptane into a con-
tainer five centimeters deep. These liq-
uids separate into two clear, immiscible
layers each two centimeters thick. At
the boundary insert by pipette one milli-

DENSITY SURFACE BOILING
(GRAMS TENSION POINT
MATERIAL PER CUBIC = (DYNES PER = (DEGREES
CENTIMETER) CENTIMETER) CENTIGRADE)

N-CETANE 775 26.3 280
BENZENE 8787 28.88 80.07
PARAFFIN OIL 8849 31.12 HIGH
SILICONE SF-97 (100) s . -
(GENERAL ELECTRIC CO.) 9625 23 i
WATER 0082 7275 100
O-TOLUIDINE 9989 199.8
N-PERFLUOROHEPTANE 1.7332 136 82.43
FREON E-5 (DU PONT) 1.792* 15.9* 226
FLUOROCARBON FC-75 . .
(3M COMPANY) 00~
TRI-N-PERFLUOROBUTYLAMINE 1,856 1772

* AT 25 DEGREES CENTIGRADE

Properties (at 20 degrees centigrade) of liquids used in the experiments

liter of o-toluidine. The liquid promptly
spreads between the layers to form a
classical lens.

“With a hypodermic syringe inject by
the drop, at the lower boundary of the
o-toluidine, .5 milliliter of water stained
deep red with a water-soluble dye. A
dozen or more independent droplets
should be thus attached to the bottom of
the o-toluidine lens. After some hours
the drops will coalesce to form the sec-
ond lens.

“The double lens is merely a special
case of what I call ‘weightless’ struc-
tures: systems of liquids suspended be-
tween layers of liquids that differ in den-
Sity, or within a single layer of variable
density as represented by the saline so-
lution previously described. To make a
colorful triple lens of this type, insert
400 milliliters of cold brine solution be-
low 600 milliliters of warm distilled wa-
ter in a tall container, such as a one-liter
beaker. Put one or more large drops of
o-toluidine, dyed pink, in the water. The
drops tend to float to the surface. To
each drop add with a hypodermic syringe
a few small drops of Du Pont E-4 Freon
stained blue with fluorocarbon dye. The
slightly heavier lens so formed will sink
into the zone of diffusion between the
salt water and the fresh water.

“The triple weightless lens is now
completed by injecting (with a clean hy-
podermic syringe) colorless silicone oil
into the o-toluidine. The buoyancy of
the oil causes the third lens to form as a
cap on top of the assembly. The triple
lens will seek that depth in the zone of
diffusion at which the density of the
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brine equals the average density of the
components in the triple lens. By adding
silicone or Freon as desired the lens can
be adjusted so that it will come to rest at
any given depth in the zone of diffusion
and will remain there for hours.

“The thickness of the zone of diffusion
can be increased by stirring the brine
gently and letting the solution come to
rest. Spheres in a range of sizes, densi-
ties and colors, when injected into the
solution, come to rest at various depths
and can serve as attractive, although
only roughly approximate, models of
planets and other astronomical objects in
space. It is interesting to speculate on
how structures of this type would behave
under the weightless conditions of outer
space.

“What good are poly-lenses? Aside
from their value as entertainment and
the beautiful opportunity they provide
for investigating surface phenomena, it
turns out that single liquid lenses are ex-
cellent devices for concentrating solvent-
insoluble impurities. For example, an
o-toluidine lens with a volume of two
cubic centimeters was allowed to shrink
in water at room temperature to a sphere
one millimeter in diameter—a volume of
.0005 cubic centimeter. The concentra-
tion of the impurities was thus increased
by a factor of 4,000!

“Some of the materials used in these
experiments are toxic and must be han-
dled accordingly. Work in a well-ven-
tilated room. Wash your hands frequent-
ly with soap in running water and at all
times keep them away from your mouth
and eyes.”
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Where do we go from here?

Snarled freeways. Foul air, Polluted water. Crime in the streets.
Soaring medical costs. Overcrowded, understaffed hospitals.

Solving top priority national problems is a TRW specialty.

For over a decade, our balanced blend of systems engineering
services and technological skills have been used on America's
major space and defense programs. Now we are successfully
applying this experience to a variety of Civil Systems problems.

Before a shovel was turned, we saved the Province of Alberta
more than $6 million in planning its new $100 million Edmon-
ton Health Sciences Centre. We are working with the Depart-
ment of Transportation on high speed ground transportation
systems for use between Boston and Washington. For Califor-
nia we have developed a statewide land use information sys-
tem. Our seasoned systems engineers are also working on
automobile inspection, public safety, urban re-development,
banking, water resources planning and flood plain manage-
ment programs.

For more information about TRW Civil Systems capabilities,
contact Marketing Services, TRW Systems Group, One Space

Park, Redondo Beach, California 90278.
TRW

TRW Systems Group is @ major operating unit of TRW INC. (Formerly Thomp-
son Ramo Wooldridge Inc.), where 75,000 people al over 200 locations around
the world are applying advanced technology 1o electronics, space, delense,
automotive, aircrall, and selecled commercial and industrial markels.

© 1968 SCIENTIFIC AMERICAN, INC




Only one book club lets you keep up

comfortably with the whole spectrum of science
and save on the books you want

With so many advances in so many scientific disci-
plines, how does one get the total picture? By let-
ting the Library of Science search out hundreds of
manuscripts, seek through dozens of technical
journals, to discover and offer only the books of
highest interest and significance. It’s comfortable,
sensible—and a great money-saver, too.

Each month, the Library of Science brings you the
most important books covering the broad spectrum
of science—at savings of up to 40% off publishers’
prices, and sometimes more. And every fourth
book you buy earns you a free bonus book. Add
our present introductory offer—and can you think
of a good excuse for not joining now?

NOTE: Retail price shown for each book.

34100. THE APES. Vernon Reynolds. Profusely
illustrated, delightful and authoritative
study of man’s nearest relatives—the gorilla,
chimpanzee, orang-utan, etc. $10.00

39610. COMBINATORIAL THEORY. Marshall
Hall, Jr. Systematic analysis of the discrete in

Introductory offer: 62100. MEN AND DINOSAURS: The Search in

Field and Laboratory. Edwin H. Colbert. Up-to-
date exposition of paleontology’s knowledge

‘ hO Ose an 3 of dinosaurs. Many new photos. $8.95
:y 68760. PHYSICAL SCIENCE, ITS STRUCTURE

AND DEVELOPMENT. Edwin C. Kemble. Inte-

mathematics and science. The definitive work grates chemistry, physics, geology and astron-
in combinatorial mathematics. $9.50 (ValueS tO $39 35) omy into one comprehensive whole. $12.50
41840. DAWN OF ZOOLOGY. Willy Ley. Fasci- 74170. THE RIDDLE OF GRAVITATION. Peter G.
nating and entertaining history of the growth $ 95 Bergmann. Masterful exposition of the gen-
of man’s knowledge of the animal kingdom. Or I I eral theory of relativity by a physicist who
Profusely illustrated. $7.95 worked closely with Einstein. $7.95

42280. DIGITAL COMPUTER FUNDAMENTALS.

85010. MARTIN GARDNER'S NEW MATHEMATI-

Thomas C. Bartee. Comprehensive treatment with a short trial membership in the CAL DIVERSIONS FROM SCIENTIFIC AMERICAN

of modern digital computers, explaining num-
ber systems, circuitry, design and major ma-

/536 PUZZLES AND CURIOUS PROBLEMS. Two
Dudeney classics, edited by Martin Gardner,

[ ]
chine elements. $6.95 lbrar are combined with the best of his mathemat-
43200. THE EARTH. Carl O. Dunbar. The de- I 1 S’ ical recreations. (Counts as one choice.) $13.90

velopment of the earth and the mystery of its
origins by the dean of American geolog;sitzs.s

[ ]
44940. THE ENCYCLOPEDIA OF PHYSICS. Rob- Of SClenC e
ert M. Besancon, Editor. Indispensable one-

volume reference work covering all standard
and advanced topicsin physics. (Thishandsome
832-page book counts as two choices.) $25.00

86500. THE WAY THINGS WORK: An lllustrated
Encyclopedia of Technology. Tells you and
shows you (with 1,071 diagrams) the way
mechanical devices work. $8.95

88060. THE YEAR 2000. Herman Kahn and
Anthony J. Wiener. Provocative picture of the
shape of the world we may expect only thirty
years from now. $9.95

r—-——————-— TRIAL MEMBERSHIP APPLICATION 3

THE LIBRARY OF SCIENCE Front & Brown Streets, Riverside, N.J.08075

Please enroll me as a Trial Member, and send the
coupon. Bill me only $3.95 plus shipping for all

within 10 days, and my membership will be can-

celled.

As a Trial Member, I need accept as few as 3 more - - --
Selections during the next 12 months, always at
reduced Member’s Prices, plus shipping. I under-
stand that savings range up to 409 and occasion-
ally even more. Each month I will receive advance
reviews describing forthcoming Selections, along
with convenient form for requesting Alternate Se- ADDRESS..
lections or no book at all. For every 4 selections
purchased, I may choose a free Bonus Book. (This

NAME .

—— e — ————— — ——

three books whose numbers I've indicated on this Three bOOkS for only $395

three. If I am not delighted, I will return them (write in numbers)

46330. THE EVER-CHANGING SEA. David B.

——————— 1 Ericson and Goesta Wollin. Brilliant synthe-

sis of the entire field of oceanographic science
in one authoritative volume. $7.95

50210. GENETICS OF MAN. Paul Amos Moody.
Brilliant introduction to the fundamental
principles of human genetics, by one of to-
day’s outstanding science writers. $7.50

1
I 55420. INSTINCT AND INTELLIGENCE. S. A.
. | Barnett. Fascinating discussion of animal
ways of communication, social communities,
| migratory habits, much more. 6.

|

|

|

56330. INTRODUCTION TO SOLID STATE PHYS-
ICS. Charles Kittel. Completely revised and re-
written 3rd Edition of the authoritative work
on the subject. $12.95

introductory offer counts as the First Selection), CITY- STATE........ ZIP CODE 61120. MATHEMATICS DICTIONARY. Edited by

. ! Glenn and R. C. James. Newly revised 3rd Edi-

2-787 Offer good in U.S. and Canada only Please be sure to indicate zip code. tion defines over 7,000 math terms, concepts

________________________________ a and relationships. (Counts as 2 choices.) $17.50
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by Amos de-Shalit

CiBa Founpation Symrposium: DEcr-
SION MAKING IN NATIONAL SCIENCE
Poricy. Little, Brown and Company

($12).

The increasing demands on funds
for scientific and technological re-
search have naturally led to an in-
creasing interest in the methodology of
establishing a “science policy.” The pro-
ceedings of the Ciba Foundation Sym-
posium Decision Making in National
Science Policy are testimony to the live-
liness of the effort to find a path through
this maze of social, economic, scientific
and technological problems. They vivid-
ly demonstrate the chaos that character-
izes the initial stages of an intellectual
movement, in this case the creation of
a “science of science.”

Several factors contribute to the
yearnings for a science of science. In sev-
eral of the more developed countries the
rate of increase in the allocation of funds
to research and development since the
end of World War II has been higher
than that in any other single field of hu-
man activity. In the developing coun-
tries a mythology has evolved that en-
dows science with a legendary ability to
provide easy solutions to the most press-
ing (and often the most depressing) prob-
lems. In both the developed and the
developing countries the legislative and
executive branches of government are
composed largely of people with little
understanding of science; many of these
individuals have a scarcely concealed
phobia about science that doubtless
dates back to their high school days. It
is against this background that the need
for national science policies has arisen.
The science of science is an effort to
tackle the problem rationally.

The science of science is clearly still
in its infancy. Even its first toddling
step is controversial. It is taken for grant-
ed that science (here including tech-

BOOAS

National science policy and

the new “science of science”

nology) has much to do with achieving
such popular group goals as longer life,
less illness, individual and national se-
curity, high consumption and so on.
There is no general agreement, however,
on the need for an indigenous science to
achieve these goals. A study of the eco-
nomic development of various European
countries (not to mention Japan) makes
it clear that there is no simple direct re-
lation between a country’s gross national
product and the percentage thereof that
is allotted to research and development.
The benefits of science diffuse across na-
tional boundaries more easily than those
of a properly trained labor force or man-
agement, and since science policy is
made on a national level rather than on
a worldwide one these boundary effects
cannot be disregarded. It therefore
seems that the science of science is still
much more of an art than a science. To
quote Al Weinberg of Oak Ridge, “the
best scientific administrator is the one
whose taste and judgment is the most
exquisite.” All the same, some general
principles do seem to emerge from the
accumulated experience of science-pol-
icy makers at various levels and in dif-
ferent countries. The sharing of such
experience may therefore be of some
value, and the Ciba Symposium is an
important contribution in this direction.

In attempting to establish a science
policy it is wise to separate the choice
of objectives from the detailed decision-
making. Decisions are in general best
made by those closest to the scene of the
action; a decision on priorities or pref-
erences among different possibilities re-
quires at least some expert knowledge
of the subject matter. The requirements
for setting up objectives are of a differ-
ent nature; they consist of an overall
familiarity with a broad spectrum of the
problems facing the particular organi-
zation whose science policy is being
worked out. Thus on a national level the
choice of objectives in science may re-
quire broad familiarity with national
economic forecasts, problems of national
security, trends in foreign relations, de-
velopments in the labor force, develop-
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ment of natural resources and so on. On
an institutional level the choice of ob-
jectives may require familiarity with
the general trends of scientific develop-
ment and the plans of other institutions,
the proper understanding of objectives
set by higher organizations such as vari-
ous mission-oriented offices and minis-
tries, and a realistic assessment of hu-
man and financial resources.

The choice of an objective and the
decision on the methods for implement-
ing it also concern the individual scien-
tist. On that level, however, the two
functions are so thoroughly interwoven
that one is often not aware of their sepa-
rate existence. As one goes up in the hier-
archy of organized and institutionalized
research—from group leader through
head of department and head of division
or faculty to the head of the institution
or university—there is a more distinct
separation between objectives and their
implementation. This unavoidable sepa-
ration creates the hardest problem in
carrying out a science policy, namely
the problem of communication. It is the
failure in setting up a proper communi-
cation system that sometimes leads ob-
jective-choosing bodies to make the mis-
take of engaging in rather detailed
decision-making, thereby depriving that
end of science policy of the expert
knowledge it requires. An ineffective
communication system also blocks mean-
ingful feedback from reaching the ob-
jective-choosing bodies, thereby reduc-
ing the value of their deliberations.

The structure of a nation’s scientific
and technological organizations is usu-
ally intended to provide the proper com-
munication network for the scientific
community. The Ciba Symposium in-
cludes a rather detailed survey of a num-
ber of such structures, all quite different
from one another. Comparisons of these
various systems, however, are probably
not very meaningful. In the first place,
it is hard to determine which element in
a given structure is responsible for which
success or failure. What one wants, in
principle, is the possibility of studying

the response of the entire system to small
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variations in some of its parameters, and
this can hardly be done in practice. Thus
the characteristic difficulties of many
studies in the social sciences also afflict
the science of science, and their resolu-
tion will probably have to await further
progress in the methodology of the social
sciences.

It also seems that the usefulness of a
given communication network in the
scientific system cannot be judged in
isolation from other social activities.
The coupling of activities in science and
technology to other systems in the so-
ciety is too strong for such systems to
be dealt with independently. This is
probably the reason why there is usual-
ly not much a science policy in one coun-
try can copy from the policy of another.
The very frank remarks of A. Rahman
in the Ciba Symposium, commenting on
the Indian experience, bear this out most
dramatically. Still, the fact that we can-
not copy one another does not preclude
the possibility of our learning from one
another. There are several important
lessons to be learned.

The entire science-policy network,
composed of objective-choosing bodies,
decision-making organs and the com-
munication system, is based on human
beings. The coupling to other systems in
the society, which is so important for the
proper choice of objectives, is carried
out through human understanding. Com-
munication inside the scientific commu-
nity is entirely dependent on human
beings. Accordingly there is a high pre-
mium on good human qualities, and a
system should first and foremost be flex-
ible enough to make the best use of such
qualities. Although this may sound triv-
ial, it is surprising to find out how often
one encounters systems that are extreme-
ly slow in responding to the appearance
of a gifted person in the scientific life of
an institution or a nation. At the same
time the possibility of human beings
making wrong judgments should also be
kept in mind. To minimize the harmful
effects of such errors in the science-pol-
icy network it is probably advisable to
deliberately introduce some redundancy
into the system. Exactly how far one
should go in this direction is one of the
great secrets of the art, but the often-
made statement about the necessity of
planning to avoid duplication has to be
taken with a grain of salt.

It is frequently stressed that science
and technology have to be directed to
serve national goals. This, of course, is
the main task of the objective-choosing
bodies. There is great danger in taking
this statement too literally. In some
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political systems “national goals” may
change quite often, with a characteristic
period of four or five years. This is par-
ticularly true of a broad class of devel-
oping countries. Science also has its ups
and downs, the ups being triggered
by breakthroughs and new technologies.
Here, however, the characteristic period
is much longer, usually of the order of
20 or 30 years. If a rapidly changing na-
tional goal is to become the driving force
of scientific and technological develop-
ment, there is a risk of very low ampli-
tude in the response of science and tech-
nology. Under such circumstances the
wisest thing may be a quick decoupling
of one system from the other. Only quite
broad objectives can as a rule be chosen
as national goals in the real sense of the
word. Most of the more operational ob-
jectives are immediate ones, and relate
to identifiable sectors in the economy
or in defense.

In assessing the role of long-term
goals in establishing the science policy
of a country it is useful to borrow from
the description of physical phenomena.
Two extreme possibilities exist for such
a description. What is called the varia-
tional approach looks for the best path
a physical system should follow, given
its initial conditions, if it is to reach a
certain conclusion; it is a kind of long-
range planning. The other way to de-
scribe a physical system is by means of
differential equations that determine
the system’s immediate behavior; here,
in a way, one crosses bridges as one
comes to them. The two approaches are
equivalent and are related to each other
in a fundamental way; they only seem
different. It is possible that the establish-
ment of a science policy similarly allows
two different approaches. In this case
one can argue that until the science of
science becomes a real science we would
do better to rely on our intuition, and
intuition is possibly better for responding
reliably to immediate situations rather
than to long-range planning.

Several conclusions follow from this
philosophy. It seems, for instance, that
higher education, even in the smaller
countries, should be as broad as possible,
rather than being artificially limited to
areas closest to real or imaginary na-
tional goals. I know of a country where
an apparent need for self-reliance in
aeronautics led to a disproportionate
effort in the system of higher education.
By the time the educational system had
started to turn out its highly trained
people five years later, market conditions
had changed drastically and the coun-:
try was again relying on outside supply,
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which was faster and cheaper. It took
some time for the institutions of higher
learning to taper off on this subject, dur-
ing which period the highly trained peo-
ple were produced essentially for export.
When the educational system finally got
back to normal, a new crisis developed
and the country is about to go through
the experience again.

In the same country there was set up
in the 1950’s a computer-development
laboratory that engaged in thoroughly
“useless” research in computer hardware
and software, in spite of some opinions
that it was a luxury the country could
not afford. As a matter of fact, the whole
program was carried through only be-
cause a good man in the field was avail-
able and his laboratory had adopted a
local policy of supporting good people
regardless of the visible or invisible ties
they might have with declared national
goals. When several years later a boom
in the computer industry made it a field
of the highest national priority, a pool
of trained people existed in the country
who could advise the interested parties
on the state of the art and its trends.
Eventually they also staffed key posi-
tions in some very important computer
developments that then took place in
that country. Isolated cases should never
lead to generalizations, and this story is
no exception. Its only purpose is to serve
as an example of the possible results of
rapid fluctuations in long-range national
goals, and of the useful end that was
served by an unplanned action based on
entirely local considerations.

There is much other evidence to sug-
gest that one of the most important in-
gredients of a national science policy is
a built-in flexibility that will allow the
development of the full potentialities of
good people. It is not hard to imagine
the possible effects on science in Latin
America if the road of a single Bernardo
Houssay (who won the Nobel prize in
physiology and medicine for 1947) had
been blocked at the beginning. Or, to
take an example from the applied sci-
ences, Edwin Land’s Polaroid camera
was considered to be of little interest by
a certain company that did market re-
search on it; in a system where a sim-
ilar group of people had the authority
of a ministry the entire development
would have been doomed. “Invest in
people” should be the slogan of every
science policy, and the decision as to
which people are worth investing in
should be left to those whose expert
knowledge is closest to theirs. It is the
exceptional people who are bound to
come up with interesting innovations
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that conventional ones in planning posi-
tions can never dream of.

Science policy is most often associated
with opening up new fields and encour-
aging new directions. It is nonetheless
obvious that to serve the same purpose
it is equally important to have a thor-
ough look at ongoing activities and
assess the desirability of their continued
existence. Disregarding the human ele-
ment for the moment, such a decision is
often easier to make than one relating
to new possibilities, since one is judging
an activity that has already shown what
it can lead to. Unfortunately the com-
plexities of the human problems involved
deter most organizations from looking
into current activities with the same se-
riousness they apply to new activities.
The result is that policy often aftects
only small, marginal and uncommitted
resources.

To be even more effective, a science-
policy system should be able to deal
with such questions as: What do we do
with a mission-oriented laboratory when
the mission is completed or no longer
relevant? What do we do with a labora-
tory built around an expensive piece
of equipment when other developments
make the equipment rather useless? One
thinks of the people sidetracked into un-
imaginative nuclear-reactor work in sev-
eral developing countries, and one won-
ders how long these countries are going
to produce such reactor-users only to
keep a reactor going. Here is a concrete
example of where science policy inter-
acts strongly with employment policies,
worker mobility, the availability of hous-
ing and so on. These are hard practical
problems, but their resolution may affect
scientific and technological development
critically, particularly in situations where
the total allocations to such activities are
reaching a ceiling.

In summarizing the Ciba Symposium,
Raymond Aron said: “How does the de-
cision-making machinery function? The
impression I have received from every-
thing I have heard is that whatever the
institutional setup, nobody knows for
sure how decisions are taken.” It is prob-
ably desirable to continue to have such
exchanges of opinion among science ad-
ministrators, policy-makers, chairmen of
various national committees and direc-
tors of laboratories in order to further
clarify the methodology and the practi-
cal functioning of decision-making in
national science policy. It might be
equally useful to have such people ex-
posed from time to time to extensive
summaries of the present state of the
various sciences, given by leading work-
ers in those disciplines. On such occa-
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sions one might want to present a survey
of the achievements in a given field, an
assessment of the ongoing efforts and an
outline of the problems with the possible
import of their solution. Such confer-
ences on the progress of science, de-
signed for the science-policy makers at
all levels, might prove to be of real prac-
tical value in providing a better guide
for such people until the science of sci-
ence becomes a science.

Short Reviews

ITIREARMS, Trars, & TooLs OF THE
MounTtain MEN, by Carl P. Russell.
Alfred A. Knopf ($12.50). Kit Carson out
of Taos, Jim Bridger on the Yellowstone,
Jedediah Smith across the Columbia—
such were the mountain men. Between
the 1806 military reconnaissance of
Lewis and Clark and the 1840’s, when
wagon trains began to roll on the Oregon
Trail, the self-reliant beaver trappers
were the point men of American indus-
trial society between South Pass and
the Sierras. They were brought there by
adventure and by the “westering” of
our forebears; they lived by rifle and
trap, and they sent skins east for the
famous beaver felt hat industry, in ex-
change for the ironware that is the motif
of this precise and reflective book. Their
sovereignty grew out of the rifle, a 12-
pound weapon from some St. Louis gun-
shop, caliber just above half an inch,
using round lead balls rammed against
the rifling and grainy black powder fired
by percussion cap. It was a sleek rifle,
with no extra projections to catch in
buckskin fringe; it had a flat trajectory
across open sights to 150 yards, with
the strength to withstand an occasional
“double charge” for range. It worked
well against both buffalo and men.

The steel trap, hand-forged to a de-
sign not much changed since the 17th
century (a pattern that is still available,
although machine-made), was the pelt-
taker. A trapper owned eight or 10; he
set six a day in the shallow water of
beaver ponds, chained to a bottom stake
and baited above water with a smear of
the pungent castoreum of the beaver.
The animal usually tripped the jaws
with a forepaw, moved off trapped into
deeper water and drowned, unable to
stay afloat with the three- or four-pound
load.

The trapper’s knife was typically a
wide-bladed butcher knife, called a
scalping knife, used in skinning and in
barroom fights. It was the source of a
mountaineer’s rude proverb. In the mid-
dle of the blade it bore the legend
“Green River,” after the Massachusetts
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site of the water-powered factory that
made the knife; “up to Green River”
meant a job well done.

His felling ax was of the Yankee pat-
tern, the first major modification in form
of this ancient tool since its prototypes
were made in the Basque iron lands dur-
ing La Tene time, nearly 3,000 years
ago. Those axes, called “French,” had
a long bit and a thin section around the
haft; the American pattern became al-
most square, with as much weight be-
hind the haft as in front of it. Bigger
trees and more of them called for an ax
that had better balance to take a deep
bite without wobble. A beaver pelt or
two bought such an ax.

Extra needles and fire steels were al-
ways with the mountain man; it was
these he gave the Indians he sought to
befriend. The Indians of the Plains had
the horse from the Spaniards long be-
fore. The American ironware was almost
equally useful: needles, fire steel, toma-
hawk and trade rifle. In collections to-
day these trade rifles often have sewed
rawhide repairs “characteristic of used
Indian arms.” The Indian user neglected
finish, cleaning and careful gauging of
the powder charge; soon the “precision
machine became something less than
positive and accurate.” The gunsmith
was generally not available to the In-
dians, although brave and clever black-
smiths came West with pole bellows,
hammer, anvil, vise, charcoal and bar
iron to work in the trading posts and
forts of the mountain men. If destiny was
manifest, it was in those forges.

Dr. Russell has given us a loving work,
which by its intensity of thought and
evidence passes beyond the interests of
antiquarian and collector into a true his-
tory, but a history whose main sources
are the objects themselves, presented to
us in hundreds of careful line drawings
made by several artists. He ends his work
with an essay on his method, an appeal
for a new profession, historian-archae-
ologist, for which he sets a high standard.

FORGOTTEN Scriprts: How THEY WERE
DecipPHERED AND THEIR IMPACT ON
CoNTEMPORARY CULTURE, by Cyrus H.
Gordon. Basic Books, Inc., Publishers
($6.95). Somewhat obscured behind its
pufty subtitle, this tight, engaging, sur-
prisingly personal book describes the
software brilliance that in the eastern
Mediterranean enriches the work of the
spade. Archaeology and decipherment,
twin fruits of the Enlightenment, are in-
dispensable to the modern mind. Pro-
fessor Gordon has practiced both, and
he has also served as a military crypt-
analyst. He tells us just how he deci-



Narrow emission profile source highlights flame spectrometry

In flame absorption spectrometry, the source
providing the spectral emission lines of the
element to be detected in the flame, should give
brightlines,whichmustbe asnarrowas possible.
Hollow-cathode gas discharge tubes, normally
used for this purpose, all suffer from self
absorption. Metal vapour is diffused through-
out the discharge column, and much of the
light emitted is re-absorbed by the vapour.
In consequence, the peak in the emission
line profile” is selectively reduced so that the
line 1s undesirably broad. Moreover the light
outputislow. Both factors impair the measure-
ment system sensitivity.

Recent work by Z. van Gelder, of the Philips
Research Laboratories, Eindhoven Nether-
lands, has resulted in the design of a new
spectral source tube, which gives a useful
light output some ten times greater than the
conventional tubes, besides having a much
narrower emission line profile. The new tube
can be used to trace metallic elements in
such diverse samples as blood, fuel additives
and lubricating oils.

The basic ideas for the improved tube can
be expressed in a few words: ’The emission
of excited atoms is proportional to ne X na
(electron and atom density respectively),
the self absorption to na only.” The positive
column between cathode and anode with a
high current gives a large ne, with maximum
electron density along the axis. A sputter
electrode is made from the element whose

spectrum is desired. A low ion current of the
filler gas is drawn towards the sputter
electrode and releases atoms, which diffuse
into the plasma. The already low density na
of these atoms is lowest near the axis. The
metal vapour is confined to a small region of
the plasma by glass capillaries. The light
output in the direction of the axis is thus
obtained from the region with lowest na and
highest ne, as required.

Measurements on tubes made in the research
laboratory show that, unlike conventional
tubes, line profile and hence absorption
sensitivity in the flame is independent of light
output. As a result a double-beam method,
which eliminates variations in the source out-
put, is nowreally possible. Finally, the confine-
ment of metal vapour to a small region enabled
us to build 3 different elements into one single
tube. A research sample is shown in the photo-
graph above.
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phered Minoan, as one late, intimate
link in a chain of even greater successes
that have revealed Egyptian, Old Per-
sian, Sumero-Akkadian, Hittite, Ugaritic
and the Cretan Linear B script in which
the Mycenaeans wrote their dialect of
Greek.

The Minoan (Linear A) chapter is a
candid and engaging piece of autobiog-
raphy. The talent and the equipment
such a Philadelphia-born scholar brings
to his work is awesome to that halting
reader of foreign menus who must be
the modal American. Hebrew he learned
at five; Aramaic, Latin and German in
high school years; Swedish, Greek and
Arabic in college, and “one summer I
decided to learn French, Italian, Span-
ish, Portuguese, Dutch and Dano-Nor-
wegian by myself, through studying each
one of them one hour per day during
the three-month vacation.... I took...
examinations in the autumn...and was
awarded . .. certificates in all of them.”
He gives a glowing account of his deeply
polyglot teachers in graduate school,
men to whom such learning was com-
monplace. In 1931 a voyage past Crete
consciously kindled his wish to crack the
mystery of Minoan. In 1956, known as
a scholar both of technical distinction
(author of Ugaritic Handbook) and of
public esteem (Homer and Bible), he re-
ceived the volume of newly deciphered
documents in Linear B from Michael
Ventris and John Chadwick. A tablet
written in Linear A, which uses similar
phonetic signs, figured there incidental-
ly. It was an inventory of pots with syl-
labic descriptions. Three of the five ves-
sel names looked Semitic; the word for
“totals” in Linear A had been guessed.
It was ku-ro; “Semitic kull-, ‘all,” oc-
curred to me immediately.” Four words
were the basis of a paper. By now, after
a lengthy pursuit of false clues, Minoan
is pretty well on the road to full deci-
pherment, as close kin to Phoenician.
The archaeologists confirm it; the copper
bars in the Bronze Age Aegean ship-
wreck off Cape Gelidonya were being
carried by a Phoenician merchant.

“It is the lucky guess that pays off.
When the lucky guess leads to the break-
through, the decipherer experiences an
illumination...mystics know. But the
breakthrough must be objectively de-
monstrable.”

The three-script tablet, the Rosetta
stone, led in one generation to the read-
ing of Egyptian, mainly through the
work of three men, Johan David Aker-
blad, Thomas Young and of course Jean
Francois Champollion. The Swedish
diplomat first recognized that the De-
motic system was cognate with Coptic,
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which preserves the old tongue in Greek
script; Young realized that the script
could not be alphabetic but was pho-
netic; Champollion went all the way to
translation of some unilingual texts. Old
Persian, the first of the cuneiform scripts
to fall, was deciphered from a unilingual
text of a royal edict, trading on the pres-
ervation of the language by the Parsees,
the Zoroastrian refugees in western
India. The great trilingual cliff inscrip-
tion left by Darius at Behistun in Kur-
distan, carved in Old Persian, Elamite
and Babylonian, opened the path to
the most ancient texts. Sumerian, the
oldest written tongue, is not yet fully
readable; passages are ambiguous, al-
though the general meaning comes
through. We have many polylingual
texts including Sumerian versions, but
the language itself has no known close
relatives. Ugaritic was a wholly new
Semitic language in cuneiform script,
the first text found by chance in a My-
cenaean tomb in Syria in 1928. By 1930
the script could be read; the decipher-
ment was a matter of a substitution
cryptogram with complications. A tablet
was found that gives the Ugaritic alpha-
bet in Akkadian signs; it was discovered
in 1955, too late to help. It is a fine con-
firmation of the work.

Samples of all these strange signs ap-
pear drawn and photographed through-
out the book.

GALILEO: MaN oF Sciexck, edited by
Ernan McMullin. Basic Books, Inc.,
Publishers ($15). In the anniversary
year of 1964 half a dozen congresses
evoked the name of Galileo. They all
produced volumes. This book, based on
the quatercentenary celebration at the
University of Notre Dame but strongly
supplemented, is the weightiest in form
and content. It has papers from scholars
who were not present, the first English
translations of essays by four noted sa-
vants now dead and a section bringing
the great Italian bibliography of Gali-
leiana up to 1964. Names such as Still-
man Drake, Bernard Cohen, Willy
Hartner and Rupert Hall indicate the
depth and range of the essays. The most
telling are a pair of papers, one by Vasco
Ronchi of Florence, one by Silvio Bedini
of the Smithsonian, with the half-dozen
photographs that illustrate them.

They present Galileo, the first tele-
scopic astronomer, in his true light as
farseeing developer of novel instru-
ments that worked. He first heard in the

spring of 1609 that people were using,

the telescope to make distant things
larger and clearer. The instruments,
made of two ordinary spectacle lenses
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(which had been a standard article of
commerce since soon after 1300) mount-
ed in a cardboard or metal tube, were
for sale all over Paris in 1609, by a con-
temporary account, “in the shops of the
lens-makers.” They were mere novelties;
they had been on the market in Holland
from 1604. These first Dutch examples
were themselves modeled on a single
specimen brought from Italy and dated
1590. Hence Galileo by no means in-
vented the telescope, if indeed, as he
liked to assert, he really had indepen-
dently reinvented it from a brief account
of its nature and existence. But just
as the mistrusted spectacle lenses had
meant nothing to science for three cen-
turies (the first scientific account of
lenses seems to date to 1589), so the
combining of a pair of lenses into a
magnifying instrument had meant noth-
ing to science for 20 years. In fact, one
cannot easily make a useful astronomi-
cal telescope from today’s spectacle
lenses. Their glass and their shape are
simply not adequate. Galileo, however,
had the insight to push the art ahead. He
worked up “a telescope producing good
images and magnifying thirty times...
in a basic sense a quite different instru-
ment than one which gave a blurred
image and magnified only three times.”
Galileo owned a shop, where his pro-
fessional instrument-maker had spent a
decade making for sale the proportion-
al compasses of which Galileo was so
proud. He ordered his own optical glass,
“most pure and excellent for these arti-
facts,” and sent off to Murano and even
to Florence for lenses. He made up many
telescopes, but the yield of workable
ones was low. “T still have ten...which
alone, of a hundred and more which I
have constructed at great expense and
effort, are suitable for...observations
of the new planets.” On one occasion he
made a telescope so good he was unable
ever afterward to equal it. He used ruth-
less selection, once mentioning a yield
of only one in 16. Determination and
“new artifices” of glassworking and con-
struction, without any theory but with
much experience and feeling, made his
telescopes superior. What a fresh sense
of the man and his work this documented
story gives us! It rings like gold to any-
one who knows himself how uncertain
it is to make something even a little
novel. That time the hard work was
worth it; through those rare “most ex-
quisite” tubes a new universe—ours—
was seen.

rl"mz Bic Macuixg, by Robert Jungk.
Charles Scribner’s Sons ($6.95). The
Big Machine is, of course, a multi-BeV
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COLLECTED

RUMFORD

Edited by
Sanborn C. Brown

Volume I—
THE NATURE OF HEAT

Like his countryman and con-
temporary Benjamin Frank-
lin, Benjamin Thompson
(1754-1814) was one of the
greatest American-born sci-
entists. His wide-ranging in-
terests and boundless vitality
led him to apply his scientific
and technical knowledge to
increase the degree of com-
fort in daily life—from better
fireplaces and warmer under-
wear to more nutritious poor-
house soups and steam heat.
He worked in Germany
(where, for his services, he
was made Count Rumford), in
Ireland, England, and Italy.
A “complete” edition of his
writings on his experiments,
inventions, and discoveries
was published by the Ameri-
can Academy of Arts and Sci-
ences between 1870 and 1875,
now long out of print. In this
new edition of Rumford’s
Works, the papers are ar-
ranged according to subject.
Volume I, which includes a
paper never before published
in English, deals with Rum-
ford’s work on the nature of
heat as a form of energy and
his experiments to disprove
the widely held material the-
ory of heat.

The Collected Works, to ap-
pear in five volumes, will pro-
vide a unique portrait of the
development of science dur-
ing the early years of the In-
dustrial Revolution.VolumelI,
$10.00. Volumes II through V
in preparation.

A Belknap Press Book

HARVARD
UNIVERSITY PRESS

particle accelerator. Three of the species
appear on stage, one at CERN near Ge-
neva and two in the suburbs of Moscow;
also featured is the planning office near
Chicago where the mile-in-diameter ring
of 1973 is still growing on paper. There
is not much particle physics in the book
(not enough, in fact, for clarity), but
there is a careful and many-sided report
of the history of the machine of the Con-
seil Européen pour la Recherche Nu-
cléaire, heart of a hugely successful daily
example of all-European cooperation in
a wholly open and peaceful venture.
(Believe it or not, the bureaucrats’™ first
acronym for CERN in 1952 was CREEP-
L10AFCRN.) The execution of a big and
vexed neutrino-detection experiment is
reported from concept to completion,
mostly in the words of akey participant;
many good conversations are recorded,
if a little stiltedly, about big laboratories
and about the people in them. It is not
all roses, although Jungk does appear to
be a bit overawed by all those restlessly
clever people and their fast talk. He
raises the central questions, never far
from the reflections of the trade: Is it as
healthy as it is inevitable that the inge-
nious experimenter who was once a
cheerful Rutherford has become an or-
ganization man? Is it wise to spend $50
million a year in a laboratory that has no
economic product and that may house
only a “caste of maniacs, who try to solve
problems created only by our machines™?
The author is in no doubt. It is worth-
while; the freedom, internationalism, ra-
tionality and enthusiasm of these men
create a fresh climate of the mind, a
match for the problems they are engaged
in solving, problems whose attack and
solution is finally a challenge to the curi-
osity and pride of mankind. Yet there is
arrogance to report as well: the young
physicists at CERN, a self-conscious
elite, look down on the many indispens-
able specialists who keep their machine
alive. “In their eyes were only black-
smiths.” (Blacksmiths, of course, were
once themselves masters of the essential
mystery.)

The fascination of this book is its eye-
witness account of the two Russian lab-
oratories. The newer one, Prodvino, is
today the lively site of the world’s largest
working high-energy machine. The ma-
chine runs like a clock; the buildings
are like those in the West, “functional,
not. .. without elegance . .. comfortable.”
The Russian character is not to be seen,
although the legacy of the war is strong:
the district was a battlefield. Dubna, iso-
lated, still under a heavy-handed regime
of passes and strict guards, its main lab-
oratories in the columned style of the
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classic revival, with window draperies of
heavy red plush, and its homes with their
fenced gardens on the calm tree-lined
streets, is Russia before the thaw. It was
built by Beria’s men; the big machine it-
self, the first large Russian venture into
the high-energy world, is of a grandiose
and “technically archaic” design. Yet
Brecht was performed in Dubna before
his plays could be seen in Moscow (“I
haveneverbeen anywhere where foreign
languages are studied with such alac-
rity”), and in Dubna, as never at CERN,
the “attractive and highly intelligent
women scientists” make up a third of the
group. At CERN women work almost
entirely (Jungk says “only,” but he is
here wrong by one or two) at the type-
writer or in the library and the computer
room. Dubna parties do not split up into
two knots, men and women. One hears a
Moscow professor who was raised in
Paris speak: “T envy [the Westerners]
for a number of reasons. But even more,
I pity them.... I mean the coldness in
which almost everyone lives. Everyone
is basically alone there. My co-workers
and I—we are friends. We belong to-
gether.... At the beginning, when the
war brought me back...this Russian
lack of discretion seemed unbearable.
Today, 1 know it is genuine sympatl\y,
or—if you cynics can still tolerate such a
weighty word—love, and I now would no
longer want to live the way my former
countrymen do.”

P[\'DIKOGEN BonpinG IN SoLips: METH-
4 L ops oF MOLECULAR STRUCTURE
DETERMINATION, by Walter C. Hamil-
ton and James A. Ibers. W. A. Benjamin,
Inc. ($13.95). Structural chemists intend
to learn the shape, binding and motions
of molecules. The wonderful iterative
fabric of a crystal serves to hold mole-
cules in such a way that subtle means
are applicable to learn their nature. Of
all the specific interactions of molecules
the best-studied is the hydrogen bond.
That is the manifesto of these candid au-
thors, who present this clear text for ad-
vanced students in a critical and reflec-
tive vein, seeking to illuminate by this
significant example the many ways now
open to us for knowing molecules.

A line of hydrogen bonds forms the
backbone of the alpha helix of a protein;
the base pairs of the famed double helix
of DNA are joined by hydrogen bonds;
ice and the many compounds whose solid
phases contain the classical “water of
crystallization” are crystals whose mole-

_cules are much linked by hydrogen

bonds. That bond is not easy to define
with precision; it is no well-defined over-
lap of electrons as the covalent bond
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bers of the National Academy
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com and dozens of other highly
advanced systems, We've
gathered lots of material for
you— facts on everything from
programs to fringe benefits.

If you're an E.E. from an accredited

university with 2 or more years of professional-
level experience applicable to aerospace
research and development technology,
please send us your resume.

We'll send you ours by return mail,

Mr. Robert A. Martin

Head of Employment

Hughes Aerospace Divisions
11940 W. Jefferson Boulevard
Culver City, Calif. 90230

U.S. citizenship is required
An equal opportunity employer = M&F.

HUGHES AIRCRAFT COMPANY
AEROSPACE DIVISIONS

© 1968 SCIENTIFIC AMERICAN, INC




Latest Scientific
Information
From USSR

Subscribe
Now for

1969

Russian Scientific
Magazines and Journals
in Russian in many fields

« Cybernetics
« Colloids

« Engineering

« Acoustics
« Aeronautics
» Atomic Energy

» Automation » Geography

« Biology » Geology
* Analytical * Mathematics
Chemistry » Optics &
» Biochemistry Spectroscopy
« Biophysics » Thermodynamics
Write for plete 1969 catalog

listing many more Russian scientific
periodicals and books in your field.

FOUR CONTINENT BOOK CORP.

Dept. 737,156 FIFTH AVE., NYC 10010

How
China got the bomb

THE
CHINA
CLOUD

America's Tragic Blunder
and China’s Rise to
Nuclear Power

By William L. Ryan
and Sam Summerlin.

The fascinating, behind-the-
headlines story of how some
80 Chinese scientists—trained
on U.S. campuses, then driven
from this country during the
McCarthy witch-hunting era

of the 1950’s—were able to
make China an unwelcome
member of the nuclear club.
Associated Press correspond-
ents Ryan and Summerlin pay
particular emphasis to the
roles played by Tsien
Hsue-shen and Chao
Chung-yao, the top missile
and nuclear experts, in
this chilling story that
every American will want
to read. $7.95 at
bookstores. Little, Brown
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is. Rather it is a group of three atoms, the
intermediate one being hydrogen, which
is linked to one partner by a near-normal
covalent bond and drawn by electro-
static attraction closer to the other than
the normal distance of contact. Many
complicated networks of bonds are
known. In ice the hydrogen atoms form
a shifting net joining the tetrahedral
array of oxygens.

The book is distinguished by a rich
collection of stick-and-ball drawings of
structures that can be viewed in three
dimensions. (A stereo viewer is provided
in each copy.) The alpha helix twists its
spiny way up an entire page; ice looks
like a section of honeycomb. These inter-
esting diagrams were prepared by com-
puter.

X-ray diffraction is not the royal road
to locating hydrogen bonds. Electrons
alone respond to X rays, and the hydro-
gen atoms contribute an unnoticeably
small share of the total electron density
in most solids. Neutrons, however, can
feel protons about as well as they feel
any other nuclei; neutron diffraction,
using the de Broglie wave-scattering of
slow neutrons, is the most direct method
of study. There are others: the dynamics
of the vibrating hydrogen atom can be
learned from infrared spectra, the proton
spin can interact magnetically with other
nuclear magnetic neighbors to show up
as a modification of the free-proton res-
onant response to radio-frequency oscil-
lations in a magnetic field. All of these
are discussed; the complex weaving of
configuration, analogy, bond theory and
comparative molecular anatomy, so typi-
cal of the ingenuity and learning of the
chemist, is applied to a subject that is by
no means straightforward or complete.
The authors conclude their careful sum-
mary of methods by pointing out that
understanding is what “should be the re-
sult of any chemical investigation....
Attention to method and instrumenta-
tion is only a means to an end.”

»x.\'L\IALS 1N SPLENDOUR, by E. L. Grant
< * Watson. The Horizon Press ($4.95).
They do these things well in France. But
here, in a score of poetic and yet some-
how spare essays, a British naturalist for
once has celebrated the spirit of the zo-
diac in our uneven and many-parented
tongue. Each piece is the evocation of
some beast, be it pig, hawk, toad or slug,
seen with the eye of a careful watcher,
woven from myth and tale, from a com-
ment by Martin Buber or by Charles

Darwin, out of experience in an Aus-

tralian upland ranch or with journeyers

by camel in the Palestinian desert. The
| animals are seen as having human quali-
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ties in myth, we as bearing their images
in our soul. So it must have been before
men wrote, when they assigned to a
ring of strange creatures the circle of the
sun. It is all examined pointedly, in-
formed throughout by science. Not all
readers will come to like these pages,
but some readers will keep them for a
long time. The intricacy of interdepen-
dence is one clear theme. Foxes abound
now in rabbit-free England because the
culled dead fowl from those broiler
houses whose “stench is sufficient to tell
all nature of our sin” are chucked out un-
buried for the foxes. “In this way is the
balance of nature upset by lazy farmers
in a dirty trade.” Or watch the yellow
slugs outside the kitchen in their her-
maphrodite double conjugation, sus-
pended in midair on a thread of slime:
“A sensual tenderness was not to be mis-
taken. No crude, stiff, ill-adjusted mech-
anism was there present. The fire of love
was in their moisture.”

OCEANS, by Karl K. Turekian. Pren-

tice-Hall, Inc. ($5.95). A hundred
somewhat too laconic pages make up this
remarkably up-to-date little book (a bar-
gain in a $2 paperback), which belongs
to a series presenting a detailed first
textbook of geology. Marine geology
was something rather apart from the old
college geology; today it is growing to
its proportionate importance. Here we
can read of the ocean basin, of its great
ridges and peaks, of the oozes and nod-
ules of the floor and whence they come,
of the ebb and flow of currents and tides,
of the chemistry of seawater, the most
abundant of all minerals. It is not all
easy going, for the substance and mo-
tions of the sea are more subtle than the
tracing out of visible layers or the palpa-
ble cutting of river valleys that make
up elementary physical geology on land.
The treatment of chemical equilibrium
in the sea is somewhat too technical for
the general level assumed in an introduc-
tory text (the author is a marine geo-
chemist), but one can find no better brief
guide to the modern flood of understand-
ing of the ocean as a part of the earth.
Marine life, however, is treated only in-
cidentally. The magnetic bands of the
spreading sea floor, the opinions that the
sea originated with gases from the rocks,
that its floor is always new, that one
must ask rather why the rivers are fresh
than why the sea is salt—all these mat-
ters and many more are put forward
with evidence and tentative conclusion
equally clear. Even the destruction of
Atlantis (probably in the Aegean, where
it is marked by a great ash layer 5,000
years old) is mentioned.
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The fascinating story of minerals
from King Solomon’s mines to
Uranium 234 told by the noted
authority, Paul E. Desautels, curator
of gems and minerals at The Smith-
sonian Institution. lllustrated with

magnificent full color plates, the book

is an authoritative guide as well as a
visual delight.
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48 page “How and Why Wonder Book
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At Martin Marietta you could be cooking up leakproof waffles
to test meteoroid shower power.

NASA needs to know what will happen
when spacecraft of the future collide
with meteoroid showers. To find out,
they asked us to devise meteoroid de-
tectors to send into outer space. And
so we came up with these waffle-like
detector panels filled with helium.
They’re completely leakproof and they’ll
stay that way for 100 years.

Martin Marietta is an equal opportunity employer.

That's quite a claim, we agree. But
look at what we do to prove it. The pan-
els are put into our new space chamber
for 15 days under an oppressive +350°F
and for another 15 days at a frigid
—250°F. Prior to this, the panels are re-
cycled 21,344 times under temperatures
ranging from —100° to +325°F. After
that, they’ll be ready to take on anything
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in outer space. For 36,500 days, at least.

This is just one of the challenging
assignments we’ve got going in space
science and engineering. To find out
what opportunities there are in your
field, write to: Professional & Manage-
ment Relations, Aerospace Group,
Friendship International Airport, Balti-
more, Maryland 21240.

MARTIN MARIETTA



Michael Harner did. For two years, he lived
with the Jivaro Indians of the Ecuadorian
Amazon, a witchcraft-haunted people who
regard normal waking life as an illusion.
: The Jivaros enter the
‘““real” world through hal-
lucinogenic drugs.

Mike’s recent firsthand
report on these natives is
typical of the kind of ar-
ticles which appear every
month in NATURAL His-
TORY, the horizon-expand-
ing magazine published
by The American Muse-
um of Natural History.

Our writers and photographers have also
recently ‘“gone native” among the warlike
Yanomamo of Brazil, the indomitable
Basques, the nomads of Mongolia, and the
hippies of San Francisco. Obviously, “going
native’”’ NATURAL HISTORY style doesn’t
mean getting away from it all — it’s more
like getting to it all.

In any issue you may be transported back
40,000 years to the Ice Age, or 200 feet
down a coral reef. You may be taken under
the lens of a microscope to the busy life of
the amoeba, or under the quite different
lens of an anthropologist ex-
ploring human violence.
Wherever NATURAL HISTORY
takes you, you’ll meet real ex-
periences and real data—pre-
sented with imagination and
enthusiasm.

~

That enthusiasm is often
tempered by concern. For
everywhere our natural envi-
ronment is being polluted,
disrupted, destroyed or “im-
proved” at a galloping pace.
NATURAL HISTORY speaks out
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effectively about these encroachments. Even
more importantly, it seeks to understand
the real needs and nature of the human
animal today.

We think you’ll find NATURAL HISTORY re-
freshing. It offers you eye-opening perspec-
tives on yourself and the world around you
— in an adult format that talks straight to
you in honest language. And what we can’t
say in words we put into pictures — photo-
graphs, drawings, maps,

charts, diagrams — that *
add color, dimension, and
clarity to an informed
perspective. Toread NAT-
URAL HISTORY is to expe-
rience the same kind of
revelation and joy you
remember from child-
hood, when everything
was new and just waiting
to be discovered.

Return the coupon now and we’ll send you
this month’s NATURAL HISTORY free. You
begin your subscription next month only
if you enjoy “going native”’—with a maga-
zine that delivers a sense of discovery with
every issue.

CURRENT ISSUE FREE'

NATURAL HISTORY MAGAZINE
29B West 77th Street, New York, N. Y. 10024

Please send me your current issue free, and enter my subscrip-
tion for one year (10 issues) at $7 begmmng next month, (If |
decide that Natural History isn't for me, | may cancel my sub-
scription without obligation.) | under;tand (ha( | will also_be
enrolled, at no extra cost, as an Associate Member of The
American Museum of Natural History, which entitles me to two
gift books a year, special discounts at the Museum Shops and
other benefits.

Check enclosed [] Bill Me O

NAME

ADDRESS — E—
cITY STATE. 2IP

*New subscribers only.
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The leopard was made by a taxidermist.

Its coat is a modacrylic textile fiber
made by Union Carbide from several
basic chemicals. It's called Dynel.

Of course, man-made fibers aren't
new. But for versatility, Dynel probably
has no equal. We can make it as softand
warm as fur for your coat. Or so tough it

approaches the strength of steel.

You'll find it in blankets, work clothes,
automobile upholstery, toys, jewelry. In
carpets, towels, drapes, paint rollers.

Andsince Dynel is chemical-resistant,
durable and virtually nonflammable, it's
used in many more ways. On laminated
decks of boats. For tents. As overlays
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for storage tanks and air ducts.

But regardless of all its practical uses,
Dynel is most famous for something
else. It's great for making wigs. For
blondes and brunettes and redheads.

Remarkable fiber? We think so. But
haven’t you found that a lot of remark-
able things come from Union Carbide?
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