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The day they threw orchids away!

So great was the need for rubber in 1876 that
when 70,000 wild rubber tree seeds arrived from
Brazil, the Royal hothouses of London were quickly
emptied —orchids and all —to make room for raising
the young plants that led to the first rubber
plantation.

Now, the chemical laboratory is the “hothouse”
for a new kind of rubber. In performance and
chemical structure, new Shell Isoprene Rubber is
so nearly identical to natural rubber that manu-

Shell Chemical Company

Chemical Partner of Industry and Agriculture
TORRANCE, CALIFORNIA

facturers can assign it to jobs once restricted to
tree-born rubber. Shell Chemical’s new product is
even used in heavy-duty truck tires —most punish-
ing assignment of all —where no previous man-made
rubber made the grade!

Adding polyisoprene to
the nation’s rubber supply
is another important way
Shell Chemical stretches
our vital resources.
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How

windup leads

Operating today in the Bell System is the strange-
looking microwave amplifier you see at the top of the
page: the traveling-wave electron tube. It is extremely
important to the System, because it can carry many
more simultaneous telephone conversations than other
types of tubes. It’s an unusual tube . .. and Western
Electric engineers solved an unusual problem to manu-
facture it successfully.

An extremely precise coil of wire — a helix — is the
tube’s heart. As the microwave signal “travels” down
the coil, its strength is increased thousands of times
as energy is transferred to it from an electron beam
aimed down the center of the coil. Variations in a coil’s
turn-to-turn spacing, or less than “perfect” pitch, would
cause serious signal distortion.

To solve the problem of producing high-quality travel-
ing-wave tubes at reasonable cost and in quantity,
Western Electric engineers developed and built a ma-
chine capable of winding 2,000 turns of wire in helices
up to twelve inches long, or as many as 500 turns per
inch in shorter lengths. And the wire is wound with less
than .0002” variation in pitch. And, even these minute
deviations do not repeat regularly!

The machine is shown in the photograph below. A
“mandrel” or rod on which the wire is wound is drawn
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Western Electric

to “perfect” pitch

This traveling-wave tube, developed by Bell Telephone
Laboratories, is a major advance in microwave trans-
mission. With it, the “TH” Microwave Radio Relay
system of six, 2-way channels can handle 11,000 tele-
phone conversations simultaneously (or twelve tele-
vision channels and 2,500 telephone conversations).

T '.Ma-umulumv

The helix wire (here 4 times actual size) is wound
automatically with less than .0002” variation in pitch.

at a uniform rate past a diamond wire guide. The num-
ber of turns is controlled by a programmer that also
accurately changes the pitch of the winding at any posi-
tion as determined by an exact turn count. The remark-
able precision achieved is made possible primarily by
“extreme precision” ball bearings and a perfectly mated
lead screw and nut. The mandrel is mounted in a chuck
attached to the lead screw.

By developing and building this machine, Western
Electric engineers met a tough manufacturing challenge
and made top-quality traveling-wave tube production for
the Bell System economically feasible. The achievement
is significant because traveling-wave tubes are increas-
ing tremendously not only the capabilities of long dis-
tance telephony, but also are performing superbly in
command guidance systems developed by Bell Telephone
Laboratories for Nike Hercules anti-aircraft missiles.

MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM

W.E.-designed Helix Winding Machine (shown here with protective hood removed). Major components are:

1. programmer, 2. lead screw nut, 3. lead screw, 4. chuck for mandrel, 5. wire guide. (Text explains operation.)
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“Modern chemistry has made few dis-
coveries of greater significance than
polymerization. Few polymer formers
have greater versatility, actual or po-
tential, than diisocyanates.”

This quotation is from a new free book-
let prepared by our National Aniline
Division. Entitled “Diisocyanates,” it
describes the origins and development
of these polymer formers which are be-
ing used to achieve that revolutionary
new plastics family, polyurethanes.

Polymeric building blocks

The booklet begins with a discussion of
polymers in nature, from which chem-
ists took their cue to devise their own
building blocks. One of the most in-
triguing building blocks for forming
large polymer molecules is the class of
organic chemicals called diisocyanates.
With them it is possible to duplicate the
properties of almost all known types of
plastics.

In order to help the reader appreci-
ate the diverse materials that can be
formed with diisocyanates, the booklet
includes a brief history of their origins,
followed by an outline of present day
chemistry in the field.

Polyurethane foams

From there, the booklet takes us into
a discussion of the most interesting and
important polyurethanes (polymers
based on diisocyanates)—the foams.
It tells why and how these materials
foam and describes the tremendous va-
riations that are possible. Polyurethane
foams range from one to 60 pounds per
cubic foot in weight. They can be made
rigid enough to support heavy loads or
flexible enough to serve as mattresses
and coat linings.

Flexible foams
Flexible foams may be produced which
have little “bounce-back” and high
shock absorbency. These are well
adapted to such uses as automobile
crash pads, where they minimize the
danger of “snapback” injuries, inher-
ent in pads with little absorbency,
more bounce. Other flexible foam ap-

DOOR IS OPENED...
TO NEW DEVELOPMENTS IN DIISOCYANATES

RNCO +ROH = gRicoor’

(150CYaNATE) (ALCoHOL)
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2.RNCO + HOH —> RNHCONHR+ Co,?
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Key equations of urethane chemistry show the simultaneous reactions of isocyanates
with alcohol and with water. The reaction produces a solid product and carbon dioxide,
which “blows” the foam material. From “Diisocyanates,” a free booklet just off the press.

plications include pillows, furniture
cushioning, vermin- and rot-proof car-
pet underlays, floor mops, clothes
brushes, and warm yet lightweight
linings for winter clothing.

Rigid foams
You’ll read how polyurethanes can be
cross-linked to formsemi-rigid and rigid
foams as well. The former of these can
be sprayed onto walls as acoustical in-
sulation or foamed in place in wall cavi-
ties where insulation is wanted. Rigid
foams find application as harbor buoys,
buoyancy chambers for boats, and as
filling for aircraft wing tips. You may
be surprised to learn that prefabricated

llied
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BASIC TO AMERICA’S PROGRESS

© 1960 SCIENTIFIC AMERICAN, INC

sandwich wall panels for homes are
now under test and that foamed-in-
place polyurethane resins have been
used for the setting of bones.

Other polyurethane products
The booklet describes the other forms
of polyurethanes as well; for with more
cross-links, polyurethanes become plas-
tics that do not warp or swell and have
high impact strength. Polyurethane
rubbers for exam-
ple: soles and heels
that outlast conven-
tionalshoe materials
10 to 1...hundred-
thousand-mile tire
treads that promise
to be a commercial
reality soon.

Anyone interested in the general sub-
ject of diisocyanate chemistry, or who
is working with polyurethane materials,
will find the booklet, “Diisocyanates,”
valuable. For a free copy, just write, on
company letterhead, to Allied Chemical
Corporation, Dept.116-S,61 Broadway,
New York 6, New York, or phone
HAnover 2-7300.

DIISbCYMATES
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NEW JERSEY

“cradle of
industrial research”

Many of the scientific developments
that will shape tomorrow’s world
are germinating right now in New
Jersey’s more than 500 industrial
research institutions. The smaller
manufacturer who does not have
his own research staff can easily
find top-notch facilities and person-
nel available close by to help work
out his problems.

Because of its great contributions
in such fields as electricity, elec-
tronics, chemistry, metallurgy and
aviation, New Jersey has been
called “the cradle of industrial re-
search”. Your executive and techni-
cal people will find a stimulating
environment here, and ample op-
portunity for advanced study.

Write for our 40-page, “New Jer-
sey Industrial Guide”

NEW JERSEY

Bureau of Commerce, Section 951-N

Department of Conservation
and Economic Development

520 East State Street
Trenton 25, New Jersey

in the
geographic
center of

THE COVER

The photomicrograph on the cover shows the end of a bundle of very
fine glass fibers that is used as a “light pipe” (see page 72). Each fiber is
only two microns (.002 millimeter) in diameter. The patterns in the fibers
surrounding the two bright fibers at upper left are caused by the coupling
and interference of the light waves as they travel down the fibers.

the world’s
richest
market
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BRING IT

BACK FROM

SPACE

with the help of

CTL's Pebble Bed
Heat Exchanger

Successful re-entries in your space vehicle pro-
grams can be assisted by calling on the experi-
ence and facilities of CTL — builder of the first
full scale re-entry vehicle. CTL's Pebble Bed Heat
Exchanger simulates Mach and heat flux environ-
ment through the entire IRBM-ICBM-space
vehicle re-entry range. m CTL's thermal experts
will give you comprehensive data on all types of
ablation or transpiration materials — effective
heat of ablation, apparent thermal diffusivity, rate
of ablation, free stream enthalphy, endothermic
or exothermic characteristics.

Speed your thermal shielding projects to effective
conclusions. Call or write for full information on
CTL's thermal testing capabilities.

1246 Glendale-Milford Rd., Cincinnati 15, 0. « 1201 £. Wakeham Dr., Santa Ana, Calif.
DIVISION OF STUDEBAKER-PACKARD CORPORATION
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NEW

GENERAL ELECTRIC
1< 22225 INFORMATION
PROCESSING SYSTEM...

OFFERS YOU

SYSTEM FLEXIBILITY

FOR...

BUSINESS INDUSTRY

SCIENCE

ENGINEERING

MILITARY




\\'_\ Document Sorter

Receiver

Magnetic Tape
System

DATA MATING PERMITS WIDE USE GF ANY OR ALL MAJOR
INPUT-OUTPUTS...A MULTITUDE OF JOBS AT LOWER COST

e New GE Data Mating permits simultaneous
operation of every major peripheral device while
computing. Result—the new GE 225:

performs a multitude of jobs at much lower cost.

provides greatest efficiency —maximum utiliza-
tion of machine time.

allows low cost input-output additions and sub-
stitutions.

permits many varying and money-saving appli-
cations within one organization—including mini-
mum cost conversion.

e Data Mating enables GE 225 to be teamed with
new MICR documents, punched cards, punched
paper tape, magnetic tape, mass random access
memory, drum memories, high speed printer, type-
writer, high speed transmission lines.

* High speed operation—25,000 five-digit addi-
tions per second.

¢ Compactness and low power requirements reduce
cost of installation, site, air-conditioning, opera-
tion and maintenance.

e Practical for use in smaller firms where computer
operation has heretofore been unfeasible.

e Full range of services available—programming
aids package, training and consultation, back-up
computer centers, and maintenance program.

For more detailed information, write
today for brochure CPB-101 on the
new GE 225 Information Processing
System. Also available: brochure
CPB-81 on the GE 210 Data Proc-
essing System.

Write to: General Electric Company
e Computer Department « 13437 No.
Black Canyon Highway « Phoenix,
Arizona.

Progress Is Ovr Most Important Product

GENERAL

ELECTRIC

cPA-35(11.60)

General Electric—A pioneer in computer systems for all phases of business, industrial, scientific, engineering, and financial endeavor.
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Now a structural adhesive so strong

it can “freeze” rail joints

Armstrong has developed a structural adhe-
sive so strong and tough that railroads are
now using it to reinforce — or ‘‘freeze’’ —
the joints of mainline track.

Despite constant pounding by fast-moving
trains, this remarkable adhesive gives track
joints up to six times the resistance to move-
ment possible with bolts and joint bars alone.

This powerful Armstrong adhesive—called
J-1156—offers a unique combination of
strength and resilience. This qualifies it for
many structural and mechanical applications.

Because J-1156 provides 1009 fastening
over the joint area rather than at only bolt or
rivet points, it can substantially increase the
strength of an assembly. This means that
costs may be lowered in two ways:

(1) Conventional fasteners or stiffening
ribs may be reduced in number, weight, or
size or even eliminated. (2) The weight of the
parts themselves may be reduced. A com-
bination of both may even be possible.

A J-1156 bond is permanently resilient.
Thus, it can withstand continuous vibration
as well as battering shocks and heavy static

loads. For example, rail joints reinforced with
J-1156 remain tightly closed under horizon-
tal loads well in excess of 250,000 pounds.

This powerful adhesive goes on quickly and
easily, requires no mechanical pressure. On
larger structural assemblies, workmen wear-
ing gloves can apply J-1156 to bonding sur-
faces by hand. In other applications, brush,
trowel, or caulking gun can be used.

J-1156 cures overnight without heat, or in
half an hour at 300° F., and develops shear
strengths of up to 4,960 psi. The cured bond
effectively resists weathering and has excel-
lent chemical resistance. It is unaffected by
climatic extremes.

By freeing the designer from complete de-
pendence upon such fastening devices as
rivets, bolts, and welding, J-1156 points the
way to lower cost, lighter weight, better per-
forming structural assemblies.

If this unique adhesive suggests possible
uses for you, we'll gladly send you adequate
samples for testing. Just write on your com-
pany letterhead to: Armstrong, Industrial
Division, 8011 Inland Road, Lancaster, Pa.

(Armstrong ADHESIVES

7860-1960 Beginning our second century of progress
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Instrumental in your future...Beckman components, the basic building blocks of electronics.

Among them —signal amplifiers, timers, counters and dials of unquestioned reliability, putting the
science of electronics to efficient, economical use @ High on our parts list—the new Helitrim® trim-
ing potentiometers, the servomotors, delay lines, meters and H'elipot® precision potentiometers that
measure or control minute electrical quantities and their mechanical equivalents e All are designed to
meet the most exacting requirements of the job at hand...setting new standards of performance in
every electronics application e Like all Beckman electronic instrumentation ... for laboratory, medical
and clinical, industrial or military use...each component reflects Beckman’s total experience in the

most advanced use of today’s science and technology.

&
b

Beckman

2 YEARS 2

BECKMAN INSTRUMENTS, INC. FULLERTON,CAL.|[ELECTRONICCOMPONENTS,INSTRUMENTS,SYSTEMS ..FORANALYSIS,MEASUREMENT,COUNTING
AND CONTROL | DIVISIONS: BERKELEY - HELIPOT « SCIENTIFIC & PROCESS INSTRUMENTS « SPECIAL PROJECTS « SPINCO + SYSTEMS | BECKMAN
INSTRUMENTS INTERNATIONAL, S.A,, SWITZERLAND + BECKMAN INSTRUMENTS, G.m.b.H., GERMANY + BECKMAN INSTRUMENTS, LTD., SCOTLAND

© 1960 B.1.1. BC 61008
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Lockheed |

...1Is setting the pace in space for years ahead

Lockheed Missiles and Space Division's progress transcends even that of

an cra marked by phenomenal scientific growth. To an important degree, the
Division’s research and development activities are considered to be the

basis of its success.

As systems manager for the Navy POLARIS Missile and the Air Force
AGENA Satellite in the DISCOVERER, MIDAS and SAMOS programs, the
Division is engaged in extensive research in many diverse engineering and
scientific fields. Some highlights of current research and development activities
include: Operations research and preliminary design; nuclear and space
physics; physical electronics: chemistry; materials; mathematics; engineering
mechanics; electronic communications and instrumentation; and

computer research and development.

Research is a concept which holds many different meanings to those concerned
with science and technology. At Lockheed, a distinction is made between

the nature of the work and its ebjectives. Consequently, such terms as basic
research, applied research, systems or operations analysis, engineering

and development are used. A given individual might find that his personal
inclination often leads him quite naturally from one type of research to
another. Recognition of this desire is reflected in the scope of work conducted
in the Research Branch at Lockheed Missiles and Space Division, Principal
research activities are: Pure and applied research; advanced design; engineering
analysis; electronic prototype development; and machine computation.

Organization is determined by the technical field rather than by the type of
research. For example, a structural dynamicist, as a member of the
Structures Department, may, on one occasion, work on future space vehicle
configurations, at another time be associated with current projects such as
the POLARIS or Satellite programs, or he may be engaged in basic research
at the research laboratory. In each case, the individual has the opportunity
to maintain as much or as little contact as he wishes with others in

his field of interest.

Important staff positions at Lockheed's Research and Development Branch
in Palo Alto are available. Those scientists and engineers with experience related
to the above areas are invited to write to: Research and Development Staff,
Dept. K-36, 962 West El Camino Real, Sunnyvale, California. U.S. citizenship
or existing Department of Defense industrial security clearance is required.

MISSILES AND SPACE DIVISION

SUNNYVALE. PALO ALTO, VAN NUYS, SANTA CRUZ. SANTA MARIA. CALIFORNIA
CAFE CANAVERAL, FLORIDA » HAWAIL
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Another new development with Du Pont neoprene: Inflatable form for
continuous concrete pipe, made by the Goodyear Aircraft Corporation

A. A double-hoppered forming machine, developed by Fullerform Con-

NOW...
INSTANT
CONCRE

/,

-5

C.

Unwieldy metal forms have made
previous systems for pouring continu-
ous concrete pipe slow and complicated.
Now, an improved method has been devel-
oped, using a giant inflatable tube as the form
over which concrete is poured. With this lightweight,
easily-handled device, pipe can be built in 300-foot
lengths at the rate of eight to twelve feet a minute. Two
hours after a section has been poured, the tube can be
deflated and withdrawn for further use.

The unique hose-like form that is the key to this
new process is built by the Goodyear Aircraft Corpora-
tion. It is extremely flexible, yet must resist flex-cracking
from repeated inflation and deflation, abrasion from the

QlpoND

R v, 5. par OFE

NEOPRENE

TE

tinuous Pipe Corp., of Phoenix, Ariz., travels along the ditch. The dirt
bottom has been rounded and acts as the lower part of the pipe form.

. The machine envelops and lifts an air-inflated tube made of neoprene

coated fabric. Half of the machine’s double hopper tucks concrete
underneath, while the other half forms the top of the pipe. The con-
crete is distributed uniformly by electrically-driven tampers.

Two hours after a section has been poured, the coated fabric form
can be deflated and withdrawn for further use.

machine-tamped concrete and

exposure to all kinds of weather.
That’s why Goodyear makes it from
a fabric coated with tough, durable
Du Pont neoprene.

When difficult design problems arise, Du Pont neo-
prene’s balanced combination of properties often pro-
vides the solution. Parts and products made of neoprene
synthetic rubber resist abrasion, sun and weather, oil
and grease, ozone and chemicals. Perhaps neoprene’s
versatility is the answer to some of your own design
problems. For engineering information, write E. I.
du Pont de Nemours & Co. (Inc.), Elastomer Chemicals
Department SA-11, Wilmington 98, Delaware.

SYNTHETIC RUBBER

HYPALON®  VITON® ADIPRENE®

Better Things for Better Living ... through Chemistry
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FOR
OUTSTANDING
PLOTTING
PERFORMANCE...

U.{I\R!PLDTTER_ MODEL 1100E
= .'. I". JI \ a’l l'..'r ll !
EAI ELECTRONIC ASSOCIATES, INC. Long Branch, New Jersey



Highway, skyway or byway, Hawk gets there fast—The Army’s
extremely mobile air defense weapon, for which Raytheon Company
is prime contractor, has also been adopted for use by the U. S.
Marine Corps. Tree-top attackers are Hawk's special quarry. It uses
a solid fuel propellant, and can accompany fast-moving field forces.
All eleven units in the Hawk system can be transported by standard
military cargo aircraft and by helicopter, rolled over the highways
or over the roughest terrain. The equipment is lean and rugged, skill-
fully designed with carbon, high strength, and alloy steels—available
from United States Steel. When your missile support system goes on

$2 L T e s

This continuous wave acquisition radar picks The pulse acquisition radar detects high altitude Tubular outriggers give the launcher good
up targets down to tree-top levels. targets and provides volume coverage in sup- stability with maximum weight conservation.
port of the continuous wave radar.
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the drawing board, get maximum
design capabilities from all ground
support materials. Consult with
the one producer of all these ma-
terials. Whether it's carbon steel
or special constructional alloy
steels, Stainless Steel, electrical
cable or wire rope... consult with

RRRRRRRRR

A N VAWA

The Loader-transporter has an extremely low silhouette.
It weighs only 5,250 pounds.

This mark tells you a product is made § -
of modern, dependable Steel. §
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Lamination gives
control tapes
valuable strength
and stability!

Unusual resistance to chafing
or stretching of Dobeckmun’s
laminated foil, Mylar* and paper
control tapes has proved inval-
uable in maintaining the accu-
racy and fidelity vital to complex
control and programming sys-
tems, and computer input-

output systems.

Punched holes stay true for the
life of the tape, are dimension-
ally stable and unaffected by
atmospheric conditions or age-
ing. Adaptable to either photo-
electric or mechanical opera-
tions.Virtuallyindestructible,the
extra strength -of Dobeckmun
tapesnotonly offerslongerserv-
ice but reduces the effect of

constant wear.

Ifyou have aspecial problem,the
flexibility oflaminated tapes may
well offer the most satisfying
answer. Write for free test sam-

ples and complete information.

DOBECKMUN

The Dobeckmun Company, A Division of The
Dow Chemical Company, Cleveland 1, Ohio
Berkeley 10, California + Offices in most prin-
cipal cities. *Mylar is a registéréd DPont trademark.

LETTERS

The article by John R. Platt, “How
We See Straight Lines” [SCIENTIFIC
AMERICAN, June], may convey a number
of wrong impressions to persons not
familiar with the field of visual percep-
tion. In the first place, it may appear
that Platt has developed a new hypothe-
sis of scanning as a basis for perceiving
straightness. Actually E. E. Andersen
and F. W. Weymouth, extending the
earlier ideas of Hermann Lotze and
E. Hering, enunciated such a prin-
ciple in 1923 and applied it to the
perception of straight lines and broken-
line patterns. They discussed the fact
that the retinal image of any object is
continuously in motion, so that any one
point on the image affects many points
on the retina corresponding to numer-
ous cone receptors. They then theorized:
“The average or mean of these points,
which determines the local sign of the
straight line, is therefore not restricted
to such units as interconal distance or
cone diameter, but may be accurate
to a small fraction of these units, just as
the mean of a number of measurements
made in inches may be accurate to a
small fraction of an inch. Such a per-
cept of position we would designate as
‘retinal mean local sign’ to emphasize
its derivation from the averaging of
various factors, among which we would
include not only the many successive
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zone numbers, if any.
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stimuli due to motion but also the
mutual effect of adjacent elements and
the comparison of the stimuli presented
to the two eyes....Since both the
straightness and the position of a straight
line are complex judgments (even though
unconsciously performed) the limits of
accuracy are not set wholly by the fine-
ness of the retinal mosaic but by train-
ing and in general such neural processes
as occur at a much higher level than
the retina. . .. The constant slight drift-
ing of the eye. .. enables the retina to
work at its highest efliciency. ... The
motion is also the basis of its fineness of
perception in which it surpasses the limits
set to the resolving power of a camera
by the grain of the sensitive plate.”

A more serious misunderstanding may
arise in connection with the specific
model proposed in Platt’s article. He
suggests: “It would be interesting to try
to construct artificial mosaic receptors,
complete with scanning motions. ... The
receiving network would somehow have
to grow or to establish new connections
guided by experience. If we could de-
sign such a system, it might teach us
far more than we now know about how
the human eye and brain organize ex-
ternal information.” The danger in such
statements lies in the implication that
any good physical scientist can sit down
and figure out the basic principles by
which a complex biological organism
must be operating. Model building has
its place, but surely a good model is
based upon, and tested against, all the
empirical evidence that is already avail-
able to the model builder. The history
of the life sciences is bestrewn with
models that once had some face validity,
but which now appear to have little
relation to biological fact.

The point of all this is to caution the
reader not to regard the Platt hypothesis
of visual scanning as a necessary or
sufficient explanation for seeing lines as
straight. Indeed, there is now conclusive
evidence against the whole notion of
scanning as the basis for visual acuity.
The stabilized-image technique, devel-
oped by the writer and his colleagues,
and independently by R. W. Ditchburn
and B. L. Ginsborg, has enabled us to
present motionless target images to the
human retina. When a broken-line tar-
get is presented in this way, the same
fantastically good detection of the break
can be made with no image motion at
all as when the line is seen with the eye
moving about normally. Furthermore,
a straight line immediately appears
straight under these conditions, just as
in normal vision. The same is true for
grating targets and for the detection of



PROGRESS IN SEMICONDUCTORS:
FROM WESTINGHOUSE AT YOUNGWOOD

Typical Westinghouse PTC Thermistors measure about %" in diameter—can act as thermal switches with no moving parts.

Now—positive temperature coefficient thermistors

From Westinghouse comes a significant new family of semicon-
ductor devices. These unique Thermistors, developed through
Westinghouse research, are termed Positive Temperature Co-
efficient (PTC) because their resistance increases with tempera-
ture. In contrast, conventional thermistors have a negative tem-
perature coefficient of resistance.

Another important property that is characteristic of these de-
vices is the sudden increase in resistance they exhibit within
narrow, pre-determined temperature bands. Typical PTC Ther-
mistors, for example, offer a resistance ratio of nearly 10 to 1
for a temperature rise of only 10°C. Because of this characteristic
these devices become, in effect, thermal switches.

By varying the composition of the ceramic material itis possible

to pre-select these temperature bands—ranging at present from
75°C. to 150°C. These exclusive characteristics open up a whole
new field of applications where fail-safe temperature detection
and low-energy control functions are required.

Westinghouse PTC Thermistors are now available in disc form
in two temperature classifications. Future developments will
result in rods, discs, rings, and beads with a variety of resistance
characteristics.

Your inquiries are invited on Westinghouse PTC Thermistors
presently available and on the development of new devices for
your specific requirements. For more information call or write:
Westinghouse Electric Corporation, Semiconductor Department,
Youngwood, Penna.

sc-10112

You can be sure...ifit's weStinghouse
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NOW-15,000°F.
PLASMA FLAME
SPRAY IN YOUR
OWN PLANT

Apply coatings of high melting point
materials such as tungsten, tungsten
carhide, molybdenum, chromium car-
hide, titanium oxide, rare earth oxides.
Operates at 10,000°-15,000°F.

Now any material that can be melted
without decomposing can be sprayed.
Despite high melting temperature, object
sprayed stays cool.

High fluidity of particles and high veloc-
ity of impingement bond the particles to-
gether to produce high density coatings
semi-fused to work. Absence of air elimi-
nates oxidation.

The METCO Plasma Flame Spray Gun is
a valuable new tool for the metalworking
research department or production line.
Operates on inexpensive inert gases with
high electrical power conversion effi-
ciency, long component life. Continuous
gas streams as high as 30,000°F., with
accurate control of temperature, gener-
ated at costs % to % those of oxygen-fuel
gas equipment for equivalent heat out-
put. No combustion—uses inert gases. No
flashback or explosion hazards — push-
button operation.

Write today for free bulletin describing
the METCO Plasma Flame Gun.

METCD.

FORMERLY METALLIZING ENGINEERING CO., INC.
Flame Spray Epuipment and Supplies

1119 Prospect Ave.,Westbury, Long Island, N.Y.
In Great Britain: METALLIZING EQUIPMENT CO. ,Ltd.
Chobham-near-Woking, England

single fine lines. Scanning, which is the
trick employed by engineers to convey
a picture to a television screen, is evi-
dently not the trick that the human
being uses to perceive the external
world.

It may be objected that our concepts
of straightness arise in early childhood
and, once established, persist in spite
of the grossness of the retinal mosaic.
This hypothesis, which is not easily
tested, carries with it the implication
that a temporal mechanism which is of
primary importance in childhood has
lapsed into disuse or has been trans-
formed into a spatial mechanism in
adult life.

A few of the elementary facts to
consider in hypotheses of vision are:
(1) More than 100 million receptors
(not 10 million, as stated in the article)
are available in each eye. (2) In the
central human fovea, where vision is
most acute, each individual cone re-
ceptor subtends only 12 to 18 seconds
of arc (not 60 seconds, as implied by
Platt’s figures). (3) The retinal image
of a straight line is never sharp; dif-
fraction effects result in a fuzzy border
that spreads itself over a number of
cone receptors. (4) Spatial interaction
effects are known to exist between ad-
jacent retinal elements. (5) Border con-
trast is heightened by these spatial inter-
action effects, with a resulting increase
in the perceived sharpness of the lines.
(6) The continuous involuntary motion
of the eyes has one clearly demonstrated
function, that of preventing the “wash-
ing out,” or disappearance, of contours
that are originally seen as sharp and
clear.

LorriN A. Rices

Brown University
Providence, R.I.

Sirs:

There are two methods of localizing
a sharp line or a boundary or a boundary
gradient to an accuracy finer than the
size of the photodetector cells: (a) aver-
aging over several cells, and (D) differ-
entiating the signal during transverse
scanning. Method g, an early suggestion
of Hering, was proposed again by
Weymouth, H. L. Averill and Andersen
in the early 1920’s to explain their very
beautiful experimental results on visual
acuities which were mentioned in my
article in the June SciENTIFIC AMERI-
can. These authors coupled this with
longitudinal scanning to explain vernier
acuity. I am myself inclined to prefer
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method b, proposed by Samuel A. Tal-
bot and his coworkers about 1940, and
to combine it with longitudinal scan-
ning.

But these questions are auxiliary to
the main question I was trying to answer
in my article. This was: How does the
initially inexperienced brain know that
the cells receiving a signal are in a
straight line (or other geometrically
regular pattern) rather than in a some-
what irregular line? My answer was the
proposed method of functional geome-
try, which makes minimum demands on
the information supplied by the receptor
cells, using them indeed essentially
only as “null detectors” to detect any
repetition or self-congruence of a pat-
tern after a translation. This method has
three central and important features:
(1) that it does not depend on know-
ing the locations of any individual cells,
(2) that it is invariant to their sensitivity
or occasional failure and (3) that it
identifies straightness (or other geo-
metrical relations) in an external and
public field and is invariant to distor-
tion of the image on the retina or cor-
tex. Features 1 and 2 are suggestively
related to learning and to our abilities
of “closure” and extrapolation of pat-
terns.

I admire the pioneering experiments
of Dr. Riggs in stabilizing images, and
I admit that the experiments in his
laboratory do seem to show that scan-
ning may not be very important for
vernier acuity in adults (although they
were not extended to the very high
acuities reported by Weymouth and his
coworkers, and they did not eliminate
the Z-rotations, which might have been
able to compensate in some degree for
the loss of the X- and Y-scanning mo-
tions). But vernier acuity is only one
part of our perception of straightness;
and I do not think a hypothesis which
shows the three important features I
have mentioned should be abandoned
lightly. It would be valuable to suggest
alternative hypotheses that would have
these same or additional features, so
that experiments could be devised which
would decide between them.

I am sorry if Dr. Riggs does not share
my optimism about the possible con-
struction of artificial mosaic receptors.
A number of 10- to 100-element photo-
receptor systems are already in opera-
tion which are capable of recognizing
or learning simple patterns, although
none of them have the random and in-
itially unknown receptor arrangement
which my hypothesis was prepared to
cope with. T think that work with such
systems may teach us as much about



New Standards of Purity. ..

ASARCQO’s search for improvement in the purity of its basic
elements has led to development of refining and analytical techniques
which result in frequent improvement in control of minute
impurities. The purity of ASARCO elements is, therefore, higher

than the analyses indicate.

This improvement in quality of ASARCO high purity elements has
made them preferred elements for numerous research projects and

for many other applications, particularly in electronics.

ASARCO’s latest analyses, dated and reproduced below, assure
higher standards of purity than ever before. As research in this

field continues, still higher quality can be expected.

ASARCO HIGH PURITY ELEMENTS ANALYSIS as of Nov. 1, 1960

Analysis,

NOV. 1, 1960

ﬁiS;‘hRgerity Impurities, sometim(ifefsc;utnhi,na;?ni)zhnc}:::r:t:jv)eIs, parts per million
Elementand Grade** Bi Cu Fe As Pb Ag TI Sn Te Au Na CI Cd
ANTIMONY  A-60 1* ] 1* | 1* | 1.5| 1*

ARSENIC A-58 1* | 1*

BISMUTH A-58 2 1 1 2 1*
CADMIUM  A-60 1* ] 1% 1*

COPPER A-58 No Impurities Detectable by Spectrographic Analysis
GOLD A-59 1* | 1% 1* | 1*

INDIUM A-58 1* 1 1* 1 1

LEAD A-58 1* ] 1* [ 1* 1*

SELENIUM  A-58 1* 1* 1 1*
SILVER A-59 1* | 1% 1* 1

SULFUR A-58 1 1
TELLURIUM A-58 1* | 1%

THALLIUM  A-58 3 1 1* [ 1% 2 1*
ZINC A-59 1* | 1* 1*

**A change in grade number always denotes improvement in purity.

If you use high purity elements, save this page as a current buying guide.

ASARCO
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The analyses above are among pertinent data
compiled by ASARCQO’s Central Research
Laboratories in an up-to-date catalogue

now available to users of high purity

elements. For a copy, write on your stationery
to American Smelting and Refining Company,
120 Broadway, New York 5, N. Y.



A R I 0 THE COMMANDER'S ELECTRONIC ‘ASSISTANT

ARTOC...the Army Tactical Operations Center
...mobile electronic command post geared to

the stepped-up pace of tomorrow’s battleground.

ARTOC...a synthesis of the newest techniques

in communications, electronics and data processing
... gives the field commander a comprehensive,
up-to-the-minute visual display of the battle situation
... helps him make the right decision at the right time.
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ARTOC...is being developed
by Aeronutronic Division

of Ford Motor Company for
the U.S. Army Signal Corps. It
is one of many Aeronutronic
programs aimed at simpli-
fying military and industrial
problems through the use

of an advanced computer and data processing
technology. These programs—and many
.others related to advanced weapon and space
systems—are underway at Aeronutronic’s
Engineering and Research Center in Newport
Beach, California. They demonstrate Ford Motor
Company’s rapidly-growing capability in
meeting the needs of science and

defense in the changing world.

A booklet describing Aeronutronic’s
accomplishments and capabilities is available
to you on request.

AERONUTRONIC
AERONUTRONIC DIVISION %@/Z@&W@um/w//% DEFENSE PRODUCTS GROUP

Ford Road, Newport Beach, California

WEAPON AND SPACE SYSTEMS ¢ COMPUTERS AND DATA PROCESSING SYSTEMS
MISSILE RANGE SYSTEMS AND INSTRUMENTATION ¢ ADVANCED ELECTRONICS

Career opportunities are open for engineers and scientists
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| the possibilities and requirements of

neural connections in the retina as work
with artificial cameras taught us about
the optics of the eye and work with arti-
ficial sound sources and receivers taught
us about the acoustics of the ear. We
can only understand what we know how
to manipulate.

Jon~ R. PraTT

Department of Physics
University of Chicago
Chicago, Ill.

Sirs:

I have been enjoying Martin Gard-
ner’s article on the four-color problem
[“Mathematical Games”; ScCIENTIFIC
AMERICAN, September]. Actually it is
impossible to prove that it is impossible
to prove the theorem. For if the theorem
is false, this can undoubtedly be shown
explicitly by exhibiting a map that can-
not be colored with four colors. Hence
if the theorem is unprovable it must be
true. This means that we cannot prove
it to be unprovable, for this is tanta-
mount to proving it to be true, which is
a contradiction.

The same remark holds for any theo-
rem whose falsity could be demonstrated
by a gegenbeispiel; e.g., Fermat’s last
theorem. Such theorems may be un-
provable, but only if they are true. We
can then never know that they are un-
provable, so that mathematicians would
endlessly try to prove them. This is a
terrifying state of affairs. Doing physics
might seem to be a good alternative, but
Godelry may invade that realm yet. . ..

DENNIS SciaMA

Center for Radiophysics

and Space Research
Cornell University
Ithaca, N.Y.

ERrRATUM

The caption for the illustration
on page 207 of the article “The
Present Evolution of Man” [Scr-
ENTIFIC AMERICAN, September]
states that there are 46 pairs of
chromosomes in a dividing hu- |
man body cell. In actuality there
are 23 pairs of chromosomes in
such a cell, and 46 chromosomes

i in all.
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One of a series

Catching the Drift of Gyro Bearings

The fantastic accuracies needed by inertial guidance systems for space
flight depend on the suppression of gyro drift, the tendency of a gyro
to precess from minutely occurring internal torques. Particularly
puzzling has been the problem of “jogs,” or sudden axial shifts, within
gyro spin-axis bearings. Shifts of but one ten-millionth of an inch can
cause serious steering error.

Specialists at the GM Research Laboratories have found that the real key
to drift lies in the thickness and distribution patterns of bearing
lubricating films. Only a tenth of a milligram of oil — equivalent in
volume to less than two-thousandths of a drop of water — is required in

a gyro bearing, but even this amount unevenly distributed may cause jogs.

Conducting unique studies of single bearings apart from rotor
assemblies, GM Researchers use a hydrostatic spindle and special
instrumentation to take film-thickness measurements they compare
with hydrodynamic theory. Jogs, due to excess oil supply, have been
analyzed in relation to surface oil transfer and separator feed control,
ball spin orientation, displacement, and differential heating and

ball wander.

This experimental and analytical approach is achieving progress toward
jog-free, stably distributed, and suitably thick oil films required in
high-precision bearings. It is a further example of the critical and
advanced research General Motors carries out in seeking “more and better
things for more people.”

General Motors Research Laboratories
Warren, Michigan

The fluoresced streaks show the disturbed *“wake”
of the lubricating film during bearing operation. The
active part of the film, too thin to fluoresce visibly,
averages ten-millionths of an inch in thickness.

© 1960 SCIENTIFIC AMERICAN, INC




he’s got
TEXUS
In his
turns

TeExus produces synthetic rubber. Most
of the rubber in this driver’s tires is TEXUS
rubber. In fact, more than two-thirds of all
rubber used today is man-made!

Since World War II, research has made
synthetic rubber stronger, more useful
and more economical in many cases than
nature’s own. But the successful use of
synthetic hinges on the quality safeguards
taken before, during and after processing.
That’s why TEXUs SYNPOL® (our name for
synthetic rubber) is made under the most
up-to-date, total quality testing program
possible. Write now for complete techni-
cal data.

Pace setter in synthetic rubber technology

TEXAS-U.S. CHEMICAL COMPANY,
9 Rockefeller Plaza, New York 20, N. Y.
JUdson 6-5220
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NOTHING IS
TO0O0 FAR OUT....
FOR GRUMMAN
TO BE IN

This is a vapor screen

photograph of hypersonic

Mach 8 flow about a delta

wing with underslung cone, taken in

Arnold Engineering Development Center tunnel B.
Photo was made during Grumman research experiments,
partially supported by Air Force Wright Air
Development Division Flight Control Laboratory.

Shock pattern is discernible along the shock layer

on wing (light area), boundary layer on wing (dark region),
and shock layer on body (dark region). Bright white line on
underside of wing and body is reflection of light screen.

This photo characterizes the work Grumman is doing in hyper-
sonic aerodynamics. Other efforts at Grumman include continu-
ing design and development work on orbiting observatories,
interplanetary communication systems, re-entry vehicles and
reconnaissance satellites, to name a few.

Most important: Grumman has the “people capability’’ to trans-
form advanced ideas to reality. So . . . if you have a problem
that’s far out . . . call Grumman in.

ADVANCED IDEAS GROW INTO REALITY AT

GRUNMMAN

AIRCRAFT ENGINEERING CORPORATION
Bethpage . Long Island . New York
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RCA VIDICONS

KEEP ONE EYE ON THE WORLD'S WEATHER...
ANOTHER ON THE NATION'S DEFENSE

RCA Vidicon tubes operate successfully in Tiros weather satellite

and in Redstone target damage assessment cameras

A new era in the application of television techniques opened on April 1st, when Tiros began sending
back to earth its cloud-cover pictures. These pictures, produced by RCA Vidicons, are giving man his
first “star’s eye” view of his world and its weather. Not only do the vidicons promise to revolutionize
the science of meteorology, but they open up new prospects for the exploration of the moon and solar
system via vidicon-equipped TV cameras.

Another historic “first” was achieved by an RCA vidicon on March 15, when a TV-camera capsule
was ejected in flight from a Redstone missile, and sent back pictures of the missile’s impact. The
camera, like the ones used in Tiros, utilized an extremely slow scan, permitting the transmission of
high-quality pictures over a very narrow bandwidth.

It is no accident that RCA was chosen to supply the vidicons for these critical tasks. Long the leader
in camera tube development, RCA currently manufactures four standard vidicon types: RCA-7038,
for broadcast use; RCA-7735, for industrial use—featuring extremely high sensitivity ; RCA-7262-A,
a short, low-heater-power version of the RCA-7735; and the RCA-7263, a short, low-heater-power
type, which is environmentalized for military applications. All feature the high resolution capabil-
ity, high uniformity and broad spectral response that have become identified with RCA vidicons.

For complete information about RCA’s vidicon line or about special adaptations to meet unusual
requirements, get in touch with: Marketing Manager, RCA Industrial Tube Products, Lancaster, Pa.

RCA ELECTRON TUBE DIVISION —~FIELD OFFICES ,..GOVERNMENT SALES: HARRISON, N. J., 415 S. 5th Street, HUmboldt 5-3900 « DAYTON 2,
OHIO, 224 N. Wilkinson St., BAldwin 6-2366 « WASHINGTON 7, D.C., 1725 *'K'" St., N.W., FEderal 7-8500 « INDUSTRIAL PRODUCTS SALES: DETROIT 2,
MICHIGAN, 714 New Center Building, TRinity 5-5600 « NEWARK 2, N. J., 744 Broad St., HUmboldt 5-3900 + CHICAGO 54, ILLINOIS, Suite 1154, Merchandise Mart
PLAZA, WHitehall 4-2900 » LOS ANGELES 22, CALIF., 6355 E. Washington Blvd., RAymond 3-8361 « BURLINGAME, CALIF., 1838 El Camino Real, OXford 7-1620

\ The Most Trusted Name in Electronics
RADIO CORPORATION OF AMERICA
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TO THE ENGINEER

AE
CAN

who wants to make
the most of his etchings

If your printed circuit board designs involve
switching, you can count on getting the best
results by using AE Class E relays with
direct-connect terminals.

Series EQPC relays, with end-mounted
printed circuit lugs, occupy a minimum of
board space, and furnish dramatic savings
in assembly and wiring time.

The AE Series EQPC printed circuit relay is a
miniaturized version of the premium - quality
Class B telephone-type relay, with many of its

best features. Contact reliability exceeding 200
million operations can be expected.

Automatic Electric also supplies Class E re-
lays with Taper-Tab terminals, and prewired
for plug-in, with 8- to 20-prong octal plugs,
with or without hermetically sealed contain-
ers or dust-tight housings.

Want details ? Just write the Director, Con-
trol Equipment Sales, Automatic Electric,
Northlake, Illinois. Also ask for Circular
1702-E on Relays for Industry, and the new
Conversion Factors booklet.

AUTOMATIC ELECTRIC

Subsidiary of

GENERAL TELEPHONE & ELECTRONICS

k5
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WORKING
PARTNERS

ROCKETDYNE AND SOUNDCRAFT INSTRUMENTATION TAPES

= iy ™ " s

At North American Aviation’s Rocketdyne division, the re-
cording of rocket engine performance on static stands, calls
for the use of only the most reliable of instrumentation tapes,
like Soundcraft. Why? Because Soundcraft Instrumentation
Tapes combine exact physical and electrical properties so
necessary to assure absolute reliability of performance—as a
direct result of being manufactured in the world’s most
modern tape plant under the most advanced quality control
system.

In short, experience has proven that Soundcraft Instrumenta-
tion Tapes work best in recording of critical rocket testing
operations. Why not let precision-made, error-free Sound-
craft Instrumentation Tapes go to work for you? Complete
literature on request.

REEVES 80 U N D c RAFT CURP Great Pasture Rd., Danbury, Conn. ® Chicago: 28 E. Jackson Blvd.
a Los Angeles: 342 N. LaBrea ® Toronto: 700 Weston Rd.
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Davison Silica Gel-one of Industry’s most versatile chemicals

Silica Gel is a form of silicon dioxide with a porous
structure that can adsorb 40% of its weight of water
from saturated air. The internal pore surface area of 1
cu. in. of silica gel is calculated to equal 90,000 sq. ft.
Its adsorption property is purely physical . . . pore size
and shape remain constant on saturation.

This large surface area characteristic is the basis for
a number of industrial applications for silica gel. Be-
cause surface area, pore size and density can be care-
fully controlled during production, silica gel has found
profitable use in such widely divergent fields as paint,

28

oil and gas, chemical, paper and pharmaceutical. |f you
have a problem in gas or liquid drying, flatting, anti-
blocking, thickening, moisture removal, dehydrated
packaging, or catalyst support, write Dept. 5111 for
technical assistance and information.

DEPARTMENT 5111

w.r.GRACE & co.

DAVISON CHEMICAL DIVISION
BALTIMORE 3, MARYLAND
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is experienced. ..
in Airborne Navigation
Systems

The hummingbird is well-equipped
by nature to home and hover.

The helicopter, on the other hand,
requires help to do the same job.

Its function in anti-submarine warfare
demands a navigating system that
automatically maintains position
independent of terrestrial aids under all
weather conditions.

LFE’s AN/APN-78 was the first, . 3
fully-automatic, self-contained Doppler
Navigator specifically designed for
helicopters. Continuing developments
have led to a full line of systems for
ASW and AEW aircraft, capable of
accurate, long range navigation and
accurate hovering indication.

We invite your inquiries regarding LFE
Airborne Navigation Systems,

W 7z W,\\
e SR, V2 B\ O/
ILI&BATORY FDI! Ell(—ﬂmlts TNC.; Boston V5, Massachusetts '

wnms. Ioutn«nem & comrouﬂns\{ AIRBORNE NAVIGATION +/ RADAR and SURVERTANCE ™™=y,
ugmc Dm PROCESSING +» AUTOMATIC CONTROLS + GROUND SUPPORT « AIR TRAFFIC CONTROL

*-C_’_.:
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ROCKET
TRAIL

TELLS ALL

This fiery exhaust plume of a missile hurtling through the
upper atmosphere was photographed at extreme range by one
of the powerful ROTI tracking systems. ROTI, a highly auto-
mated combination of electronics and optics, has a 24-inch
aperture and focal lengths up to 500 inches. It photographs
missiles for several hundred miles and provides flight perform-
ance data not available through other methods.

The double diamond pattern, not visible to the naked eye at
such distances, is caused by the force of shock waves on the
missile’s exhaust. This effect previously had been observed
only in wind tunnel tests.

Such photos, correlated with infrared measurements, allow
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complete monitoring of the performance of the missile’s power-
plant and fuel at varying altitudes, velocities and pressures,
response to ground command and other vital performance data.

ROTI, and the infrared scanner used with it, are examples of
Perkin-Elmer’s technical competence and the systemsit develops
for precise scientific measurement. Other P-E instruments align
missile guidance systems, photograph the heavens from balloon
platforms, perform rapid chemical research analyses, control
process plant streams and add the reliability and accuracy to
electronic control systems. We will be happy to send you a new
brochure that outlines Perkin-Elmer’s contributions to scientific
measurement in industry, science and defense.

Perkin-Elmer
&z/oozazfon_

NORWALK, CONNECTICUT

Qualified scientists and engineers interested in careers with
Perkin-Elmer are invited to write the Director of Industrial Relations.
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radiation energy for...

SCIENCE MEDICINE

&4

INDUSTRY

from HIGH VOLTAGE ENGINEERING ‘

NEW KNOWLEDGE about the fundamental nature of matter. The 12-Mev
Tandem Van de Graaff is helping scientists explore this dynamic research area.
At the Chalk River Laboratory, Atomic Energy of Canada, Ltd., it is providing
new, more accurate information in the binding energy range of heavy nuclei.
Twelve more Tandems are being readied for service in leading nuclear physics
laboratories in the United States, Europe and Australia.

NEW PROCESSES—The first full-scale commercial application of atomic
radiation in industry utilizes a High Voltage Engineering 7-Mev microwave
linear electron accelerator. At Ethicon, Inc., a division of Johnson and Johnson,
this ‘“‘Linac’ regularly sterilizes with ionizing electron-beam radiation more
than 809% of the total output of the world’s largest producer of surgical
sutures.

A KEY WEAPON in the fight against cancer—a 6-million volt microwave linear
accelerator for x-ray therapy. The unit, scheduled for the Elizabeth Steel
Magee Hospital, Pittsburgh, will be the first of its type in a U.S. Hospital.
More than 25 High Voltage Engineering 2-Mev Van de Graaff x-ray machines |
are now in use for supervoltage therapy in hospitals and clinics throughout
the world.

New particle accelerators from High Voltage Engineering are designed to
provide controlled radiation energy for Industrial Radiography, Electron-Beam,
Processing, Physics Research, Cancer Therapy, Radiobiological Research,
Radiation Chemistry, and Neutron Activation Analysis.

HicHE VOLTAGE ENGINEERING

CORPORATION
BURLINGTON, MASSACHUSETTS « U. S. A.
APPLIED RADIATION CORPORATION HIGH VOLTAGE ENGINEERING (EUROPA) N.V.
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20 AND 100
YEARS AGO

SICIENTIFiE

NOVEMBER, 1910: “The aviation
meet which has just closed at Belmont
Park was the first big affair of the kind
we have had in America. At this meet
the American public for the first time
had an opportunity to view the crack
flyers of Europe in competition with our
best American aviators. The monoplane,
which has been brought to a high state
of perfection abroad, was seen in daily
competition with the clumsier looking,
though fully as efficient, biplane—that
machine which was the pioneer of real
human flight. The results of this com-
petitive struggle were by no means one-
sided as was at first supposed they would
be. In the speed contest for the Bennett
trophy the tiny Wright biplane,
equipped with an eight cylinder V-
motor of 60 horse-power, was a worthy
rival of the 100-horse-power Blériot
racers. Piloted by Orville Wright in a
preliminary tryout, this machine showed
a speed of between 66 and 70 miles an
hour. On the whole the Belmont Park

A MERIEAN

| meet was a complete vindication of

America in the aviation line.”

“Experiments made by Elster and
Geitel in the mines of Stassfurt, corrobo-
rated by the researches of MacLennan,

Iand Kennedy, Campbell and Henriot,

have proved that the salts of potassium
are radioactive. It might be suspected
that the radioactivity of potassium salts
is due to impurities, for example, to
traces of radium, uranium or thorium,
but it now appears to have been def-
initely proved that the observed radio-
activity of potassium salts is specific and,
furthermore, that it is atomic, or in other
words, that it is independent of its state
of combination. It still remains to be
proved whether the radioactivity of po-
tassium, like that of radium, is accom-
panied by a change in the structure of
the atom.”

“In a recent number of the Electrical
World there is an article on the patents
of Thomas Edison. His first patent was
secured in June, 1869, on an electro-
graphic recorder. Since then 905 patents



WHAT GOES ON HERE?

Bell Telephone Laboratories’ new electronic
“nerve cell” is a step toward finding out

One fascinating area of communications has long re-
sisted exploration —what happens inside the nervous system
when you see, or when you hear.

This area is of special interest to telephone science;
knowledge of how the nervous system handles sound and
picture signals can help determine what information is
essential to perception. This in turn may lead to more
efficient communication instruments and systems.

To probe the mystery of nerve activity, Bell Telephone
Laboratories scientists have developed an electronic model
of a living nerve cell or neuron. Consisting of transistors,
resistors, capacitors and diodes, the “artificial neuron”
exhibits many of the characteristics of a living neuron; for
instance, “all-or-none” response and fatigue.

Network of neurons is assembled by L. D.
Harmon of Bell Laboratories, the initiator of
this new research. Many kinds of assemblies
are possible.

BELL TELEPHONE LABORATORIES
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT

In one experiment at Bell Laboratories, a network of
artificial neurons is subjected to a stimulus from light
through a set of photocells. The network can distinguish
specific patterns of light and dark, thus duplicating roughly
some of the eye’s basic reactions to light. Similar studies
are underway to explore our hearing processes.

At present, too little is known about neural action to
permit exact electronic duplication. But experiments with
artificial neurons can provide suggestive clues, contributing
to a stimulating interplay between electronics and neuro-
physiology which may help workers in both disciplines.

The human nervous system, including the brain, is the
most efficient and versatile data processing system known;
and data processing is an essential part of communications.
The artificial neuron provides a new approach to investi-
gating and understanding basic nerve network functions.
It is a fresh example of how Bell Telephone Laboratories
constantly explores new frontiers to improve America’s
communications system, now and in the years ahead.

A single artificial neuron. It delivers electri-
cal impulses when stimulated, like a living
cell. Neurons are also being used for research
into hearing.
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New Type N Unit
converts your
Tektronix Plug-In
Oscilloscope to a
Pulse-Sampling
Scope with a risetime
of 0.6 nanosecond.

A convenient low-cost method of testing tunnel (Esaki) diodes
with nanosecond switching speeds is shown above. A Tek-
tronix Plug-In Oscilloscope provides both the current ramp
source for the tunnel diode and the pretrigger for the Type N
Unit. The N Unit is set up in the usual way — however, the
oscilloscope main sweep generator is allowed to free run at
1 psec/cm. The + GATE OUT not only triggers the N Unit
but also provides a delayed current ramp with a low rate of
change—which allows the tunnel diode to switch at essentially
its own rate,

200 mv/cm

e =

™ N
LA UG e

1 nsec/cm

Typical waveform of gallium arsenide tunnel diode in
Tektronix Tunnel Diode Risetime Tester (part number
013-029).

Plug-InUnits,youalready havethemain
component of your pulse-sampling
system . . . a system that can be as
simple or as formidable as your pulse-
analyzing problems.

This is only one of the pulse-sampling
applications your Tektronix Plug-In
Oscilloscope can perform with the new
Type N Unit plugged into its vertical
channel. Only the Type N is needed—
in addition to the oscilloscope—if the
repetitive signal has a 45 to 200 nano-
second pretrigger, or a repetition rate
from 10 to 50 megacycles.

For applications that require auxili-
ary equipment, Tektronix manufactures
a Pulse Generator and Trigger Take-
off,aPretrigger Pulse Generator,aDelay
Cable, and many accessory items. If you
have one of the dozen Tektronix Oscil-
loscope Types that accepts Type A to Z

Your Tektronix Field Engineer is pre-
pared to demonstrate the Type N Unit
in your application. Call him soon.

Type N Sampling Plug-In Unit. . . $600

Tunnel Diode Risetime Tester
(013-029). . . .. ... . ... 50

f.0.b. factory

A twelve-page booklet of specifications and
applications is available from your Tektronix
Field Office.

Tektronix, Inc.

P. O. Box 500 « Beaverton, Oregon
® Phone Mltchell 4-0161 ¢« TWX—BEAV 311 o Cable: TEKTRONIX

TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. « Atlanta, Ga. « Baltimore (Towson, Md.) « Boston (Lexington,
Mass.) « Buffalo, N.Y. « Chicago (Park Ridge, Ill.) « Cleveland, Ohio « Dallas, Texas « Dayton, Ohio « Denver, Colo.e Detroit
(Lathrup Village, Mich.) « Endicott (Endwell, N.Y.) « Greensboro, N.C. e Houston, Texas e Indianapolis, Ind. « Kansas City
(M|55|on Kan.) « Los Angeles, Calif. Area (East L.A. « Encino « West L.A.) « Minneapolis, Minn. « New York City Area (Albertson,

N.Y. « Stamford, Conn. ¢ Union, N.J.) « Orlando, Fla.« Philadelphia, Pa. s Phoenix (Scottsdale, Ariz.) « Poughkeepsie,
N Y San Diego, Calif. « San Francisco (Palo Alto, Calif.) « St. Petersburg, Fla. « Syracuse, N.Y. « Toronto (Willowdale, Ont.),
Canada « Washington, D.C. (Annandale, Va.)
TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electronics, Portland, Oregon « Seattle, Washington.
Tektronix is represented in twenty overseas countries by qualified engineering organizations.

In Europe please write Tektronix Inc., Victoria Ave., St. Sampsons, Guernsey C.l.,
Tektronix Representative in your country.

for the address of the
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have been issued to him, 713 of which
pertain to electrical apparatus. His
greatest activity was in the years 1881
and 1882, when he was concerned with
the development of the incandescent
lamp and power machinery. In 1882 he
was granted 75 patents, and the year
before he secured 69 patents. From 1890
to 1892 there was another period of ac-
tivity, as shown by the number of his
patents, which was 65, 32 and 65, re-
spectively, these being devoted mainly
to the phonograph and to electric light
and power machinery. Considering all
the patents that are probably pending,
patents that were withdrawn, and pat-
ents not yet filed but in the course of
preparation, the number of Edison’s in-
ventions is close to 2,000.”

“The annual report of the Isthmian
Canal Commission, as made by Col.
George W. Goethals, chairman and chief
engineer, reveals an unexpectedly rapid
rate of progress along the whole line of
the Panama Canal. The controlling fac-
tor in this great work, as regards the
date of completion, is the double flight
of locks in three lifts at Gatun. During
the fiscal year, such general and detail
drawings of the lock gates as were
necessary to advertise for all the gates
required were completed, and the con-
tract secured by the McClintic-Marshall
Construction Company for the whole of
the work for $5,374,474. This huge
work, which calls for the erection com-
plete of 46 gates, was to have been com-
pleted January 1, 1914, according to the
advertisement. The successful bidders
bind themselves to complete the work
by June 1, 1913. By this it will be seen
that the prospects of opening this canal
far in advance of the original estimate
for January 1, 1915, are very promising.”

NOVEMBER, 1860: “In the 14th and
15th centuries England imported iron
and steel from Germany and Spain. It
now supplies both of these countries
with great quantities of these metals.

This revolution in manufacture and
trade was brought about by new inven-
tions. In 1740 about 17,358 tuns of iron
were made in Great Britain; in 1858,
8,040,959 tuns.”

“The St. Louis (Mo.) Democrat states
that a total of 80,000 buffalo robes have
been received in that city during the
present year. We understand that, owing



A
better
place

for

careers

Governor Nelson Rockefeller and his “hard-hat” administration have created the nation’s most favorable climate for a
business career. Job opportunities in New York State (tops in America) are fast increasing because business is given
every encouragement to grow. B At the same time another kind of career has found exciting opportunities in New York
State. That’s the career of being a kid . . . of growing up in a fine community, going to a good school and having loads
of fun. In the past two years alone, almost 200,000 new homes and $1.5 billion worth of new schools and extensions
have sprung up from New York State soil. And famed vacationlands, from Long Island beaches to upstate mountains
and lakes, along with other social and cultural facilities, are being further enhanced by outlays of millions of dollars.

We’ll compile a report tailored to your specific new plant needs. Write Commissioner Keith S. McHugh, Dept. of Com-
merce, Room 458, 112 State St., Albany 7, N. Y. (All contact between your office and ours will be kept under our hat.)

e e e e - S
GET UP TO DATE ON NEW YORK STATE...WHERE
THEY RE TALKING THE BUSINESSMAN’S LANGUAGE
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an

evolution
in

stereomicroscopes

Did you ever see such simplicity in
a multi-purpose stereomicroscope?

Yet here is an instrument with all the efficiency and versatility
for educational and industrial laboratory use. The M-4 is available
with either fixed magnification or variable by means of power
cartridge...providing a total range of from 5x to 160x with inter-

changeable eyepieces and attachment objectives.

This new simplified design concept, carried through a complete range
of accessories for photomicrography, resultsin lower acquisition cost.

The Wild M-4 is the stereomicroscope you must investigate. Write for
Booklet M-4.

*The FIRST name in a complete line of Surveying Instruments,
Photogrammetric Equipment and Microscopes.

. "~ WILD HEERBRUGG INSTRUMENTS, INC.
lL LA PORT WASHINGTON, NEW YORK
— In Canada: Wild of Canada Ltd.,
‘ 157 Maclaren St., Ottawa, Ontario
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to the last winter being so warm, no less
than 50,000 robes were left on the hands
of the dealers.”

“The experiments with Professor
Way’s electric light have demonstrated
that a brilliant and constant light may
be maintained without any other expen-
diture than that of mechanical power;
but if the power is obtained by a steam
engine, the cost of the fuel makes the
light expensive. As our cotton and
woolen manufactories are driven by
water power, almost all have a surplus
of power in the winter months, the only
season during which they are lighted.
Would not the owners find this the best
and cheapest plan for lighting their
establishments? An hour glass, contain-
ing a supply of mercury, would be
placed in the middle of each room, just
under the ceiling, and insulated wires,
passing perfectly air-tight through the
glass, would lead to a magneto-electric
machine. The wires would connect with
the mercury in each end of the glass,
and when the magneto-electric machine
was turned by the water wheel, the cur-
rent of electricity passing along the
wires would run through the slender
stream of mercury flowing down from
the upper chamber of the hour glass to
the lower, the light being given out by
the electric current as it darted from
drop to drop of the mercurial stream.”

“The railroad companies in France
are about to put in operation a plan
which cannot fail of being received with
favor by the public. It is proposed to
run, each week, a train of cars between
distant points, for which tickets can
be obtained in advance, and to which
the companies will guarantee to admit
only a limited number of passengers. All
the places being occupied, the engine
not carrying any ‘dead weight,” the
traveler can be transported at the price
of merchandise. The companies, not
only without loss, but even with a cer-
tain and calculable profit, will apply to
these trains a tariff, the great cheapness
of which cannot fail of producing an im-
mense business. By this arrangement the
fare is about one-fifth the usual price.”

“It seems that the early French set-
tlers and the Indians in western Penn-
sylvania were acquainted with the nat-
ural oil or petroleum wells, which are
now thought by many persons to be a
new discovery. At Franklin, Pa., old oil

| vats have been discovered, with trees a

century old growing in them. An old well
has also been discovered, with the re-

mains of an Indian ladder in it.”



*‘Test fleet'” starts its daily rounds on bikes equipped with the new B
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power brake. Over a year of road testing showed new automatic to be much safer and eusuer in operation.

NEWSBOY “TEST FLEET” OK's

For over a year, a fleet of Elmira,
N. Y., newsboys has been giving a
new- type Bendix automatic gearshift
bicycle brake some rugged testing.
They’ve ridden their Bendix-
equipped bikes uphill and down, over
rough roads, made hundreds of stops
while carrying heavy loads of news-
papers. The new brake came through
with flying colors, just as it had
done in our test laboratories, and
proved that it makes cycling safer,
easier, and a lot more fun.

If you are thinking about buying
a bike for your youngster, please
consider these safety features: the
Bendix® Automatic has two gears—
low for easier pedaling on hills and
rough ground, high for easier pedal-
ing on the flat. The feet do the shift-
ing so that the rider’s hands are
completely free for steering and bal-
ancing. Full-time power braking—a
Bendix exclusive — gives the rider
30% to 50% more stopping power.
Leading bike manufacturers now

use the Bendix Automatic. Look for
the new ‘“Bendix” at your dealer’s.

Bendix has also pioneered with
brakes for just about everything
that rolls and must be stopped—cars,
buses, trucks, aircraft, steam rollers,
tractors, and off-the-road machines
among others. We are currently pro-
ducing over 400 different models of
brakes for the automotive industry
alone and are also a major producer
of automotive brake linings.

We introduced four-wheel brakes
to this country and followed with
Duo-Servo® brakes. They added new
safety and were so successful and
popular that, over the years, most
makes of cars have been equipped
with Bendix-type brakes. Add the
fact that Bendix pioneered power

THE

m/jl/

CORPORATION
Fisher Bldg., Detroit 2, Mich.

NEW BENDIX COASTER BRAKE

Changing gears is easy with the new Bendix auto-

matic gearshift bicycle brake. The rider merely
back-pedals a couple of inches, then pedals forward
in the desired gear.

brakes and, more recently, auto-
matic, self-adjusting brakes, and it’s
easy to see why we have built more
brakes for more types of vehicles
than any other company.

Incidentally, if you do not have
power brakes on your present car,
you can still enjoy their many bene-
fits. Ask ‘“the man who does your
brake work” to install them. It takes
less than an hour.

A THOUSAND DIVERSIFIED PRODUCTS SERVING THESE FIELDS:
automotive « electronics « missiles & space o aviation + nucleonics + computer « machine tools » sonar » marine
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Formaldehyde grew up

Old-fashioned, simple formalin was good enough for junior
frog-collectors. But modern industry, with its two-billion-
pound a year appetite, needs far more sophisticated forms of
formaldehyde—many developed, all produced by Celanese.

There is now a big family of Celanese formaldehydes,
designed exactly to fit the requirements of special indus-
tries. There’s stabilized formaldehyde (formalin 37%),
paraformaldehyde (solid polymer) both flake and powder,
Formcel solutions (formaldehyde in specified alcohols)

and trioxane (anhydrous.)

Celanese scientists know formaldehyde. They’ve dis-
covered, for example, a new and better way to stabilize it,
and conquer the troublesome problems of formaldehyde in
water solutions. It means shipments at cooler temperatures

with process and economic advantages for users.

Celanese is one of the world’s largest, most experienced
producers of formaldehyde and other high-volume basic
chemicals. For technical data, please write outlining your
specificinterest. Celanese Chemical Company, Dept. 582-K,
180 Madison Avenue, New York 16, N.Y. Celanese® Formcel®
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at Celanese

STABILIZED FORMALDEHYDE
PARAFORMALDEHYDE

FORMCEL SOLUTIONS
...only Celanese offers all four CHEMICALS
Celanese Chemical Company is a Division of Celanese Corporation of America

) orp
Canadian Affiliate: Canadian Chemical Company Limited, Montreal, Toronto, Vancouver.
Export Sales: Amcel Co., Inc., and Pan Amcel Co., Inc., 180 Madison Avenue, New York 16.
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How many tests

make a

control relay “best”?

Round-the-clock
product performance tests

are “standard” at Allen-Bradley

Hour after hour . . . day after day . . . until years of
service have been compressed into a matter of weeks . . .
these Allen-Bradley standard industrial relays undergo
accelerated performance tests. Mechanical life and elec-
trical life are checked and rechecked ... to be certain
that these relays will deliver the extra millions of trouble
free operations for which A-B motor control is famous.

These relay performance tests are just one phase in the
never-ending quality and reliability testing which Allen-
Bradley motor control undergoes. Yes— Allen-Bradley’s
reputation for quality control is well founded. It will pay
you production dividends to insist upon Allen-Bradley—
the quality motor control.

ALLEN-BRADLEY

MEMBER OF NEMA

e

This engineer is 'reading” the number of millions of
trouble free operations on Allen-Bradley industrial relays
on accelerated life tests.

IMPROVED
BULLETIN 700
CONTROL
RELAYS

Allen-Bradley relays are
made in many types, in-
cluding the general pur-
pose relay illustrated at
the left; universal relays
with both normally open
and normally closed con-
tacts; and convertible re-
lays having contacts that
can be easily changed
from normally open to
normally closed.

Quality Motor Control

Allen-Bradley Co., 1204 S. Third St., Milwaukee 4, Wis. * In Canada: Allen-Bradley Canada Ltd., Galt, Ont.
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The wheels of the big 1800-horsepower diesel
electric locomotive slowly start to roll. There’s
little chug to this choo-choo — but there is a
phenomenon called slip-grab which locomotive
makers wanted to investigate. As the locomotive
strains to overcome inertia and get the load mov-
ing, the driving wheels may alternately slip and
grab at the rails.

In a recent series of tests, the mechanical stresses
produced by the slip-grab effect were only

Engineers, Scientists—and
a few of the performance factors recorded on

“SCOTCH” BRAND Magnetic Tape— “ScoTcH” BRAND Magnetic Instrumentation
Tape.
ride the rails to test SLIP-GRAB STRESS These tests, conducted by General Electric

Locomotive and Car Equipment Department
on the diesel-electric locomotive, employed a
portable tape recorder
made by the Precision
Instrument Company.
This sensitive instru-
ment, capable of re-
cording 14 channels,
each crammed with
data, had a natural
companion for the task
—sensitive “ScoTcH”
BRAND Magnetic Tape.
During an actual ride
on the rails the re-
corder and tape took an accurate record of these
parameters: several channels of strain gauge
data, motor shaft torque, motion of the motor
on its mounts, vibration, locomotive speed and
motor current.
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“ScoTcH” BRAND Magnetic Tape was selected
for this task, not only because of its greater
versatility, but for its superior error-free per-
formance as well as its capacity to hold so much
information in such a compact form. It is the
choice, too, to control industrial automation,
helps the scientist explore earth, sea and space—
and remains the leader as newer, more sensitive
tapes are developed for science, business and
industry. For details on tape constructions to
serve your needs, write Magnetic Products
Division, Dept. MBO-110, 3M Co., 900 Bush
Avenue, St. Paul 6, Minn.

© 1960 3M Co.

““SCOTCH"" and the Plaid Design are registeredtrademarksof 3M Company, St. Paul
6, Minnesota. Export: 99 Park Avenue, New York,N.Y. In Canada: London, Ontario

SCOTCH BRAND MAGNETIC TAPE

FOR INSTRUMENTATION
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Scarcely a day goes by that Dow chemically engineered plastics don’t

contribute to the design of a new product, or to an improved design for
@ an old one. And nowhere is their versatility and economy so well employed
as in products for the home. Here, the moldability, color, finish and
NEWS strength of Dow thermoplastics encourage good design, simplify produc-
tion, add sales appeal across the board.

ABOUT

PRODUCT DESIGN

n——s NO PLACE LIKE HOME
FOR TODAY'S NEW PLASTICS

What do you make, sell, design—or buy—for the modern home? Waterfalls,  all year ‘round—even out of doors. Zerlon
perhaps . . . or chairs . . . or floor scrubbers . . . or can openers? Whether is formulated to withstand weather, in-
it's as standard as a chair or as novel as an electric can opener, chances ~ €/uding the heat of a hot summer sun.
are one of the many materials in the Dow family of thermoplastics will Other features of Zerlon: high tensile

. . h, d ical lities,
make it . . . or make it better. strength, good optica’ qualities, easy
fabrication either by molding or extru-

sion.
Take a patio screen made of the new latticework grille that increases privacy Plastics have a hand in these attractive
Dow plastic called Zerlon®. This new or serves as a room divider. The inset  patio chairs, too. The cord is made from
Dow material is ideal for the patterned plastic is attractive and stays that way, PVC ... Dow polyvinyl chloride resin.

Tt iRt bass, t‘.‘.ﬁ.’ﬁﬁr‘&v <Pt SO S A aia s
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Both cord and fabrics are made from
PVC in a wide spectrum of colors and
combinations. They feel good to the
sitter, keep their shape, and fit outdoor
decor. And the beauty of it from the
housewife’spointof view—materialsmade
with PVC wipe clean with a damp cloth.

Want your own waterfall? Make sure
it’s molded of vacuum-formed Styron®
475, as this one is. Because the fall re-
circulates water, it’s important that the
material should not be absorbent. And
it should be able to take normal bumps
andshockswithoutshattering. Styron 475

gives this attractive patio piece high
impact strength, flexural strength, non-
absorbency and offers beautiful printed
design possibilities.

In the kitchen, Styron 475 provides
many modern kitchenware and house-
ware items. For example, it makes a
smooth, colorful, durable housing for
appliances that scrub linoleum and tile,
shampoo floors, vacuum carpets and
floors. Color choices with Styron are vir-
tually unlimited. Another formulation,
Styron 369, makes the housing for clock
radios, is especially formulated for heat

el

resistance, impact strength, good dielec-
tric properties. Clock housings and face
dials are molded from Styron 666.

Tyril® is a favorite Dow thermoplas-
tic for many home products, from elec-
tric can opener housings to lint filters
for washers. Strong, tough, craze-resist-
ant Tyril withstands chemical attack of
oils, waxes, soaps and solvents. It stands
up well under ordinary heat, stays di-
mensionally stable. A high gloss finish
and wide spectrum of built-in colors
make it first choice for many modern
home products.

MATERIALS MAKE THE DIFFERENCE between an ordinary product and one
with special advantages in the way of production and saleability. And
Dow’s "‘widest line of thermoplastics’’ can widen that difference for you.
Are you planning a new product that needs special qualities of moldability,
color, style, production economy? Then investigate the extensive formula-

tions range available in Dow plastics .

. . and the difference it can make in

your product. For full information, write THE Dow CHEMICAL comPANY, Midland,
Michigan, Plastics Merchandising Department 1758EQ11.

See "“The Dow Hour of Great Mysteries” on TV

THE DOW CHEMICAL COMPANY

Midland, Michigan
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Magnavox continues to maintain a position
of leadership in the airborne communica-
tions field.

Magnavox engineering, in conjunction with
the Air Force, has developed an advanced
airborne communication system that is de-
signed to meet the requirements of the
future. Utilizing wide band techniques, such
functions as television relay for bomb
damage assessment, data link for control
and identification, and many other forms
of air-to-air and air-to-ground communica-
tions can all be realized over the same
equipment as used for voice.

COMMUNICATIONS

Magnavox

AN/ARC —-50 SYSTEM

MISSILES
DATA HANDLING

THE MAGNAVOX CO. ¢ DEPT.311 e Government and Industrial Division ¢« FORT WAYNE, IND,
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IS YOUR FUTURE GUIDED BY TORRINGTON AUTOMOTIVE BEARINGS?

Emphatically, ves. These bearings, backed hy Torrington’s creative engineering, will play a vital role in your future
progress < Today, the average car contains more than twice as many Torrington Bearings as all other anti-friction
bearings combined. Over 400 needle rollers are used in bearing assemblies < Indeed, without Torrington Needle Bearings,
such advances as automatic transmissions, power steering, power windows and other power-operated equipment might still

be in the development stage! < Of equal importance is the creative cooperation Torrington offers to research and engi-
neering people who inspire and achieve automotive improvement. This has established a partnership in progress which
will continue to spark advances through improvement in the design, material and performance of anti-friction assemblies.

THE TORRINGTON COMPANY, Torrington, Connecticut « South Bend 21, Indiana
PROGRESS THRCUG! CISION—IN BEARING DESIGN AND PERFORMANCE
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counts and stacks newspapers automatically—and can be pro-  an automatic pump off control for stripper oil wells—stops the
grammed to automatically vary the stacks to meet route schedules.  pump when oil has been lifted. Saves the pump, ups production.

1No more hand stacking. This newspaper counter-stacker = No more dry pumping. Cutler-Hammer’s new development—l
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CONTROL

What’s new in control/ for automation?

A blast furnace
that charges itsel

More efficient automation because
the Cutler-Hammer control systems
man was called in at the start of
planning. The art of charging a blast fur-
nace is now a science.

Cutler-Hammer control engineers, with
the furnace builders, worked three years to
put all charging control functions into one
integrated system. Now, the proper material
in the proper amounts, all in a proper se-
quence are delivered to the furnace bell—
automatically.

Every step of the operation can be checked
visually on master control panels. Nothing
is left to chance. The added cost of this
kind of charging control is relatively insigni-
ficant. Complete flexibility in selection of
furnace charging programs now makes pos-

sible optimum blast furnace performance.

Why you should call in the electri-
cal control man early. Cutler-Hammer
hasbeenincreasing productivity and lowering
costs for many different companies in many
different industries for years. This is a major
reason why Cutler-Hammer should be called
when you start your automation planning.

The company on the move. There’s a
new vitality at Cutler-Hammer—a new de-
sire to solve problems. We've planned for
the gigantic expected growth of the sixties
and now we’re ready—with new plants, new
engineering talent, new and better products.
We'd like to tell you about ourselves if
you’re planning ahead. Contact the Cutler-
Hammer sales office nearest you.

Automation is more efficient when the control expert is called in early.

WHAT'S NEW? ASK

Cutler-Hammer Inc., Milwaukee, Wisconsin e Division: Airborne Instruments Laboratory « Subsidiary: Cutler-
Hammer International, C. A. Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.
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This pivol is one of the

larger parts Sperry os-

sembles
with BE&L
Microscopes.

Company ..
Address

How Sperry Saves
Time with StereoZoom"
Microscopes

In its work on the B-58 Hustler and Jupiter C
missile programs alone, the Air Armament Di-
vision of Sperry Gyroscope Company makes
over 250 different detail parts of floated gyroscopes and integrating
accelerometers.

The Bausch & Lomb StereoZoom Microscopes allow Sperry’s op-
erators to see this sub-miniature work enlarged in natural, 3-D detail.
These instruments provide the long, unobstructed working distance
(up to 7”) required for intricate assembly operations without damage
to delicate parts. To check work, a turn of the zoom knob provides
any desired magnification within the instrument’s range; working
distance stays the same, with work always in focus.

In critical inspection, Sperry saves scanning time by setting the dial
to the exact magnification needed for specific checks, (from 3.5 X
through 120 X ). And these B&L Microscopes are light enough to be
carried easily for spot checks at any assembly point. Sperry keeps its
B&L StereoZoom Microscopes busy for the full working day, with
complete visual comfort for the operators.

Find out how you, too, can save time in assembly and inspection
with B&L StereoZoom

Microscopes.

ond inspects
StercoZoom

BAUSCH & LOMB INCORPORATED |
75811 Bausch St., Rochester 2, N.Y |

[ Send me new B&L StereoZoom Catalog D-15
[ Schedule a demonstration at my convenience.

Name, Title .

5!NCE@IBS3
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THE AUTHORS

SARAH E. STEWART (“The Poly-
oma Virus”) is a staff member of the
Commissioned Corps of the U. S. Public
Health Service and a medical director
of cancer research at the National Can-
cer Institute. She received her B.S. from
New Mexico State College and her M.S.
at the University of Massachusetts.
From 1936 to 1944 she was a bacteriol-
ogist for the Public Health Service and
did graduate work at the University of
Chicago, receiving her Ph.D. in micro-
biology in 1939. She acquired an M.D.
degree at Georgetown School of Medi-
cine in 1949, joining the staft of the
Commissioned Corps later that year. The
virus-induced tumors discussed in the
present article have been Dr. Stewart’s
principal interest for more than a dec-
ade. In 1948 she did research in this
field under a grant from the National
Cancer Institute; two years later, when
she joined the Institute, she began to
work on the subject full-time.

NARINDER S. KAPANY (“Fiber
Optics”), supervisor of optics research
at the Armour Research Foundation of
| the Illinois Institute of Technology,
graduated from Agra University in India
in 1948, and for the next three years
supervised the design, production and
testing of optical instruments at the
Ordnance Factory in Dehra Dun. He
did graduate work in optics at Imperial
College, London, and in 1952 joined the
Barr and Stroud Optical Company in
Glasgow as a lens designer. He was
awarded a Royal Society scholarship to
start research in fiber optics at Imperial
College, and in 1954 received his Ph.D.
trom the University of London. Kapany
was a member of the Institute of Optics
at the University of Rochester for
two years before he joined the Armour
Research Foundation in 1957. There
he has initiated considerable research
in fiber optics, and has also worked in
image evaluation, aspheric optics and
interference microscopy.

NATHANIEL KLEITMAN (“Pat-
terns of Dreaming”) retired this vear
as professor of physiology at the Uni-
versity of Chicago. Born and raised in
Russia, he came to the U. S. in 1915
to study at the College of the City of
New York, receiving his B.S. in 1919.
After acquiring his M.A. at Columbia
University in 1920 and his Ph.D. at the
Universitv of Chicago in 1923, he went



Business end of an Atlas ICBM. Atop this Air Force intercontinental
ballistic missile is a compact but tremendously complex re-entry test vehicle.
With its instrumented payload, it will hurtle thousands of miles to a pin-point
target in a matter of minutes. It will soon be on the assembly line at Avco,
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where operational re-entry vehicles for Titan and Minuteman are already

being produced. A vc,o

AVCO CORPORATION, 750 THIRD AVENUE, NEW VYORK 17, NEwW YORK
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The First Small Computer with
BiG COMPUTER PERFORMANCE

¢« ANALOG COMPUTING
* SIGNAL GENERATION
¢« DATA REDUCTION

Program it for

The Donner 3500 brings all the versatility of big general-purpose analog
computers right to your desk or bench. And it’s practical for more than
computing.

Here’s Why: it’s small and portable (23 1bs); precise (0.1% ); contains 10
amplifier channels; is reasonably priced ($1200-$1800) and convenient.
By repatching, you can use it in the lab as a versatile signal generator, for
data reduction or signal conditioning at test sites, and as a general purpose
computer in the classroom, field, or at your desk.

As A Computer— Up to three 3500’s can be slaved together, giving big,
30-amplifier computer performance in a small package. Chopper stabilized
amplifiers and 0.1% computing components assure high precision over
full 100 volt range. A complete line of accessories lets you solve non-linear
equations or equations with non-constant coefficients. For teaching, a
single 3500 can be used simultaneously by two groups of students without
mutual interference. Two detachable problem boards, each controlling
half the computer, replace the standard problem board for this purpose.

As A Signal Generator — Re-programming the problem board converts the
3500 to a signal generator, simultaneously forming sine, cosine, square
and triangular waveforms of high precision. You can also use the 3500
as a constant current or constant voltage power supply and a low fre-
quency wave analyzer.

For Data Reduction—The 3500’s amplifiers are easily programmed at the
problem board for signal conditioning or data reduction. By simply re-
moving a few screws, the problem board tilts up for mounting the 3500
in the instrumentation rack. Remote control feature allows data to be

controlled at the test site.

CONCORD, CALIFORNIA
MUIberry 2-6161

SCIENTIFIC
COMPANY

Want More Information? Your
nearby Donner engineering rep-
resentative will be happy to give
you complete information on
the 3500 and arrange a dem-
onstration. Or you may write
Department 99.
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abroad to study at the universities of
Utrecht and Paris, returning in 1925 to
join the faculty at Chicago, where he has
taught for the past 35 years. Kleitman
has been “thinking of going to Bali,
whose inhabitants,” he says, “have
strange sleeping habits. I devote my free
time to writing up data gathered many
years ago and to the preparation of a
revised edition of my 21-year-old mono-

| graph Sleep and Wakefulness.”

DANIEL I. ARNON (“The Role of
Light in Photosynthesis”) is professor
of cell physiology at the University of
California and biochemist at the Uni-
versity’s Experiment Station. He was
born in Poland in 1910 and came to
the U. S. to do his undergraduate and
graduate work at California, where he

I acquired his Ph.D. in plant physiology

in 1936. Except for service with the
Army Air Force in World War II, a
year at the laboratory of David Keilin
at the University of Cambridge and
a year as Senior Fulbright research
worker at the Max Planck Institute for
Cell Physiology (where he worked with
Otto Warburg) Arnon has spent his en-
tire professional career at California.
His early research in trace elements in
plants led to the discovery, with Perry R.
Stout, of the role of molybdenum in
green plants and of vanadium in green
algae. His later studies of photosynthesis
have come about as a result of his in-
terest in the function of such trace ele-

ments in plant nutrition.
[

F. FRASER DARLING (“Wildlife
Husbandry in Africa”) is vice president
and director of research of the Conserva-
tion Foundation in New York. Born in
Scotland in 1903, he took his Ph.D. at
the University of Edinburgh, where he
later became senior lecturer in ecology
and conservation. From 1944 to 1950

| he directed the West Highland Survey,

a study of the influences of land use and

| environmental change on the ways of

life in the Scottish Highlands. Darling’s
work has taken him to Alaska and other
parts of North America, to Northern
Rhodesia and the Mara region of Africa,
and to remote islets in the North Atlan-
tic, where he lived for several years
while studying the life history of the
Atlantic gray seal. He first came to the
U. S. as a representative of UNESCO
and served for a number of years as a
member of the scientific advisory coun-
cil of the Conservation Foundation be-
fore being appointed to his present post
in 1959. He has written seven books
about his various studies, of which the



Interesting things happen when you add a spot of zirconium
or chromium to copper—four high-conductivity coppers that
boost production, cut cost of machining—even plain old
free-cutting brass rod is going fancy.

There’s a quiet revolution going on in
copper metallurgy. Research and de-
velopment teams are expanding the
useful knowledge of copper and cop-
per alloys in an effort to define the
properties most suitable for specific
engineering applications.

STABILITY at elevated temperature,
combined with good electrical conduc-
tivity, is probably a combination most
sought after by design engineers and
by our industry’s research teams. Two
allovs are now commercially available,
and the alloy systems are unique.
Chromium copper and zirconium cop-
per are heat-treatable alloys with good
stability of mechanical properties up
to temperatures in the order of 600 F.

CHROMIUM copper in the fully heat-
treated condition following a solution
anneal will exhibit properties combin-
ing a tensile strength of about 75,000
psi with conductivity of approximately
80% IACS. Zirconium copper has
good stability characteristics at ele-
vated temperatures and conductivity
of 90 to 95% IACS; the strength
properties developed by heat treating
are, however, somewhat lower than
chromium copper.

SEVERAL other heat-treatable copper
alloys with intermediate properties are
gaining recognition in the connector
and electronics fields. These alloys fall
into a conductivity range of 35 to 65%
IACS, with tensile strengths 90,000 to
100,000 psi. The most popular alloy
systems are the copper-nickel-phospho-
rus and copper-nickel-silicon series
with modifications for free machining
or other specific requirements. These
alloys have a solution annealing tem-
perature about 100 to 200 C lower than
the chromium and zirconium coppers.

THE WIDESPREAD use of panel or har-
ness construction for linking segments
of electrical control devices has made
the requirement for free-cutting cop-
pers mandatory. Screw machine shops
are fabricating these connector com-
ponents of various designs by the mil-
lions. Currently the most popular free-

cutting coppers are leaded copper with
conductivity of about 98% IACS, and
tellurium and sulfur coppers at about
95% IACS. Some of these free-cutting
coppers have residual oxygen and can
become brittle or gassed under the
usual conditions contributing to this
phenomenon. All, however, can be ob-
tained with a combination of deoxi-
dizers or oxygen-free copper. In the
case of the deoxidized variety, some
slight sacrifice in conductivity will be
noticed. Ordinary usage very seldom
requires conductivity in excess of 90%
IACS — and this presents no problem
for these coppers.

ALL of these coppers can be cold
worked without too much trouble.
They can be supplied in a suitable wire
temper for cold heading and secondary
operations designed around the basic
alloy system. Up to now there has not
been too much interest in these alloys
for wire forming or heading operations.
Close dimensional tolerances may be
the reason for the reluctance of the
heading people to get into the electri-
cal connector business. Alloys are
available with the ductility and me-
chanical properties necessary for this
type of forming. It would appear that
some of the products could be made
more economically by cold-heading or
wire-forming operations.

RECENT TRENDS have also affected the
old brass and copper reliables. There
can’t be any product more prosaic than
free-cutting brass rod; it is the cheapest
of such commodities and at one time
was the easiest to process—all one had
to do was to extrude, draw to finish
dimensions, and ship. In many cases
this practice won’t work today. Deep
drilling, roll threading, knurling, stak-
ing, slotting, etc., have complicated
the picture, but the latest efforts of the
screw machine builders have laid this
ghost to rest. We now hear of beta-free
rod for close tolerances on deep-drill-
ing applications. Similar grain struc-
tures, but not necessarily the same
temper, are required for roll thread-
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ing, knurling and staking or whenever
extra ductility is needed. Along with
the consideration of grain structure, it
has been necessary to take advantage
of the broad chemical composition
range for free-cutting brass. Most sup-
pliers divide the standard range into
two parts, utilizing the lower copper
range for the larger sizes that will nor-
mally be machined on the heavier,
faster screw machines where chip
breaking and clearing the tools are the
most important considerations. This
might be considered the rough, break-
down type of stock.

FOR the smaller diameters, specializa-
tion has been the watchword. Depend-
ing on specific needs, you can now
obtain free-cutting brass rod with
all-alpha, fine-grained structure or an
alpha-beta fine-grained extruded struc-
ture, or possibly a combination of both.
For certain applications you might
need a coarse-grained, all-alpha struc-
ture. Lead dispersion and lead content
are other variables that can and will
be controlled to meet fabricating or
end-use requirements.

IN the cold-heading industry, advan-
tage is being taken of the wider selec-
tion of copper and copper alloys that is
available today. The nickel silvers,
phosphor bronzes, and silicon bronzes
combine good ductility and high
strength with excellent corrosion re-
sistance. The whole range of common
brasses has specific applications and
can be tailored to various heading
operations.

The research and development hopper
is full of interesting new ideas and
projects at Anaconda American Brass
Co. It could be that we’re working
on something which would help solve
one of your problems. Even though we
don’t have the complete answer, per-
haps we could both reach a solution
faster by pooling our efforts. Call your
Anaconda representative and talk it
over with him or write: Manager, Mar-
ket Planning, Anaconda American
Brass Company, Waterbury 20, Conn.

6050L

®

COPPER — BRASS — BRONZE
NICKEL SILVER MILL PRODUCTS

Anaconda American Brass Company
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Super-Clean

AIR

Complete protection for

rectifier junctions at their most

vulnerable stage—just prior

to sealing—is provided by
“white room” air that is triple-
filtered electrostatically to
trap dust as small as 0.00001"”

in diameter (one thousand

times smaller than the thick-
ness of human hair!).

Vacuum-Cleaned

WORKERS

“White room” air starts
clean, stays clean . .. assured
by strict controls on
personnel. Precautions for
authorized personnel

include special lint-free
clothing, head-to-toe

vacuum cleaning, a power-
driven “shoe shine” and

an absolute ban on cosmetics.

*

Ultra-Pure

WATER

This water is softened, de-
jionized, de-mineralized, fil-
tered again and again . . . then
“filter-polished” just before
use in the 9 critical junction
washing operations. Its elec-
trical resistivity —true meas-
ure of purity—is a fantastic
18,000,000 ohm-centimeters.

Spotless

"WHITE ROOM”

Because it takes only one
microscopic dust speck to
destroy a rectifier’s reliability,
Fansteel assembles and

seals silicon rectifiers in the
surgically-clean, contaminant-
free environment of the
“white room”—heart of its
new semiconductor plant.
Here, reliability is born.

latest, Wildlife in an African Territory,
appeared this year.

F. REIF (“Superfluidity and ‘Quasi-
Particles””) is associate professor of
physics at the University of California.
In 1939, at the age of 12, he left his
native Austria, spent the first two vears
of World War II in France, and then
came to the U. S. in 1941. Following
undergraduate work at Columbia Uni-
versity he studied physics at Harvard
University, where he acquired his Ph.D.
in 1953. From 1953 until this September,
when he joined the faculty at California,
Reif was a joint member of the depari-
ment of physics and the Institute for
Metals at the University of Chicago. His
interest in superfluidity is relatively re-
cent; most of his research has been in
solid-state physics and nuclear-mag-

And for notes and news on rectifiers and capacitors, ask for ReCap®, the free bimonthly
publication of the Rectifier-Capacitor Division, Fansteel Metallurgical Corporation, North

Chicago, Illinois, U. 5. A,

WHERE RELIABILITY DICTATES STANDARDS
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netic resonance.

R. L. S. BRUCE-MITFORD (“The
Treasure of St. Ninian’s”) is keeper of
the British and Medieval Antiquities
in the British Museum. A graduate of
the University of Oxford, he was assist-
ant keeper of Ashmolean Museum in
1937 and of the British and Medieva!l
Antiquities in 1938. During World War
IT he served with the British army. In
1954 he assumed his present position
as well as that of deputy keeper of the
British Museum. At present he is en-
gaged in writing the first volume of
the Oxford History of English Art and
a report of his excavations of a Cornish
village of the ninth to 11th centuries.

JOHN H. REYNOLDS (“The Age of
the Elements in the Solar System”) is
assistant professor of physics at the Uni-
versity of California. He was born in
Cambridge, Mass., in 1923 and attended
Harvard University. After graduating
in 1943 he served with the Navy for
three years. From 1946 to 1950 he did
graduate work at the University of Chi-
cago, where he came in contact with
Enrico Fermi, Harold C. Urey and
Mark G. Inghram, the three men, he
says, who most influenced his subse-
quent work. Since joining the faculty
at California in 1950, his research in-
terests have come to center on studies
of isotopes in geologic and meteoritic
samples. The results of his mass-
spectroscopic studies of the Richardton
stone meteorite are discussed in the
present article. Reynolds is now midway
through a two-year research professor-
ship at California’s Miller Institute for
Basic Research in Science, which “has
let me really bear down on meteorite
| research.”
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The Task — Provide celestial accuracy for massive sensing devices.-

The Solution — Hydrostatic bearings for smooth, rigid,
“frictionless” support.

In Polaris submarines and other military applications, these
hydrostatic bearings, developed by Nortronics, are particularly suited to
virtually frictionless support of a large structure, which can be
positioned accurately by a servo system with mo unevenness, runout or
binding — yet extremely stiff under applied loads.

A NOTE FOR TALENTED ENGINEERS:

We invite your inquiry as to important positions at Nortronics’
Precision Products Department. Excellent salaries for qualified men
in both our Systems and Component Groups.

Contact E. P. Reardon

PRECISION PRODUCTS DEPARTMENT
. NORWOOD, MASSACHUSETTS
Field Offices

e . Highway #46 2486 Huntington Drive
A DIVI sion Ol( Teterboro, New Jersey San Marino, California

T : AT - T : ATlantic 7-0461
NORTHROP CORPORATION  1uiriassmouck Heightsrr-u | Twx-Abambra 9610-6

TWX-Alhambra 9619-U
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Compact cryogenic

cooling systems

for infrared,

electronics or

New AiResearch system delivers

Liquid nitrogen
(—-320°F.)

nitrogen in liquid form

from storage system to cooling area

Now units requiring cryogenic cooling no longer need be
designed with allowances made for bulky expanders or adjacent
storage tanks.

The new AiResearch system transfers the coolant in liquid
form to a point of use 25 feet or more away. The liquefied gas
passes through an uninsulated, small, flexible tube which can
be bent over and around obstructions. Because the storage
system can be placed anywhere, space limitations are overcome
and vehicle installation problems are simplified.

THE

The complete system includes the cryogenic liquid container,
pressure and flow controls, the liquid transfer tube and cooling
adapter. The system can be operated without external power.
It can be used with missile, aircraft, space or ground based
units and can be converted to a closed-cycle system with the
addition of a small gas liquefier.

AiResearch has pioneered many new developments in the
cryogenic field. It is presently engaged in work on systems
utilizing helium, hydrogen or neon as coolants, and cryogenic
systems for zero G operation.

« Please direct inquiries to Los Angeles Division.

CORPORATION

AiResearch Manufacturing Divisions

Los Angeles 45, California ¢ Phoenix, Arizona

Systems and Components for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS
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SIGNIFICANT ADVANCES IN BERYLLIUM TECHNOLOGY COME FIRST FROM BRUSH
FORGING INTO SPACE

Beryllium heat sinks are being
readied for test flights.

' Right. now sclentlsts and engineers from
- the National Aeronautics and Space Ad-
ministration and McDonnell Aircraft are
working toward the day when the first
American will ride into space to orbit
the earth.

How do beryllium and Brush fit into the
Project Mercury manned Eace flight
effort? A beryllium heat sink is one of
two ways being tested to protect the
precious human payload from re-entry
heat. Beryllium absorbs tremendous

+ heat, is light, yet maintains strength at

high temperature. And Brush developed
new techniques to produce the world’s
largest beryllium forgings for use as heat
sinks in the tests to determine the final
design of the manned space capsule.

Beryllium offers the solution to many
‘space age’ application problems. Brush
will continue to take the lead in produc-
ing beryllium in new forms by new tech-
niques for new uses.

Can this metal, its alloys, its oxide, or
our expanding experience with these
versatile materials solve a problem for
you? Let us try. Contact us at 5209
Eueclid ,Aven or ENdleot.t 1- 5400 in

- b nClgvelshd, ) qﬂ
1 % “©e
gRUSH BER\(\UM COMEANV
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AIRBORNE RADAR: another prime capability of Goodyear Aircraft

PINPOINT radar guidance system employs programmed data stored on film to
*. guide missiles or aircraft to target

“ROVING REPORTERS” with no strings attached!

Here's airborne radar with a sense of responsibility—developed by GAC for
unattended operation. Lightweight and compact, this GAC equipment is
transistorized and miniaturized to stow away handily in missiles, drones,
balloons, as well as manned aircraft. Unlike attended radar, these “no-hands”
radars provide presentations that are more reliably interpreted —they're not
colored by an operator's subjective observations. With each component built
to optimum reliability level, GAC's airborne radars are geared to operate for
long periods in any weather without requiring adjustment. GAC has the
specialized skills to meet your radar needs—whether for accurate guidance,
reconnaissance or surveillance. For proof, write Goodyear Aircraft Corporation,
Dept. 9160W, Akron 15, Ohio.

Lots of good things come from

? 4
—
/ Providine all 3
weapon system skills
Shaped beam reflector and line feed for . DESIN . |

" high-altitude radar studies. System pro- Plants in Litchfield Park, Arizona, and Akron, Ohio MANUFACTURE
vides excellent pictures from 100,000 feet
and higher

( Y

Pinpoint—T. M. Goodyear Aircraft Corporation, Akron 15, Ohio

High-resuipti:n radar sees and records, through continuous radar 5. Large slip-ring assembly built by GAC
" pholography, distant areas or inaccessible lerritory
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.. .a hand in things to come

Taking the pulse of a petrified river

From the Colorado plateau —once the floor of a vast inland sea —
comes the wonder metal uranium. Using sensitive instruments, Union Carbide
geologists find its faint gamma rays along the beds of ancient petrified rivers.

Every ton that is mined ultimately yields just about half an ounce
of uranium 235 . . . precious food for atomic reactors. At Oak Ridge, Tennessee
—the great atomic energy center operated by Union Carbide for the U. S.
Atomic Energy Commission—the fuel becomes the kind of energy that will
drive a submarine . . . light a city . . . or help doctors pinpoint the location
of diseased tissue.

Finding, refining, and researching the materials used in atomic
energy are all part of the work done by the people of Union Carbide to enrich
your daily life. With pioneering curiosity, they are seeking new things not
only in atomic energy, but also in the fields of carbons, chemicals, gases,
metals, and plastics.

© 1960 SCIENTIFIC AMERICAN, INC

Learn about the exciting work going
on now in chemiculs, carbons, gases,
metals, plastics, and nuclear energy.
Write for “ Products and Processes™
Booklet L, Union Carbide Corpora-
tion, 270 Park Avenue, New York
17, New York. In Canada, Union
Carbide Canada Limited, Toronto.

UNION
CARBIDE

...a hand
in things to come
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at the measurement of
1<billionth of a

second on the new,
daringly conceived -hp-
1nstrument that makes )
siich a measurement swift,
simple and sure. .
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PROGRES

IN SPACE COMMUNICATIONS
AND RADAR & aependent on precise messurement in_ex.

tremely high-speed electronics, “fast” circuits which commonly generate repetitive
phenomena lasting as briefly as one billionth of a second.

Progress in electronics requires the measurement of these phenomena, ideally
on the screen of an oscilloscope. Most oscilloscopes, unfortunately, have ‘“speed”
limitations of 15 to 30 million cycles per second.

Hewlett-Packard engineers, following a fresh though at times forbidding approach,
literally broke through the limitations of conventional circuits by radical employ-
ment of established sampling techniques.

The resulting oscilloscope permits viewing and exact measurement not only at the
common frequencies of 15 to 30 million cps—but all the way up to 1,000 million
cycles per second—1,000 megacycles!

This new oscilloscope is but one of some 400 Hewlett-Packard instruments serving
the needs of science, industry and the military.

& engineers work daily to produce precision electronic tools for making ordinary
and extraordinary measurements dependably and easily. They work in an invigor-
ating atmosphere which rewards initiative and offers freedom of action. Company-
sponsored research in the world’s most modern electronic laboratories promises
a continuing flow of contributions to scientific progress.

& seeks to engineer into each
instrument a genuine contribution

fo the art of measurement,

¢p 185A 10 to 1,000 megacycle
oscilloscope for
measuring and analyzing

Transistor response time

Diode switching time

Radar pulse jitter

Computer memory-unit switching

UHF radar and
communications voltages

Fractional nanosecond
time pulses

R~
2,
€3
=
€3
RS
~
N
<
=
=
<z,
—~
S
=
€3
=
€3
=3
€3
~
s,
QO
<
5]
I~
@)
(St
<
R
=
i
&~
~
€3
~
=
€3
|

Easy, conventional scope operation
Big, bright, steady 5” CRT picture

HEWLETT-PACKARD COMPANY

1501 Page Mill Road, Palo Alto, California Hewlett-Packard S.A., Geneva

-‘-‘""--.__.

—

Sales representatives in all principal areas 6376
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In Arctic cold...

L - = e et
General Electric Silicone Fluids offer reliability from —65°F to
400°F as liquid dielectrics and heat transfer media in aircraft,
missiles and ground installations. Excellent dielectric properties
are virtually unchanged over wide ranges of temperature and
frequency.

ormissile heat...

G-E Silicone Rubber Insulation is used in missiles and space
vehicles because of its excellent insulating properties, resistance
to temperature extremes, moisture and ozone and its long-time
stability in storage.

G-E silicone insulations do the job!

RTV* Liquid Silicone Rubber comes in a
wide range of viscosities for potting, en-
capsulating, impregnating and sealing.
RTV resists heat, cold, ozone, moisture;
protects against high-altitude arc-over.
*Room Temperature Vulcanizing

G-E Silicone Varnishes provide excellent
protection against moisture and high op-
erating temperatures. Applications in-
clude conformal protective coatings for
printed circuits, resistor coatings, trans-
former impregnation, etc. New varnishes
cure at low temperatures.

New Silicone Dielectric Greases main-
tain physical and electrical properties
from —65°F to 400°F, offer protection
against moisture and oxidation. Used as
corrosion inhibitors, lubricants, heat
transfer media and release agents.

Silicone Rubber Wire Insulation with-
stands soldering heat without damage;
matches or exceeds vital properties of in-
sulation costing three times as much.
Provides long service life at 500°F; mo-
mentarily withstands temperatures up to
5500°F. Flexible as low as —150°F, it
resists moisture, ozone, nuclear radiation.

Send for technical data, “’Silicones-for-
Insulation.”” Section U 1131, Silicone Products
Department, Waterford, New York.

GENERAL @3 ELECTRIC
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Orbits through space

The space-flight paths diagrammed above represent a closed elliptical orbit, a
parabolic orbit, and, on the outside, an open, hyperbolic orbit characteristic
of the start of an interplanetary flight.

Orbital flight mechanics is one of the many areas of advanced investigation at
Boeing. The staff of the Boeing Scientific Research Laboratories, for example,
carries out basic research in such fields as energy conversion, hypersonics,
magneto-hydrodynamics and plasma physics.

Other Boeing scientists and engineers are working toward the advancement
of supersonic flight, propulsion systems, gas turbine engines, commercial and
military aircraft, vertical and short take-off and landing aircraft.

Professional-Level Openings

The wide scope of Boeing programs in all areas
of manned and unmanned flight, from theoretical
research to advanced precision fabrication, offers
careers of unusual interest to professional special-
ists in engineering and scientific fields, as well as
in other-than-engineering areas. Drop a note,
mentioning degrees and major, to Mr. John C.
Sanders, Boeing Airplane Company, P. O. Box
3822 - SAN, Seattle 24, Washington.

BOEING
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Marie Curie...on idealists

“Humanity, surely, needs practical men who make
the best of their work for the sake of their own
interests, without forgetting the general interest.
But it also needs dreamers, for whom the unselfish
following of a purpose is so imperative that it
becomes impossible for them to devote much atten-
tion to their own material benefit. No doubt it
could be said that these idealists do not deserve

riches since they do not have the desire for them.
It seems, however, that a society well organized
ought to assure workers the means for efficient
labor, in a life from which material care is
excluded so that this life may be freely devoted
to the service of scientific research.”

—~Pierre Curie, 1923

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA

A non-profit organization conducting mullidisciplinary research in the physica[ and social sciences, and engineering on pro]olems related
to national security and the public interest. RAND economists are concerned with app]ying rational principles to problems of choice,
with estimates of economic war potcntia], with system costs, and provide economic data and models for other research projects.
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The Polyoma Virus

This recently discovered organism causes a variety of malignant

tumors in laboratory animals. Studies of its action lend weight

to the idea that ciruses mayv be responsible for human cancers

he idea that some infectious or-

I ganism causes cancer is as old as
the germ theory itself. Once Louis
Pasteur had demonstrated the infectious
nature of many of the worst maladies of

man and beast, what could be more
logical than to suppose that a germ pro-

POLYOMA VIRUSES appear as small dark granules in this
electron micrograph of two cells from the kidney of an infected
mouse. The viruses, enlarged about 39,000 diameters, are present

by Sarah L. Stewart

vokes the transformation of the body’s
own tissue into a proliferating cancer?
Much time, effort, disappointment and
heartache went into the futile search for
a cancer germ. One organism after an-
other, isolated from cancerous tissue,
was held up as the causative agent, only

*_‘ v_l“-. b A
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to be proved a harmless denizen or a
secondary invader. Meanwhile investi-
gators demonstrated a bewildering di-
versity of other factors in the induction
of cancer—mechanical irritation, X-rays,
sunlight, hereditary and embryological
factors, and exposure to any of a large

in great numbers in the cell nuclei at left and right, but not im
cytoplasm at center. The electron micrograph was made by Leon
Dmochowski of the M. D. Anderson Hospital in Houston, Tex.
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catalogue of chemicals. Many workers
became convinced that cancer arises
from changes within the cell, perhaps
triggered by the operation of factors
outside the cell, but without the incor-
poration of any external agent.

Except for the discovery that viruses,
the smallest infectious organisms, cause
a few rare cancers in lower animals, the
infectious theory of cancer fell into dis-
repute. I might add parenthetically that
embracing an unpopular scientific idea,
like adopting an unpopular economic or
social theory, is fraught with difficulties.
Accordingly the major effort in cancer
research flowed into other channels.

During the past few years, however,
cancer research has taken a new turn,
and infection is coming once more to
the fore as a possible cause of the
disease. As if to demonstrate the danger
of discouraging unpopular theories, a
virus -has turned up that causes a score
of different kinds of cancer in mice and
other rodents. This virus has a high
degree of viiulence, causing pathological
changes other than cancer in tissue cells;
it can be produced in quantity in tissue
culture; it has been isolated and visual-
ized in electron micrographs; and it has
been disassembled into its major chemi-
cal components. The “polyoma” virus
and the mechanism by which it produces
its malignant effects are now being stud-
ied in many laboratories in this country
and abroad as a model for the detection
and investigation of the viruses that may
cause malignuncies i1 man.

Some of the ablest members of the

first generation of cancer investiga-
tors were attracted by the virus possi-
bility. In 1908 Vilhelm Ellerman and
O. Bang of Denmark succeeded in trans-
ferring fowl leukemia from one animal
to another by cell-free organ extracts and
filtrates of blood. The cancer was accord-
ingly attributed to a “filterable” virus,
that is, an agent so small that it could
pass through the pores of a filter that
held back cells and the smallest known
bacteria. Soon afterward Peyton Rous of
the Rockefeller Institute secured similar
evidence for the existence of a virus that
causes tumors in the muscle tissue of
chickens. It was not until 1932 that a
virus-caused cancer was demonstrated
in mammals. Rous, ]. W. Beard and Rich-
ard E. Shope of the Rockefeller Institute,
and later Francisco Duran-Reynals of
Yale University, working with a virus
that Shope had found in a nonmalignant
papilloma of wild rabbits, succeeded in
producing ma]ignant tumors in rabbits.
They were unable, however, to transfer
the malignancy by cell-free filtrates. In
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1936 John J. Bittner of the University of
Minnesota discovered in a hignly inbred
strain of mice a naturally transferable
cancer virus that is transmitted by milk
to the nursing offspring. These few suc-
cesses stood out among a great many
failures in the effort to find viruses in

CELL-FREE EXTRACT
FROM, LEUKEMIC MOUSE

TUMORS OF

PAROTID GLAND
AND ADRENALS
IN 33-50 PER CENT

KEY:
&b 9
VIRUS  ANTIBODY

mammalian cancers, and interest in the
possibility waned.

Then, in 1951, Ludwik Gross of the
Cancer Research Unit of the Veterans
Administration described the induction
of leukemia in newborn mice by means
of a cell-free extract of tissues from mice

CZLL-FREE EXTRACT

MONKEY-KIDNEY
TISSUE CULTURE

MOUSE-EMBRYO
TISSUE CULTURE

CELL-FREE EXTRACT

DISCOVERY AND CULTURING OF VIRUS is illustrated by the sequence of drawings
on these two pages and the two following pages. When a cell-free extract from leukemic
mice was injected into healthy mice (far left), the mice surprisingly developed not
leukemia but tumors of the parotid and adrenal glands (second from left). But an extract
of the tumorous glands failed to produce new tumors in healthy mice, apparently because it
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suffering with spontaneous leukemia.
As a microbiologist, I have for many
years been intrigued with the possibility
that viruses may be involved in causing
cancers of different kinds in man. A
logical step in this direction was to at-
tempt confirmation of Gross’s obser-

vation. This was done at the pathology
laboratory of the U. S. Public Health
Service Hospital in Baltimore; we em-
ployed an inbred strain of mice, be-
lieved to be the same as the one Gross
had used, and a hybrid strain. To our
surprise leukemias developed in the hy-

brid mice but not in the inbred line.
Instead, at the age of 10 months, many
of the animals showed a strange enlarge-
ment of the parotid glands (the salivary
glands that become involved in
mumps). Upon dissection and examina-
tion of the glands, we found them taken
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contained antibodies from tlie infected mice and only small quanti-
ties of virus. Virus was freed of antibodies by growing it in tissue
culture (third from left). Tissue culture also made it possible
to grow the virus in large numbers. When injected into mice,
virus grown on mouse-embryo tissue caused tumors in 85 to 100
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SERIAL DILUTIONS

per cent (fourth from left). To prove that a single virus was
responsible, virus from the tumors was passed through several
batches of tissue culture (third and second from right) ; extract
from culture was then diluted so that final test tube contained very
few viruses (far right). Sequence continues on the next two pages.
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over by a hitherto unreported malignan-
cy. Gross simultaneously made the same
finding in some of his mice.

Here was something really interest-
ing: a filterable agent (or agents) that
can cause leukemia or parotid cancer
in mice! Our next step was to try to
demonstrate the presence of this agent
in the tissue of the malignant parotid
glands. We prepared cell-free extracts
of the parotid tumors and inoculated
them repeatedly into newborn mice—
those wriggling pink bits of life that
have contributed so much to this re-
search. The results were discouraging.
What had become of the agent? If we
went back to the filtrate of the leukemic-
mouse tissue, we could induce the paro-
tid cancers without fail, sometimes pro-
ducing tumors in the adrenal glands as
well. Was the presence of the supposed
virus in the parotid tumors masked in
some way? Or was the virus present in
such small quantity that it did not show
up when it was transferred to the next
series of newborn mice?

We decided to try to increase the
supply of virus by the tissue-culture
methods that have made it possible to
produce poliomyelitis and other viruses
in quantities sufficient for public-health
vaccination programs. As is well known,
viruses are distinguished from bacteria
not only by their small size but also by
the fact that they will reproduce only
inside the living cell. In collaboration
with Bernice E. Eddy of the Division of
Biologics Standards of the National

Institutes of Health, who had been doing
much of the polio work and had a mag-
nificent tissue-culture laboratory all set
up, we cultured filtrates of the parotid
tumors. We were able to increase the
incidence of tumors in our experimental
animals, but the results were not so good
as we had hoped. If the agent were in-
deed a virus, and if we had succeeded
in multiplying its numbers by tissue cul-
ture, we would be entitled to expect more
conclusive evidence of virus activity.

But ours was a mouse virus. The tissue
on which we were growing it had come
from monkey kidney, the standard medi-
um for the cultivation of polio virus. Per-
haps monkey-kidney cells were not al-
together to the taste of the virus. We
changed our culture to cells taken from
mouse embryos. Now the virus showed
its true colors. Filterable extracts from
these cultures produced tumors in 83
to 100 per cent of the mice to which the
extracts were administered. And the ex-
tracts induced not only parotid and
adrenal tumors but also many other
kinds of cancer!

\ 7e have logged more than 20 dif-

ferent kmds of tumor in the inocu-
lated mice. These tumors have involved
most of the glands of the head and neck:
all of the salivary glands, the lachrymal
glands, the mucous glands of the air
passages, and the thyroid gland. The
thymus gland, an organ just above the
heart which is present at birth but dis-
appears during normal growth, was fre-

quently involved; in many instances a
tumor of this organ filled the chest cavity.
Contradicting the rule that tumors of the
mammary glands develop only in female
mice under the excitation of the female
sex hormone, the virus engendered can-
cers in the mammary glands of males as
well. Tumors of the lungs were usually
of the type that involves the mesotheli-
um, the outer covering of the organ, and
they covered the entire lung with finger-
like projections that could be seen with
the naked eye. Cancers of the skin that
started in the cells of hair follicles often
covered the entire body surface. The
sweat glands, present only in the hairless
surfaces of the mouse foot, also devel-
oped tumors. All of these are cancers of
the epithelial cells and are classified as
carcinomas. Bat the virus also induced
sarcomas: cancers of connective tissue,
bone, kidney, the lining of blood vessels
and the cysts of the liver. We even found
a tumor in nerve tissue that arose from
the virus.

The relatively massive doses made
possible by our tissue cultures had ex-
posed a virulence in the virus that is
camouflaged by its more covert action
in nature. Individual mice often de-
veloped large numbers of tumors, not
by spreading from a single primary site,
as usually happens, but at many primary
sites and in two or more tissue systems
simultaneously. Moreover, the tumors
appeared much more rapidly than they
did after direct transfer of tissue filtrate
from an infected animal.
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ADDED TO NUTRIENT (HOLES) REMOVED DILUTIONS
MOUSE-EMBRYO ADDED FORM IN TISSUE

TISSUE CULTURE

SEQUENCE IS CONTINUED from preceding page. Dilute virus
suspension is pipetted into tissue culture (far left) and nutrient for
cells is added (second from left). Viruses multiply and eat holes
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(plaques) in tissue (third from left). Each plaque is presumably
made by descendants of a single virus. One plaque is cut from
solidified agar (fourth from left), emulsified and diluted (fifth

REPLATED
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The question now was whether we
had uncovered a single virus or a mul-
titude of them. One way to make such a
determination is to carry the putative
mixture of viruses through a succession
of tissue cultures; some of them die out,
and eventually one outgrows all the
others. We subjected our material to as
many as 90 passages, testing the prep-
aration at different stages, and always got
the same varied spectrum of malignan-
cies. We tried serial dilution—cutting the
original tissue-culture solution to one
part in 10 million or 100 million, cultur-
ing the dilution and then inoculating the
mice—and got the same picture. There
must be only one virus, we felt sure. Had
we really proved it?

Then the virus obligingly demon-
strated another of its capacities. We dis-
covered that it was virtually eating holes
in the single layer of cells in the tissue
cultures; in other words, we found that
it may kill a cell as well as cause it to
proliferate. (Duran-Reynals had ob-
served a corresponding action in the
Rous and the Shope viruses: they some-
times cause fatal hemorrhagic and in-
flammatory infections in chick embryos
and newborn rabbits respectively, much
as other viruses do.) This finding had
many important implications, but it was
of greatest immediate interest because
it gave us a way to determine whether
the virus was a mixture of viruses or a
single agent capable of producing a
multiplicity of tumors. It was now pos-
sible to segregate a single virus particle

AGAR
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PLAQUE
APPEARS

from left). Process is repeated to ensure that only one type of
virus is present (next four drawings). Virus is then multiplied in
tissue culture (second from right) and injected into a variety of

—\ — :
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in the tissue culture, much as single
bacteria are isolated by the familiar
plating technique. The tissue culture is
inoculated with an extremely dilute
virus solution and is then overlaid with
a special nutrient agar and incubated.
When holes, or plaques, appear there-
after in the culture, they are so far
apart that each one may be taken to
represent the cell damage caused by
the replication of a single virus. By fish-
ing up a single plaque, multiplying the
sample in tissue culture and inoculat-
ing a newborn mouse with this material,
we could be sure that a single virus was
the cause of the observed effects.

T he results were as before: the same

high incidence of tumors and the
same varied spectrum of primary ma-
lignancies, sometimes as many as 10
different kinds in a single mouse. We
could now be sure we were dealing
with a single virus, and proposed the
name “polyoma” in witness to its capac-
ity to produce many different kinds of
tumor. Since other cancer viruses (e.g.,
the virus of the Lucké frog-tumor) can
induce more than one kind of tumor, the
original polyoma virus is now prefixed
SE, for Stewart and Eddy. But no virus,
to my knowledge, can induce with such
infallibility the wide variety of tumors
that distinguish the SE polyoma virus.
It has also been established, incident-
ally, that the leukemia originally re-
ported by Gross, which led us to the
discovery of this virus, is caused by an

L\

PLAQUE
REMOVED
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entirely different virus. The polyoma
virus was apparently present, along with
the leukemia agent, in the tissues from
which we isolated it, but it did not pro-
duce lesions in the leukemic mice.

In the course of our experiments we
had been impressed to note that the virus
readily infected each strain of mouse we
exposed to it. This was interesting be-
cause tumor viruses such as the Bittner
milk virus are usually highly specific
and produce tumors in only one genetic
strain. Would the SE polyoma virus
cross a species barrier as easily as it had
crossed the strain barrier? We inoculated
rats, rabbits and hamsters. All respond-
ed with tumors. As a test of susceptibil-
ity outside the rodent family, we tried
the virus on newborn monkeys; after
three years these animals are still free of
tumors. Interestingly enough, the tu-
mors in the rabbits regressed after a few
months. On the other hand, the hamster
proved even more vulnerable to the
mouse virus than the mouse itself. In
the hamster the period of latency is
shorter; highly malignant tumors appear
within two weeks or less after inocula-
tion. The variety of tumors, however, is
more limited than in mice; the hamster
shows only two major types, which in-
volve the heart, kidneys, lungs, stomach,
bowel and subcutaneous tissue.

One reason why the SE polyoma virus
had not been observed in nature before
we isolated it in the laboratory is to be
found in this organism’s great biological
potency. The virus is an excellent anti-

A TUMORS IN ~100 PER CENT
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animals. Virus was virulent enough to cause tumors in almost all
of them (far right). Results in mice were same as before, indicating
that single type of virus caused all the different types of tumor.
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HEMAGGLUTINATION TEST indicates amount of polyoma virus in a culture. Test de-
pends on fact that viruses cause red blood cells to agglutinate (clump together). Unclumped
cells settle to bottom as small disks in column of control tubes at left. (Tubes are viewed
from below.) Other columns contain serial dilutions of virus from three polyoma cultures.
Dilutions vary from 1:10 (top) to 1:5,120 (bottom). Solutions in second column from left
contain most viruses, agglutinating even in a 1:2,560 dilution (second from bottom).
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gen, that is, it readily provokes the pro-
duction of antibodies, substances that
combine with it and render it less harm-
ful. The antibodies to the virus appear
in the circulation of any animal inocu-
lated with it, with or without the appear-
ance of tumors. Even animals that do
not receive an injection of the virus, but
simply share the same laboratory quar-
ters, show antibodies in their blood.
Latent infection with the virus, indicat-
ed by the presence of antibodies, has
been found in 80 per cent of the mice in
some colonies. Human beings show the
same response; some of us who have
been working with the virus for years
have developed antibodies against it.
Among mice in nature the virus is
spread by saliva and excreta. The anti-
genic response provoked in the host
would account for the rarity of spon-
taneous tumors in infected colonies.
Antibodies are passed to the offspring by
nursing mothers through their milk. In
order to secure our results we had to
produce in tissue culture quantities of
the virus in the absence of antibodies.

The presence of antibodies can be
reliably demonstrated by mixing the
serum containing them with virus solu-
tion and injecting the mixture into sus-
ceptible animals. Where the virus alone
secures 100-per-cent tumor induction,
the mixture produces no tumors. Nor do
tumors develop when the serum and the
virus are injected separately but at the
same time. If the serum is injected just
one hour later, however, it confers no
protection. Apparently once the virus has
entered a susceptible cell it is protected
from the action of the antibodies in the
circulating blood.

Tissue cultures offer a simpler and
equally reliable way to demonstrate an-
tibodies. No plaques or other patho-
logical changes appear in the cultures
when the virus is pretreated with im-
mune serum. The simplest method of
all is the so-called hemagglutination test.
In common with other viruses the SE
polyoma virus causes clumping of the
red blood cells of many animals; the
antibody completely inhibits this activi-
ty. Mice also develop resistance to poly-
oma virus that is not attributable to
specific virus antibodies. This is ac-
quired as they grow older. In order to
get multiple tumors we had to take care
to inoculate our subjects, taken from a
virus-free colony, within 12 hours of
birth. Injection by the virus after the
mice are 48 hours old appears to be
harmless. Such injected animals develop
active immunity but no tumors. On the
other hand, we found that hamsters re-



mained almost as susceptible to infec-
tion at 24 days as at birth.

How does the virus cause cancer?
This is a question to excite speculation.
It must be remarked, however, that the
explanations for the action of the numer-
ous other carcinogenic agents and fac-
tors are equally speculative. In the case
of the virus, speculation is enriched and
in part supported by the deeper under-'
standing of the nature of viruses and
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their relation to life processes in the cell
that has been established by recent work
in this rewarding field of investigation.
What is known about the behavior of
other viruses, including the viruses that
infect bacteria, offers many insights into
the action of the SE polyoma virus.

In electron micrographs the virus ap-
pears as a small round body with a
diameter of .0000027 millimeter, which
places it in the class of the smaller

viruses. Like other viruses, it consists of
nucleic acid and protein. We have man-
aged to break it down into these two
major constituents and have shown that
the nucleic acid is deoxyribonucleic acid
(DNA). The same is true of the nucleic
acid in most mammalian viruses, and it is
significant that DNA appears to be the
principal material constituent and active
principle of the genetic apparatus in the
nucleus of the cell. Upon inoculation
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MAJOR CONSTITUENTS OF VIRUS are deoxyribonucleic acid
(DNA) and protein. DNA is the active constituent. Protein pro-
tects it from deoxyribonuclease (DNA-ASE): the enzyme that
breaks down DNA. After ireatment with DNA-ASE, the whole virus

retains the capacity to cause tumors (top). When virus DNA alone
is treated with DNA-ASE, it no longer can cause tumors (mid-
dle). Another enzyme, ribonuclease (RNA-ASE), which breaks
down ribonucleic acid (RNA), has no effect on DNA (bottom).
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into a tissue culture, the naked DNA of
the polyoma virus has proved to be still
capable of infecting the cells, and it in-
duces the replication of complete virus
particles, containing both protein and
nucleic acid. In nature the protein serves
to protect the DNA from the action of
deoxyribonuclease, the enzyme that
breaks down DNA; it also gives a virus
its specificity, determining its affinity
with particular cells and exciting the
production of antibodies in the host.
Many other viruses have been regenerat-
ed by inoculation of their naked DNA
into appropriate cells. Apparently the
virus DNA takes over the metabolic ma-
chinery of the cell and puts it to work
manufacturing virus. The process is dra-
matically demonstrated in the action of
a bacterial virus: The virus sheds its pro-
tein “overcoat” outside the cell, the DNA
disappears inside the cell and some time
later the cell disintegrates, liberating a
host of new virus particles.

The polyoma virus induces the same
sort of “hot” infection when it forms
plaques in tissue cultures. We have also
found that cell destruction precedes the
induction of tumors in the living animal.
The visibly infected cells become en-
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BALLOONING NUCLEI appear when cells are invaded by polyoma
virus. In this photomicrograph of the kidney of a mouse, balloon-
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larged, and their nuclei “balloon.” It is
probable that the enlargement of the
nucleus is caused by the great number
of replicating virus particles; at this
point it is easy to harvest virus in quan-
tity for chemical analysis and electron
microscopy. Because of the severe dam-
age and disruption caused by the virus
replication, these cells cannot reproduce
themselves and soon die. In organs
where cancers develop most frequently
(such as the salivary glands), enlarged
and necrotic cells appear only in the
early stages of tumor development; such
cells are more common in the thyroid and
kidneys, where tumors are rarer. It thus
appears that it is the newly formed virus
particles, liberated by the disrupted tis-
sue cells, that stimulate adjacent cells or
cells in other parts of the body into pro-
liferation and tumor formation.

The virus in the less virulent infec-
tious state in which it causes cancer (if
it is the virus that does so and not
some still-unrecognized by-product of
viral activity) can be likened to a bac-
terial virus in the stage at which it causes
a “temperate” (i.e., latent) infection.
Such a virus disappears inside the bac-
terium, apparently attaching itself to a
DNA molecule in the nucleus and caus-
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ing the cell no harm. It is replicated and
multiplied as the cell reproduces itself,
as if it were a normal part of the cell’s
own structure. Such a virus may infect
a bacterial line in this latent fashion for
generations and not make itself known
except in the occasional disruption and
breakdown of an individual cell. But the
presence of the virus may also be signi-
fied by some recognizable modification
in the genetic characteristics of the bac-
terial line. For example, a virus that
has infected one strain may “transduce”
a genetic trait from that strain to the
genetic make-up of a second [see “ “Trans-
duction’ in Bacteria,” by Norton D. Zin-
der; ScienTiFic AMERICAN, November,
1958]. By inducing an analogous modi-
fication in the genetics of a tissue cell,
the polyoma virus may disengage the
cell from the controls that keep it func-
tioning as a part of an organism and
loose it on the career of wild proliferation
that is cancer.

There are many viruses, in addition
to those cited in this discussion, that pro-
duce a rapidly necrotizing and inflam-
matory reaction in the tissues of young,
susceptible animals, bringing about the
complete disruption and death of the in-
fected cells and often, if erough cells

ing nuclei are visible in prominent cell at upper right center, and
in another at left. The cells are magnified about 1,500 diameters.



are involved, the death of the host. In
the older, more resistant animal or tis-
sue, however, the same virus takes a
more temperate and insidious approach.
It allows the cell to live and proliferate
and, at the same time, replicate virus.
Such an arrangement might go on for
long periods of time. I believe it is in
such situations that viruses cause malig-
nancies to arise.

The cancer-inducing virus may occur
in complete and demonstrable form in
the early stages of tumor formation, as
in the first phase of polyoma virus infec-
tion. But when it deranges the growth
process of the cell, the virus is present
only in a masked or incomplete form.
Very likely its nucleic acid component is
all that is there, incorporated into the
genetic material of the cell itself. In this
state the virus is no longer antigenic nor
demonstrable by any known means. It
announces its presence only in the
pathological appearance and behavior of
the infected cell.

1 Jlor a virus to produce a cancer, there-
fore, a delicate balance must be
established between the virulence of the
virus and the resistance of the host. Too
little resistance leads to a generalized

VIRUSES IN NUCLEUS form crystalline pattern at upper left.

This electron micrograph of polyoma virus in a tissue-culture cell

infection and the death of the host. Too
much resistance suppresses the capacity
of the virus to produce an ordinary in-
fection, and the virus either dies out or
goes into hiding until a more opportune
time for its malignant effect presents
itself.

The acceptance of viruses as a cause
for all cancers is a long way from uni-
versal. Many investigators still adhere to
the idea that cancer arises from changes
within the cell. They cite the multiplicity
of external factors implicated in the in-
duction of cancer as evidence that no
external agent need invade the cell. But
I believe that there are strong arguments
in support of the virus theory.

Virologists have only recently begun
to demonstrate the ubiquity of viruses
and the variety of ways in which they
manifest their presence in single-celled
organisms and in the tissue cells of plants
and animals. In the past 10 years some
70 new specifically human viruses have
been established and studied in the labo-
ratory. Add to these the human viruses
of longer standing, plus the animal and
insect viruses capable of infecting man,
and one arrives at quite an impressive
number. Nor is it necessary to assume a
different virus for each cancer, though
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there are certainly enough to go around.
It has been shown repeatedly that a sin-
gle virus can produce a variety of effects,
depending upon such circumstances as
the dose and virulence of the virus, the
presence of antibodies and other inhibi-
tory substances, the ability of the virus
to mutate and adapt itself to new tissues
and new species, the presence of chemi-
cal agents foreign to the organism (as
well as hormones and other substances
produced within it), and the age, resis-
tance and genetic make-up of the host.
Furthermore, viral causation is entirely
compatible with the operation of exter-
nal factors in the physical environment
of the organism. It is well known, for
example, that a latent virus-infection in
bacteria can be activated by many of
the chemicals and the wavelengths of
radiation that induce cancer in the tissue
cells of animals and humans.

There is at present no way to prove
that cancer ever arises without the
presence of a masked virus, so the pos-
sibility exists that a virus is always pres-
ent. Conversely, it has been shown that
viruses are unequivocally responsible for
many animal malignancies. In the words
of Duran-Reynals, “viruses are in the
cancer problem to stay.”

o
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was made by Leon Dmochowski and Clifford E. Grey of the M. D.
Anderson Hospital. Nucleus is magnified about 35,000 diameters.
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FIBER OPTICS

If light 1s directed into one end of a glass fiber, it will emerge

at the other end. Bundles of such fibers can be used to conduct

images over a tortuous path and to transform them in various ways

s long ago as 1870 the British physi-
A cist John Tyndall demonstrated
that light, which, as everyone
knows, travels in straight lines, can be
conducted along a curved path. His

“light pipe” was simply a thin stream
of water issuing from a hole in the side

by Narinder S. Kapany

of a tank. Light shined into the tank
emerged at the hole and followed the
downward-curving stream. Most of us
have seen the effect in illuminated foun-
tains, and it has also been applied in
advertising displays, with glass or plastic
rods rather than liquid jets serving as

conductors. Recently, however, light
conductors of a special type have been
transformed from trivial curiosities to
important optical devices.

In this form they are made of bundles
of very thin, and therefore flexible, glass
fibers, usually coated with a layer of

LIGHT IS TRANSMITTED from light source at left through a
23-foot-long “light pipe” made up of fibers. “Pipe” is looped over
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a rod. “Star” at right is light coming out of fiber bundle at far
end, which is clamped to laboratory stand and points at camera.



Pl

glass of a different kind. Such bundles
can not only transport an optical image
over a tortuous path, but can also trans-
form it in a number of useful ways.

Although a curved rod of glass or
other transparent material appears to
bend light rays passing through it, it
does not actually do so. Instead the light
follows a zigzag path down the rod,
traveling always in straight lines and
caroming repeatedly off the surface.
Since the surface is transparent, the rays
might be expected to cross it and escape
trom the conductor. The reason they do
not is to be found in the phenomenon
known as total internal reflection.

When light falls obliquely on the
dividing surface, or interface, between
two transparent media, part of it is in-
variably reflected back through the
medium in which it was traveling. An-
other part may pass into the second
medium, the rays being bent or re-
fracted at the surface. (This is the effect
that accounts for the familiar illusion
that a stick thrust into the water is
bent.) The amount of the refraction
depends on the difference between the
speeds of light in the two media; its di-
rection depends on whether the speed is
greater in the first or the second medium.
When a ray travels from the medium of
lower velocity to that of higher, it bends
away from the perpendicular to the sur-
face [see top illustration at right].

If the angle between the incident ray
and the perpendicular is great enough,
the refracted ray bends 90 degrees from
the perpendicular, or along the inter-
face. The angle of incidence at which
this happens is called the critical angle.
It depends, obviously, on the ratio of the
speeds, or to put it another way, on the
ratio of the indexes of refraction of the
two media. (A higher refractive index
means a lower speed, and vice versa.)

At angles of incidence greater than
the critical angle no light passes into the
second medium; it is entirely reflected
back through the first. If the interface is
very smooth and is protected from con-
taminating influences, virtually no light
is lost in this total internal reflection.
The process is thus much more efficient
than reflection from an ordinary opaque
mirror, where considerable energy is
absorbed at the surface.

Transparent rods operate as light
conductors by means of total internal
reflection. They can contain a ray, bounc-
ing it from one side to the other, as long
as it always strikes their surface at an
angle greater than the critical one. In
a straight rod the angle of incidence is
the same from one reflection to the next.

This angle is determined by the angle
at which the light enters the end of the
rod. Hence the smaller the critical an-
gle, the wider the external cone of rays
that can be trapped and transported by
the conductor. Furthermore, as the dia-
gram on the next page shows, bending a
rod decreases the angles of incidence of
the shuttling ray. Hence the degree of
curvature allowable also depends on the
smallness of the critical angle.

he narrow conductors used in fiber

optics are usually made in two parts:
a cylindrical fiber of glass with a high in-
dex of refraction surrounded by a thin
coating of glass with a low index. Total
reflection takes place between the two.
The coating serves to protect the fire-
polished reflecting surface and also sep-
arates the conducting cylinders in the
bundle from one another. With glasses
now available we can make fibers with
a critical angle as small as 50 degrees.
Such a conductor can trap a cone of
light 180 degrees wide.

In a properly made fiber almost all
the light loss is due to absorption in the
glass and very little to reflection. The
high-refraction glass used in fiber cores
absorbs less than a quarter of 1 per cent
of light energy per inch. A bundle seven
feet long delivers 50 per cent of the en-
tering light at the far end, and 25-foot
bundles transmit enough for certain ap-
plications. Tests on individual fibers
have shown a measurable amount of
transmission over 150 feet. Considering
that a ray inclined at 30 degrees to the
axis undergoes 692,880 reflections per
100 feet, even in a comparatively thick
fiber, one can see that there must be
almost no loss at each reflection.

Two examples of the image-conveying
property of an aligned assembly of fibers
are to be found in nature. The human
retina consists of an assembly of rods
and cones, and the image formed by the
eye lens is focused upon them. It has
been established that the rods and cones
have a higher refractive index than
the surrounding material, and that the
light falling on them is transported down
their length by total internal reflec-
tion and then converted into the visual
stimulus. The eye of an insect has a
somewhat similar, though simpler, con-
struction. Another example of natural
fiber optics is a borax deposit com-
monly known as ulexite, which some-
times occurs as a fibrous crystal. It can
transmit a fairly good image, but it
admits too small a cone of light to serve
as a practical light conductor.

While a bundle of thin fibers has the
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AT SHALLOW ANGLE to perpendicular
most of light traveling through one trans-
parent medium will cross interface (heavy
colored line) into another such medium.

AT CRITICAL ANGLE most of the light
will travel along the interface, and remain-
der is reflected within the first medium.

AT STEEP ANGLE all the light is reflect-
ed from the interface and continues its
journey wholly within the original medium.
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desired flexibility, it also necessarily dis-
sects an image into separate spots of
light. If the image is not to be distorted,
the fiber ends must occupy the same po-
sition at both ends of the bundle. This is
not in itself a disadvantage. It is not dif-
ficult to align the fibers. Moreover, as
we shall see, we have the opportunity
to change the positions, producing de-
liberate distortions that are advanta-
geous in some cases. Another conse-
quence is an inherent graininess in the
image, whichlimits the resolution of fine
detail. The finer the individual fibers,
the greater the resolution that can be
achieved.

Fibers are drawn from thick glass
rods in a specially designed furnace. If
they are to be coated, the inner rod of
higher-refraction glass is inserted in a
tubing of lower-refraction glass, and the
two are drawn together. The emerging
filament is wound in orderly layers on a
revolving drum. When the successive
layers are taken off the drum and stacked
precisely one above the other, the fibers
are properly aligned.

With this arrangement we can draw
fibers down to about a thousandth of an
inch in diameter, controlling their thick-
ness within narrow limits. A bundle of
such fibers can resolve lines a twentieth
of a millimeter apart. To achieve still
finer grain, a few hundred coated fibers

can be fused together and then drawn
out a second time. Such a “multiple
fiber,” made up of units eight hundred-
thousandths of an inch (two microns)
in diameter, resolves 250 lines per milli-
meter. By means of a technique to be
described later, the resolution can be
increased to 500 lines per millimeter. It
is possible to draw still thinner fibers,
but they no longer act as simple light
pipes. Their diameters are now com-
parable to the wavelength of the light,
and they act as wave guides, trans-
mitting energy in complex patterns that
are no longer isolated from one another.
A diameter of one micron, correspond-
ing to about two wavelengths of visible
light, is the approximate lower limit for
simple image transmission.

By means of a flexible light pipe we
can look around corners and see
things that are hidden from direct view.
Physicians may soon be examining inte-
rior parts of the body with “fiberscopes.”
The periscope type of instrument now
used for stomach examination has several
blind spots, and its rigidity causes the pa-
tient considerable discomfort. A fiber
bundle will be able to reach every part
of the stomach, and even the duodenum
beyond it, and will be much easier on
the patient. Illumination has always
been a problem in this type of work. In

AN

N

ANGLE OF EXIT of light emerging from a fiber (top) is same as angle of entry. Even
if the fiber is bent many times (bottom) the light will travel all the way through it.
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the fiberscope it is solved by enclosing
the instrument proper in a sheath of un-
aligned fibers that conduct light from
a bright lamp into the stomach. Other
regions can also be reached. A thin fiber-
scope should even make it possible to
scan the interior of the heart!

Bending is not the only advantage to
be gained from transporting an image
through fiber bundles. Because of their
ability to accept a wide cone of enter-
ing light, they can increase the effective
brightness of faint or fleeting objects.
For example, the face of a cathode-ray
or television tube gives off its light in all
directions. If we place a camera in front
of the tube to photograph it, the lens
gathers only a small fraction of the total
light emitted. By placing one end of a
fused, air-tight fiber bundle against the
tube face (or depositing a phosphores-
cent layer directly on the bundle, which
then becomes the face of the tube), and
putting a photographic plate at the other
end of the bundle, much more light is
delivered to the film.

For certain applications the effect can
be further enhanced by drawing out a
bundle so that it is narrower at one end
than at the other. Now it serves as a fun-
nel, gathering light over a large area
and concentrating it on a small one.

Still another technique is available to
make images sharper as well as brighter.
Lens designers know that in certain
optical systems resolution is improved
by forming the image on a curved rather
than a flat surface. In this form the
image does not focus sharply on an ordi-
nary photographic plate. But if one end
of a fiber bundle is curved to fit the
image surface, and the other is made flat,
the image can be delivered undistorted
to the focal plane of a camera or to the
eyepiece of a high-powered microscope.
The fibers can also be arranged to cor-
rect unwanted distortions introduced by
the lens system. Both functions can be
combined with the funneling effect of a
conical bundle in a device called the
“Focon.”

As we have mentioned, the image
emerging from a fiber bundle is inevi-
tably grainy. However, a technique
called dynamic scanning offers a means
of eliminating the grain and improving
resolution. The method involves moving
both ends of the bundle in an identical
random pattern, shifting the system a
few fiber diameters at a time. In cases
where this synchronous motion can be
accomplished, the image is completely
smoothed and the resolving power is in-
creased by 100 per cent. For purposes
of visual observation the bundle ends
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THREE GLASS FIBERS in this photomicrograph are of different is a 10,000th of a centimeter.) Middle fiber is coated and 25 mi-

diameters. Top fiber is uncoated and 37 microns wide. (A micron crons wide; bottom fiber is also coated and 62 microns wide.

~

FIBERS ARE SEEN FROM THE END in these photomicrographs. fibers in middle are fused; coat has lower softening point than core.
Fibers at left are uncoated and are embedded in plastic. Coated Fibers at right, with core of lower softening point, are distorted.
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PLATES COMPOSED OF FIBERS, here lying on graph paper, can correct optical distor-
tions. The plate at left can remove “barrel” distortion; that at right, “pincushion” distortion.
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FIBERS ONE MICRON IN DIAMETER, the thinnest ever incorporated into a bundle,
project letter “A” in photomicrograph of end of bundle. They are enlarged 3,500 times.
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need only scan at a frequency consid-
erably slower than the flicker frequency
of the eye (about four to five times per
second). On the other hand, in photog-
raphy a minimum of about five oscilla-
tions are required during the period of
exposure.

Of course not every application of fi-
ber optics can accommodate dynamic
scanning. Recently another way of im-
proving image quality, known as “spa-
tial filtering,” has been developed. Pass-
ing the image through a pattern of thin
films of wvarying thickness partially
suppresses the graininess.

f the fibers in a bundle are not aligned,
but rather are interwoven at random,
the emerging image will be scrambled.
Nevertheless the image will contain just
as many units of information as the pat-
tern at the other end. If it could be sent
backward through the bundle, or trans-
mitted through a second identical bun-
dle, it would be reconverted to the
original form. This suggests that fiber
bundles would make convenient coder-
decoder devices. With, say, a quarter of
a million fibers whose positions can be
manipulated, the scrambled image pro-
duced by a random fiber array would be
virtually impossible to reconstitute with-
out a decoder. The problem is finding a
way to make several bundles incorporat-
ing the same complex pattern of inter-
weaving. No satisfactory method is yet
available, but one should not be too hard
to find.

Other types of assembly take apart
images and put them together in more
convenient form. For example, in high-
speed motion-picture photography, the
film could be moved more slowly if the
image were flattened to a horizontal line.
This can be accomplished by a bundle
that is square at one end but tapers and
spreads to a line at the other. The camera
lens forms its image on the square end,
and the film, on a rotating drum, is
placed opposite the slit end. To reconsti-
tute the image, the finished print is pro-
jected backward through the bundle.

The tapered bundle may also act as
a simple funnel, gathering light over a
comparatively wide area and directing
it into a narrow slit. It is a valuable tool
in astronomical spectroscopy, where a
substantial fraction of the light in the
circular image formed by the telescope
is lost at the slit of the spectroscope.

As a final example of the many and
varied applications of these new devices,
let us see how a single uncoated rod can
serve as a refractometer, that is, an in-
strument for measuring the index of re-
fraction of liquids. When a light-con-
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CODER-DECODER DEVICE employs scrambled fibers. Test pat- at other end recorded pattern in center. Pattern at right was seen
tern at left was placed at one end of bundle; photographic film when center pattern was projected “backward” through the bundle.

OPERATION OF CODER-DECODER is depicted schematically. of fibers. Scrambled fibers in bundle produce image at right.
At left is the image of a cross projected on a rectangular array Viewed through the same bundle, the latter image would be a cross.
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INTENSIFICATION OF IMAGE from cathode-ray tube is achieved when fibers gather
light rays that would normally scatter, and channel them to surface of fiber “lens” (right).

SINE CURVES on face of cathode-ray tube have been transmitted here through a fiber
bundle, as diagrammed at top of page. Each dot represents end of one fiber in the bundle.
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CURVED IMAGES from lenses are flattened by bundles of fibers. At top fibers (right) pro-
ject image onto photographic plate. At bottom fibers (center) flatten image between lenses.
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ducting rod is immersed in a liquid, the
critical angle depends on the difference
between the indexes of refraction of the
two materials. The closer the refractive
index of the liquid approaches that of
the rod, the greater the critical angle.
And the greater the critical angle, the
more nearly a light ray must graze the
surface of the rod to be totally reflected.
Thus, if a constant wide cone of light is
directed at one end of the rod, the
amount that reaches the other end will
vary as the index of refraction of the
liquid changes.

Light emerging from the rod falls on
a photocell whose output indicates the
index of refraction of the liquid. This
simple instrument detects a change in
refractive index with an accuracy of one
part in 100,000 to a million over a lim-
ited range. To extend this range it is
necessary to use several rods of different
refractive indexes, mounted on a turret.
By feeding the photocell output to an
appropriate servo system, the instru-
ment can be adapted for automatic
chemical-process control. The instru-
ment has the unique advantage of work-
ing on opaque liquids as well as on trans-
parent ones.

At the Armour Research Foundation
of the Illinois Institute of Technology
we are working on extending fiber optics
techniques in several directions. We are
experimenting with fibers of scintillating
materials for use in tracking nuclear par-
ticles. Transparent materials that also
conduct electricity should make possi-
ble a number of interesting devices. Per-
haps the most immediately promising
area is the infrared region of the spec-
trum. We have found materials that
make satisfactory fibers to handle wave-
lengths up to about six microns. We are
now trying to extend the range to 25
microns. With further technological ad-
vance, fiber optics will become an
important adjunct in infrared scanning
and guidance systems and in infrared
sp\ectroscopy.

1n almost all of the discussion thus far,
the wave properties of light have been
ignored. Actually, of course, there is no
such thing as a “ray” of light, if we are
not talking about quantum effects. A ray
simply represents the direction along
which part of a wave front is advancing.
An analysis of the behavior of light as an
electromagnetic wave shows that the
fundamental process of fiber optics—to-
tal internal reflection—is not so simple as
was indicated earlier. Instead of bounc-
ing off the interface between two media,
a wave train actually penetrates the sec-



ond medium for a short distance before
turning back into the original material.
The strength of the electromagnetic field
carried by the wave decreases rapidly
in the second medium, dying away to
a negligible amount at little more than a
wavelength from the interface.

Suppose that two pieces of material
of high refractive index are placed very
close together—say within a quarter of a

wavelength—and that they are separated
by a layer with low refractive index. In
this arrangement light will not be totally
reflected in either piece of material, even
if it strikes the low-refraction layer at an
angle greater than critical. The neigh-
boring high-refraction material picks up
the energy that has penetrated the sepa-
rating layer, frustrating its attempt to
reflect back into the original medium.

Because of frustrated total reflection,
as the phenomenon is called, the coating
on the fibers in a bundle must be thick
enough to keep them adequately sepa-
rated. The required separation depends
on the diameter of the core, the refrac-
tive index of core and coating, and on the
angular spread of the incoming light. For
fibers down to a few wavelengths in di-
ameter a separation of one wavelength
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CONICAL FIBER-BUNDLES can enlarge or diminish optical
images. At bottom is a plate of glass with illuminated sample
words (including the names of three pioneers in opties). The non-
conical fiber bundle at lower left picks up but does not change size
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of letters in the word “Fabry.” Above it the tall conical bundle
over the letter “R” produces a tiny “R,” visible upside down in
mirror at top. The conical bundle at right has a similar but less
pronounced effect upon the letter “S” in the word “optics.”
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WAVE-GUIDE PATTERNS appear when diameter of fibers approaches wavelength of
light. Then light that can travel in the fibers is limited to certain “characteristic angles”
which produce interference and reinforcement patterns such as those seen in these six
photomicrographs of ends of fibers. Wave guides for microwaves also behave in this way.
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(about .5 micron for visible light) is suf-
ficient under most conditions.

As we have already mentioned, when
the fiber diameter becomes less than
about two wavelengths, light conduction
comes to resemble the transmission of
microwaves by wave guides. My col-
leagues and I have extended conven-
tional wave-guide theory to optical
wavelengths. The calculations indicate
that to be carried down a fiber, light
waves must strike the sides not at any
angle greater than critical, but only at
certain “characteristic” angles. Each such
angle corresponds to one mode of trans-
mission in which the light energy is
delivered in a distinctive pattern [see
illustration at left]. In a fiber many
wavelengths wide there is a great num-
ber of characteristic angles, and the
various modes blur together. As the di-
ameter decreases, however, the possible
angles also decrease, until finally, when
the conductor measures less than one
wavelength across, only one angle and
one mode are possible.

A second consequence of reducing fi-
ber diameter is that more and more en-
ergy travels down the outside of the
conductor rather than inside it. (A simi-
lar effect occurs in guides for micro-
waves.) This means that transmission
through one fiber can excite reactions in
neighboring ones. The photograph on
the cover of this issue of ScienTtiFiC
AMERICAN shows various modes and
various wavelengths (colors) set up in
a bundle when white light is sent
through a few fibers.

As the technology advances, fiber
optics will no doubt find wider appli-
cations in various areas of research and
engineering. The field still offers a num-
ber of interesting and challenging prob-
lems to the investigator. The theoretical
treatment of dielectric wave guides
must be extended to explain fully how
light behaves in transparent fibers with
diameters comparable to the wave-
length. A more detailed analysis is
needed of the radiation patterns, with
particular emphasis on the coupling of
energy between one fiber and another.
It has already been mentioned that, as
fiber diameter decreases, more energy is
transmitted outside the fiber than inside.
Therefore absorption by the glass be-
comes less important. Eventually it
should be possible to apply this effect
to the conduction of light by fibers much
finer than those discussed previously.
This technique would be particularly
valuable at infrared frequencies, where
longer wavelengths place a higher limit
on the diameter of fibers that can be
used at present.
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THREE DIFFERENT IMAGES through same bundle of 50-micron
fibers are shown here. At top grainy “static” image is projected
by immobile bundle. In center, bundle is vibrated in plane of image
to produce “dynamic scanning.” The image does not move, but

motion of bundle wipes out edges of fibers, removing grain. At
bottom, “space filtering” is produced with layers of different thick-
nesses of transparent material over the lens that receives image
from bundle. Image is poorer than that in dynamic scanning.
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PATTERNS OF DREAMING

Dreams are accompanied by certain characteristic types of brain

wave and eve movement. This discoverv has enabled investigators

to answer several of the Iong—standiug ([uestions about dreaming

reams have troubled the waking
D hours as well as the sleep of men
since time immemorial. These
hallucinatory experiences have inspired
soothsayers and psychiatrists alike, and
their bizarre contents, variously inter-
preted as prophetic insights and clues to
personality, are the subject of a con-
siderable body of literature. The scien-
tific value of even the most recent con-
tributions to this literature, however, is
seriously qualified: The sole witness to
the dream is the dreamer himself. The
same limitation confronts the investi-
gator who would inquire into the process
of dreaming, as distinguished from the
contents of dreams. Only the awakened
sleeper can testify that he has dreamed.
If he reports that he has not, it may be
that he fails to recall his dreaming.
Nonetheless, in the course of our
long-term investigation of sleep at the
University of Chicago, we found our-
selves venturing into research in the
hitherto subjective realm of dreaming.
We discovered an objective and ap-
parently reliable way to determine
whether a sleeper is dreaming—in the
sense, of course, of his “reporting hav-
ing dreamed” when he wakes up or is
awakened. The objective indicator of
dreaming makes it possible to chart the
onset and duration of dreaming episodes
throughout the night without disturbing
the sleeper. One can also awaken and
interrogate him at the beginning of a
dream, in the middle, at the end, or at
any measured interval after the end. By
such means it has been determined that
there is periodicity in dreaming, and the
consequences of efforts to disturb this
periodicity have been observed. The re-
sults indicate that dreaming as a funda-
mental physiological process is related to
other rhythms of the body. As for the
folklore that surrounds the process, this
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work has answered such questions as:
Does everyone dream? How often does
one dream in the course of a night’s
sleep? Is the “plot” of a dream really
compressed into a moment of dreaming?
Do external and internal stimuli—light,
noise, hunger or thirst—affect the con-
tent of dreams?

As so often happens in research, the
objective indicator of dreaming was dis-
covered by accident. During a study of
the cyclic variations of sleep in infants,
a graduate student named Eugene Aser-
insky observed that the infant’s eyes con-
tinued to move under its closed lids for
some time after all major body move-
ment had ceased with the onset of sleep.
The eye movements would stop and then
begin again from time to time, and were
the first movements to be seen as the in-
fant woke up. Aserinsky found that eye
movements provided a more reliable
means of distinguishing between the ac-
tive and quiescent phases of sleep than
did gross body movements.

rT hese observations suggested that eye
X movements might be used to follow
similar cycles in the depth of sleep in
adults. Disturbance to the sleeper was
minimized by monitoring the eye move-
ments remotely with an electroencepha-
lograph, a device that records the weak
electrical signals generated continuously
by the brain. A potential difference
across the eyeball between the cornea
and the retina makes it possible to de-
tect movements of the eyes by means of
electrodes taped to the skin above and
below or on either side of one eye. Other
channels of the electroencephalograph
recorded the sleeper’s brain waves, his
pulse and respiration rates and the gross
movements of his body.

The tracings of the electroencephalo-
graph showed not only the slow move-
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ments of the eyes that Aserinsky had ob-
served in infants but also rapid eye-
movements that came in clusters. Each
individual eye-movement took a fraction
of a second, but a cluster often lasted,
with interruptions, as long as 50 min-
utes. The first rapid eye-movements
usually began about an hour after the
onset of sleep, and clusters appeared in
cyclic fashion through the night [see il-
lustration on page 86].

Coincident with this cycle of eye
movement the electroencephalograph
recorded a fluctuation in the brain-wave
pattern. As each series of movements be-
gan, the brain waves changed from the
pattern typical of deep sleep to one in-
dicating lighter sleep. The pulse and
respiration rates also increased, and the
sleeper lay motionless.

Considered together, these observa-
tions suggested an emotionally charged
cerebral activity—such as might occur in
dreaming. This surmise was tested by
the only possible means: arousing and
questioning the sleepers. Those awak-
ened in the midst of a cluster of rapid
eye-movements testified they had been
dreaming. Those awakened in the ap-
parently deeper phases of sleep said they
had not. Thus the objective indicator of
dreaming came into use.

It is clear that such an indicator can
reveal nothing about the content of
dreams. But the process of dreaming is
no more bound up with dream content
than thinking is with what one is think-
ing about. The hallucinatory content of
dreams would appear, in this light, to be
nothing more than the expression of a
crude type of activity carried on in the
cerebral cortex during a certain phase of
sleep. The contrast with the kind of
cerebral activity that characterizes the
waking state in healthy adults and older
children is instructive. Responding to



DREAMING IS DETECTED by attaching electrodes to the subject’s in another room. As the subject sleeps (bottom left), his brain

scalp and to the skin at the corners of the eyes (top left). Leads are waves and eye movements are recorded by pens of electroencephale-
connected to cable (top right) that leads to electroencephalograph graph (bottom right) . The subject here is the author of this article.
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the impulses that stream in from the
various receptor organs of the sensory
system, the cortex first subjects them to
analysis. It refers the present moment of
experience to its memory of the past and
projects past and present into the future,
weighing the consequences of action not
yet taken. A decision is reached, and the
cortex generates an integrated response.
This is manifested in the action of the
effector organs (mostly muscles) or in
the deliberate inhibition of action. (A
great deal of civilized behavior consists
in not doing what comes naturally.) In
dreaming, the same kind of cortical ac-
tivity proceeds at a lower level of per-

AWAKE

L ] ]
gy

FRONTAL

BRAIN WAVES
PARIETAL

OCCIPITAL

EYE MOVEMENTS
RIGHT OUTER CANTHUS
¥

LEFT OUTER CANTHUS

ELECTROENCEPHALOGRAMS show the patterns of brain waves
(top three tracings) and eye-movement potentials (bottom two
tracings) that are characterisiic of each level of sleep. Labels at
left indicate region of head to which recording electrodes are at-
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formance. The analysis of events is
faulty; the dreamer recognizes a de-
ceased friend but accepts his presence
without surprise. The memory is full of
gaps and brings the past to the surface
in confusion. In consequence the inte-
gration of the cortical response is in-
complete, and the dreamer is often led
into the phantom commission of anti-
social acts. Fortunately the impulses
from the sleeping cortex die out on the
way to the effector organs, and no harm
is done.

Such protoplasmic poisons as alcohol
may reduce cortical activity to an equal-
ly low level of performance. A markedly

INITIAL STAGE 1

M

g
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intoxicated person misjudges the situa-
tion, assumes unwarranted risks in action
and later does not recall what happened.
Even when quite drunk, however, some
persons stop short of foolish and danger-
ous extremes of behavior. So, also, a
dreamer will accept absurdities in the
imaginary series of events until they be-
come too painful and ludicrous; he then
wakes up to the comforting discovery
that he was dreaming. The fantasizing
of very young children, senile aged peo-
ple and of persons suffering certain dis-
orders of the central nervous system may
also be likened to dreaming. After sud-
den awakening, even normal people may

STAGE 2

tached. Vertical lines are time-scale; 10 lines represent an interval
of four seconds. A subject who is awake but resting with his eyes
closed shows the brain-wave pattern known as alpha rhythm (a).
As sleep begins, pattern known as Initial Stage 1 electroen-




be bewildered and act in a deranged
manner for some time. The content of
dreams, explicit or hidden, may indeed
have inherent interest. But for the pur-
pose of an investigation of dreaming, it
is sufficient to recognize the dream itself
as a manifestation of low-grade thinking.

The objective indicator that a sleeper
is dreaming, it must be admitted, is
not infallible. Some subjects reported
they had been dreaming during periods
when they showed no rapid eye-move-
ments. Others moved their bodies rest-
lessly when the records on the other
channels of the electroencephalograph

STAGE 3

cephalogram (Initial Stage 1 EEG) appears. During deeper sleep
subject shows short bursts of waves called sleep spindles (b). Deep-
est level of sleep (Stage 4 EEG) is characterized by the appearance
of large, slow waves. EEG pattern changes from Stage 1 through

indicated they were dreaming. Some-
times the heart and respiration rate
slowed down instead of speeding up.
Occasionally a subject claimed to have
been dreaming when his brain waves in-
dicated a deeper phase of sleep. William
Dement, another student in our labora-
tory who is now at Mount Sinai Hospital
in New York City, showed that of the
four criteria the most reliable is the
brain-wave pattern.

A person who is awake but resting
with his eyes closed shows the so-called
alpha rhythm—brain waves with a rela-
tively large amplitude and a frequency
of eight to 13 cycles per second [see il-

STAGE 4
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lustration on these two pages]. As he
falls asleep, the amplitude of the waves
decreases, and the rhythm slows to four
to six cycles per second. Dement called
this pattern the Stage 1 electroen-
cephalogram (Stage 1 EEG). Deeper
sleep is characterized by the appearance
of “sleep spindles”—short bursts of waves
that progressively increase and decrease
in amplitude and have a frequency of 14
to 16 cycles per second; Dement divided
this level of sleep into two stages (Stage
2 and Stage 3 EEG). The deepest
level of sleep is characterized by the
appearance of large, slow waves (Stage
4 EEG). During a typical night of sleep,

EMERGENT STAGE 1
(DREAMING)

N
WS AW

AP

|
\

4/\@

Stage 4, then swings back to Stage 1. This “emergent” Stage 1 is ac-
companied by rapid eye-movements, as indicated by peaks in trac-
ings of eye-movement potentials (¢). Similar peaks during Stage 4
are not eye movements but brain waves that spread to eye electrodes.
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RAPID EYE-MOVEMENTS (horizontal colored bars) occur several times each night.
Each horizontal row of bars represents a single night of sleep; one subject was studied
for 13 nights (top graph), the other for 14 (bottom graph). Histograms at bottom of each
graph show composite cycles of subject’s eye movements during entire series of nights.
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the depth of sleep fluctuates on a cycle
lasting roughly 90 minutes. The EEG
pattern passes from Stage 1 through
Stage 4, then swings back to Stage 1.
During later cycles the sleep may not be
so deep; the EEG pattern may dip no
farther than the intermediate stages be-
fore it returns to Stage 1 [see illustration
on opposite page].

Dement found that dreaming occurs
during the Stage 1 EEG, but not when
this brain-wave pattern first appears at
the onset of sleep. Only when the cycle
returns to the Stage 1 EEG from a deep-
er EEG level does it mark a dreaming
episode. During this “emergent” Stage 1
it is much more difficult to awaken the
sleeper than during the “initial” Stage
1 EEG.

The inconsistencies between the EEG
record and the other criteria may be
largely explained by the relationship of
these other activities to the dream epi-
sode. For example, most of the rapid
eye-movements are horizontal, and it is
apparent that these movements repre-
sent a busy scanning of the scene of
dream action. On the infrequent oc-
casions when the rapid eye-movements
were vertical, the sleepers reported
dreams that involved the upward or
downward motion of objects or persons.
When the record showed few or no
rapid eye-movements, and the EEG de-
noted dreaming, the subjects reported
that they had been watching some dis-
tant point in their dreams. In other
words, the amount and direction of the
eye movements correspond to what the
dreamer is looking at or following with
his eyes. Moreover, rapid eye-move-
ments seem to be related to the degree
to which the dreamer participates in the
events of the dream. An “active” dream,
in which the dreamer is greatly involved,
is more likely to be accompanied by rapid
eye-movements than is a “passive” one.

he absence of gross body movements
X during dreaming seemed more difi-
cult to explain. One would assume that a
sleeper would begin to move about as
his sleep lightens and that a good deal
of activity would occur during dreaming.
Actually the exact opposite was ob-
served. Dreaming often began just after
a series of body movements ceased. The
sleeper usually remained almost motion-
less, showing only the telltale rapid eye-
movements, and stirred again when the
eye movements stopped. We were in-
debted to Georg Mann, a public-infor-
mation officer at the University of Chi-
cago, for the metaphor that captured the
essence of this situation. He compared
the dreamer to a spectator at a theater:
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EEG STAGES of two subjects show a cyclic variation during typical
night of sleep. Measured in terms of EEG stages, depth of sleep
fluctuates on a 90-minute cycle. Cycle begins when subject who is
awake (A) falls into light sleep (EEG Stage 1), then into suc-
cessively deeper levels of sleep (EEG Stages 2, 3 and 4). Cycle

fidgeting in his seat before the curtain
goes up; then sitting quietly, often “spell-
bound” by the action, following the mo-
tions of the actors with his eyes; then
stirring again when the curtain falls.

Some body movement may be related
to dream content. Edward A. Wolpert
of the University of Chicago attached
electrodes to the limbs of sleeping sub-
jects and recorded the electrical “action”
potentials of the muscles. The record of
one of his subjects showed a sequence
of motor activity first in the right hand,
then in the left, and finally in one leg
(only one leg was wired for recording).
When aroused immediately thereafter,
the sleeper reported dreaming that he
lifted a bucket with his right hand, trans-
ferred it to his left, and then started to
walk. Sleepwalking may be an extreme
expression of such motor outflow to ex-
tremities. Occasionally a subject would
vocalize when he stirred, mumbling and
even talking distinctly, but such activity
usually occurred between episodes of
dreaming.

Some people assert that they seldom
or never dream. But all of the subjects—
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and all of those observed in other labo-
ratories that employ the objective indi-
cator—reported dreaming upon being
awakened at appropriate times. It can
be stated with some assurance, therefore,
that everybody dreams repeatedly every
night. Donald R. Goodenough and his
associates at the Downstate Medical
Center of the State University of New
York compared one group of subjects
who said they never dreamed with an-
other group who said they always
dreamed. Certain unexplained differ-
ences showed up in the EEG records of
the two groups, and the “dreamers” were
more likely to report dreaming in cor-
respondence with rapid eye-movements
than the “nondreamers.” Rapid eve-
movements were observed with the
same frequency, however, in both
groups. The evidence is overwhelming
that the two groups should be classified
as “recallers” and “nonrecallers.”
These studies have also upset the no-
tion that a long series of events can be
compressed into a moment of dreaming.
Whether the subject was loquacious or
laconic in recounting his dream, the
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ends with swing back to Stage 1. Periods of rapid eye-movement
(horizontal colored bars) occur during this stage. Vertical broken
lines indicate when next cycle begins. Vertical colored lines at boi-
tom of each graph indicate when body movements occurred; long-
er lines represent major movements; shorter lines, minor ones.

time-span of the narrative was consistent
with dreaming time as indicated by our
objective criteria. It appears that the
course of time in dreaming is about the
same as in the waking state.

t is often said that external events
in the sleeper’s immediate environ-
ment may suggest or affect the content
of dreams. To test this idea Dement and
Wolpert exposed a number of subjects
to the stimuli of sound, light and drops
of water during periods of dreaming.
Elements suggestive of such stimuli ap-
peared in only a minority of the dreams
recounted thereafter. Drops of water,
falling on the skin, proved to be the most
suggestive. Falling water showed up in
six dream reports out of 15 that followed
arousal by this stimulus, and water had
a place in 14 narratives out of 33 when
the sleepers were subjected to the stim-
ulus but not awakened by it. An electric
bell used routinely to awaken the sub-
jects found its way into 20 out of 204
dreams, most commonly as the ringing
of a telephone or doorbell.
Internal stimuli from the viscera have

87



a5 9
j
i 0 EmaTanmie ._.....A_ ______
[V \ 5
o} \ ‘
= 3
a
w
&)
4

EPISODES OF DREAMING (colored areas) alternate with periods

of deeper sleep. Dreaming and rapid eye-movements begin when

been held to cause, or at least influence,
dreams. Dreams about eating are said to
be stimulated by contractions of an
empty stomach. Dement and Wolpert
had three subjects go without fluids for
24 hours on five occasions; only five of
15 dream narratives contained elements
that could be related to thirst. In no case
did the narrative involve an awareness
of thirst or descriptions of drinking, al-
though the subjects were very thirsty
when they went to bed.

Most of the dream experience in nor-
mal sleep is never recalled. Recollection
is best when the sleepers are awakened
during the dreaming episode and be-
comes progressively poorer the longer
they are permitted to sleep after a dream
has ended. At the University of Chicago,
Wolpert and Harry Trosman found that
25 out of 26 subjects had no memory of
dreaming when they were roused for
questioning more than 10 minutes after
the Stage 2 EEG had superseded the
Stage 1.

Once the objective indicator had
shown itself to be a reliable measure of
dreaming, it was employed to enact the
pattern of dreaming through many
nights of uninterrupted sleep. In a sam-
pling of 71 nights of sleep, with 33 dif-
ferent subjects, the first emergent Stage
1 EEG—plus the accompanying rapid
eye-movements and cardiac and respira-
tory changes—appeared a little over an
hour after sleep had begun. This episode
of dreaming lasted on the average less
than 10 minutes. Three, four and even
five dreaming periods followed at inter-
vals of about 90 minutes. These lasted
20 to 35 minutes and added up to a total
of one or two hours of dreaming for an
average night’s sleep. All of the subjects
exhibited the cycle of alternate petiods
of dreaming and deeper sleep, some on
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a more constant schedule than others.

The mechanism that spaces the epi-
sodes of dreaming is unknown, but it
may be related to the cycle of rest and
activity which Aserinsky found in in-
fants. The mean length of that cycle is
approximately an hour, and at the end of
a cycle the infants stir, either to awaken
fully or to go back to sleep for another
cycle. In infants on a self-demand feed-
ing schedule, the duration of the period
between feedings tends to be roughly
whole multiples of the length of this cy-
cle. Apparently the cycle lengthens with
age, extending to the 90-minute dream-
ing cycles observed in adults. A similar
increase occurs in the length of the
cardiac, respiratory and gastric cycles,
indicating that the dream cycle is in line
with the basic physiological rhythms of
the body.

What happens if the dreaming cycle
is disturbed? This interesting ques-
tion has been taken up by Dement and
his associates. Monitoring the subject’s
cycle, they awaken him as soon as he
starts to dream and thus keep him from
dreaming. Since one must be certain that
dreaming has started before attempting
to stop it, such interference cannot com-
pletely deprive the subject of his dream-
ing, but total dreaming time can be
reduced by 75 to 80 per cent. Dement
established that the mean normal dream-
ing time of his eight male subjects was
20 per cent, or about 82 minutes in about
seven hours of sleep. Attempts to cur-
tail their dreaming in the course of three
to seven consecutive nights required in
each case a progressively larger number
of awakenings—in some cases three times
as many. During the “recovery” period
after this ordeal, the dreaming time of
five of the subjects went up to 112 min-
utes, or 27 per cent of the sleeping time,
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sleeper emerges from deep sleep to level of EEG Stage 1. Numbers
over colored areas show length of successive periods of dreaming.

on the first night and gradually fell back
to normal on succeeding nights. In six
of the subjects arousal in the midst of
nondreaming periods during “control”
nights of sleep had no effect on dream-
ing during the recovery nights that fol-
lowed. The curtailment of dreaming time
produced anxiety, irritability, a greater
appetite and a gain in body weight;
the control awakenings had no such ef-
fects. As soon as the subjects of the
experiment were allowed their usual
dreaming time, they regained their emo-
tional composure.

Dement tentatively interprets his

findings as indicating that “a cer-
tain amount of dreaming is a necessity.”
Charles Fisher, a psychiatrist at Mount
Sinai Hospital in New York, adds that
“the dream is the normal psychosis and
dreaming permits each and every one
of us to be quietly and safely insane
every night of our lives.”

From the same evidence, however,
one may equally well argue that the cur-
tailment of dreaming engenders irrita-
bility and anxiety simply because it in-
terferes with an acquired habit. Animals
(and some people) that have acquired a
“sweet tooth” may be similarly upset by
deprivation of sugar. They will also con-
sume excessive quantities of sugar after
the supply is restored, just as Dement’s
subjects sought to make up for “missed”
dreaming. In other words, the low-grade
cerebral activity that is dreaming may
serve no significant function whatever.

Further observation and experiment
will have to decide which of these con-
flicting views is sound. The objective in-
dicator is now available to help investi-
gators find the answer to this and other
questions about the nature and meaning
of dreaming,



Kodak reports on:

the lithium salt of pyruvic acid . .. a book for the very fussy customer...
materials that are not blinded by hot wind

The baron led the way

The great Baron Berzelius may well
have sensed big game when he discov-
ered pyruvic acid in 1835. The name
comes from the Greek pyr, for fire, and
the Latin wva, for grape. This figures.
Pyruvic acid used to be prepared by
dry distillation of tartaric acid. The
oldtimers had it spotted as an interme-
diate in the fermentation of sugar.
Such relationships had probably be-
gun to look simple and straightfor-
ward.

It was just as well that no gypsy
fortuneteller told the Baron that 72
years after his death work would begin
in earnest on unraveling just how grape
sugar breaks down into pyruvic acid
and that this work would take 40 years
until the phenomenon was at last un-
derstood as the first stage in the process
by which chemists and other living
<creatures obtain from their food the
energy with which to engage in all
affairs, including ratiocination about
biochemistry.

Anyway, the Baron was an excellent
<hemist. He prepared several salts of
pyruvic acid, including the lithium.
Now we wish to report that we, too,
<an prepare Pyruvic Acid Lithium Salt
and, in fact, offer it as Eastman 8130, a
standard for use in pyruvic acid de-
terminations. Pyruvic Acid is Eastman
498, vintage unspecified.

Of very recent vintage is the new East-
man Organic Chemicals, List No. 42,
which catalogs some 3800 organic com-
pounds we stock. If you do not have a copy,
why not? Write Distillation Products In-
dustries, Rochester 3, N. Y. (Division of
Eastman Kodak Company).

Color fancily repackaged

““You press the button, it does (or in
an alternate version, “we do”’) the rest.”
It was one of the more successful slo-
gans in advertising history. It made us
a great deal of money. Millions bought
the philosophy, and millions still buy
it. A few hundred thousand don’t buy
it. Them, too, we love, admire, and re-
spect. We have just published a fancy
new book for them. Fancy is the word.

This book contains more than just
pages. Snuggled among them are an
actual standard color negative and
positive, two special slide-rule com-
puters, and a big nomograph in color
about color correction. One of the
pages has windows fitted with six dif-
ferent color-print viewing filters. Un-

der the title “Kodak Color Data-
guide,” it is sold by camera shops for
$4.95. (If you send a check to Eastman
Kodak Company, Sales Service Divi-
sion, Rochester 4, N. Y., we shall sigh
at how people have forgotten how to
walk these days and mail you a copy.)

Frightening as it looks, the book
contains virtually no photographic
theory. It is a repackaging of operating
instructions for two basic categories
of users (a better word in this case
than ‘“readers”):

1) The professional, be he photographer,
scientist, or something in between.

Commercial color labs in many cities
do slick work in making color prints or
transparencies from exposed film.Butwhen
requirements are too specialized to con-
vey to labs geared for production, the
hard way may be the better way.

2) The dedicated amateur who might be
painting in oils or water-colors if only he had a
better hand for it and who finds that serious
color photography brings into play the exact
combination af technology and a good eye that
best unwinds him from workaday cares.

In art, the best effects often come from
a skillful violation of the rules. But the re-
sult is usually a mess unless one has first
perfected himself in the rules.

For little pots or big peepholes

If you want to make a useful little pot
for putting things in that are to be
poked with infrared or microwave ra-
diation; or if you want to make an
object move through the air at speeds
like Mach 6 and need something to
keep the hot wind out of the peephole
while admitting infrared and micro-
waves to steer by, you must investigate
Kodak Irtran material or face charges
of that heinous sin, ignoring the “‘state
of the art.”

100 — ST

2 mm thickness |

A e\
ZV wirana\ <

-
. IRTRAN-2

I 2 3 4 5 6 7 8 9 10 1MW 12 13 14 15
WAVELENGTH (1)

7% TRANSMITTANCE
S o @
=) =) o

»
{=]

Kodak Irtran merchandise: an Irtran-1 dome
and an /1.0 Irtran-2 molded asphere

There are now two kinds of Irtran
optical material, neither of them in-
tended for wavelengths that your old
dictionary would call “‘optical.”

This is another advertisement where Eastman Kodak Company
probes at random for mutual interests and occasionally a little
revenue from those whose work has something to do with science
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The newer, Irtran-2, has as its point
of pride the transmittance curve dis-
played above, combined with a re-
markable mechanical and chemical
ruggedness. Its refractive index is
around 2.2. Note the tremendous
wavelength span over which transmit-
tance losses are nearly all due to re-
flection. Heating to 600°C in air does
nothing more than improve the trans-
mittance—by formation of an anti-
reflection coating. We can apply a
much Dbetter coating, though, by
evaporation.

Irtran-1* material, the other one,
needs no anti-reflection coating be-
cause its refractive index is only 1.38
at lu. Its big glory, aside from high
infrared transmittance at 2 to 7u even
when very hot, stems from a 9.4 kmc
dielectric constant of 5 and a loss tan-
gent of 10-4.

Decibel loss per meter for low-loss materials is

8.686= / K tan 3

Ao
where K = dielectric constant
Ao = wavelength in vacuum
tan & = loss tangent

o is the complement of the vector
angle whose cosine the power engi-
neer calls “power factor.”

One untuned Irtran-1 sample .012” thick we
tested in the X-band frequency range intro-
duced an attenuation of less than 0.3db and
exhibited a maximum standing wave ratio of
1.5 over the band.

The ideal radome material would
have a kilomegacycle dielectric con-
stant of unity, ie. to microwaves it
would be the same as nothing at all.
Plastics commonly used for radomes
run around 2 or 3, but they don’t trans-
mit infrared rays. On the other hand,
there are materials that are good for
infrared transmission but have dielec-
tric constant around 13.

Currently we can supply either of these
polycrystalline Irtran materials as optical
elements up to 64" in diameter, among
other forms. Let us have no jurisdictional
disputes among optickers, micro-wavers,
and infraredders as to who sends for the
supporting data from Eastman Kodak
Company, Special Products Division, Roch-
ester 4, N. Y.

*Formerly designated “Irtran AB-1.”

Price quoted is
subject to change
without notice.

odak:
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CREATIVE
IMAGINATION

PAPERS*
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* Can it be made of PAPER?

Western Union thought so. Knowlton
Brothers helped prove it could. Although
others had failed, Knowlton produced a
high - quality base for electro - sensitive
paper used in the Western Union Telefax
system.

ONE OF MANY SPECIAL-PURPOSE
INDUSTRIAL PAPERS

Knowlton Brothers have the scientific and
technical manpower, the research facili-
ties, the pilot-plant machinery . . . and
above all, the creative imagination to de-
velop, or make to rigorously maintained
specifications, industrial papers for appli-
cations where paper was never used before.
Chances are, the car you drive, the plane
you fly in, has a Knowlton-developed
paper in a vital engine part.
Don’t Wonder Any Longer;
Ask Knowlton Brothers

Maybe the relative lightness of paper in-
terests you . , . or the economy . . . the
availability . . . the uniformity. But don’t
wonder. Just ask Knowlton Brothers.

A Few Conventional Uses of Knowlton Papers:
To ...

Conduct Dialyze Cushion
Laminate Shape Rupture
Copy Insulate Shield
Contain Record Synthesize

Development Possibilities are Unlimited.

WRITE ¢or free copy of
the helpful book, “Crea-
tive Imagination in the
Development of Technical
and Industrial Papers.”
PHONE or WIRE for a

sales engineer to call,

lﬂtpi. 411, WATERTOWN, N, Y.
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“CERN” for Space

: ; cientists from 10 European nations,

plus Australia, are drawing up

plans for a European Commission
for Space Research to carry on a co-
operative international research program
of the kind pioneered in nuclear phys-
ics by the 12-nation European Organi-
zation for Nuclear Research (CERN).
The purpose is to open up the costly
field of space research to nations unable
to enter it individually. European coun-
tries proposed for Commission member-
ship are Belgium, Britain, Denmark,
France, Italy, the Netherlands, Norway,
Sweden, Switzerland and West Ger-
many. Australia’s special contribution
would be the Woomera rocket range as
a launching site.

The space commission, which was first
suggested by Pierre V. Auger of the Uni-
versity of Paris, former director of
natural sciences for UNESCO, will be-
gin work as soon as any six govern-
ments have given approval.

Mostly Science

By 1970, it is predicted, a majority of

the 400,000 full-time teachers in
U. S. colleges and universities will be
scientists and mathematicians. The fore-
cast portends a shift in the seat of aca-
demic power, historically held by the
scholars of the humanities. Scientists will
then have prime responsibility for shap-
ing the whole college curriculum and for
maintaining academic freedom. The
forecast was made in Science by H. Bent-
ley Glass, professor of biology at Johns
Hopkins University.
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SGIENGE AND

Glass estimates that teachers of
science and mathematics now number
78,000 of the 250,000 men and women
engaged in full-time teaching in univer-
sities, colleges and junior colleges. If
full-time medical and dental school
teaching personnel are included, science
teachers constitute 91,000, or 36 per
cent, of the entire higher-education
teaching force.

The proportion of science teachers is
bound to increase sharply over the next
decade, not just because science and en-
gineering students are increasing in num-
ber, but also because science trainees
already constitute a majority of the
graduate-student pool from which most
college teachers are drawn. In 1970,
according to Glass, colleges and univer-
sities will employ some 400,000 full-
time teachers, of whom more than
200,000 will be teachers of science and
mathematics; counting medical and den-
tal school faculties, the total of science
teachers may pass 250,000. If academic
scientists lack perspective or hold nar-
row views, warned Glass, they could im-
peril long-cherished principles of higher
education. Glass is convinced, however,
that the “sciences must become the core
of a liberal education [and that] the
humanities and social sciences ... must
be permeated with the knowledge and
spirit of science if they are to be more
than relics of a departed age.”

Anti-Staph Penicillin
powerful reinforcement in the bat-

A tle against infection has been added
with the discovery of a new semi-
synthetic penicillin that can combat
resistant strains of staphylococci. Re-
ports from a dozen hospitals in Canada,
Great Britain and the U. S. indicate
that the new compound—2, 6-dimethoxy-
phenyl penicillin—is strikingly effective
against Staphylococcus aureus and other
resistant strains now a scourge of hos-
pitals. The new penicillin (the U. S.
trade name is Staphcillin) is one of sev-
eral hundred penicillin variants pre-
pared by research workers of Bristol
Laboratories in the U. S. and Beecham
Research Laboratories in England. It
was the Beecham group that discovered
a method of halting penicillin fermenta-
tion at a stage when the mold has pro-
duced an intermediate—6-aminopenicil-
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lanic acid—rather than the complete
penicillin molecule. This permitted syn-
thetic side-chains to be linked to the
penicillin base, with methods first de-
veloped by John C. Sheehan of the Mas-
sachusetts Institute of Technology.

The new drug is not inactivated by
penicillinase, the enzyme with which
resistant staphylococci  destroy  other
forms of penicillin. As a result no re-
sistance to it has been encountered,
either in laboratory examination of sev-
eral thousand staph strains, or in the
treatment of some hundreds of patients
with resistant-staph infections. The new
penicillin will not, however, replace
other antibiotics in the treatment of
other infections. It is not as effective
against other infections as is penicillin
G, and it must be given by injection at
the high rate of one gram every three
to four hours.

Radiation Limit Reduced

r[‘he Atomic Energy Commission has
cut the allowable exposure of work-
ers in atomic industry from the equiva-

lent of 15 roentgens a year to an average, |

after the age of 18, of only five roentgens
a year, with a maximum allowance of
three roentgens in any three-month
period. (These are so-called whole-body
doses. By comparison, an average dental
X-ray delivers about five roentgens to
the jaw.) Since the limit for the gen-
eral public is 10 per cent of that for
atomic workers, the allowable exposure
of the public is correspondingly reduced.
The new regulations, which will
come into effect January 1, bring the
AEC’s rules into line with recommen-
dations made last year by the National
Committee on Radiation Protection.

Highest-Energy Cosmic Ray
A cosmic-ray shower recorded at nine
minutes past midnight last Decem-
ber 3 has provided strong evidence that
cosmic rays originate in the vast depths
of extragalactic space as well as in the
earth’s own galaxy. The shower of
charged particles was detected at Vol-
cano Ranch, a Massachusetts Institute
of Technology station near Albuquerque,
N.M. Bruno Rossi, who heads the M.I.T.

cosmic-ray program, and his colleagues
have calculated that the particles were

Stokes high vacuum equipment
helps Merck & Co., Inc...

FORM HIGH PURITY
SILICON CRYSTALS

Merck & Co., Inc. is using floating zone melting —
under high vacuum —to refine silicon on a commercial
scale to a degree of purity (one part in ten billion) that
comes close to the theoretical limits. The zone refining
is carried out at very low pressures —in the order of
10-5mm Hg. Creating this environment for Merck is a
large battery of specially designed vacuum chambers
built by F. J. Stokes. The chambers maintain high
vacuum conditions —continuously and uniformly —
throughout refining cycles that last for several hours. The units are in
operation 24 hours a day, 7 days a week.

Typical of the new techniques in which Stokes’ 35 years of high vacuum
equipment experience is being applied are: high altitude simulation and
other environmental testing, vacuum furnaces for melting and casting
metals, vacuum dryers, impregnation systems, freeze dryers and vacuum
metallizers. Our complete advisory service and broad range of vacuum
equipment can serve you . . . from a single component to a completely
installed turnkey operation. Why
not call or write us . . . today.

Vacuum Equipment Division
F.J.STOKES CORPORATION, 5500 TABOR ROAD, PHILADELPHIA 20, PA.
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“I owe my success to
my trusty Sigma Type 22
RJC200G SIL relay”

— PORTHOS P. GIZZARD

N\
With a sizable amount of our business
due to saber-rattling on a national scale,
it’s heartening to discover some relay
prospects among those who practice skew-
ering each other just for fun. One of our
reps recently wrote in, calling our atten-
tion to a device in which a buzzer sounds
when a proper forward-moving fencing
“hit” is scored. The buzzer circuit is
closed by the contacts of a Sigma "22”
relay, which in turn is wired to a battery
and a plunger switch at the tip of the
foil or epee. The inventor’s name is L.A.
Wortman, and he holds no lesser rank
than chairman of the Electrical Weapons
Committee of the Amateur Fencers League
of America, as well as American Delegate
to the Electrical Signaling Comm.,
Federation International D’Escrime.

We sincerely hope, however, that Mr.
Wortman shows more mercy in a salle d’
armes than he does to the hermetically
sealed enclosure of his Sigma sensitive
relay. In describing his ingenious boon to
practice fencers (fencing practicers?), he
calmly states " The relay is a Sigma Type
22J200 or equivalent... (These dual series)
coils must be separated and reconnected
... The case of the relay is easily removed
with a pair of diagonal wire cutters.

Starting at the bottom edge and peeling,
the cover comes off as though it were a
sardine-can cover.” Really, Mr. Wortman.
If Series 22 relay enclosures were meant
to be removable, we would have made
them that way. (On second thought,
maybe supplying a little key with each
hermetically sealed Sigma relay might
not be such a bad idea at that. Re-
member that Air Force captain and his

little drill?)

At all events, this clearly points out one
fact: clever people are still successfully
applying Sigma relays in ways which turn
our application engineers green (92 parts
horror, 8 parts envy). We can only hope
that future builders of electrical fencing
instruments and kindred souls will first
ask us if we have what they want, before
picking up the side-cutting pliers.It might
pleasantly surprise some to see the assort-
ment of open and sealed, single- or dual-
coil, magnetic latching, big and little
relays we can offer. We might even have
one for Mr. Wortman’s august body
which would signal a hit not by a buzz on
a buzzer,but simply by saying “ouch.”

jf' “22" Bulletin on request; ap-
plication engineering by letter
. and over the phone.

A

SIGMA INSTRUMENTS, INC.
40 Pearl Street, So. Braintree 85, Mass.
An Affiliate of The Fisher-Pierce Co. since 1939)
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produced by a primary cosmic ray with
the highest energy on record: 2 X 1019
(20 billion billion) electron volts—nearly
a billion times the energy that can be
attained in the largest man-made accel-
erators. The primary ray came from a
direction that seems to rule out an origin
in our galaxy.

Physicists suspect that high-energy
cosmic rays (unlike low-energy ones,
which come from the sun) may result
from a cyclotron-like action whereby
low-energy particles emitted from a star
are whirled to higher and higher veloci-
ties by interstellar magnetic fields. At
sufficiently high speeds and energies—
above 1017 to 1018 electron volts—parti-
cles would rocket out of the galaxy
altogether. Some theorists have held,
however, that rays more energetic than
1017 electron volts might be generated
by some identifiable object, such as a
supernova, acting as a “superaccelera-
tor.” If so, the incoming directions of
such rays that strike the earth should
point directly back to their points of
origin.

To seek such rays, the M.L.T. group
arranged particle detectors to register
the enormous secondary showers of par-
ticles that powerful primaries produce
in the atmosphere. The largest detector
array, spread over an area a mile and
a third across, had operated only a few
months when the record ray struck. No
body capable of emitting it is known
in our galaxy in the direction from
which the ray came. It must have come
from outside, and, in Rossi’s opinion,
probably gained its tremendous energy
from eons of wandering—and accelera-
tion—among magnetic fields in galaxies
beyond our own.

Tying Molecules in Knots

hemists of the Bell Telephone Lab-

oratories have prepared a remark-
able new class of compounds consisting
of two large rings linked together in a
manner resembling two interlocked key
rings. Termed catenanes (from the
Latin catena, meaning “chain”), the
new compounds are not molecules in
the usual sense, because the rings are
not bonded to each other chemically.
In theory it should be possible to make
catenanes with three or more interlock-
ing rings, and perhaps even to make
simple knots, Moebius strips, and other
bizarre topological forms.

Catenanes are formed by mixing a
large-ring carbon compound and long
straight molecules with a reactive group
at each end. A small proportion of the
straight-line molecules thread through



Keeping our electronic ears open

Even the most elementary understanding of our
continent-wide radar defense system is sufficient
to give breath-catching meaning to the security
which this electronic monitoring provides. Here,
where incomparable performance capabilities are
achieved, Tung-Sol hydrogen thyratrons deliver
the tremendous pulse needed to ‘“hear’ the move-
ment of distant airborne objects.

The whole world has been the proving-ground for
these pulse-modulator switching tubes. Nature it-
self has provided environmental conditions no lab-
oratory could match in scope and severity. From
polar cold to steaming tropical heat, Tung-Sol hy-
drogen thyratrons have shown the high reliability
that is characteristic of Tung-Sol products. They
are another demonstration of Tung-Sol’s leader-
ship as a supplier of the finest components that
make electronics happen. Tung-Sol Electric Inc.,
Newark 4, New Jersey.

MIL-SPEC ELECTRON TUBES AND SEMICONDUCTORS—INDUSTRIAL AND AUTOMOTIVE LAMPS
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A CRITICAL LOOK AT THE PROBLEMS OF EFFICIENT
ELECTRONIC COOLING UNITS. There’s a Iot of solid engineeringin the

business of cooling electronic equipment efficiently, quietly, to precise requirements.

It takes more than a catalog and the best wishes of the supplier.

Torrington capabilities in this highly specialized field of air moving requirements offel-'
. plus service. THIS
MEANS Torrington technical service representatives in the eastern, central and western
areas —at your beck and call. IT MEANS upward of a million dollars of investment in
laboratory, design and experimental facilities — yours to utilize. AND IT MEANS a
complete engineering approach to your problem of tailoring the right cooling unit to
the total electronic system design.

the most extensive experience and the finest facilities available..

¥MSA-7861 centrifugal blower unit used on B52 bomber and Boeing 707 transport

THE TORRINGTON MANUFACTURING COMPANY
SPECIALTY BLOWER DIVISION Torrington, Connecticut

94

© 1960 SCIENTIFIC AMERICAN, INC

the rings; interlocked pairs are formed
when the straight-line molecules are

| closed into rings by reaction of the end

groups. In order to permit another mole-
cule to pass through, a ring must contain
at least 20 carbon atoms in its circular
skeleton. Both the ring and the straight-
line molecules used in the Bell experi-
ments, E. Wasserman told the American
Chemical Seociety, contained 34 carbon
atoms. One was a hydrocarbon, the other
a modified hydrocarbon known as an
acyloin, but other combinations are also
possible. No applications for catenanes
have yet been discovered.

Magnetic Field of the Galaxy

Xthough astronomers are confident,
from cosmic-ray and other studies,
that a general magnetic field exists in
interstellar space, the field may be con-
siderably weaker than anticipated. Some
estimates had placed the galactic field-
strength as high as 30 millionths of an
oersted (as compared with .6 oersted
for the earth). New measurements,
carried out with the 250-foot radio tele-
scope at Jodrell Bank in England, in-
dicate that the maximum value probably
does not exceed 20 millionths of an
oersted, and may well be much less.
The measurements, made by R. D.
Davies and his associates, were based
on the Zeeman effect: the splitting of
spectrum lines by a magnetic field. As
observed from the earth, a magnetic
field in space can be expected to split
radio waves emitted by interstellar
hydrogen into two components, one
higher than the normal frequency and
one lower. Some 400 observations were
made with the Jodrell Bank telescope
aimed at three intense radio-emission
regions in Cassiopeia, at one in Sagit-
tarius and at one in Taurus. Some

' splitting was found, but it was not far

enough above the limit of sensitivity of
the measuring technique to make it cer-
tain that the galactic magnetic field had
actually been detected. In any case the
experiments show that the field must
be significantly weaker than had been
thought necessary to account for such
visible effects as the polarization of star-

light.

Seismographic Synchroton

\llCIOSSISD’lS (tiny earth vibrations)

have been unexpectedly detected
by a particle accelerator, the 25-billion-
electron-volt proton synchroton at CERN
in Geneva. During planning of the huge
instrument—currently the second largest
in the world—it was realized that its
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Footnotes to the Crusader’'s 203,512th flight

This was a test flight for a new Crusader — the all-
weather F8U-2N pictured here. It was a busy day for
Crusaders all over the world. Over 700 of these carrier-
based fighters have joined Navy and Marine squad-
rons since the first Crusader won the Thompson and
Collier trophies. With the more powerful engine and
armament, the advanced autopilot and radar of the
new -2N, this fighter series is being improved for the
third time at minimum cost and without interrupting
Fleet readiness. This is “design growth.” This is why,
fighter for fighter, the Crusader has logged more
peace-keeping flight hours than any other 1,000-plus-
mph aircraft in U. S. service.

AERONAUTICS
D'VIS'ON DALLAS, TEXAS
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G‘rowth

The early West needed machinery to help it grow—and Western Gear Corporation, a driving force in
expansionofthe Westsince 1888, supplied a good share of vital power transmissionproducts. ® Today,
matching the growth aims of American industry, Western is far more than a maker of gears—it is a
supplier to the entire Western World. WG today stands for Western Growth—an organization that
specializes in making other companies grow—other projects succeed. ® This is the time to look
into the performance record of Western's six divisions and WG's proven capabilities...as
engineers, designers and manufacturers, of components, systems and all types of electro-mechanical
equipment, serving industry and the military in all applications of

power and motion.m Western Growth can be the instrument of your
growth. It will pay you to investigate. Address Executive Offices, '

Western Gear Corporation, P.O. Box 182, Lynwood, California. ' = :
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TEMS INDUSTRIAL PRECISION
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WESTERN GEAR conponATaon@ > &
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SEATTLE, WASHINGTON; BELMONT, LYNWOOD, PASADENA, CALIFORNIA; HOUSTON, TEXAS, OFFICES IN ALL PRINCIPAL CITIES,
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2,000-foot-long circular vacuum cham-
ber might be knocked out of round by
local earthquakes and earth movements
related to the melting of snow in the
Alps near Geneva. Even very small dis-
tortions of the tube would interfere with
the workings of the accelerator by per-
mitting particles to escape before reach-
ing their full energy. The accelerator
tube was therefore rigidly fixed to a
circular reinforced-concrete base 2,000
feet in circumference, and the two were
left free to move together; thus earth
movements might tilt the tube without
altering its shape.

In tests that proved the arrangement’s
effectiveness, the movements of the
huge concrete slab were traced with re-
cording pens. The tracings revealed not
only the expected movements resulting
from local earthquakes and the melting
of mountain snow, but additional peri-
odic movements without any immediate
explanation. André Decae, CERN geod-
esist, now believes that the puzzling
motion reflects a fortnightly surge in
tides in the Bay of Biscay, some 300
miles away.

Ozmology

Iast spring the 85-foot telescope of

4 the National Radio Astronomy Ob-
servatory at Green Bank, W. Va., was
tuned for many days to radio waves
emanating from the region of Nu Eridani
and Tau Ceti, two solar-type stars about
10 light-years from the earth. The object
was to determine whether anyone on
planets “out there” might be trying to
communicate with someone elsewhere in
the universe. No evidence was obtained
of anyone talking to anyone; the record-
ings revealed no systematic pattern of
variation suggestive of a code. In Physics
Today Otto Struve, director of the
Observatory, nevertheless defended the
listening experiment, called Project
Ozma (after the queen of the fictional
land of Oz). Struve entitled his article
“Astronomers in Turmoil,” and in it he
gently chided his colleagues for becom-
ing “too receptive to all kinds of more
or less fantastic ideas.” He went on,
however, to defend Ozma, even though
some have called it, he said, “the worst
evil of our generation.” Ozma, he ex-
plains, was both rational and scien-
tifically valuable. For example, it aided
in the development of and provided
experience with radio receivers needed
for measurements of the galactic mag-
netic field by study of interstellar radio
emission.

But, Struve went on to say, science
has now reached the point where inves-

Today’s best buy in a

recording spectrophotometer!
...Spectronic 505® Recording Spectrophotometer

...from $3685, less than half the cost of the others

No other recording spectrophotometer has ever won such prompt
acceptance. In just a few short months it has become the best seller

in the field. And with good reason. High accuracy and speed of analysis
make it a sensible buy for recording transmittance, linear absorbance,
reflectance and emission throughout the UV and visible ranges.

But consider its astonishingly low price .. . add up its exclusive features
...and you’ll see why so many laboratories have

specified it as today’s best buy.

o Certified-Precision Diffraction Grat-
ings—high resolving power and linear
dispersion; constant, narrow band
pass.

e Exclusive electronic sensor—automa-
tically gives faster, more
accurate recording.

o Exclusive long life air-
cooled Hydrogen lamp.
No water cooling lines
and drainage.

o DPrecise reflectance values are easily
obtained.

o Only $3685, visible range; $4285, UV-
Visible.

BAUSCH & LOMB INCORPORATED
69411 Bausch St., Rochester 2, N.Y.

[J Send me Spectronic 505 Recording
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ANSWER

| WAITING FOR A

" QUESTION

An answer can often exist before a question is asked.
This is true of Hexcel honeycomb materials...first devel-
oped to meet the strength-weight requirements of military
aircraft, now recognized as a structural material with uni-
versal application. ' Hexcel honeycomb still answers the
questions responsible for its initial development, whether
in the B-58 or Project Mercury. @ The problem-solving
properties of Hexcel honeycomb, however, now match its
exceptional mechanical and structural properties. @ To-
day, honeycomb is supplying answers to such diverse fields
as energy absorption, light directionalizing, RF shielding,
heat exchange, construction, transportation, and packaging.

Hexcel Products Inc. has grown to become the world’s lar-
gest and most experienced manufacturer of honeycomb
materials. @ Among them are aluminum alloys, glass
fabric reinforced plastics, Kraft paper, and refractory alloys.
i Hexcel’s mastery of honeycomb technology and mate-
rials mightserveyour particular requirements and interests.
i Whether your curiosity is general or your question
specific, let Hexcel help you determine honeycomb’s appli-
cability to your research, design or manufacturing activity.
As a beginning, write to us about your problem.

Ea "5

I EXCEIE. PRODUCTS INC.

WY World teader in honeycomb
Executive Offices: 2332 Fourth Street, Berkeley 10, Calif.
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| tigators must take into account the
action of intelligent beings in addition
to the classical laws of physics. Man
has enveloped the earth in radio waves
observable from distant points in the
Milky Way; atomic-bomb explosions
might be visible from a distance of sev-
eral light years, and would not be ex-
plained by the customary action of the
laws of physics. While the chance of
observing something of this kind or of
intercepting a communication is almost
zero when only one or two solar-type
stars are observed, a good many billions
of stars in the Milky Way alone may
| support intelligent forms of life. Thus,
concluded Struve, “there is every rea-
son to believe that the Ozma experiment
will ultimately yield positive results
when the accessible sample of solar-
type stars is sufficiently large.”

The Soviet Space Ship

"T"he Soviet Government newspaper

Izvestia has recently released addi-
tional details on the “space ship” that
carried the dogs Strelka and Belka, to-
gether with an “abridged edition” of the
animal and vegetable kingdoms, into
orbit and then returned them safely to
earth. The orbit was nearly circular,
with an apogee of 210 miles, a perigee
of 225 miles, and an inclination of not
quite 65 degrees to the Equator. Gas-
powered nozzles held the vehicle with
its long axis pointed toward the center
of the earth. In the final descent to
earth, the deceleration force was held to
a maximum of 10 G.

The space ship itself could have been
utilized as the vehicle for the final
descent of its living cargo, since all of
it landed intact. But a separate cap-
sule—ejected at an altitude of 22,000
feet by a barometric device—was pro-
vided for the dogs and a number of
other animals as a test of emergency-
escape equipment for future manned
rockets. The capsule touched down at
a speed of about 15 miles per hour.

The assortment of animal and plant
life was put aboard in order to furnish
direct information on the biological
effects of hard primary cosmic rays,
which were also recorded in photo-
graphic emulsion. A long preliminary
training period was required to accus-
tom the dogs not only to confinement
in a protective cradle and the wearing
of an instrumented antigravity “suit,”
but to use of waste-evacuation devices.
But, said Izvestia, the dogs quickly
learned to eat a special mixture of meat,
cereal and water, jelled with agar, to




PRECISION IN SPACE is the extension of Bendix accuracy in controls and
sensors to second-generation satellite systems for scientific measurements.
Key techniques include the Bendix Free Reaction Sphere for stabilization
and highly reliable Bendix selective-redundant receivers and transmitters.

Advanced careers are open to advanced scientists and engineers.

THE ﬂdy

ANN ARBOR, MICHIGAN CORPORATION
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P 1. tape recorder secret
is an open book

A unique stacked-reel tape magazine is one of many
space-saving secrets which enable Precision instrumen-
tation recorders to out-perform conventional magnetic
tape instruments many times their size. Other design
secrets are push-button selection of
function and speed, light beam end-
of-tape sensing, front panel calibra-
tion and testing, interchangeable tape
loop magazines, and all-solid-state
plug-in electronics.

A/l the secrets of these recorders are
unveiled in detailed new brochure
55B. Write for your copy today.

—
14-CHANNEL
PRECISION RECORDER

Loaded magazines can be
in only 51" of vertical rack space. interchanged in 5 seconds.

P.S. — Here's an installation secret — two complete 74-
channel analog (or 16-channel digital) recorders mount

PRECISION INSTRUMENT COMPANY

101l Commercial Street ¢ San Carlos ¢ California
Phone LYtell 1-4441 . TWX: SCAR BEL 30

REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD
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obviate the need for a separate water
supply, which, in zero-gravity environ-
ment, might prove frustratingly un-
drinkable.

A New Family of Fusion Machines

A number of the principal laboratories

working on thermonuclear power
have given up hope that controlled
fusion reactions can be achieved with
the “stabilized toroidal pinch” and many
other of the designs that have been
studied to date. Instead, work has begun
on a new family of machines bearing an
assortment of odd names: “cusped geom-
etry” reactor, “caulked picket fence,”
and “helixion.”

As reported recently in Nature by
James L. Tuck of the Los Alamos Scien-
tific Laboratory, the switch stems from
a difficulty first noted by two Soviet
physicists, B. A. Trubnikov and V. S.
Kudryavtsev. Fusion machines use mag-
netic fields to confine plasmas, the hot
ionized gases required for thermonucle-
ar reactions. In machines of the pinch
type the fields are set up inside as well
as around the plasma. The Soviet physi-
cists calculated, however, that plasmas
threaded by magnetic fields must radiate
away immense quantities of energy in
the form of long infrared rays at thermo-
nuclear temperatures. This makes it
practically impossible, they concluded,
to achieve a deuterium-deuterium fusion
reaction in such reactors, and much more
difficult to obtain a deuterium-tritium
reaction than had been realized.

Not all physicists agree. Work is con-
tinuing on some machines with internal
magnetic fields, but newer types of ma-

| chines are receiving greater attention in

this country, and the British have
scrapped their pinch-machine project.

Researchers in the Netherlands and
the U.S.S.R., as well as in Great Britain
and the U. S., are said to be studying
new designs. The distinguishing feature
is an arrangement to attain a stable
plasma solely with magnetic fields out-
side the gas. The oldest—the cusped
geometry machine—was originally pro-
posed in 1954 and abandoned in favor
of devices that then seemed more prom-
ising; the name is derived from the
cusped shape of its plasma space.

The caulked picket fence is a modifi-
cation of the cusped geometry device
to eliminate plasma leaks through the
points of the cusps. Newest is the helix-
ion, proposed by Tuck and based on a
novel arrangement of helically wound

coils. No helixion model has yet been
built.



Inert gases with an active future
—from Du Pont fluorine chemistry

More efficient freezing of vegetables—or a side of beef.
New guidance systems for missiles. Quick control of
dangerous fires. North Pole environment in midsummer.
These are just a few of the diversified roles already being

played by Du Pont’s low-boiling, inert “Freon”*

gases.
Perhaps they can perform a similar role, or an entirely
different one, for you. For these gases are inert in the
chemical sense only. Their future promises to be a very
active one.

Besides cryogenic and space applications, these “Freon”
gases offer you new possibilities in dielectric insulation,
metal treating, solvent processes, tracking of high-energy
particles. They provide common characteristics of non-
flammability, excellent thermal and chemical stability,
and are virtually nontoxic. Worth investigating? Write
Du Pont, “Freon’ Products Div., N-2420, Wilmington

98, Delaware.
*Freon and F- followed by numerals are Du Pont’s registered

trademarks for its fluorocarbon gases.

“Freon” Gas Formula Mol. Wt. Boiling Pt. °F.

Critical Temp. °F.

“F-115" CCIF2-CF3 154.5 —-37.7 175.9
“"F-QQ"_CHCH:z 86.5 —_41‘4 - 20_48__
"F—13B_1” CBrF3 148.9 —-72.0 i52.6
“F-116" CF3-CF3 138.0 —108.8 75.8
“F-13" CCIF3 104.5 —14.6 83.9 _
“F-23" CHF3 70.0 —15.7 78.6
TF-14" CFa 88.0 ) —198.4 —49.9

F R E O N® inert g@ases

fluorocarbon

REG.u.s. paT OFF

BETTER THINGS FOR BETTER LIVING...THROUGH CHEMISTRY
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RUSHING TO A RADAR'S RESCUE

Lockheed Electronics engineers — anywhere

—service every make

of electronic equipment

A ship’s “eyesight” needs immediate attention—a
Lockheed Electronics service engineer swings aboard
on a breeches buoy to make on-the-spot adjust-
ments that keep critical electronic systems at peak
performance.

Another LEC service engineer may be installing
telemetry equipment at a missile base; while still
another, ten miles up in the stratosphere, evaluates
a jet bomber’s ECM system.

These LEC experts are qualified to install, test,
modify right in the field, evaluate and maintain any
equipment—made by any manufacturer.

Lockheed Electronics’ highly trained specialists rep-
resent a new concept in service engineering. An

unusually large proportion hold advanced degrees,
and LEC’s Engineering Services Division keeps
them all constantly abreast of the latest advances in
the state of the electronics art.

If you want men with the right skills and full knowl-

edge of your electronic problem, call on Lockheed
Electronics, Engineering Services Division.

CAPABILITIES—~ENGINEERING SERVICES DIVISION
Maintenance engineering
Range instrumentation and operation
Equipment modification e Installation engineering
Training programs, manuals and materials
Field evaluation e Reliability studies
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TWO CHLOROPLASTS within a maize cell are magnified 12,000 single cell of a green leaf usually contains from 20 to 100 of these
diameters in this electron micrograph made by A. E. Vatter. A structures. They carry out the complete photosynthetic process.

—

MORE THAN 20 GRANA are clearly visible in this electron micro- chlorophyll in green plants and algae, they are the receptors that
graph, which magnifies one maize chloroplast 33,000 diameters. trap and utilize the energy of light. The material around the grana,
Grana resemble stacks of coins. Since they contain all of the called stroma, performs the “dark” reactions of photosynthesis.
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The Role of Light in Photosynthesis

The primary photosynthetic act, it now appears, is not to make

carbohyvdrates from carbon dioxide, but to concert light energy

into chemical energy, which the cell then uses in various ways

hen the subject of photosynthe-

‘\ Z sis was last surveyed in Sciex-
TIFIC AMERICAN, Eugene L
Rabinowitch wrote: “The photosyn-
thetic process, like certain other groups
of reactions in living cells, seems to be
bound to the structure of the cell; it can-
not be repeated outside that structure.”

At that time (November, 1953), my
co-workers at the University of Califor-
nia and I were in our fifth year of a vain
effort to separate phot()synthesis from
other life processes in the cell. The next
year our luck turned. We learned how
to remove the chlorophyll-containing
particles (chloroplasts) from spinach
leaves by a technique that preserved
in the isolated particles the ability to
carry out the complete process of green-
plant photosynthesis: the conversion of
carbon dioxide and water to carbohy-
drates and oxygen, with no outside sup-
ply of energy except visible light.

Previously it had been known that iso-
lated chloroplasts can evolve oxygen
when exposed to light. This was called
the Hill reaction, after R. Hill of the Uni-
versity of Cambridge, who discovered
it in 1937. But isolated chloroplasts
could not be made to assimilate carbon
dioxide with the techniques then in use.
Thus until 1954 carbon dioxide assimi-
lation was believed to be a property of
the intact cell.

Once the whole photosynthetic se-
quence had been dissected out, so to
speak, the way to a biochemical attack
on the mechanism of photosynthesis be-
came much clearer. When the biochem-
ist studies a physiological process, his
goal is to take the process apart, sepa-
rate its successive reactions, find out
where and how each one takes place and
identify the biological catalysts (en-
zymes) that make it possible. In the in-
tact cell such an analysis is extremely

by Daniel I Arnon

difficult. An individual step of one physi-
ological process may be hidden or modi-
fied by a similar step of another. Or the
step may take place so rapidly that it
escapes detection altogether.

The difficulty was especially acute in
the study of photosynthesis because
of the process of respiration. At the same
time that a living cell is building up
carbohydrate out of carbon dioxide and
water, and throwing off oxygen, it is
respiring: absorbing oxygen, with which
it breaks carbohydrate down to carbon
dioxide and water again. Isolated
chloroplasts provided a photosynthetic
system that does not respire.

The past six years have been busy
ones in my own and other laboratories.
This article will summarize what has
been learned, with particular emphasis
on the question that has always in-
trigued me most: What is the role of
light in photosynthesis?

Early Investigations

The story will be easier to follow if
we go back to its beginning. In 1772
Joseph Priestley made his epochal dis-
covery that green plants, “instead of
affecting the air in the same manner
with animal respiration, reverse the
effect of breathing.” Over the next 30-
odd years the gross facts of photosyn-
thesis were uncovered. Its raw materials
and end products were identified. Its de-
pendence on light was discovered in
1779 by the Dutch physician Jan Ingen-
housz, who later oftered a plausible sug-
gestion as to the role that light energy
plays. Sunshine, he said, splits apart the
carbon dioxide (CO,) that a plant has
absorbed from the air, the plant “throw-
ing out at that time the oxygen alone
and keeping the carbon to itself as
nourishment.”
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Later other investigators proposed
that the “C” from the broken CO., com-
bines with water to form a product with
the empirical formula (CH,O). (By en-
closing a formula in parentheses the
chemist indicates that the symbols in-
side do not necessarily represent an
individual molecule, but merely a group-
ing that may be part of some larger
structure.) The idea made eminently
good sense because it is in exactly this
proportion that carbon, hydrogen and
oxygen occur in carbohydrates, the chief
product of photosynthesis in green
plants. And so, for the next 100 years
and more, the role of light was regarded
as settled.

The hypothesis became a fixed prin-
ciple of biology. All living organisms
were divided into two groups: (1) green
plants, which were thought to be the
only organisms capable of assimilating
carbon dioxide (and only in the presence
of light); (2) all other forms of life,
which do not have this power and must

AUTHOR’S NOTE

The author wishes to acknowl-
edge the contribution of his as-
sociates and graduate students to
the work in his laboratory re-
ported in this article. In chrono-
logical order of their association
with the investigations they are:
Frederick R. Whatley, Mary
Belle Allen, Lois . Durham, John
B. Capindale, Lawson L. Rosen-
berg, Harry Y. Tsujimoto, Achim
V. Trebst, Hans R. Miiller, Jo-
seph and Colette Bové, Manuel
Losada, Shoitsu Ogata, Mitsuhiro
Nozaki and David O. Hall.
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therefore subsist by consuming the or-
ganic products of the photosynthetic
group. So firmly was the scheme en-
trenched that in several European
languages the term “carbon dioxide as-
similation” also meant what is now called
photosynthesis.

This seemingly logical structure was
undermined in the 1880’s by two devel-
opments, although no one realized it at
the time. First, Sergei Winogradsky,
then at the University of Strasbourg,
discovered the so-called chemosynthetic
bacteria: cells which contain no chloro-
phyll, but which can make organic ma-
terial by assimilating carbon dioxide in
the dark. Second, Theodor Wilhelm En-
gelmann at the University of Utrecht
found that purple bacteria which me-
tabolize sulfur compounds perform a
type of photosynthesis apparently with-
out giving off oxygen.

As so often happens when an experi-
mental result contradicts the prevailing
fundamental notions, the implications of
Winogradsky’s discovery were simply
ignored by most of his contemporaries.
A notable exception was the Russian mi-
crobiologist A. F. Lebedev. With re-
markable insight, Lebedev insisted that
carbon dioxide assimilation could no
longer be considered peculiar to photo-
synthetic cells. He suggested, in fact,

@ CARBON @ HYDROGEN
O oxvyGeN @ NITROGEN
® RADICAL  (® SULFUR

IRON (® PHOSPHORUS
@9 MAGNESIUM

THREE KEY MOLECULES in photosyn-
thesis are adenosine triphosphate (ATP),
at top; reduced pyridine nucleotide (P-
NH»), in middle; and chlorophyll, at bot-
tom. Energy from light, trapped by chloro-
phyll, serves to bind third phosphate group
to adenosine diphosphate to make ATP.
TPNH, differs from DPNH. in having a
third phosphate group in the part of the
molecule shown here as R (radical).
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that all cells possess this ability. What
set apart the photosynthetic group was
its use of light as the source of energy
for the process. This view was too far
ahead of its time, and had little impact.

Engelmann’s discovery had still less.
The then indigestible facts of bacterial
photosynthesis were either denied or
explained away by ingenious hypotheses.
Photosynthesis without the evolution of
oxygen seemed a contradiction in terms.
Even Lebedev, while arguing for the
assimilation of carbon dioxide in the
dark, was convinced that it took place
by splitting of the carbon dioxide mole-
cule, with oxygen as an inevitable by-
product.

Van Niel’s Hypothesis

It took 40 years and many more ex-
periments to establish the significance
of chemosynthetic and photosynthetic
bacteria. In the 1930’s, as we shall see
shortly, a variety of cells were found to
assimilate carbon dioxide and manu-
tacture carbohydrates, without light. At
that time, moreover, C. B. Van Niel of
Stanford University conclusively demon-
strated that bacteria can carry on photo-
synthesis without evolving oxygen. The
splitting of carbon dioxide by light was
no longer a tenable hypothesis.

Van Niel supplied a new hypothesis.
He proposed that light splits not carbon
dioxide but water. According to this
idea, which applied both to bacteria and
green plants, light acts on water to make
(H) and (OH) radicals. The (H) sup-
plies the hydrogen to convert carbon
dioxide to carbohydrate. In plants the
(OH) reacts to form oxygen. Bacteria
lack the enzymes to catalyze this reac-
tion. Instead, they combine (OH) with
hydrogen from an outside source to form
water again. The model accounted for
everything, including the fact that bac-
terial photosynthesis, unlike that in
green plants, does require an outside
hydrogen donor (such as hydrogen gas,
sulfur compounds or certain organic
acids).

Van Niel’s hypothesis was widely ac-
cepted. Now it became necessary to
trace the path of the (H) that is pre-
sumably formed in light. However, the
splitting of water by radiation with en-
ergy as low as that of visible light is
areaction unknown in chemistry. There-
fore there was no clue as to the proper-
ties of the initial (H) material, or as to
how it is able to convert carbon dioxide
to carbohydrate.

In time the thinking of workers in
photosynthesis crystallized into two



points of view. One considered that the
(H) is an “active” species of hydrogen
atom that can force itself on the carbon
dioxide molecule. Such a reaction is also
unknown elsewhere in biochemistry. But
the adherents of the idea saw in it the
very uniqueness of photosynthesis, and
buttressed their hypothesis with a num-
ber of theoretical arguments. Without
going into the theory, it can be said that
no convincing experimental evidence has
so far appeared to support it, and there
is much evidence against it.

On the second viewpoint the conver-
sion of carbon dioxide and water to
carbohydrates proceeds by a path that
is not peculiar to photosynthesis. In fact,
the path is considered to be essentially
a reversal of the route by which car-
bohydrates are decomposed to carbon
dioxide and water during respiration.
If so, then the role of the hypotheti-
cal (H) would be to form compounds
that can drive the “dark” reactions of
respiration backward, in the direc-
tion of synthesis.

Energy Transformations

To appreciate what is implied in this
proposal we must consider the process
of respiration itself. The biological
“burning” of carbohydrate in oxygen has
been intensively studied since the turn
of the century. The intermediate steps
through which comparatively compli-
cated starch and sugar molecules pass on
their way to carbon dioxide and water
have been isolated. The enzyme systems
that catalyze the successive reactions
have been identified. Perhaps most im-
portant, the disposition of the energy re-
leased during oxidation is now known.

The energy is transferred to two com-
pounds that are literally the power sup-
ply of life. One of them, familiar to read-
ers of SCIENTIFIC AMERICAN, is adeno-
sine triphosphate, or ATP [see “Energy
Transformation in the Cell,” by Albert
L. Lehninger; SCIENTIFIC AMERICAN,
May]. ATP has been called the universal
energy currency of living cells. Every
sort of vital process, from the contraction
of a muscle to the synthesis of a hor-
mone, draws on ATP. As its name im-
plies, ATP contains three phosphate
groups [see illustration on opposite
page]. It is made in cellular bodies
known as mitochondria, by the addition
of a third phosphate to adenosine diphos-
phate (ADP). The bond of ADP to the
third phosphate is where new energy is
stored. It is as though the bond were
a coil spring which is compressed when
the phosphate is attached. When the

phosphate group is removed, the spring
extends, thus releasing the stored en-
ergy. In respiration the energy that
compresses the spring comes from the
oxidation of carbohydrate. Hence the
formation of ATP in the mitochondria
of a respiring cell is called oxidative
phosphorylation.

The second of the key compounds is
reduced pyridine nucleotide. There are
two kinds: triphosphopyridine nucleo-
tide (TPNH,) and diphosphopyridine
nucleotide (DPNH,); here they are
collectively abbreviated PNH,. Each is a
powerful biological “reductant,” that is,
it can readily force its hydrogen atoms
on other molecules. PNH, participates in

many oxidation-reduction reactions in
all living cells. One of these reactions
provides energy for phosphorylation it-
self. Thus some PNH, is oxidized to
make ATP.

At this point it may be worth while
to consider the terms “oxidation” and
“reduction,” on which our entire story
turns. Essentially, oxidation means re-
moving an electron from a molecule, and
reduction means adding an electron.
Whenever an electron is exchanged be-
tween two substances, one is oxidized
and the other reduced. Moreover, al-
most every such exchange is accompa-
nied by the release or absorption of en-
ergy. It makes no difference whether we
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CYCLIC PHOTOPHOSPHORYLATION is represented by this diagram. The chlorophyll
molecule absorbs a photon of light. This sends an electron to a high-energy state (arrow
at left), where it is captured by vitamin K or another cofactor. The electron then moves to
the cytochrome enzyme-system, losing energy (arrow at right) to a phosphorylating en-
zyme-system which employs the energy to couple a phosphate group onto ADP. As the
electron passes back to chlorophyll from cytochromes, it again gives up energy to form
another molecule of ATP. The chlorophyll acquires a positive charge when it ejects the
electron and is thus able to pull the returning electron from the cytochromes. No outside
electron donor is used, and the system functions as a self-contained cyclic mechanism.
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NONCYCLIC PHOTOPHOSPHORYLATION in chloroplasts resembles the cyclic system,
but water furnishes the electrons to be raised to a high energy by chlorophyll. Heavier
arrows denote the electron-transport system. Some water molecules are normally dissociated
into H* and OH~ ions, and it is from among these that the system takes the electrons and
protons (H*) it needs to make ATP and TPNH,. The (OH) radicals that are left over com-
bine to produce water plus the oxygen gas that is characteristically evolved by green plants.
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NONCYCLIC ELECTRON-TRANSPORT MECHANISM in bacterium Chromatium takes
electrons from thiosulfate and succinate. Energized in chlorophyll, they can reduce pyridine
nucleotide, join nitrogen to make ammonia or make hydrogen gas. ATP is also formed.
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think of the energy as arising out of the
pull exerted on the electron by “oxidiz-
ing power” or the push exerted by “re-
ducing power.” These terms have mean-
ing only in relation to a specific pair of
substances, which always interacts in
the same way.

Often, though not invariably, an
electron travels in company with a pro-
ton; in short, as part of a hydrogen atom.
In that case, oxidation means removing
hydrogen, and reduction means adding
hydrogen. Thus pyridine nucleotide
(PN) is “reduced” to PNH,,, and carbon
dioxide to carbohydrate, by the addition
of hydrogen atoms.

To return now to photosynthesis, the
idea that it must involve a special way of
converting carbon dioxide to carbo-
hydrate was dealt a severe blow by
modern studies of cellular metabolism
that have utilized radioactive tracers.
Investigators have found that all kinds
of cells devoid of chlorophyll—for ex-
ample, liver cells—can synthesize carbo-
hydrates from carbon dioxide, if they
are furnished the necessary energy in
the form of ATP and PNH,. Apparently
the breakdown of carbohydrates can be
reversed. And if in liver, why not in
plants?

There grew a strong suspicion that
there is no special, photosynthetic, way
for assimilating carbon dioxide, and that
all cells, whether they contain chloro-
phyll or not, may accomplish it essential-
ly by reversing respiration. Soon the idea
drew support from the work of Melvin
Calvin, A. A. Benson and their co-work-
ers in the Radiation Laboratory of the
University of California, who traced the
path of carbon in photosynthesis from
carbon dioxide to carbohydrate. They
identified many intermediate products
identical with those formed when carbo-
hydrate is burned in respiration. Once
the “photosynthetic carbon-cycle” had
been established, each of its features
was discovered in various cells that as-
similated carbon dioxide in the dark. In
fact, P. A. Trudinger at the University
of Sheffield in England, and J. P. Aubert
and his colleagues at the Pasteur In-
stitute in Paris, have now demonstrated
the complete cycle in the nonphoto-
synthetic bacterium Thiobacillus deni-
trificans.

In all these dark reactions energy was
provided by ATP and PNH,. This im-
plied that the function of light must be
to manufacture ATP and PNH,. Then
in 1951 workers in three laboratories dis-
covered that isolated chloroplasts do
make PNH, in the light. The exact
mechanism remained to be identified,
but the whole problem of the role of
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GREEN ALGA Platymonas is grown in bottles in the laboratory tles are illuminated from below by fluorescent lights. Lettering
of the author of this article at the University of California. The bot- on the bottles indicates the composition of the nutrient medium.

RED BACTERIUM Chromatium is similarly grown. Bottles at left bottle in center receives hydrogen gas. Middle bottle in center ob-
receive nitrogen gas; top two bottles contain molybdenum. Top tains hydrogen from malic acid; bottom bottle, from thiosulfate.
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ISOLATION OF CHLOROPLASTS in laboratory of author is
shown in sequence of photographs c¢n this and following pages.
Here spinach leaves are prepared for grinding with sand and water.

light seemed very near solution. As has
been mentioned, PNH, is used to make
ATP by oxidative phosphorylation in
mitochondria. Presumably the mito-
chondria in photosynthetic cells could
obtain PNH, from chloroplasts and with
it manufacture ATP. The model was
reasonable, and widely accepted. At that
time I almost abandoned further work
on the role of light in photosynthesis in
the beliet that the problem was essen-
tially solved.

But the model posed one major dif-
ficulty: The most specialized photosyn-
thetic cells in leaves have very few
mitochondria, being almost filled with
chloroplasts. How could these few
bodies produce enough ATP to sup-
port the vigorous photosynthetic activ-
ity of all the chloroplasts? Because this
(uestion seemed to have no satistactory
answer, 1 continued my attempts to
find out if chloroplasts produced any-
thing other than PNH...

In 1954 we found that chloroplasts
alone carry out complete photosynthesis.
Since they convert carbon dioxide into
carbohydrates by a reversal of the break-
down reactions, they must be able to
make ATP.

Isolated Chloroplasts

Our first task was to be sure that
photosvnthesis in our chloroplast prep-
aration was reallv the same process that
occurs in living cells. In the next few
years we subdivided chloroplasts into
various parts and identified in them, or

isolated from them, the individual en-
zvme systems that catalyze the step-by-
step transformation of carbon dioxide
into carbohydrates. The products of as-
similation—identified with radioactive
tracers, chiomatography and radioautog-
raphy—proved to be the same as in
photosynthesis by whole cells.

The experiments demonstrated that
the assimilation of carbon dioxide in
isolated chloroplasts is indeed a reversal
of the carbohydrate breakdown reac-
tions. Fuarther, the energy for the process
is provided jointly by ATP and PNH..
When experimental conditions were ar-
ranged so that only one of the pair was
formed in light, no carbohydrates were
made.

We were now virtually certain that
the role of light in photosynthesis is to
supply ATP and PNH.,. Final evidence
was forthcoming when we separated the
light and dark phases of photosynthesis
in chloroplasts. We illuminated a chloro-
plast preparation, but did not supply
anv carbon dioxide, so there was no raw
material for manufacturing carbohy-
drates. Instead, we supplied large
amounts of ADP, inorganic phosphate
and TPN (triphosphopyridine nucleo-
tide). The result was the evolution of
oxygen and an accumulation of ATP and
TPNH..

Now we extracted the enzymes for
carbon dioxide assimilation, discarding
the green part of the chloroplasts and
with it the light-absorbing chlorophyll.
Using ATP and TPNH, made when the
light was on, the enzymes proceeded to
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SLURRY IS POURED into filter after hand-grinding with mortar
and pestle. The ice in the bowl is used to keep the flask cool to
preserve the enzymes that will mediate the photosynthetic reactions.

assimilate carbon dioxide in the dark
and to produce the same carbohydrates
that whole chloroplasts and intact green
leaves manufacture. In a further experi-
ment PNH, and ATP taken from animal
cells were supplied to the enzymes in
total darkness; again the extracts assimi-
lated carbon dioxide and made the fa-
miliar compounds.

At this point the objectives of our re-
search narrowed to the problem of
identifying the reactions through which
light energy forms ATP and PNH.. At
first we looked for a mechanism within
the framework of Van Niel’s water-split-
ting scheme, which had guided our re-
search for many years. We tried to
envisage a process by which the hypo-
thetical (H), produced when light splits
water, could form ATP and PNH,. As
time went on, however, new experimen-
tal facts showed that this approach was
inadequate. We had to abandon it to
look for different guideposts.

Photosynthetic Phosphorylation

Since the manufacture of PNH., by
chloroplasts in light had been observed
before, we decided to concentrate on the
completely unknown process by which
ATP is synthesized. Very early we es-
tablished that isolated chloroplasts could
apply absorbed light purely to the for-
mation of ATP. We discovered this by
depriving illuminated chloroplasts of
carbon dioxide and pyridine nucleotide
while giving them large amounts of ADP
and inorganic phosphate. With no raw

I



FILTRATE IS POURED INTO TEST TUBES which will be placed
ia a refrigerated centrifuge. Spinning the material at high speed
separates the chloroplasts from the other portions of the cells.

material for making carbohydrate or
even PNH,, the chloroplasts used light
energy to force the third phosphate
group on ADP to form ATP, which ac-
cumulated in substantial quantities by
the end of the experiment. We called
this process photosynthetic phosphoryla-
tion—photophosphorylation for short—to
distinguish it from the oxidative phos-
phorylation by mitochondria. To bio-
chemists, imbued with the idea that the
energy of ATP comes from burning car-
bohydrates, it was as if we had suddenly
learned how to get electric power di-
rectly from coal or oil, without burning
them in a generating plant.

In our early experiments photosyn-
thetic phosphorylation showed a puz-
zling dependence on oxygen. Chloro-
plasts would manufacture ATP only in
the presence of oxygen, although none
of the gas was consumed. Apparently
the oxygen acted as a catalyst. Further
probing soon revealed two other cata-
lysts in the process: vitamin K and flavin
mononucleotide (FMN), a component
of the vitamin B complex. Both are con-
stituents of green leaves, and vitamin K
had long ago been found to be localized
in the chloroplasts. Because its location
suggested a connection with ph()t()syn-
thesis, earlier workers had tried adding
vitamin K in experiments on whole cells.
Paradoxically, it inhibited photosynthe-
sis. But when we added it to our isolated
chloroplasts, it increased the rate of ATP
production almost twentyfold. Adding
FMN had the same result. And, when
enough catalyst was added, the reaction
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no longer required the presence of oxy-
gen. Thus oxygen is not essential to the
process of photophosphorylation. The
process is anaerobic.

Soon after we discovered photosyn-
thetic phosphorylation in chloroplasts,
Albert W. Frenkel, then at Harvard Uni-
versity, found that cell-free extracts of
the photosynthetic bacterium Rhodo-
spirillum rubrum also make ATP anaero-
bically, in the presence of light. (Bacte-
ria do not have chloroplasts. Their chlo-
rophyll is contained in structures called
chromatophores, and it was these that
Frenkel had extracted.) Subsequent in-
vestigations in various laboratories, on
chloroplasts and chromatophores from
several different plants and bacteria,
have established anaerobic photophos-
phorylation as a general process, com-
mon to all photosynthetic organisms.

In trying to understand how photo-
phosphorylation works, it was natural to
compare it with the oxidative phospho-
rylation of respiration, about which so
much had already been learned. In the
respiratory process the energy required
to force the third phosphate on ADP is
obtained when an electron (attached to
a hydrogen atom) drops from a higher
to a lower energy-level while moving
from an electron donor to an electron
acceptor. The drop is accomplished in a
series of steps that divides the total ener-
gy available in the electron into portions
of the required size. Each chemical step
may be thought of as a sort of water
wheel that is turned by the falling elec-
tron and uses its power to attach phos-
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ISOLATED CHLOROPLASTS in stoppered cylinder in bowl at
left are placed in vessels having long tubes (foreground) along
with the reagents that contain radiocarbon or radiophosphorus.

phate to ADP (or to drive some other
necessary reaction in the cycle). The
original electron donor is sugar or
starch; the ultimate acceptor is oxygen.
When oxygen receives the electron
(with its hydrogen ion), it is converted
to water.

It seemed reasonable to suppose that
“falling” electrons also power photosyn-
thetic phosphorylation. The problem was
to account for the electron donor and the
electron acceptor. They cannot come
from the outside; photophosphorylation
consumes neither chemical fuel nor oxy-
gen, only light.

About two years ago my associates
and I constructed a theoretical model
that seems to fit the experimental facts
of photosynthetic phosphorylation. It
was suggested by another photochemical
reaction whose details were worked out
in 1942 by Gilbert N. Lewis and David
Lipkin of the University of California.
We proposed that, in the primary photo-
chemical act, a photon (quantum unit)
of light strikes a chlorophyll molecule,
exciting one of the electrons to an energy
sufficient to remove it from the molecule.
Having lost an electron, the molecule is
now in a position to act as an electron
acceptor. If it took back the electron di-
rectly, it would merely re-emit the light
energy that had just been absorbed.
(Under the proper conditions light does
cause pure chlorophyll to fluoresce in
just this way.) The reaction that makes
phosphorylation possible is the capture
of the excited electrons by a molecule
such as vitamin K or FMN. Now the



electrons are forced to return to chloro-
phyll in a series of graded steps, resem-
bling those in respiration.

The downhill path we have traced
takes electrons from vitamin K or FMN
through a number of cytochromes—iron-
containing pigments that catalyze many
biological oxidations—and finally back to
chlorophyll. The “water wheels” that
drive the synthesis of ATP are thought
to be linked with the cytochrome chain.

The electron transport and its coupled
phosphorylation reactions are analogous
to, and in some ways possibly identical
with, their counterparts in oxidative
phosphorylation. Only the light-induced
production of a high-energy electron
and its ultimate acceptor are peculiar to
photosvnthesis. Because the electron
donor and acceptor are the same sub-
stance—chlorophyll—and because no out-
side donors are involved, we have named
the process cyclic photophosphorylation.

There seems little doubt that photo-
phosphorylation is a primary and critical

reaction of photosynthesis. In most or- |

ganisms, however, it is not the only one.
Light energy is also required to make
PNH., which furnishes the hydrogen to
reduce carbon dioxide to carbohydrate.
Yet the fact that chloroplasts do, under
certain conditions, use light solely for
the manufacture of ATP raises an inter-
esting question: Are there any photo-
synthetic cells in which phosphorylation
is really the only function of light, and
which manufacture their reducing sub-
stance by a dark reaction? If so, they
would exhibit the simplest, and there-
fore perhaps the most primitive, form of
photosynthesis.

Recently we have found that the ana-
erobic red sulfur bacterium Chromatium
is just such an organism. As has long
been known Chromatium grows only in
the light. The bacterium can use either
carbon dioxide or acetate as the source
of carbon for its cellular substance. To
assimilate carbon dioxide it requires a
supply of hydrogen gas, with which it

: . |
can form the necessary PNH, in the

dark. Acetate, however, is assimilated
by a somewhat different chemical path-
way, which does not require an external
supply of hydrogen. When supplied with
hydrogen gas and carbon dicxide, or
with acetate, the only thing that Chro-
matium makes under the influence of
light is ATP. Chromatium grows ana-
erobically and thus cannot make ATP
by oxidative phosphorylation. To test
whether ATP is indeed the sole product
of the light reaction in the assimilation of
CO, or acetate, we placed a cell-free
preparation of Chromatium in the dark
and added ATP. This preparation syn-

The first warning alerted posts all over the United States and Canada. Unidenti-
fied airborne objects seemed to be approaching at supersonic speeds from many
directions. § Simultaneously in control centers throughout North America men
and machines dealt with torrents of data. Watching blips on radar scopes, crews
made decisions which ordered weapons to destroy the attackers. Interceptor
pilots reported over loudspeakers. As the enemy reacted and shifted, fresh
instructions crackled through command phones. € But no rockets were fired. No
bombs fell. The blips came from magnetic tapes made by a single high-speed

computer. Called Operation Desk Top, this was a simulated raid—the most

‘gigantic ever arranged—to exercise the North American Air Defense System.

In"planning it, SDC made four billion calculations and six and one-third miles of
magnetic tape. § To train managers in decision-making, to exercise decision-
makers under realistic stress, to avoid costly errors in actual operations—these
are some of the purposes of SDC’s pioneering work in systems research and
development. € SYSTEM DEVELOPMENT CORPORATION.

A non-profit scientific organization developing large-scale

computer-based command and control systems. Staff

openings at Lodi, New Jersey and Santa Monica, Calif.
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PHOTOSYNTHESIS TAKES PLACE in Warburg apparatus. The
11 small vessels seen in two rows contain the chloroplasts and the
reagents. The vessels are in a constant-temperature water bath

thesized organic carbon compounds in
the dark just as Chromatium does in the
light, when it is not supplied with ATP
but has to make it from ADP and inor-
ganic phosphate. Light and ATP were
entirely equivalent!

Under certain circumstances higher
plants may possibly act like Chromatium
and go on making ATP even when car-
bon dioxide assimilation stops. In leaves,
for example, the tiny pores that admit
carbon dioxide are sometimes seen to
close in the middle of the day. Usually
they close when the leaves have accumu-
lated an abundance of starch, and water
is scant. It seems at least possible that
the chloroplasts would continue to make
ATP, which could be used to convert
carbohydrate reserves into other com-
pounds such as proteins and fat. Cer-
tainly plants conduct such reactions, and
they need energy from ATP to do so.

This conjecture has recently received
experimental support from the work of
G. A. Maclachlan and Helen K. Porter
at the University of London. They dis-
covered that leaf tissue uses light energy

14

to synthesize starch from glucose under
conditions when carbon dioxide is ex-
cluded but photosynthetic phosphoryla-
tion can occur.

In any case, in Chromatium supplied
either with hydrogen gas and CO, or
with acetate, the role of light is limited
to making ATP by cyclic photophos-
phorylation. As was mentioned in con-
nection with Van Niel's work, how-
ever, photosynthetic bacteria can also
make use of other hydrogen donors: in-
organic materials such as thiosulfate and
organic acids such as succinate. But the
hydrogen in these substances does not
have enough reducing capacity to con-
vert PN to PNH, in the dark. Addi-
tional energy is required.

Noncyclic Photophosphorylation

In the photosynthetic mode of life of
these bacteria, which grow without oxy-
gen, the energy must come from light.
How do they use light to reduce PN
with thiosulfate or succinate? Recently
we have found that our picture of elec-
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that is stirred by the propeller. Light for photosynthesis comes
from reflector lamps under glass bottom of tank. Apparatus gently
shakes the containers in order to facilitate the chemical reactions.

trons excited by light applies here too.

A number of investigators had shown
that the cytochromes in photosynthetic
cells become oxidized (that is, lose elec-
trons) when the cells are illuminated.
Our theory suggests that electrons are
transferred from cytochrome to chloro-
phyll, replacing the ones expelled from
chlorophyll by the action of light. Now
we find that the oxidized cytochromes
are in turn reduced by thiosulfate and
succinate. The result is that electrons
donated by thiosulfate and succinate are
transferred via cytochromes to chloro-
phyll and are there raised at the expense
of light energy to a reducing potential
sufficient to make PNH,.

The fate of these activated electrons
is different, however, from that in the
cyclic route. They do not return to chlo-
rophyll but are eventually transferred to
external acceptors. Three of these have
now been identified: nitrogen gas, which
is converted to ammonia (NHy); PN,
which is converted to PNH,; and pro-
tons (hydrogen ions), which become hy-
drogen gas. Here light energy is being
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AFTER PHOTOSYNTHESIS a sample is taken in a pipeite from
each container and placed upon a planchet. There the material is
allowed to dry preparatory to placing it into a radiation counter.

used either to produce PNH, or to
fix atmospheric nitrogen. It further ap-
pears that, in traveling this noncyclic
route, the electrons also give up some
of their energy to the formation of ATP!

The complete picture of noncyclic
electron flow has been uncovered very
recently. It was foreshadowed, however,
by earlier experiments in other laborato-
ries. Howard Gest and Martin D. Kamen,
then at Washington University in St.
Louis, showed that in light photosyn-
thetic bacteria fix nitrogen and evolve
hydrogen gas. Frenkel, working at the
University of Minnesota, and Leo P.
Vernon of Brigham Young University
demonstrated that the same organisms
reduce PN with succinate in light. Ey-
drogen gas seems to be evolved when
the reducing electrons donated by thio-
sulfate or succinate are a surplus because
they are not consumed in metabolic re-
actions: fixing nitrogen or reducing PN.

Do green plants also have an open-
ended route of electron transport for
making PNH, as well as the closed path
of cyclic phosphorylation? The answer
turns out to be yes. The essential differ-
ence between their noncyclic electron-
transport mechanism and that of bacte-
ria resides in the fact that chloroplasts
derive their external electron supply
from water. The electrons from water
have an even smaller reducing capacity
than those from thiosulfate or succinate.
Therefore green plants depend uncon-
ditionally on light for “raising” the elec-
trons from water to a reducing potential
sufficient to form PNH,.
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As we visualize the noncyclic process
in plants, it involves a cytochrome-cata-
lyzed reaction, thus far hypothetical,
which is found in green plants but not in
bacteria. The plant cytochrome is pre-
sumably so highly oxidized that it can
take from hydroxylions (OH-) the elec-
trons to be fed to chlorophyll. There they
are raised to the energy necessary for re-
ducing pyridine nucleotide.

The special cytochrome reaction may
possibly resemble a reaction, familiar to
every high-school chemistry student,
which takes place in the electrolysis of
water. There the positive electrode,
using energy supplied by a battery, takes
electrons from hydroxyl ions. These then
change to (OH) radicals, which com-
bine to yield oxygen and water. This
type of reaction would account for the
evolution of oxygen by green plants. The
whole sequence appears thermodynam-
ically feasible, but it cannot be consid-
ered proved until the postulated cyto-
chrome reaction is found. It is possible
that the transfer of electrons from hy-
droxyl ions to cytochromes requires an
additional input of energy.

In the course of our studies of PN re-
duction by chloroplasts we found that it
is accompanied by the formation of ATP.
We named this reaction noncyclic pho-
tophosphorylation. Compared with the
“classical” type of oxidative phosphory-
lation it is a remarkable process indeed.
It is accompanied by the evolution rather
than the absorption of oxygen. And the
formation of ATP results not in the ulti-
mate oxidation, but in the reduction, of
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RADIOACTIVITY IS MEASURED by placing planchet in ap-
paratus at left. Machine at right registers counts, showing the

amount of radiocarbon or phosphorus abszorbed in photosynthesis.

pyridine nucleotide. As with cyclic pho-
tophosphorylation, the noncyclic type
has now been confirmed and elucidated
in a number of laboratories.

The noncyclic mechanism, however,
cannot by itself supply all the ATP need-
ed for assimilating carbon dioxide in the
manufacture of carbohydrates. Addition-
al ATP must be supplied by cyclic pho-
tophosphorylation.

There remains one further phenome-
non to account for in the chloroplast
experiments: the catalytic role of oxygen
in photophosphorylation when the con-
centration of vitamin K and FMN is low.
We have worked out a scheme to ac-
commodate oxygen in the general pic-
ture developed above. But the details
need not be considered here.

Our theoretical model of photosyn-
thesis is reasonably complete, although
several features remain to be confirmed
by experiment. The role of light in the
primary photochemical act is simply to
raise the energy of the electrons in
chlorophyll. Thereafter cellular chem-
istry takes over, shunting the excited
electrons into different downhill paths,
where their energy is converted into
chemical energy and is harnessed to
drive several possible reactions. Thus
the essence of photosynthesis is the con-
version of light into chemical energy,
which can be used by the cell in various
ways. Most commonly, to be sure, it is
applied to the assimilation of carbon
dioxide, but this is by no means its only
possible use.

In all photosyntheses, bacterial or
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plant, the common denominator of the
energy conversion process is cyclic pho-
tophosphorylation: the manufacture of
the universal biological energy currency
—ATP—at the expense of light energy
alone, and with no consumption of ma-
terial substances. All photosynthetic or-
ganisms, and only photosynthetic organ-
isms, perform this feat. The assimilation
of carbon dioxide and the evolution of
oxygen are processes that the cell may,
but need not, carry out while performing
photosynthesis. Indeed, as our recent
bacterial studies show, the list of proc-
esses that are driven by trapped light
energy should be extended to include
nitrogen fixation and the evolution of
hydrogen gas.

Photosynthesis and Evoluiion

Finally it is worth noting that our
model seems to fit nicely into present

ideas about early biochemical evolution.
There is a good deal of evidence that
when life appeared on earth, the atmos-
phere contained little oxygen but did
contain free hydrogen gas. It is reason-
able to suppose that as soon as the
chlorophyll molecule evolved, cells were
able to harness the energy in the visible
spectrum of sunlight for the production
of ATP, by the same method still ob-
served in Chromatium. This was a mo-
mentous event; it provided cells, living
in an anaerobic environment, with a
mechanism for making ATP that is much
more efficient than fermentation, the
only process they could have used earli-
er. It is particularly interesting from an
evolutionary point of view that the
aerobic plants of today have retained the
ancient capacity for cyclic photophos-
phorylation even though they have ac-
quired the ability to make ATP through
respiration as well.

The next step up the ladder of evolu-
tion was probably the noncyclic process
by which bacteria reduce pyridine nu-
cleotide without molecular hydrogen,
using electron donors such as thiosulfate
and succinate. Finally, in the most ad-
vanced type of photosynthesis observed
in green plants, water became the elec-
tron donor. By developing a mechanism
for obtaining their reducing electrons
from this ubiquitous substance, green
plants were able to live virtually every-
where and were no longer restricted to
areas where special electron donors
could be found. At this point also, oxy-
gen production became an inseparable
part of photosynthesis. As plants spread
over the surface of the earth, they re-
leased to the atmosphere the oxygen
locked in the water molecule, opening
the gateway to the biochemical evolu-
tion of higher organisms that depend on
molecular oxygen.

RADICAUTOGRAPH GOF A CHROMATOGRAM
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is used to
analyze products of photosynthesis by isolated chloroplasts. A
sample of the rezcting mixture is placed on moist chromatogram
paper at spot in lower left corner. The various compounds then
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travel at characteristic rates along paper, thereby separating from
each other. Dried paper is placed against photographic film. Radio-
activity exposes the film, making spots seen here. Phosphorylated
glucose and other compounds were identified in this chromatogram.
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OIL TOOLS BY THE BYRON JACKSON DIVISION
of Borg-Warner—at work in every oil field from the Middle
East to our West Coast—include hooks, links, elevators,
tongs and power tools to handle drilling pipe reaching as
much as five miles into the earth and weighing up to one
million pounds. Called ““Red Iron' by oil crews, these BJ
tools are part of the basic equipment on almost every drilling
rig. In the background are cementing trucks, including a
high-pressure pumping truck and special bulk cement unit—
members of the familiar blue-and-yellow fleet of BJ Service
that provides technical field services.
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PUMPS BUILT BY BYRON JACKSON are equally at home handling hot
oil at 800° refinery temperatures (as shown above) or in feeding low-temperature
liquid oxygen (—320° F.) to a modern steel furnace. Serving almost every phase of
the oil, steel and chemical industries, BJ pumps transport essential fluids . . .
provide water under pressure for cleaning, cooling and secondary oil recovery

. push petroleum products through thousands of miles of pipeline “arteries.'

BY BORG-WARNER

Among the 7 Hats of Borg-Warner
—a helmet to symbolize our contributions
to the oil, steel and chemical industries

Without the tools and techniques of man, our
country’s huge reservoir of oil would remain un-
tapped today. How valuable would a deposit of iron
ore be without men and machines to make steel?
Not even Nature herself can equal the qualities of
such modern synthetic materials as plastics.

Partner to the growth and progress in oil, steel and
chemicals are many of the divisions and subsidiary
companies of Borg-Warner Corporation. B-W’s
Byron Jackson Division, for example, haslong been
the pacemaker in special tools required to drill oil
wells which must probe miles below the earth’s
surface. BJ Service crews and equipment provide the
cementing and treating techniques which keep these
wells healthfully productive . . . and BJ centrifugal
pumps supply the pulsing power for pipelines, refin-
ery, chemical and metal-making processes.

Three B-W divisions—Ingersoll Steel, Calumet
Steel and Franklin Steel—produce such quality
specialty steels as stainless, alloy, tool and saw steels
and bar mill products. Marbon Chemical Division
is responsible for the creation of Cycolac®, the
Borg-Warner plastic whose balance of properties
make it truly unique, along with reinforcing resins
and rubber-to-metal adhesives for the rubber industry
and synthetic resins for the paint industry.

The years ahead promise a growing need for oil,
steel and chemicals—and promise, too, even greater
service to these industries by Borg-Warner.

The 7 Hats of Borg-Warner . . . (top) national
defense; oil, steel and chemicals; (middle row)
agriculture; industrial machinery; aviation; (bot-
tom) the automotive industry; home equipment.

BORG-WARNER.

BETTER PRODUCTS
THROUGH CREATIVE RESEARCH AND ENGINEERING

Borg-Warner Corporation = 200 South Michigan Avenue  Chicago 4, Illinois

STAINLESS STEEL, solid and clad
—processed for exceptional forming
abilittes—is just one of the steels
made by Ingersoll Steel. A modern
specialty mill, Ingersoll is geared to
meet customers’analysis, size, gauge,
finish 'specs’'-exactly, economically.

STEEL BARS AND SHAPES
rolled by Calumet and Franklin Steel
Divisions meetexacting specifications
of the construction, farm equipment,
material handling and automotive in-
dustries. Other steel products: fence
posts, tubing, special-use sections.

““BETTER IN MORE WAYS THAN ANY OTHER PLASTIC' sums up
why hundreds of consumer and industnal products use Cycolac—the tough,
hard, rigid ABS plastic developed and produced by B-W's Marbon Chemical
Division. Familiar products easily and economically molded from colorful
Cycolac pellets include (left to right) portable cooler, safety helmet, transistor
radio case, portable mixer housing, telephone, typewriter housing, luggage.

WHAT BORG-WARNER MEANS TO YOU!

By making parts and materials that go into a great number and variety
of finished products, Borg-Warner influences the activities of the
American family. On a fall afternoon, helmets that protect football
players might well be molded of Cycolac. Auto fuel that transports
spectators to the site of the game is very likely refined with the help
of Byron Jackson pumps. And, without a doubt, the car itself contains
parts made by any one of many B-W divisions. Wherever you live,
work, play or travel, Borg-Warner touches your life importantly every day.
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Magnetohydrodynamic

Preliminary investigation by ASTRO, Marquardt’s division
for research into the space-age, indicates that the magneto-
hydrodynamic ramjet offers unique and attractive perfor-
mance characteristics. For example, once placed in a low
altitude satellite orbit, this device can compensate for air
drag or change the orbit position — all without the expendi-
ture of propellant. The energy is supplied by a nuclear-
electric power system which accelerates the captured air by
steady magnetohydrodynamic (jxB) forces thus producing
the propulsive force.

The accelerator of the MHD ramjet works in much the same
way as an electric motor. A steady electric current (j) is
passed through a conductor (ionized air) in the presence of
a magnetic field (B). This combination of fields exerts a
magnetohydrodynamic body force (F) on the ionized air
which drives it to high velocity.

Another important application of the MHD accelerator is to
the electrical rocket for use in an extra-terrestrial environ-

ment. In this application the propellant is supplied from
a tank and ionized by an electric arc before passing to the
magnetohydrodynamic accelerator.

ASTRO’s continuing studies of magnetohydrodynamic
acceleration typify but one aspect of The Marquardt Mission.

Creative engineers and scientists needed.

CORPORATION

CORPORATE OFFICES, VAN NUYS, CALIFORNIA

4 ASTRO & COOPER DEVELOPMENT DIVISION ¢ OGDEN DIVISION ¢ POMONA DIVISION ¢ POWER SYSTEMS GROUP
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Wildlite Husbandry in Africa

It is often assumed that vast areas of Africa can be farmed whenever

man chooses. There s reason to believe, however, that the best use

fo which most of this land can be put is to crop its native animals

an has become the dominant spe-
M cies now in Africa as well as on
the rest of the planet. This tru-
ism would scarcely need statement were
it not a development of the last half-

century, of the last quarter-century and
even of the last decade. In Africa many

M T L T N
P

TWO OF THE 20 TO 30 SPECIES of ungulate (hoofed animal)
native to Africa appear in thesz pictographs. In the picture at top

by F. Fraser Darling

races, nations and communities of men
exist within the whole range from hun-
ter and food gatherer to the urban
dweller sealed off from nature by pave-
ment, plumbing and prophylaxis. The
rate of change is accelerating to such an
extent that one cannot keep up to date
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with Africa. The African peoples have
suddenly become aware of ways of life
not their own and are fired with ebullient
enthusiasm about they do not quite
know what: nationalism, in a world that
must overcome the jejune irrationality of
nationalism, and a desire to copy the
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is a herd of wildebeest on the Mara Plains of Kenya. At bottom is
a herd of red leckwe on the Korfue Flats of Northern Rhodesic.
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MNIGER

NION OF

SOUTH AFRICA

POLITICAL MAP of Africa routh of the Sahara shows larger nations and colonies as they
are today. Author’s studies have focused on Kenya, Tanganyika, Rhodesia and Nyasaland.
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RAINFALL UNDER 10 INCHES 50-75 INCHES
10-25 INCHES OVER 75 INCHES
25-50 INCHES

RAINFALL MAP depicts average annual precipitation, but does not indicate areas with
wet and dry seasons. Rain forest (jungle) occurs in much of area with over 50 inches a year.
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West in a continent which might better
realize its own innate dignity.

In the intoxication with technology,
Africa south of the Sahara is seen as an
area of fabulous potential merely await-
ing the magical touch of modern tech-
nology. What could be more inevitable
than the vision of the bush bulldozed
into agricultural production, of the
grassy plains carrying huge herds of
the familiar domesticated animals? Of
course, out of deference to conservation,
it is agreed that the extraordinary as-
semblage of wildlife that still occupies
the open country may be preserved as
something of the past in a few national
parks.

But conservation has come to be a
subject of more than purely sentimental
or academic interest. As a realm of sci-
entific investigation called ecology, it has
assumed urgent importance in the main-
tenance of the human habitat. The vast
number of species and races of plants
and animals defined and named by earli-
er naturalists have been recognized by
the ecologist as living in mutual inter-
dependence in characteristic associa-
tions and communities. Man has been
able to become a member of most ter-
restrial biological communities. As a
hunter and food gatherer he was in the
nature of an indigenous animal. Where
he exists in such conditions today, lim-
ited in numbers and in the power to
aggregate, he continues as a species that
lives by virtue of and within the envi-
ronment. The arts of agriculture and
pastoralism bring about direct modifica-
tion of the environment in time and
space. Subsequent limited independence
of the environment, with technical ad-
vance, allows human aggregations of a
permanent nature and that increasing
complexity of organization which we
call civilization. It is at those times es-
pecially, when he emerges as the dom-
inant species in an environment, that
man must take care not to make de-
mands upon the community that may
destroy his habitat.

Time and again in recent years dis-
astrous experience has shown that the
habitats afforded by Africa are brittle
and susceptible to ruin. The monumen-
tal failure of the earthnut (peanut)
project in Tanganyika—a megalomaniac
pipe-dream advanced in ignorance of
the plainest facts about African soils—is
well known. There have been other fail-
ures. Where the vegetation of the great
African plateau is replaced by crop
plants, many soils either set rock-hard
or erode. Within a few years after pas-
toralism is attempted, it is found that the



vegetation becomes degraded, €rosion
sets in and carrying capacity declines.

V]Whe record supports one radical con-
clusion to which many students of
African ecology have now been persuad-
ed. It is their opinion—and the thesis of
this article—that only under the natural
communities of game animals can a high
biological capture and turnover of solar
energy be maintained. This conclusion
calls for the management and cropping
of game to produce the protein element
in the food supply. The techniques and
the economics of this proposal remain to
be developed. But even the little that is
known about the natural history of Afri-
ca argues that to exchange the wide
spectrum of 20 to 30 hoofed animals,
living in delicate adjustment to their
habitat, for the narrowed spectrum of
three ungulates exotic to Africa—cattle,
sheep and goats—is to throw away a
bountiful resource and a marvelous or-
dering of nature.

Africa is old. Many of the soils of the
great plateau are senile. They have not
had the remaking influences of fairly
recent glaciation and sedimentation,
followed by the biological colonization
typical of many rich lands in more tem-
perate zones. What remains is the resid-
ual product of rock decay: the red
pseudo-lateritic soil which is rich in iron
and aluminum and lacking in the bases
potassium, calcium and sodium. The few
young soils, the volcanic ones, are very
porous and occur most often in arid
and semi-arid regions. The existing
vegetation is adapted to these senile or
immature soils and to the sharp divi-
sions of rainy and dry seasons.

The plateau supports tracts of rela-
tively open miombo forests of mainly
leguminous trees, deep-rooting and pro-
ductive of protein-rich beans. The inter-
spersed grassy drainage-areas of great
extent are deficient in calcium, phospho-
rus and nitrogen, and this fact, coupled
with the long dry season, results in grass
markedly deficient in protein for 10
months of the year. Only where the soils
show high basic content, partly as a re-
sult of a precipitation-evaporation ratio
approaching unity, does the herbage
synthesize protein adequately and cure
on the stalk to provide nutritious feed in
the dry season. Yet these two types of
land are confused and considered of
equal pastoral potential by the optimists.

The truly rich and profit-yielding soils
occupy but a small part of the African
continent. The few such expanses are
the cocoa and earthnut zones of West
Africa, the White Highlands and the
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DENSE FOREST STEPPES AND PRAIRIES

POOR STEPPES AND DESERTS

/4 CULTIVATED AREAS

SAVANNA WITH OPEN FOREST
777/} MIOMBO WOODLAND

VEGETATION MAP indicates types characteristic of various areas, and shows that extent
of cultivated areas is relatively small. Scale is too large to show mopani (valley) forest.

DESERT SOILS

MOUNTAIN SOILS

LATERITE SOILS
SAVANNA RED-BROWN SOILS

SLIGHTLY LEACHED SOILS V.77 BROWN DESERT SOILS

77/ FERTILE SOILS

ERODED LATERITE SOILS

SOIL MAP indicates that most of the continent is covered by types that are not suitable for

cultivation. “Fertile soils” refers to the types that are most suitable for cultivation.
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Kikuyu Reserve in Kenya, the coffee
areas of Kenya and Tanganyika, the
maize lands in parts of the Rhodesias,
the alluvial sugar-cane soils of Mozam-
bique and the cotton soils of the Sudan.
Regions of great forests, showing an
apparently immense wealth, are prod-
ucts of time and adaptation in a conti-
nent which has not known the catas-
trophes of glaciation. When the forests
are felled, it is all too often found that
the imagined wealth of soil is an illusion.

In their natural condition the several
habitat types in Africa may be looked
upon to some extent as a changing mo-
saic, with fire as the great changing fac-
tor. Wildfire has been natural in Africa
for eons of time, not breaking into trop-
ical rain forests but certainly into the
forests of the plateaus and changing
these secondary successional forests into
grassland savannas. Fire diversified the
environment. In the grasslands and open
glades it was much gentler in action
than the panic-inspiring conflagrations
in northern coniferous forests. The many
hoofed animals and their predators were
well adapted to it and simply moved on

arisen again. Thus in the vast expanse ol
Africa, never catastrophically changed,
a wide variety of ungulate species
evolved and survived. Pleistocene relics
such as elephant, rhinoceros and hippo-
potamus are still thriving animals. The
greatest threat to their existence has
arisen only recently, with the shrinking
of their habitat by man.

Fire has now ceased to be a natural
diversifying, ameliorating factor and
has become an attenuating one—man-
made and far too frequent in incidence.
This is apparent both in the grasslands
and in the leguminous miombo forest
of Tanganyika and the Rhodesias. I re-
gard irresponsible man-made fire as one
of the principal impoverishing agents in
the decline of much African habitat.

[t is evident that species evolve by dif-
L ferentiation in behavior and wants as
well as in form. Differentiation implies
varied demands on the environment or
diftering possibilities of exploiting it. A
wide spectrum of hoofed animals means
a widely differentiated usage of the veg-
etation, and to a remarkable extent this

itat. The environmental stratification of
the ungulates is beautiful and fascinat-
ing to observe. Over and over again one
sees evolution probing unoccupied nich-
es or finding possible new niches. There
is also the ecological axiom that two spe-
cies in the same habitat do not occupy
exactly the same niche. Man is the most
adaptable of animals and succeeds by
the variety of habitats he can occupy;
the elephant comes next and is so suc-
cessful in occupying difterent African
habitats that he now comes bang up
against an expanding human population.

The elephant is at one end of the spec-
trum of browsers and grazers. True des-
ert and deep swamp are impassable for
him. Of marshes he is definitely fond,
and he occupies several kinds of forest:
bamboo, dry bush types and savanna.
His loss from the fauna would be irrep-
arable, for he is primarily the great
pathmaker, opening the country to pene-
tration by other species. He is also the
great plowman, a function which too
many observers describe as destructive.
But when he pulls over trees, exposing
the soil at their roots, in a vast area of

to where their chosen conditions had  results in a mutual conservation of hab-  uninhabited mopani (valley) forest,
|
|
GIRAFFE ELEPHANT HIPPOPOTAMUS
OPEN FOREST, RAIN ALL RIVERS
ENVIRONMENT OPEN FOREST FOREST, MARSHES AND LAKES
FEEDING HABITS BROWSES TREETOPS, BROWSES, BREAKS EATS WATER
HIGH SHRUBBERY DOWN FOREST PLANTS
ADAPTABILITY
GOOD EXCELLENT LL
TO HARVESTING EXCELLENG
EQUIVALENT TO: 40 SHEEP 80 SHEEP 60 SHEEP

POSSIBILITY OF HUSBANDRY of six animals is outlined on
this chart. More than 20 varieties of antelope fall under the one
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heading here. Animals best adapted to harvesting move in herds
and can be driven. The rhinoceros is nonsocial, wide-ranging,



what does it matter? The dense clay roil
is probably aerated by no other means.
Though the rotation of plowing by this
method may be centuries long, it is nev-
erthelesssignificant, even as is ploughing
by the action of hurricanes in northern
forests every two centuries or so.

The elephant is a sure prospector and
digger for water. Guinea fowl and doves
come in flocks at first light to the funnel-
like holes made by the elephants at night
in dry sand rivers. The browse of trees
and bushes is kept in condition for many
species of antelope and for buffalo. Fi-
nally I would mention a small and pleas-
ant observation made in the Mashi River
on the southeastern Angola border; as I
waded in the open lily-zone outside the
reeds I noticed stickleback fish protect-
ing nests in the cylindrical depressions
that had been made in the river bed by
the feet of elephants.

The wide spectrum of 20 to 30 ungu-
lates in several African habitats goes
down through eland, buffalo, wilde-
beest, zebra, impala and the rest to the
tiny dik-dik antelope, scarcely bigger
than a rabbit. All have their niche in the
conversion of vegetation, with subtle

BUFFALO

and indirect effects arising from this
varied use that challenge the perception
of the ecologist. Not only are there the
different levels and kinds of browsing
and grazing, but mechanical effects such
as pan-making, path-making, soil aera-
tion, seed dispersal, keeping waters open,
maintenance of drainage channels (the
hippopotamus) and fertilization of wa-
ters (the hippopotamus, waterbuck and
lechwe antelope). The varied fauna in-
terweaves with the habitats. In the mi-
ombo forest, for example, the game ani-
mals make full use of the browse and
the protein-rich beans and are therefore
better able to graze the grassy dambos,
where the grass loses its protein content
so quickly.

The more complex the niche structure

in a biological community the more
efficient the conversion cycle. As stated
in the axiom of the mathematical ecolo-
gist Alfred J. Lotka, the collective ac-
tivities and effects of the organisms
evolve in the direction of maximum
energy intake from the sun and maxi-
mum output of free energy by the dis-
sipative processes of life and of decay

RHINOCEROS

after death. In other words, evolution
tends to bring the whole ecosystem to a
higher metabolic rate. An ecological cli-
max—as represented by the biological
communities of Africa—embodies the
maximum energy-flux possible in a given
set of physical and climatic conditions.
Maintenance of the energy flux is con-
servation; reduction of it is the opposite
of conservation.

At this moment in world history we
might think it important to determine
the rate of energy flux in any habitat be-
fore we embark on radical changes in its
character. Some changes seem to be irre-
versible. The all-too-general experience
in tropical habitats is that change is to-
wards deterioration or lessening of the
energy flux.

When man breaks good ground for
agriculture, he effects a deflection in the
natural process of ecological succession.
If he farms well he may be able to main-
tain the energy flux as he deflects it
through his own species to a much great-
er degree than in the natural, pre-agri-
cultural state. For example, with the in-
troduction of clover into the English
farming rotation, man was able to in-

ANTELOPE

OPEN FOREST,

OPEN FOREST,

OPEN FOREST,

SAVANNA SAVANNA SAVANNA
GRAZES AND BROWSES AND
GRAZES : BROWSES GRAZES
| |
| |
DIFFICULT ' POOR EXCELLENT
15 SHEEP 60 SHEEP 3-12 SHEEP

slow to reproduce and dangerous to man. The buffalo lives in herds
but is also dangerous. The weight of a domestic sheep is taken
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here to be 100 pounds. Information for this chart was supplied
by Harold E. Anthony of American Museum of Natural History.
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EROSION of plain near Lake Amboseli in Kenya is the result of overgrazing by domesti-
cated cattle of the Masai tribe. All photographs in this article were made by the author.

SURNT-OVER LAND in Nyasaland, on the border of Northern Rhodesia, was once forest.

This type of destruction has accompanied the advance of modern civilization into Africa.

MOPANI FOREST characterizes valleys. This forest is in the valley of the Luangwa River
of Northern Rhodesia. Elephants often fell mopani trees, which here grow in clay soil.
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crease the energy flux far above the level
of the untouched ecosystem.

This desirable condition has even
been achieved at times in Africa. It is a
far more remarkable achievement than
merely canalizing energy flow through
the human species, as by bringing wild
lands under pasture, regardless of a de-
clining rate of flow through the ecosys-
tem as a whole. The combing of wild
lands with man’s few domesticated ani-
mals is an exceedingly ancient land use.
But it is a parasitic one and not con-
structive or additive to the habitats.
Analysis of wild lands that have been
thus exploited shows them to be more or
less impoverished compared with their
original state. Deterioration of habitat is
seen in the reduction of the number of
species of plants and animals and change
in the array of dominantspecies. In other
words, the delicately balanced niche
structure is impaired. Fire and pastoral-
ism, so often hand in hand, hasten the
deterioration, causing bottlenecks in the
conversion cycle which slow it down.

The tsetse fly still occupies two mil-
lion square miles of Africa, barring such
areas to pastoralism. But the tsetse fly
is no longer the guardian that it was
of pristine habitat and wild game; sci-
ence is beating it gradually. Within the
tsetse and game-rich areas there is much
overhunting of the wild ungulate ani-
mals. Insofar as pastoralism is achieved,
it is at the expense of the environment,
bringing the fauna, flora and land into
a state of progressive and sometimes ir-
reversible deterioration.

In a perfect world pastoralism would
never have been undertaken on wild
lands without pilot projects and research
to establish the limits of carrying capac-
ity. We can forgive the past its mistakes
if only for the truth they reveal. But in
this present time there is no excuse
whatsoever for bringing land under
cultivation or pasture without knowing
whether such use can be sustained. If
it cannot, no argument of expedience
can justify the despoliation of an ad-
justed ecosystem and the creation of a
desert for posterity.

Immense areas of the plateau and vol-
canic soils of Africa south of the Sahara
are quite unsuited to permanent agricul-
ture. One aspect of the senility of these
pseudo-lateritic soils is the meager rate
at which they sustain the process of
base-exchange, so essential to plant nu-
trition. Under the natural forest-cover
the soils work up a fair store of organic
matter with adequate capillarity; under
cultivation they lose structure, organic
matter and the power to conduct water.

These soils have been cultivated with
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success for generations by the primi-
tive technique of the chitemene garden.
In a circle of an acre or two the trees
are lopped and burned, and the crop is
planted in the ash. After three years the
garden must be abandoned, and regen-
eration occurs in 25 to 40 years. With
all our new and accumulated knowledge
we know no surer way to work these
soils. There is a tendency for Western
man to be contemptuous of shifting cul-
tivation. Such an attitude derives from
an inelasticity of mind which takes for
its criterion a home-loving population
living on highly durable soils and
growing food for both subsistence and
export. The African, far from Dbeing
wasteful in applying his traditional
method, is practicing a measure of con-
servation in leaving the soil to recuper-
ate under its natural cover. But chitem-
ene gardening will maintain only a
small population of human beings. Trou-
ble has come with curtailment of the
recuperative period in the effort to feed
an increasing population.

It is on lands that will not withstand
pastoralism or sustained agriculture that
the wild game represents a natural re-
source of great value in providing the
much-needed protein element in the
African diet. Take the example of the
great Luangwa Valley of Northern Rho-
desia—15,000 to 20,000 square miles sol-
idly under tsetse fly, carrying one per-
manent central river and one permanent
transverse stream. The other water-
courses fail in the dry season; in the
rains the Luangwa widens to several
miles, and there is water everywhere.
TWO POACHERS photographed in Tanganyika carry wire snares, a bow and poisoned The valley is still rich in game Species
arrows. Poachers customarily butcher the animals themselves and sell meat for high prices. ~ which disperse over it in the rains and

concentrate on the rivers in the dry sea-
son. There are elephants and buffalo by
the thousands in the valley, zebra,
eland, kudu, puku, roan, impala, water-
buck, rhinoceros, hippopotamus and
many other species. For control pur-
poses it is necessary to kill 300 elephants
a year. Even though this slaughter is not
designed for food production, every ef-
fort is made by the government to use
the meat. The elephants killed represent
more than half a pound of meat per
week for every one of the 60,000 humans
of the valley. This is but one species and
takes no note of the licensed toll of game
taken by Africans carrying muzzle-load-
ing guns.

Understanding of the possibilities of
wildlife management is in its infancy.
Research must determine the niche
structure of the many species of larger
animals and must make assessments of

POLE TRAP in the Isoka district of Northern Rhodesia is designed to attract small animal ~ €N€T8Y flux in th? several African eco-
to a position under the suspended log. Then the log falls and breaks animal’s back. Systems. In pmctlcﬂl terms, the stock-
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THE UNMISTAKABLE RING OF RELIABILITY

Seldom has so much sturdiness been built into anything so
small and so deceptively delicate in structure as the newest
electron tubes.

Nor is it likely that any one factor will contribute more to
the ever-increasing reliability of electronics.

New electron tubes under development at SYLVANIA have
a structural stability and dimensional tolerances undreamed
of a few short years ago. Advances in materials, processes

and techniques promise to assure uniformity of characteristics

q
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and extend normal tube behavior into areas of abnormal
operating conditions.

These are but a few of the reasons why SYLVANIA electron
tubes continue to lead wherever reliability and survival are
essential to electronic equipment.

The dramatic “‘evolution-to-revolution’ story of SYLVANIA
electron tubes is told in the new booklet, A New Era....”
For your copy write to Electronic Tubes Division, Sylvania
Electric Products Inc., 1740 Broadway, New York 719, N. Y.

N1/

Sussidiry of GENERAL TELEPHONE & ELECTRON/ICS
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PHOTOGRAPH BY BEN SPIEGEL

KIRBY THORNTON’S $1,489,486,655 WORKSHOP

Aluminum — want to make something
of it? See Kirby Thornton. For you,
he’ll fashion the world’s biggest forging
on a 50,000-ton press that uses dies as
long and as wide as a house trailer. Or
he’ll punch out extrusions a foot in di-
ameter and five feet long with one cost-
cutting stroke of an impact press . . .
cast you an impeller whose gull-wing
blades taper to a precise featheredge
... roll you a sheet eight feet wide and
a highway long.

But perhaps you’d like to roll your
own. Kirby’ll send you the finest alu-
minum ingots and plates to press, rods
and bars to whittle, powders and pastes
to mix—in any size, weight, strength or
quantity you need.

Who is Kirby Thornton? He’s chair-
man of the three-man committee that
coordinates the world’s largest light-
metals workshop: Alcoa. If you’ve an
idea, and it requires multiple facilities,
Kirby knows where to go among Alcoa’s

9 mines, 3 ore refining locations, 8
smelters, 6 research labs and 23 fabri-
cating plants for the brains and tools to
work it out and bring it in.

Because he knows his men and ma-
chines, because he knows more than
one way and one place to do a job effi-
ciently and economically, Kirby Thorn-
ton is an extra value you get with every
pound of Alcoa® Aluminum you buy.
Aluminum Company of America, 2019-L
Alcoa Building, Pittsburgh 19, Pa.

A HELPS YOU DESIGN IT, MAKE IT, SELL IT
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Alcoa has hundreds of
Kirby Thorntons to help
you design it, make it, sell it

All of Alcoa’s skills are mobilized to a
single purpose: To put more than just
16 ounces of metal in every pound of
Alcoa Aluminum you buy. Here are 12
of the dozens of ways to do it:

1. Research Leadership, bringing
you the very latest in aluminum alloys
and applications.

2. Product Development by special-
ists in your industry and your markets.

3. Process Development Labs for
aid in finishing, joining, fabricating and
packaging.

4. Service Inspectors to help solve
production problems at your plant.

5. Quality Control to meet top stand-
ards or match your special needs.

6. Complete Line including all com-
mercial forms, alloys, gages, tempers.

7. Availability via the nation’s best
stocked aluminum distributors.

8. ForemostLibrary of films and books
to help you do more with aluminum.

9. Trained Salesmen with a wealth
of on-the-spot information.

10. Sales Administrators constant-
ly on call to service your orders.

11. Year-Round Promotions expand-
ing your old markets, building new ones.

12, The Alcoa Label, leading symbol
of quality aluminum, tomark your goods.
Added Values
With Alcoa
Aluminum

ADDED
VALUES

. is a case book of Alcoa special
services and a guide to their availabil-
ity in design, manufacture and sales.
Your copy, with some of the most re-
warding information you may ever
read, is waiting and it’s FREE. Write:
Aluminum Company of America, 2019-L
Alcoa Building, Pittsburgh 19, Pa.

carrying capacity of the habitats must be
determined for game in comparison with
that for the three domesticated animals,
and cropping yields in terms of protein
must be established in relation to main-
tenance of the habitat. There are no such
figures as yet, but there is some hope
that experimental game-management
schemes now starting or being contem-
plated will yield the knowledge within
a few years.

It may be argued that the cropping of
wild animals in bush country is alto-
gether impractical, and that normal pas-
toralism is more sound economically,
even though less efficient biologically.
Thinking purely in terms of Western
man’s fastidiousness in meat selection,
this argument has point. But it is highly
‘ unlikely that Africa will be able to af-
ford such fastidiousness for a long time.
Moreover, the cattle that can be reared
on African pastures cannot possibly com-
pare in quality with the breeds from
which Western man chooses his steak.
Quality, in any case, may be a false
standard, for game meat is very good
indeed. The fault lies largely in the
butchering and preparation.

Erge quantities of game meat, poached
by individuals and gangs and quite
revolting in quality and preparation, are
being sold at this moment in African
villages and to the industrial compounds
of the copper belt. The prices paid are
high and prove the demand. With all
the hurry and lack of care caused by
| furtiveness, the animals are butchered
in the field and the meat is smoked
| on racks over wood fires. The nature of

this traffic is indescribable. I have taken
part in forays against the gangs and
have seen the hiding places in dense
bush where the butchering is done.
And I have helped catch the purveyors
of the meat, the bicycle men with sacks
over the crossbar. Skin and guts are all
there.

If game management schemes could
be run properly under the native au-
thorities, butchering and preparation
could be taught and carried through
carefully. Smoking can keep the meat
from spoiling for a month or more, but
experimentation with antibiotic sprays
may provide alternative means of pres-
ervation. Fulbright scholars from the
U. S. working on wildlife ecology in
Africa have been foremost in demon-
strating the practicality of cropping
some of the hoofed animals for meat.
Wendell G. Swank of the University of
Arizona has worked out killing percent-
ages (meat-offal ratios) of African un-
gulates in comparison with those of do-
mesticated animals. Helmut K. Buech-
ner and Irven O. Buss of Washington
State University have worked on ele-
phants; George A. Petrides of Michigan
State University has studied population
structure; William M. Longhurst of the
University of California has shown the
possibilities of herding wild game by
small airplane. Longhurst also organ-
ized the shooting of 500 hippopotamuses
in Queen Elizabeth National Park in
Uganda. All the meat was utilized. (This
last operation exposes the inadequacy of
the notion that national parks should be
absolute sanctuaries. The hippopotamus
had so far increased as to endanger the

GRASS FIRE in the Rukwa Valley of Tanganyika produces tall cloud of smoke. Fire
| can play important role in diversifying the environment by turning forests into grasslands.
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how the
triton
holds
its breath

The Triton, latest and largest
atomic sub, can hold its breath
for weeks under water. 148 men
live safely, work efficiently,
breathe easy. The recirculated air
they breathe is kept pure and odor
free with activated charcoal filters.
Why not ““‘up periscope’’ on other
uses for activated charcoal.

R
N )

how to
bar
the tar

A vapor trap no bigger than a cig-
arette filter—now, oddly enough,
goes on a cigarette that’s making
big news. Vapor phase contami-
nants such as tars are hauled up
short by activated charcoal built
into the filter. Maybe you are a
pipe smoker—or a non-smoker—
and worry about contaminants in
other forms. Try activated char-
coal. It'll knock the tar out of your
problems.

howto <
keep your |
spirits

Distillers who store alcohol in
barrels watch the level go down as
the age goes up. Now—distillers
may use activated charcoal to
turn costly vapors into pure liquid
form, fresh as the dew—with very
attractive savings. Activated char-
coal recovers many expensive
vapors for as little as 2c per gallon.

activated
charcoal

Activated charcoal (or carbon), a
hard, granular, black material,
acts as a molecular sponge, puri-
fies air, gases, liquids — recovers
solvents—removes odors and im-
purities—does hundreds of jobs.
Write for Bulletin E-188-D. Barne-
bey-Cheney, Columbus 19, Ohio.

Barnebey
heney
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GROUP OF ELEPHANTS drink from the Tsavo River in Kenya. Elephants play an im-
portant ecological role by breaking paths through forest and aerating soil by uprooting trees.

persistence of grazing. National parks
without game management can become
problem areas.) Thane Riney and Ray
Dasmann of the University of California
are working on protein yield and the
structure of the grazing community in
Southern Rhodesia.

Much is expected from the newly es-
tablished Waliangulu Game Manage-
ment Scheme in southeastern Kenya.
The area is arid during most of the year,
but there is a fair head of game. The
primitive Waliangulu tribe of 250 to 300
people had been badly exploited by il-
legal ivory agents in Mombasa, who

| paid them a pittance to poach the ele-
phants. When the anti-poaching cam-
paign broke up this traffic, the man-
agement scheme had to be instituted

: for the good of the tribe.

I have not mentioned the spiritual and
cultural values of wildlife conservation
and the scientific interest of the wonder-
ful African fauna and flora, which are at
present receiving the most unsympa-
thetic treatment. We all believe in these
values, and I personally feel the claim
of the animals and the habitats to sur-
vive in their own right, irrespective of
any value we reap. Most of the politi-
cians, African and white alike, are
townsmen who have little idea how their
primitive fellow-men subsist, and they
know little or nothing of the limitations
of the African environment. Hopefully,
a wider appreciation of the economic
possibilities of game and habitat man-
agement may secure the conservation of
the stocks of African wildlife and of the
land itself.

WATER HOLES DUG BY ELEPHANTS in a dry sandy stream bed bring up water for other
animals as well. These holes were found by the author in a tributary of the Tsavo River.
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IF YOU WAN'T TO TAKE A CHANCE ON
FALLING IN LOVE WITH A COMPUTER

hen we designed Recomp we had

06 just two people in mind: the man
who would use it and the man who would
approve the investment.

We told our design engineers we
wanted Recomp to 1} have a large capac-
ity, 2] be versatile, and 3} be easy to pro-
gram. Then we urged our cost engineers
to see to it that Recomp stayed in the
lower price range.

Quite honestly, this posed some prob-
lems. On occasion a designer would plead
for his brainchild while the cost analyzers
demurred.

No coins were tossed to settle such dis-
agreements. If the designer could prove his
idea made Recomp a better computer it
was incorporated. That’s how Recomp
came to be the first solid-state digital com-
puter on the market. And also why it was
(and still is) the only compact computer
with built-in floating-point arithmetic.

Fortunately when we were all through
we found Recomp would sell at a sensible
price. So, due to this strict attention to the
computer’s capability and cost, we're truly
able to say Recomp is the very best com-
puter in the low-cost computer field.

While they were at it, our engineers
had some rather original ideas on how to
present Recomp to you. “No gobbledy-
gook’ they said, “just give them the facts”
So we painstakingly winnowed down a
mass of superlatives to these plain facts:

1} Exclusive built-in floating
point arithmetic.
2} Easy to program.

31 Efficient programming; 49 basic
instructions expandable to 72.

41 Fast access time due to
high-speed loops.

51 Magnetic disk memory with
large capacity —up to 8192
instructions.

6] Large word length of 40
binary bits.

71 Each word contains two
instructions.

81 Solid-state reliability.
91 Built-in square root command.
10} Large sub-routine and
program library.
11} Active users group.
12} Built-in automatic conversion
from decimal to binary.
13} Visual display of any word in
memoty.
14} Simple correction of errors.
15} Easily installed anywhere.
16} Can use conventional teletype
equipment.
171 Low cost per computation.
18} High-speed input and output,
191 Programming training
provided.
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20} Large program exchange.
21} Coast-to-coast sales & service.

With all respect to our engineers, facts
are fine but they can hardly do full justice
to Recomp. For example, it’s only fair to
mention Recomp’s appearance. Its soft
color and modern shape bespeaks quiet
efficiency; blends in the finest of surround-
ings. In this case you can tell the book by
the cover. Recomp is truly a masterpiece
of design (both in function and form). It’s
built to look as good as it is; a genuine
pleasure to have around.

By the way, many of the points we
listed above can be claimed by some other
compact computers—but Recomp is the
only one that can claim them 4/, and as
standard equipment. You're never hemmed
in on a problem by a lack of equipment.

True, you can get a computer that does
more than Recomp, but this should only
be if the size of the job justifies a much
larger investment (and Recomp does have
features you won'’t find in computers cost-
ing three times as much). Naturally, you
can always find a computer that costs less.

But if you want a low-cost compact
computer that performs favorably with
the giants in size and cost, you should
make a date to see Recomp. However, it’s
only fair to warn you, unless you want to
take a chance on falling in love with a
computer, don’t write AUTONETICS
INDUSTRIAL PRODUCTS, Dept. 111,

3584 Wilshire Boulevard, Los
Angeles 5, California. The
Autonetics Division of North
American Aviation, Inc.
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IS TheI‘e d Speed Of GI‘aVi’[y? Recently, highly accurate clocks have been

orbited in an effort to corroborate Einstein’s time/speed relationship theory. In another area, dis-
tant stars have been observed to exhibit a peculiar drifting apart that would indicate the existence
of new intergallactic forces which may modify the theory of gravitation. Carried further, both
these observations will help tell scientists about gravitational forces...about the relationships of
discrete bodies to one another and to time and acceleration in space.

Our curiosity lies in this and in why gravitational forces appear to propagate instantaneously.
It is the only phenomenon which exhibits this anomalous character.

Why do we wish to know? Because a deeper understanding of these problems may make
possible rapid communication over light year distances; because the successful conquest of space
depends on how well we can compute these forces and eliminate the unknowns. This broad philos-
ophy is backed in depth by research into such fields as microminiaturization and lasers...research
that will result in tomorrow’s systems.

Solving the unknown is part of our business. A very serious business, calling for the finest in
scientific minds. If you are a senior engineer or scientist, you might enjoy working on problems
such as these. Write LORAL Electronics Corporation, New York 72, New York.

loprind of gty

B Expertness in Systems Management through Experience in Systems R & D for
Anti-Submarine Warfare, Passive Surveillance, Electronic Countermeasures, Penetra-
tion Aids, Navigation, Reconnaissance, Early Warning, and related areas of defense.

Regional Engineering Offices: Boston, Massachusetts; Dayton, Ohio; Tustin, California; Washington, D. C.
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SCATTERING OF NEUTRONS by superfluid helium is measured L. Yarnell. Neutron source is Omega West reactor at far left.
in this apparatus at the Los Alamos Scientific Laboratory by John Liquid helium is in small cylinder behind pipe-elbow at left center.

TARGET AREA is shown with helium target removed. Neutron center) scatters neutrons toward collimator (center). Neutrons
beam enters through opening at left. Target (normally located at are detected by scintillation crystal (top center) and counters.
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SUPERFLUIDITY AND "QUASI-PARTICLES’

The curious properties of liquid helium are explained by l'egarding

it as a gas of hypothetical particles in a similarly hypothetical

background fluid. Recent experiments strikingly confirm the model

physics has become hopelessly ab-

stract and does not provide “models”
that can be intuitively understood. That
is why the story of liquid helium seems
to me to have a special appeal. It pro-
vides a better glimpse than most into the
way in which a few simple, abstract
ideas can provide the key to a concrete
but baffling problem.

Helium is a remarkable substance. Its
properties were described in ScienTiric
AMERICAN not long ago by Eugene M.
Lifshitz [“Superfluidity”; June, 1958].
Here I shall mention only a few: The
temperature at which helium liquefies—
4.2 degrees absolute (—269 degrees
centigrade) at atmospheric pressure—is
lower than that for any other gas. Unlike
all other substances, helium does not
treeze; it remains liquid down to abso-
lute zero.

At temperatures not too far below 4.2
degrees absolute, helium behaves like an
ordinary liquid. For example, when it is
boiling, bubbles are formed in its inte-
rior. But below 2.18 degrees—the so-
called lambda point—the bubbling sud-
denly ceases and the liquid becomes
perfectly still. The transition is marked
by abrupt changes in other properties
of the substance; for example, in its
heat capacity. Above the lambda point
the liquid is called helium I; below it,
helium II.

Helium II has an uncanny ability to
pass through extremely small openings:
it flows easily through a slit less than a
hundred thousandth of an inch wide,
which would be virtually impassable to
water. Accordingly it is said to be “su-
perfluid.” The speed with which an or-
dinary liquid moves through a narrow
tube or slit is inversely proportional to
its viscosity; water flows faster than
molasses. On this basis helium II is in-
comparably less viscous than any oth-

It is a cliché to say that theoretical

by F. Reif

er liquid; in fact, its viscosity is less
than a ten thousandth that of hydro-
gen gas.

Another common method of determin-
ing viscosity is to enclose a fluid in a
narrow gap between two concentric cyl—
inders. When the outer cylinder is slowly
rotated, the fluid transmits a force to the
inner cylinder, tending to turn it in
the same direction. This force is by defi-
nition a measure of the viscosity of the
fluid. Measured in this way, the viscosity
of helium II turns out to be appreciable;
at some temperatures it is greater than
that of “normal” helium I!

For the present I shall mention just
one more feature of this strange liquid:
the fact that local differences in tem-
perature can produce pronounced me-
chanical effects. When a vessel with a

very narrow neck is partially immersed,
with its open end down, in a bath of
helium II, this liquid, like any other,
flows into the vessel until the level is
the same inside and outside. But if the
liquid in the vessel is heated, the flow
starts again, and the level inside the con-
tainer rises higher than that on the out-
side [see illustration at bottom left on
next page]. If such a vessel also has an
opening at the top, helium II can be
made to spurt out the top like a foun-
tain. This phenomenon is therefore
known as the “fountain effect.”

he list is not exhaustive, but it gives
a fair idea of what the theoretical
physicist was called on to explain. Be-
fore turning to theory, let us take a mo-
ment to consider what “explaining”

QUASI-PARTICLE (top right) is created when superfluid helium (color) scatters a
neutron (black ball). Quasi-particle acquires the energy and momentum lost by neutron.
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SUPERFLUIDITY of helium II (color)
makes it possible for the liquid to flow
freely through a very narrow channel formed
by two polished glass plates. Such a channel
is virtually impervious to the flow of water.

VISCOMETER consists of two concentric
cylinders. When outer cylinder is rotated,
the fluid exerts a twisting force
on the inner cylinder. The magnitude of the
force depends on the viscosity of the fluid.

(color)

[/"_ -

J)

FOUNTAIN EFFECT causes level of heli-
um II in vessel to rise when liquid in ves-
sel is heated. Heater is shown at center.
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means. The physicist seeks to account
for the gross properties of matter in
terms of the behavior of its constituent
particles. The program has had its great-
est success in dealing with dilute gases,
where the individual molecules are so
far apart that they spend most of their
time moving as isolated bodies. When
they do meet, they come together two
at a time; the chance of a simultaneous
collision of more than two molecules is
negligible. Thus the theory of gases can
be reduced to a tractable “two-body”
problem. Liquids, even the ordinary
well-behaved kind, pose a much more
difficult problem. Their molecules are so
densely packed that each one is always
under the direct influence of about a
dozen neighbors. Considering that even
the celebrated three-body problem of
mechanics still presents formidable diffi-
culties, it is little wonder that the theory
of liquids is far from satisfactory. Never-
theless, by making drastic simplifications
and focusing attention on the motion of
at most a few molecules at a time, it is
possible to understand the behavior of
ordinary liquids at least semiquantita-
tively.

At first glance liquid helium would
seem to be particularly easy to deal with
in this way. Its molecules are identical
single atoms, and the force they exert
on one another is both simple and weak.
But we cannot isolate one atom of helium
II, even in theory. Not only must we take
its immediate neighbors into account, we
must consider all the trillions of trillions
of atoms in the entire sample simultane-
ously, as it they made up a single gigan-
tic molecule.

The reason is to be found in the laws
of quantum mechanics. As the reader is
aware, these laws govern the behavior
of small particles such as atoms or mole-
cules. In dealing with matter on a larger
scale quantum effects can usually be ig-
nored, because they are obscured by the
random heat motions of the particles.
In helium II, however, the temperature
is so low that heat motion can no longer
mask quantum effects. Hence they mani-
fest themselves on a macroscopic scale.
One consequence of the quantum laws is
that helium atoms must be considered as
completely indistinguishable from one
another. In mathematical terms all ex-
pressions describing the system must
remain the same when atoms change
places. This means that the motion of
any one atom is not quite independent
of the motion of any other atom any-
where in the liquid.

But if 12 molecules are too many to
consider at a time, what can be done
with 102% particles? It turns out that,
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near absolute zero, they can be dealt
with in a simple and useful way. If we
consider the whole liquid as we would
a molecule, then at absolute zero it
would be in its “ground state” of lowest
possible energy. (Quantum mechanics
tells us that this energy is not zero. That

FOUNTAIN of helium II rises from the
capillary tube within the double Dewar
flask at center. Fountain is caused by the
excitation of liquid helium by a light source.
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ENERGY

MOMENTUM

RATIO OF ENERGY TO MOMENTUM for real particles (gray curve) can have any value
greater than zero. In contrast, the slope of the curve for quasi-particles (color) indicates
that the ratio of energy to momentum can never be less than a certain minimum value.

107

10

10°

104

DRIFT VELOCITY (RELATIVE UNITS)

TEMPERATURE (DEGREES ABSOLUTE)

DRIFT VELOCITY of a charged particle (ion) moving through helium II increases as the

temperature decreases. Above lambda point (broken line) velocity is almost constant.
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is why the liquid does not solidify.) At
higher temperatures the liquid would be
found in one of its “excited states” of
somewhat higher energy. An excited
state implies some sort of motion or vi-
bration in the fluid. At temperatures not
too far above absolute zero, the possible
excited states are few in number and
have low energy. Therefore only com-
paratively simple types of motion need
be considered.

his method of attack was initiated

by the Russian theoretical physicist
L. D. Landau. He began by trying to
find the simplest modes of motion of the
liquid as a whole. For example, one such
type of mode is a sound wave passing
through the liquid. Each sound wave or
other mode of motion carries with it a
certain amount of energy and momen-
tum. Landau’s analysis showed that the
energy and momentum of any low-lying
excited state must be simple combina-
tions of the values associated with the
separate possible modes. Thus the for-
mula for energy is just: E = E, + nye,
+ nses + ngey. . . . E, is the energy of
the ground state (at absolute zero); the
€’s represent the energies of the succes-
sive modes of motion. The laws of quan-
tum mechanics restrict the n’s to whole
numbers: 0, 1, 2, 3 and so on. Exactly
the same relation holds for momentum
(denoted by P): P = Py + nyp; +
nope + ngpy. ...

A glance at these simple formulas sug-
gests a concrete and useful interpreta-
tion of the abstract argument. Note that
the expressions for the total energy and
momentum of the liquid are the same as
if it consisted of a “background fluid” of
energy E, and momentum P,, with a
number of individual particles immersed
in it. There would be n; particles of en-
ergy e, and momentum p;, n, particles
of energy e, and momentum ps, and so
on. Of course there really are no such
particles; to underscore the fact, let us
call them “quasi-particles.” But all the
pertinent equations can be interpreted
as though they were actually there.
What makes this view so fruitful is that,
at low temperature, there are not too
many modes of motion to deal with, and
hence not too many quasi-particles.
They can therefore be considered as
making up a dilute gas. Thus the hope-
less problem of dealing with the inter-
dependent motions of almost countless
numbers of helium atoms is overcome,
and can now be treated by the well-
understood theories of gases applied to
quasi-particles.

It should be emphasized that a quasi-
particle is a purely theoretical construct,
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ATTN

FILTER of finely packed emery powder
(dots) separates quasi-particles from helium
11. As helium flows out, concentration of
quasi-particles increases, raising temperature
of fluid in vessel. Electrical-resistance ther-
mometer at center measures temperature.

STACK OF DISKS immersed in helium I1
oscillates like the balance wheel of a wateh.
As temperature rises, numbers of quasi-
particles adhere to the stack, increasing its
mass and hence its period of oscillation.

|44

having to do not with an individual he-
lium atom, but with motion of the liquid
as a whole. Nevertheless, the behavior
of a quasi-particle gas is remarkably like
that of a real gas, with two important
differences. The first of these concerns
the relation between the energy and mo-
mentum of a quasi-particle. This relation
reflects the properties of the modes of
motion of the whole liquid and is quite
unlike the corresponding relation for a
real particle. The second difference con-
cerns the number of particles in a given
sample of material. In a real gas the
number is fixed. In helium II it depends
on the temperature, in a way that can
be calculated once the energy-momen-
tum relation for quasi-particles is known.
At absolute zero there are no quasi-par-
ticles, and their number increases as the
temperature, and hence the energy of
the fluid, is raised.

The relation between the energy and
momentum of a quasi-particle [see top
illustration on page 142] is of funda-
mental importance. Landau originally
inferred it by fitting his theory to empiri-
cal data. Later Richard P. Feynman of
the California Institute of Technology
succeeded in calculating it approxi-
mately from a detailed analysis of the
modes of motion.

Since the simple S-shaped curve con-
tains the clue to superfluidity, it is worth
a moment’s consideration. Note the con-
trast between it and the energy-momen-
tum curve for real particles, shown in
gray. The latter curve starts horizontally,
becoming steeper as it moves to the
right. This simply reflects the fact that,
as the velocity of a particle increases, its
energy (which depends on the square of
the velocity) goes up faster than its mo-
mentum (which depends on the first
power of the velocity). The important
point here is that the ratio of energy to
momentum can have any value from
zero upward. By contrast, the curve for
quasi-particles rises sharply, at an angle
to the horizontal. Hence the ratio of en-
ergy to momentum can never be less
than some minimum value.

"[10 see how the theory accounts for

superfluidity, consider the simplest
situation at absolute zero; then there are
no quasi-particles, only pure background
fluid. Imagine an object, say a golf
ball, moving through the liquid. In an
ordinary fluid the ball would quickly
slow down, transferring its energy to the
molecules. In the case of helium II the
absorption of energy would mean the
creation of a quasi-particle in the back-
ground fluid. If the golf ball is to slow
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down, any energy it loses must be trans-
ferred to the quasi-particle. Now when
the conservation of momentum is also
taken into account, it is found that the
ratio of the energy to the momentum
acquired by the quasi-particle depends
on the original speed of the ball. And
if that speed is low enough, the ratio is
less than the minimum possible value.
Therefore a slow-moving ball cannot
give up any energy to the fluid. By the
same token, if the fluid is moving slow-
ly, it cannot lose energy to the walls of
the vessel. In short, it is superfluid.

Many other features of the strange
behavior of helium II can be readily
understood in terms of quasi-particles.
Consider first the paradox of the two
different viscosities. When helium 1I
flows in a narrow channel, it is the
background fluid (having the super-
fluid property of the liquid in its ground
state) that gets through, while the quasi-
particles do not. In the rotating cylinder
viscometer, on the other hand, the gas
of quasi-particles transmits a force from
the outer to the inner cylinder even
though the background fluid does not.
The paradox is thus resolved because
one is really dealing with two distinct
entities: the background fluid, which is
responsible for the flow through narrow
openings; and the quasi-particles, which
are responsible for the viscosity meas-
ured in the viscometer.

This idea of two interpenetrating
fluids is strikingly supported by the fol-
lowing experiment. Helium II is placed
in a container with an open bottom,
which is then plugged with tightly
packed emery powder [see top illustra-
tion on this page |. Background fluid can
escape through the fine channels in the
plug, but quasi-particles cannot. As the
container empties, therefore, the con-
centration of quasi-particles in the re-
maining liquid is increased. But as we
have said, the number of quasi-particles
per unit volume is related to the tem-
perature of the fluid. Hence the tem-
perature of the liquid remaining in the
container should also increase, and this
is just what happens.

Since quasi-particles have momentum,

they ought to produce observable
mechanical effects. The Russian physi-
cist Peter Kapitza demonstrated such an
effect by heating helium II contained in
an open bottle, which was in turn im-
mersed in a bath of helium II. As the
temperature rose, the number of quasi-
particles in the bottle increased, thus
“raising the pressure of the quasi-parti-
cle gas.” As a result a jet of quasi-parti-
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cles emerged from the bottle, deflecting
a small vane placed in front of the
mouth. When the bottle itself was sus-
pended so that it was free to move, it
recoiled when the heater was turned on.

A change in the setup of this experi-
ment produces the fountain effect men-
tioned earlier. The bottle is partially
immersed in the main helium II bath,
and is open to it only through a very fine
channel that passes background fluid but
not quasi-particles. When the fluid in the
bottle is heated, its level rises. As before,
heating increases the pressure of the
quasi-particle gas, but now it cannot es-
cape. Instead it exerts a pressure on the
background fluid which confines it and
forces the level of liquid to rise in the
bottle. In the process, background fluid
passes from the main bath into the bottle.

The phenomenon is completely ana-
logous to osmotic pressure in ordinary
liquids. If a bottle partly filled with
sugar solution is connected to a bath of
pure water through a membrane that is
permeable to water but not to sugar
molecules, water flows into the bottle,
raising the level of the solution above
that of the bath. In this experiment real
particles (sugar molecules) take the
place of quasi-particles, but the basic
mechanism is the same.

Another demonstration of the relation
between quasi-particles and tempera-
ture was devised by Kapitza’s co-worker
E. L. Andronikashvili. He suspended a
stack of very closely spaced circular
disks from a fiber, so that the stack
could execute circular oscillations like
those of the balance wheel of a watch.
When the disks were immersed in he-
lium II, the period (the time required
for each oscillation) decreased rapidly
as the temperature was reduced from the
lambda point toward absolute zero. The
period of course depends on the mass of
the stack; the greater the mass, the
longer the time. In helium II the back-
ground fluid passes readily between the
disks, but the quasi-particles become
clogged in the narrow spaces and are
carried back and forth with the disks.
Therefore they increase the effective
mass of the stack and lengthen its peri-
od of oscillation. As the temperature is
reduced, there are fewer quasi-particles
and so the oscillation speeds up. This
experiment can therefore provide a
quantitative measurement of the mass
that is contributed by quasi-particles at
any temperature.

One of the most interesting features
of the behavior of helium II was pre-
dicted by the quasi-particle theory be- JET OF QUASI-PARTICLES emerges from a bottle of helium II when electric heater is
fore it was found in the laboratory. This  turned on. Jet can be used to spin a small vane (top) or to make the bottle rotate (bottom).
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is the phenomenon of temperature
waves, or, as it is sometimes called, sec-
ond sound. An ordinary sound wave is
set up in a fluid when a moving body
such as the diaphragm of a loudspeaker
produces a local compression of the ma-
terial. This compression travels through
the fluid at a well-defined speed, and
can be detected at a distance from the
source by its effect on a second dia-
phragm—for example, the eardrum.
Sound travels through helium II just as
through an ordinary fluid. When the
liquid is compressed, the background
fluid and the quasi-particle gas both in-
crease in density simultaneously. It is
possible, however, to conceive of a local
increase in density of the quasi-particle
gas separately, the background fluid
moving so as to keep the total density
of the liquid constant. In that case the
compression should travel through the
quasi-particle gas with a definite speed,
much as a sound wave moves through
the air. But a local increase in the con-
centration of quasi-particles corresponds
to a local increase in temperature of the
liquid. Hence a local temperature in-
crease in helium II should move through
the liquid with all the properties of a
wave motion. This wave motion has ac-
tually been set up by heating a sample of
helium II in a localized region. The com-
pression wave of quasi-particles can be

detected some distance away with a
thermometer.

All the foregoing experiments deal with

macroscopic phenomena observed
in helium II, and the theory of quasi-
particles has certainly been very suc-
cessful in accounting for the results.
Very recently some experiments of a
more microscopic kind have been car-
ried out that subject the theory to a
more detailed test. One was performed
by L. Meyer and myself at the University
of Chicago. We introduced a few elec-
trically charged helium atoms (helium
ions) into a sample of helium II and ap-
plied a voltage across the fluid. The ions
move through the fluid under the influ-
ence of the electric force. We investi-
gated the variation of the drift velocity
with temperature, and found that the
velocity increases very rapidly as the
temperature is lowered below the lamb-
da point. For example, at .6 degree ab-
solute it is about 100,000 times greater
than at the lambda point. Thus the su-
perfluid character of helium II manifests
itself also on an atomic scale. The ions
are slowed by collisions with quasi-parti-
cles, and therefore speed up as the num-
ber of these quasi-particles decreases
with temperature. Note that collisions
with individual helium atoms are of no
significance to the motion of the ions.
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HEAT CAPACITY of helium II (colored curve) was calculated from results of neutron-

scattering experiments. Curve agrees with direct measurements of heat capacity (circles).

148

© 1960 SCIENTIFIC AMERICAN, INC

General Electric contributes

How NERV
Space

NASA’s Nuclear Emulsion Re-
covery Vehicle, developed by
General Electric Missile and
Space Vehicle Department, is
highest space probe ever to be
recovered.

Another major step in space ex-
ploration was achieved September
19 when NASA’s first NERV—
Nuclear Emulsion Recovery Ve-
hicle—was successfully recovered
after a 1200 nautical mile-high flight
into the Van Allen space radiation



to another space FIRST . . .

Returns Highest
Radiation Measurements

belts. NERV brought back detailed
measurements of the belts’ radiation

intensity.
Carrying a nuclear emulsion pay-
load deep into space, NERV

‘““photographed’ tracks of the belts’
charged particles in ranges from 5
Mev upward. Precise measurements
of this radiation must be obtained
before optimum shielding can be
designed for manned space vehicles.

Recovery of the vehicle after
flight—rather than relying only on
telemetered information — permits
scientists to analyze the nuclear
emulsion directly. Thus they acquire
a clearer picture of the composition
of the belt, the intensity of the
charged particles, their velocities,

distribution and direction of move-
ment.

General Electric’s Missile and
Space Vehicle Department designed
and built the Nuclear Emulsion
Recovery Vehicles for the National
Aeronautics and Space Administra-
tion’s Goddard Space Flight Center.

NERV is readily adaptable to
many research missions . . . where
exposure of the payload to the space
environment and recovery after
flight is desired.

To learn more about NERV and
other MSVD programs leading to-
ward man’s entry into space, write
to Section 160, General Electric
Missile and Space Vehicle Depart-
ment, Philadelphia 1, Penna. ¢824

GENERAL @3 ELECTRIC

MISSILE AND SPACE VEHICLE DEPARTMENT
A DEPARTMENT OF THE DEFENSE ELECTRONICS DIVISION
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FOR NASA’s Goddard Space Flight Center,
MSVD built this Nuclear Emulsion Recovery
Vehicle. Here a scientist examines the pay-
load which extends during flight to recoerd a
visual profile of ionization particles in the
Van Allen radiation belts. Below, NERV's
recovery package is shown,

APOGEE

PAYLOAD
EXTENDS

PAYLOAD
RETRACTS

<«— 1200 MILES

MISSION PROFILE is illustrated above. After
burnout of the rocket’s four stages, a linear
actuator extends the emulsion package. Pay-
load is exposed through its apogee of ap-
proximately 1200 nautical miles and until
the vehicle is within approximately 250
nautical miles of the earth upon return.
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Indeed, in this experiment an ion can
travel distances as great as 10,000 times
the separation between atoms without
being deflected by any of them. Again
this is a typical quantum effect.

Finally let us turn to a very funda-
mental microscopic experiment, sug-
gested by Feynman, in which a neutron
beam is used to probe helium II. When
neutrons are passed through any ma-
terial, some of them are scattered in vari-
ous directions by collisions with the
atoms of the target. In the case of
helium II at sufficiently low tempera-
tures, neutrons of a suitable energy
range are scattered by transferring some
of their energy and momentum to the
liquid as a whole. This means that a
quasi-particle must be created having
energy and momentum equal to that lost
by each neutron. The latter values can
be determined from the known energy
of the incoming neutrons and the meas-
ured energy of the deflected neutrons.

This experiment provides a direct
measure of the energy and momentum
of individual quasi-particles. The experi-
mental curve obtained by John L. Yar-
nell and his colleagues at the Los Alamos
Scientific Laboratory has exactly the
shape previously discussed and consti-
tutes a striking confirmation of Landau’s
theory. Furthermore, the curve provides
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a precise, quantitative measure of the
energy-momentum relation for quasi—
particles. It can therefore be used to
compute many of the properties of he-
lium II, such as heat capacity and the
velocity of temperature waves, and to
determine how these quantities vary
with temperature. The calculated values
agree very closely with direct measure-
ments of these quantities.

Outside the realm of nuclear and high-
energy physics, all systems, even bio-
logical organisms, can be said to be un-
derstood “in principle.” That is, their
atoms obey well-known laws of quantum
mechanics and interact through well-
known electromagnetic forces. Under-
standing “in principle,” however, is
meaningless when the systems are so
complex that their behavior cannot be
predicted from these laws and forces.
Nor is the problem of complexity likely
to be overcome simply by resorting to
bigger and better electronic computers.
More often the basic problem is to find
a particular theoretical framework—a set
of concepts well adapted to the system—
which can facilitate and guide our think-
ing. Ideally these concepts should be
derived from fundamental principles. In
the case of superfluid liquid helium, the
quasi-particle concept achieves precise-
ly these aims.

1.5 2 2.5

TEMPERATURE (DEGREES ABSOLUTE)
VELOCITY OF TEMPERATURE WAVES in helium II (colored curve) was also cal-

culated from neutron-scattering experiments. Curve agrees with measured values (circles).
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GLOBAL SYSTEMS ENGINEERING

International Electric is the prime participant —
the systems manager — in the development of a
global digital command and control system which
will provide SAC a rapid, highly modern means
of controlling and supporting its forces through-
out the world.

Creation of this digital data processing system
involves operations research, systems analysis,
formulation of equipment requirements, program-
ming and the systems engineering of an inte-
grated complex of electronic sub-systems to meet
operational requirements. Electronic systems engi-

neers will find at I.LE.C. an exceptional opportunity
to express imagination and technical competence.

Engineering positions are open in these areas:
systems engineering, logical design, equipment
development, preparation and performance of ac-
ceptance test, design and application of peripheral
equipment. Programmer positions involve crea-
tion of advanced techniques in real-time program-
ming, automatic programming simulation and
automatic recovery. To inquire about these posi-
tions, write Mr. J. J. Crawford, Director of
Industrial Relations.

INTERNATIONAL ELECTRIC CORPORATION

An Assoctate of International Telephone and Telegraph Corporation

Route 17 & Garden State Plaza, Paramus, New Jersey
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Experience and demonstrated achievement with sensing techniques and devices is one way
to judge those who aid you in the fulfillment of your project requirements. General
Precision’s Divisions provide sensors for Subroe, Polaris, Atlas and Talos; optical devices,
star trackers, automatic sextants and self-contained doppler radar systems to many major
military projects. m Bringing tomorrow in view are General Precision’s engineers working
on advanced sensor developments. Gryogenic inertial platforms, nuclear gyroscopes, wide
angle sextants, discriminating star trackers, optical masers, infrared systems and passive
doppler systems. These projects with their technological advancements will help shape
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represent the combined capabilities of over 15,000 qualified personnel, occupying over
2 million square feet of laboratory and production facilities. Write for the Facilities and
Capabilities Brochure. Learn how General Precision can help you solve your most chal-
lenging system design and development problems. GENERAL PRECISION, INC., 92 Gold Street,
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THE TREASURE OF ST. NINIAN'S

On this tiny island 1 the Shetland group archeologists 1'ecently

discovered a hoard of silver objects. The discovery reveals that

Christians inhabited the 1sland before the end of the eighth century

t. Ninian’s Isle is one of the tinier
S islands in the Shetland group off

the northern tip of Scotland. There
on July 4, 1958, archeologists from the
University of Aberdeen were digging
in the floor of a ninth-century church
which they had found underneath the

by R. L. S. Bruce-Mitford

ruins of a 12th-century church. They
had uncovered in the nave area a
cracked stone slab with a cross lightly
incised in its surface. On the instruction
of A. C. O’Dell, who was directing the
work, a 16-year-old Shetland schoolbov
named Douglas Coutts lifted away the

stone slab. Beneath lay a tightly packed
and entangled assemblage of greenish
objects, all apparently of bronze. It was
the first day of Douglas Coutts’s first
excavation, and it is sad to think (as
the archeologist Jacquetta Hawkes re-
marked in The Sunday Times) that the

ST. NINIAN’S ISLE (center) is about a mile long and about
half a mile wide. It is one of the tinier islands of the Shetland
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group, located about 100 miles from the northern tip of Scot-
land. Coastline of the largest of the islands lies in foreground.



rest of his archeological career is bound
tc be one long anticlimax. For this as-
semblage of objects, now known as the
St. Ninian’s Isle treasure, has proved
to be the most important single dis-
covery in the annals of Scottish arche-
ology—a group of artifacts that yields
intriguing insight into an obscure cen-
tury and into a region that was his-
torically an almost total blank before.

Around the opening of the ninth cen-
tury the Shetland Islands were col-
onized from Norway. It has been gen-
erally believed that this was a peaceful
settlement of uninhabited islands that
served as steppingstones for the subse-
quent Norse invasion of the Scottish
mainland and Ireland. But were the
Shetlands really uninhabited when the
Norse arrived? Or did the Norsemen
find communities there, outposts of the
Christian civilization of Britain, that
fought for their lives and their land?
The St. Ninian’s Isle treasure and the
church in which it was found reveal
for the first time that the islands were
the home of a civilized Christian peo-
ple when the invasion from Norway
began. The valuables of the church and
the community were hidden under the
church floor—hastily hidden, as the
evidence shows. But there was no ef-
fective hiding place for the people. No
one came back to reclaim the treasure,
the Norse never discovered it, and
there it stayed until it once again saw
daylight a whole millennium later.

The 12th-century church on St.
Ninian’s Isle, which was destroyed
around 1750, was known to have been
dedicated to St. Ninian. This fourth-
century saint, a native of Strathclyde
in southwestern Scotland, went to Rome
to be trained and came back to lead a
mission to the Picts in the north. A whole
string of churches dedicated in his name
marks the spread of his activity and
influence northward from Whithorn on
the Firth of Solway. It was the dedica-
tion in his name of a 12th-century
church on the tiny islet in the Shetlands
that suggested this church might stand
on the site of an earlier, pre-Norse
Christian church.

he exact location of even the later
X church had been lost when the
Aberdeen archeologists came to the is-
land; gales had borne sand from a spit
offshore and had completely buried the
area by 1850. The site was located in
1955, and interest quickened with the
discovery of a small walled enclosure:
the so-called Founder’s Tomb. This con-
tained seven carved stone pillars which

SILVER BOWLS are decorated with patterns of punched dots. Seven of the bowls
were found, some in very poor state of preservation. This photograph shows the undersides
could be dated to about A.D. 800, five of two bowls. Bowls range from 5 to 5.8 inches in diameter and from 1.25 to 2.25 inches deep.
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of them being carved with Pictish sym-
bols. Excavation was carried below the
level of the footings of the 12th-century
walls, and the slab with the incised cross
was uncovered.

A dark stain was almost all that re-

sained of the box in which the treasure
had been buried; a few splinters which
survived because of their impregnation
with salts from the metal showed that
the box had been made of larch wood.
Within the circumference of this stain
was the heterogeneous collection of ob-
jects; bowls lay nested in one another
upside down and ornaments were tan-
gled together, in witness to the haste
with which the box was buried (upside
down). The whole appeared as a clotted
mass of poisonous-looking green metal,
in fragments of all shapes and sizes. But
much of it, as might be seen at a glance,
was of a quite unprecedented nature.
From the circumstances of its burial,
it was plain that the hoard represented
the wealth of the established church, or
of the community, and not just a pirate’s
loot which might have been gathered
from anywhere.

Professor O’Dell wisely lifted the en-
tire complex intact and brought it
straight down to the British Museum
Research Laboratory in London. As
H. ]J. Plenderleith and his experienced
staff began to disentangle and clean the
confused and often highly brittle mass,
they made a rewarding discovery. The
true nature of the metal, concealed by
the greenish earthy coating of copper
compounds, was shown by the spectro-
graph to be a silver alloy containing
copper as a minor constituent. The
treasure as a whole proved to consist
of 29 objects: seven small shallow bowls,
one hanging bowl, a spoon, a forklike
implement with one prong, a sword
pommel, three heavily decorated cones
of uncertain function, two horseshoe-
shaped objects that appear to be chapes,
or fittings for a scabbard (one with an
important, though short, inscription),
12 brooches, and the jawbone of a por-
poise (without a trace of decoration or

THREE MAPS at left show the position of
St. Ninian’s Isle in North Sea region (top)
and in Shetland group (bottom left) ; close-
up map at bottom right indicates location
of church where treasure was found and of
the sand bar (stippling) that covered it.
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HOARD W

PLAN OF ANCIENT CHURCH shows the exact location of the
treasure. Church measured about 50 feet long and 25 feet wide. The

manipulation, but deliberately buried
with the silver). Some of the pieces
showed traces of gilt.

r]ﬂle majority of the silver bowls, pres-

ently on display in the University
Natural History Museum at Aberdeen,
appear to be quite robust, watertight
vessels. In most of them, however, so
much of the copper constituent of the
silver alloy had leached out that they
were structurally nothing but a frail net-
work of silver. It was necessary to clean
off the corroded copper surface not only

“FOUNDER'S TOMB"

to reveal the design, but also to strength-
en and stabilize the remaining metal.
Upon cleaning in a bath of dilute acid,
the metal was impregnated and coated
with a synthetic lacquer. Some bowls
needed more elaborate restoration: a rim
was remade, a fractured edge was rein-
forced with ribbons of silver, and a part
that had wholly disintegrated was re-
placed by a fibrous gap-filling plastic,
colored to match the old silver. It was
impossible to restore several of the bowls
to anything like their original shape and
condition; to remove the decayed and

4
Bz

so-called Founder’s Tomb contained seven carved stone piilars that
dated from about A.D. 800. The hatching indicates their position.

swollen surface metal was to remove the
design it had borne. After cleaning and
strengthening, it was necessary to pre-
vent further corrosion. Because it was
not possible to eliminate the copper chlo-
ride, the principal agent of corrosion, the
objects were enclosed in portable trans-
parent cases together with a dessicating
agent to trap moisture and thereby in-
hibit the corrosion process.

The seven small bowls are all of
roughly the same shape and size, be-
tween 5 and 5.8 inches in diameter and
from 1.25 to 2.25 inches in depth. As

SILVER CONES may have adorned a sword belt. Decoration on
cone at left consists of a highly stylized rendering of an animal.
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Cone at center has interlaced geometric design. A different artis-
tic tradition is represented by the Celtic design on cone at right.



Bathyscaph “‘Trieste’’, looking like something straight
out of Jules Verne, has already made more than 50 scien-
tific voyages to the ocean depths. High-strength nickel-

chromium-molybdenum steel protects occupants of
spherical cabin fromunderwater pressures upto1100 at-
mospheres, or more than 16,000 pounds per square inch.

Built to explore an unknown world

How nickel alloy steel guards
explorers against the crushing
pressures of ocean depths

The bathyscaph, a deep-sea vessel,
was invented by the Swiss professor,
Auguste Piccard, who in the past
years has built two: the first one was
FNRS 2; its steel cabin is now used
by the French Navy (FNRS 3). The
other one is “Trieste”, now property
of the U. S. Navy.

“Trieste” has been down 65 times
and recently set a new world’s record
by descending 35,805 feet below the
surface of the Pacific Ocean.

At these depths, water pressure
would crush a conventional subma-
rine. But the bathyscaph is not so
vulnerable...

INCO NICKEL

Its cabin, hanging under the ship’s
hull like a giant bubble, is specially
designed, using high strength nickel-
chromium - molybdenum steel three
and a half inches thick. This steel
bubble, weighing eleven tons and
nearly seven feet in diameter, is
large enough to hold two men in com-
fort — and safety.

Problems solved. In perfecting the
bathyscaph, its designers naturally
ran into many problems. But one by
one they overcame their difficulties.
And quite often it was with the help
of Nickel...

This is especially true of the Nickel
which is part of the nickel-chromium-
molybdenum steel of the cabin. They
have Nickel, too, in the stainless steel
of vital instruments, among them

those in the ballast releasing system.
And they also use Nickel in elec-
trical resistances which operate as
thermometers for water temperature.

A metal of many uses. Either alone
or with other elements, Nickel im-
proves hundreds of alloys, making
possible almost any desired combina-
tion of properties for meeting spe-
cific fabricating or service demands.

Do you have a metal problem? One
that involves corrosion. .. stress...
fatigue ... high or low temperatures
or some other troublesome factor? A
nickel-containing material may pro-
vide your answer.

THE INTERNATIONAL NICKEL COMPANY, INC.
67 Wall Street ﬁ,} New York5,N.Y.

NICKEL MAKES ALLOYS PERFORM BETTER LONGER
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SPOON (shown in two views) is made of a strip of silver flat-
tened at one end. The point where the bowl and the handle meet is

finally revealed, each has its individual
pattern, including some very interesting
animal processions, interlaces and geo-
metrical designs. They are the first bowls
of their era and kind to be found in
Scotland, either on the mainland or in
the outer isles. Moreover, only one other
silver bowl of this era is known in the
whole of the British Isles: the Ormside
Bowl now in the Museum at York. This
object also dates back to the eighth cen-
tury, but it is very different in construc-
tion and decoration.

The fact that the hoard was found
under the floor of a church does not nec-
essarily mean that the silver was all ec-
clesiastical in character. Indeed, only
four items in the hoard seem to have had
a religious use: the spoon, the one-
pronged implement, the porpoise bone
and the hanging bowl.

The spoon is made of a strip of silver,
flattened at one end to form the bowl
and curled back at the other end to form
a loop by which the spoon could be
hung. A small green nodule of metal,
retrieved from among the rest of the
find, proved upon cleaning to be a small
dog’s head that fits neatly into a small

hole at the point where the bowl and
the handle meet. The dog’s blue glass
eyes gaze straight ahead, and his tongue
licks the inside of the bowl. The spoon
is much too delicate for rough domestic
usage; the bowl is not strong enough for
its edges to be used for cutting and is
too shallow to carry much liquid.

One might suppose that the forklike,
one-pronged implement went with the
spoon. They may well have been used
together, since they were found to-
gether, and both were furnished with
rings for suspension. But they were
manufactured by different processes—
one wrought, the other cast—and they
must have had separate origins. The in-
teresting thing about the pronged im-
plement is a small spur that projects be-
low the prong and ends in a small cut-
ting edge. The prong overhangs in such
a way, however, that it is difficult to see
how the cutting edge could have been
brought to bear. Someone has suggested
that the thing was a lobster pick, but the
projecting blade would be useless for
this purpose and would get in the way
as one attempted to poke the prong into
a lobster claw. The blade can only have

decorated with a small dog’s head; the tongue of the dog licks
inside of the bowl. The spoon is too delicate for rough domestic use.

been applied by means of pressure di-
rected vertically downward. Clearly the
implement must have had a highly spe-
cialized use. At the back of the Stowe
Missal, an eighth-century manuscript in
the library of the Royal Irish Academy
in Dublin, is a short treatise, in the Old
Irish tongue, on the celebration of the
Mass. This describes a ritual division
of the mystical seven pieces of the
Communion Host into 65 pieces. The
pronged implement from St. Ninian’s
Isle would seem ideally adapted for such
a purpose. The small blade would have
served to break up the Host into parti-
cles, and each might then have been
picked up on the prong. The spoon, the
bowl of which was too flat to contain
much liquid, could also have been used
for carrying pieces of the Host. It is not
unlikely that both implements were used
in ritual.

rI‘he hanging bowl is one of an inter-

esting class of bowls made in the
Celtic parts of the British Isles and
found scattered from Ireland to Norway,
especially in the early Saxon graves of
southeastern England. They were de-

FORKLIKE IMPLEMENT of cast silver was found with spoon
(above) and might have been used with it during the Mass, the
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forklike implement to divide Communion Host and spoon to pick
it up. Spoon could also have been used to carry pieces of the Host.



FLOW OR FALLOUT

Oil flow control by telemetry systems is a proven competence of
Dresser Electronics. These installations provide fail-safe operation
for remote and unattended stations throughout the free world.

Now Dresser Electronics is proud to apply the same techniques
for the Office of Civil and Defense Mobilization to a vital
pilot research project in national security. ARMS, an
Automatic Radioactivity Monitoring System, will gather
data for protection against deadly fallout.

Dresser Electronics systems engineering is also at work in ASW
. . . process control . . . airborne telemetry . . . blast detection
. . . mobile hospitals—projects throughout military,
industrial and defense areas. The unique approach
of this systems-oriented company may solve your problem.

Dresser &) Electronics
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10201 Westheimer, Houston 42, Texas
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SECULAR OBJECTS of silver include two chapes (top) and 12 brooches. Three of the
brooches are shown at center; the largest and finest appears at bottom. The design pattern
of largest brooch is well preserved. Brooches were part of the dress of wealthier inhabitants.
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signed for suspension from rings held by
three hooks spaced equally around the
rim. The hanging bowls have interesting
enameled or cast decoration (seen as
soldered-on disks and appliqués), which
gives them a very special importance in
the early art history of the British Isles;
they range in date from the fourth to the
ninth centuries. The St. Ninian’s Isle
bowl is the only silver one to survive;
all the others (some 130 are known) are
bronze. They are thought to be asso-
ciated with the Celtic church and to
have served as holy-water stoups or as
basins for the ritual washing of hands.

As for the porpoise bone, it is difficult
to see why a bone should be deliberately
concealed in the box with the silver, un-
less it was regarded as a relic. Many
early saints were especially associated in
legend with animals: St. Jerome with
his lion; St. Cuthbert of Northumbria
with the sea otter; St. Malo of Brittany
with the sow he restored to life out of
compassion for its litter (and for the
poor swineherd who had a heavy stake
in both); St. Colman of Kilmacduagh in
Ireland, who is associated with the pet
mouse that infallibly woke him when it
was time for his devotions and with the
fly that used to mark his place in a
book by sitting at the end of the last
sentence until he returned to his read-
ing. The porpoise bone in the St. Nin-
ian’s treasure might have commemorated
some special association of this kind
between a local saint and the porpoise,
a beast that is often seen plunging in
the sea around the Shetlands.

The plainly secular pieces in the
hoard—the sword pommel, the three
mysterious cones and the two chapes—
are all elaborately and luxuriantly
carved. It is difficult to make head or
tail of the patterns on these objects, ex-
cept for a panel on one of the cones that
carries a fairly regular interlace. Head
or tail is indeed what one has to make
of them, for they consist chiefly of
fantastically contorted animals whose
necks, bodies and tails are drawn out
into long ribbons that wander over the
decorated area, coiling and interlacing.
A different artistic tradition is reflected
in the smallest of the cones, which bears
an over-all design of interconnected
spirals—a purely Celtic theme.

The exposed surfaces of the three
cones, which may have adorned a
baldric (sword belt), are heavily worn,
and they must have been quite old, say
50 years old, when they were buried
around A.D. 800. The carving and de-
sign of the sword pommel is particularly
accomplished. It is the detail of this dec-
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can be produced.

LIGHT WEIGHT — GRAPHITAR is lighter than
magnesium and is being employed increasingly in
the aircraft and missile fields. The weight per unit
volume of various GRAPHITAR grades is as fol-
lows: 102.8 to 116.03 pounds per cubic foot,
.0595 to .0672 pounds per cubic inch, .952 to
1.074 ounces per cubic inch.

Write today for Engineering Bulletin No. 20

R-284-1

THE UNITED STATES GRAPHITE GOMPANY

&9 DIVISION OF THE WICKES CORPORATION,
GRAPHITAR® caroN-cRAPHITE © GRAMIX® POWDER METALLURGY © MEXI(IAN® GRAPHITE PRODUCTS © USG® BRUSHES
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from the ‘ Vacuum

MICRONICLE"

REDHEAD ULTRA-HIGH VACUUM GAUGE
READS DIRECTLY TO BELOW 10-13mm Hg

Direct measurement of pressure from 10-4
to less than 10-1* mm Hg is easy with the new
Model 552 Redhead Magnetron Ultra-High
Vacuum Gauge and Model 752 UHV Gauge
Control.

Cold cathode operation, high sensitivity
(4.5 amp/mm Hg) and self-regulating emis-
sion of Model 552 keep signal/background
ratio high, eliminate need for outgassing
circuit, and simplify operation. Response is
almost instantaneous and linear.

Partially transistorized Model 752 uses
standard electrometer amplifier, needs only 4
operating controls. Short time constant aids
tracking of pressure transients.

NEW 6” DIFFUSION
PUMP DELIVERS
70% MORE SPEED

The NRC H6-1500
combines upgraded
performance with
high reliability.
Speed of 1500 1/s is
70% more than its
predecessor. Fore-
pressure  tolerance:
750  microns, up
275%. Backstream-
ing: less than 0 03
mg/cm?/min, own
40%. Helght 18/&” down 34 %. Blank-off: as
low as 10-1 mm Hg in trapped UHV system.

To do this, the H6-1500 needs no carefully
regulated power and water supplies, over-
sized backing pumps, delicate pump oils, or
frequent maintenance. Stainless steel body,
4-stage fractionating jet assembly (securely
anchored yet demountable in 15 sec.), easily
removable, long-lived “‘cast-in”’ heaters, silver
soldered cooling coils, all keep performance
high and maintenance low.

e m
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%

*Free NRC Vacuum
Micronicle

a periodical containing de-
tails of above and other
news about making prod-
ucts better with NRC high
vacuum equipment. Write
on your company Letter-
head.

-

NRC

EQUIPMENT
CORPORATION

A Subsidiary of National Research Corporation
Dept. S-8, 160 Charlemont St., Newton 61, Mass.
DEcatur 2-5800
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SWORD POMMEL, like the chapes at the top of page 162, is decorated with coiled and inter-

laced bodies of animals. The two objects on this page are not reproduced to the same scale.

oration and that of the bowls that has
helped to date the hoard, relating the
St. Ninian’s Isle objects to dated manu-
scripts and other works of art, such as
sculptured stones. The style of adorn-
ment also holds still-unraveled clues to
the question of where the objects were
made; there are links to the border re-
gions between Scotland and England far
to the south.

The chapes, if that is what they are,

are particularly provocative pieces.
They are hollow, with a thin opening
along the inner edge. The one that car-
ries an inscription shows considerable
wear and seems to have been fitted onto
the tip of the scabbard of the sword to
which the pommel belonged. The other,
with more elaborate carving, is in mint
condition, freshly carved and not yet
gilded. It must be the latest piece in the
hoard, still unfinished when buried. This

HANGING BOWL was designed to be suspended from rings held by hooks on the rim. Such
| bowls were made in Celtic parts of British Isles and are found from Ireland to Norway.
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Today is obsolete...

The “breakthrough” of every sunrise symbolizes the day-to-
day race with obsolescence which challenges our nation and
its scientific teams. While many achievements today are awe
inspiring, no technological group or organization can rest on
its laurels in this highly-competitive cold war era.

To reach beyond today’s horizon, with discoveries that are
meaningful for tomorrow, is the goal of Sperry research.
Toward continued progress in air and sea transportation and
in critical aspects of national defense, our program encom-
passes research-in-depth under such headings as electromag-
netic radiation, gyroscopic phenomena, electron beam inter-
actions, materials sciences, mathematic analysis.

m..._

To some, the promise inherent in much we explore today
may sometimes be hidden in such exotic terminology as
magnetohydrodynamics, cryogenics, spin resonance, ion pro-
pulsion, plasma physics. In these and other fields, our resolve
to bridge the gap between initial inquiry and reduction to
practice will expedite the widespread application of these
new technologies.

Research at Sperry will make continuing, significant con-
tributions to our rapidly expanding environment as the nation
and the free world seek a more peaceful and meaningful way

of life. General Offices: Great Neck, N. Y.

eio\geo

SURFACE . . SPACE
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Metals made to
run red-hot

inside a vacuum

Electronics engineers of 30 years ago had
scarcely stopped exulting over the ad-
vantages of electron tubes with indirectly
heated cathodes before they began to
demand improvements.

First they wanted longer tube life. Then
they wanted greater uniformity of per-
formance. And later on they wanted
such new features as greater resistance to
shock and greater ability to endure over-
voltage abuse.

Most of these problems landed on the
doorstep of Superior Tube Company. Be-
cause from the beginning Superior has
been the world’s leading independent
maker of cathodes for electron tubes.
And tube designers knew that the per-
formance of tubes hinged heavily on
the cathodes.

To insure uniform performance, Superior
developed machines that would con-
sistently turn out these tiny metal parts
in the wide variety of needed sizes and
shapes to tolerances of less than a
thousandth of an inch. Then a rigid
quality-control system further insured
the dimensional accuracy of the finished
product.

The development of cathode alloys took
on the character of a trip behind the
looking-glass into an area of metallurgy
that had never been explored before.
Superior Tube engineers led the way.

Early cathodes were made of ordinary
commercial Grade A nickel. But impuri-
ties shortened cathode life. Superior in-
vestigated the performance of high-
purity nickel and nickel alloys with
varying amounts of desired activating
elements. The metallurgy of cathodes, it
was discovered, is a delicate balance be-
tween alloy composition and operating
conditions.

The presence of magnesium or silicon,
for example, is desirable in cathodes for
certain types of tubes—undesirable in

others. Within the metal itself, certain
low-percentage constituents move slowly
to the surface, sometimes subliming off
and sometimes depositing harmfully on
other parts of the tube.

Superior Tube engineers tried substi-
tuting aluminum for silicon as an acti-
vating element in the nickel alloy. They
discovered it provided the needed reduc-
tion of the barium oxide on the cathode
coating without the interface impedance
to which silicon is prone.

When a cathode is at operating tem-
perature, it is red-hot and very close to
the melting point of the metal. Hence it
normally loses most of its strength. A
severe jar or too much expansion could
cause distortion. Again Superior engineers
searched for improvement. They added
tungsten to the alloy and discovered it
actually doubled the hot strength of the
metal.

The various needs of different types of
tubes has resulted in the development of
some 10 or more different cathode alloys
over the years. But Superior has long
recognized the desirability of having
feweralloys, each with greater versatility.
In this direction, Superior developed its
Cathaloy® series—five alloys capable of
covering virtually all needs, besides pro-
viding many new benefits. Cathaloy A-31,
for example, was found to endure 259,
heater overvoltages and still give long life.

Recently Superior introduced cathode
alloy X-3012,* which includes tungsten
and zirconium to provide a combination
of characteristics that makes it applicable
in nearly any type of tube.

At Superior, the search for new knowl-
edge about cathodes goes on still. All
the knowledge we have is available to
those who need it. Feel free to consult
with Superior. Write Superior Tube
Company, 2502 Germantown Ave.,
Norristown, Pa.

*U.S. Pat. #2,833,647, Superior Tube Company

cs};ae/'/é/- sole

The big name in small tubing
NORRISTOWN, PA.
All analyses .010 in. to % in. OD—certain analyses in light walls up to 2V in. OD

West Coast:_Paciflc Tube Company, Los Angeles, California
FIRST STEEL TUBE MILL IN THE WEST
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suggests the rather surprising possibility

| that fine-quality silversmith’s work may

have been carried on even in the remote
Shetlands.

The inscriptions on the older of the
two chapes have great interest because
few inscriptions come down from this
period and because they indicate litera-
cy in Latin on the part of the owner or
the maker. On one face the inscription
reads RESADFILISPUSSCIO, meaning
“(the property of) Resad, son of Spuss-
cio.” Neither name has been recorded
before. But a distinguished Celtic schol-
ar, Kenneth Jackson of Edinburgh, who
has provided this interpretation, ob-
serves that Pictish nomenclature con-
tains many exceedingly queer names,
such as Canutulachama, Bliesblituth,
Usconbuts, Uipoignamet, Uumpopual
and Dorornauch Nerales, which are no
less odd than Spusscio, and a good deal
odder than Resad. The inscription on the
other face reads INNOMINEDS, that is,
in nomine Dei summi, “in the name of
God the highest.” If the object is indeed
a chape, this inscription would have no
especially ecclesiastical connotation. As
Jackson has remarked, it would merely
mean that Resad, son of Spusscio, “drew
his sword in the Lord’s name, like thou-
sands of his compatriots after him.”

The brooches are all of a design
which archeologists call penannular, a
ring which does not make a full circle,
the ring being broken at one point to
allow for the passage of a long pin. The
penannular brooch is the common Celtic
type, and brooches like this, often copies
of early examples, are still worn. Only
18 penannular brooches of the seventh
and eighth centuries were known from
Scotland before the St. Ninian’s Isle
hoard came to light and almost doubled
the number at a stroke. Most of the St.
Ninian’s brooches show rather heavy
wear, and so must have been of some
age when buried. The finest is the larg-
est. Because the panels of ornament are
countersunk below the level of the raised
flanges on which the ring of the pin
moved, the design pattern is particularly
sharp and well preserved. The brooches
are not ecclesiastical in any way, but
were part of the dress of the relatively
well-to-do.

The secular character of these orna-
ments supports the deduction that the
treasure trove represented the capital as-
sets of St. Ninian’s church. These vari-
ous items were perhaps received as
valuable gifts over the century or so
before a sudden danger compelled their
hasty burial and consequent preserva-
tion as a major “document” of the
early history of the British Isles.



URANIUM e
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is the latest development in Vitro’s nuclear activity. Vitro today produces laboratory quantities of

uranium carbide. With the completion of new production facilities, it will be the world’s first com-
mercial supplier of this spherical U-C, which offers ideal reactive and heat properties for atomic power
reactors. Vitro’s current nuclear program starts with mining uranium ore in Wyoming, producing
both uranium concentrates in Salt Lake City for AEC and other nuclear chemicals at Chattanooga.
Recently, these operations have been expanded to include beryllium ore. Vitro, growing in electronics,
chemical development and facilities engineering/management, continues as a leader in nuclear energy.

Vitro

VITRO CORPORATION OF AMERICA, 261 MADISON AVENUE, NEW YORK 16, N.Y. / OVERSEAS SUBSIDIARIES: GENEVA « MILAN « BOMBAY
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NEW FROM EASTMAN

TENITE Polyethylene is now
available in formulations containing
a new ultraviolet inhibitor that
gives them superior resistance
to sunlight and weathering

® Exposure tests prove the superior durability of poly- etk
ethylene film, sheet and moldings stabilized with no stabilizer
new Eastman inhibitor

@ Effectiveness is not impaired by molding or extrud-
ing temperatures up to 600°F.

contains
commercial

® Stabilized film retains a high degree of clarity, flex- stabilizer
ibility, smoothness and toughness

® The new inhibitor markedly extends the useful life
of polyethylene film for greenhouse glazing...silo, contains

new Eastman
storage and machinery covers

stabilizer

TENITE SALES OFFICES:

Atlanta, Chicago, Cleveland, Dallas, Dayton, Detroit, Greensboro (N.C.),
Kansas City (Mo.), Leominster (Mass.), New York City, Philadelphia,
Rochester (N.Y.), St. Louis, Toronto.

WEST COAST REPRESENTATIVE :

Wilson & Geo. Meyer & Company, San Francisco, Los Angeles, Portland
(Ore.), Seattle.
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New, specially stabilized Tenite Poly-
ethylene formulations for extrusion
into thin, transparent, weather-resist-
ant film are now available from East-
man. Incorporated in the resins is a
new non-pigment ultraviolet inhibi-
tor developed by Eastman chemists.

The effectiveness of the inhibitor is
not impaired by molding or extrusion
temperatures as high as 600°F. This,
too, represents an improvement over
polyethylene formulations stabilized
with previously available ultraviolet
inhibitors.

Film only 5 mils thick, extruded
from a typical Tenite Polyethylene
formulation containing the new in-
hibitor, has withstood two years of
continuous outdoor weathering with
little loss of strength. Results of tests

on the exposed film show that it re-
tained more of its original properties
after 24 months’ exposure than film
of unstabilized polyethylene retained
after only 12 months’ exposure.

Specifically, the stabilized film re-
tained a high degree of original clar-
ity, and remained smooth, pliable and
tough.

The demonstrated superior per-
formance of the new stabilized resins
greatly extends the usefulness of
polyethylene film in such outdoor 2p-
plications as glazing for greenhouses,
and protective covers for silage, ma-
chinery and other outdoor-stored
materials.

Eastman also supplies a stabilized
Tenite Polyethylene formulation for
extrusion of sheet 50 mils or thicker

WEATHERABILITY OF STRESSED TENITE POLYETHYLENE

as well as for injection molding of
heavier sections. In weathering tests
recently completed, 50-mil sheet of
this material retained 88% of initial
elongation after three years of out-
door exposure. Heavier sections (125
mils), weathered under stress, still
retained their good appearance after
five years. Such results indicate that
polyethylene sheet and molded parts
can be expected to resist the elements
two to three times as long as was
previously possible.

For further information on Tenite
Polyethylene formulations stabilized
withthe new ultraviolet inhibitor, con-
tact any of the Tenite sales offices, or
write EastmaNn CHEMIcAL ProbucTs,
INc.. subsidiary of Eastman Kodak
Company, KiNGsSPORT, TENNESSEE.

Unexposed Samples

Exposed Samples

Pictures are better than words!

5 years' exposure

Here is an unretouched photograph showing a test rack of stressed molded
specimens after 5 years of continuous exposure in Tennessee. Specimens were
125 mils thick and were molded from a typical base formulation of Tenite
Polyethylene. The photograph forcefully illustrates the effectiveness of
Eastman’s new ultraviolet stabilizer.

ENpINTRE:

POLYETHYLENE

an Fastman plastic
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Kollmorgen’s Type 501 Telescope
has been specified to boresight the tracking
antenna of the General Electric radar com-
mand guidance system for the Atlas ICBM.
Type 501 incorporates unique features which
permit pinpoint precision in sighting and col-
limating. Reticles at both ends of the scope
allow you to sight on infinity, transfer the
eyepiece to the other end of the instrument,
and sight back azimuth accurate to one
second of arc without moving the telescope
body. It is possible to focus from infinity to
500 feet with no deviation in the line
of sight.

This is a typical Kollmorgen achievement
in the design and production of highly
precise optical instruments and systems for
industry and defense.

Send for our illustrated, twenty-four
page brochure describing Kollmorgen ex-
perience, skills and facilities.

/K KOLLMORGE

CORPORATION \\

NORTHAMPTON, MASSACHUSETTS

NUCLEAR REMOTE VIEWING EQUIPMENT e SUBMARINE
PERISCOPES e OPTICS ®¢ BORESCOPES e MOTION
PICTURE AND TELEVISION LENSES e PRECISION OPTICAL
INSPECTION AND ALIGNMENT DEVICES e ELECTRONIC
CONTROLS AND COMPONENTS ® NAVIGATIONAL AIDS

WESTERN TECHNICAL REPRESENTATIVES
COSTELLO & COMPANY, LOS ANGELES, CALIFORNIA
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The Age of the Elements
in the Solar System

Studies of the inert gases found in meteorites have confirmed

estimates that the earth is 4.6 billion years old and provide

evidence that the elements in the solar system are not much older

How old is the solar system? The
question is a big one, and it sug-
gests research tools of commen-
surate size—large telescopes on moun-
taintops and rockets roaring into space.
On the contrary, the answer is coming
from the analysis of minute bits of mat-
ter by quite modest i1struments mount-
ed on the laboratory bench. It is true
that the bits of matter come from me-
teorites: those samples of interplanetary
rubble that are swept up by the earth’s
gravitational field. But the passage of
cosmic time is measured by counting the
few atoms of the “noble” gases—helium,
argon, neon, krypton and xenon—that

by John H. Reynolds

are trapped in the crystal lattices of
meteoritic stone and iron.

Certain isotopes (atoms of the same
element that have slightly different
masses) of the noble gases represent
clocks that have stopped. They are dead
ends to which nuclear transformations
have carried other atoms higher up in
the table of elements. The transforma-
tion of some atoms proceeds spontane-
ously by radioactive decay. Since the
rate of decay is immutable and is known,
time can be measured by comparing the
relative abundance of the parent ele-
ments and their noble-gas daughters
present ina sample of matter. Some nu-

clear transformations in nature are in-
duced by the impact of the highly ener-
getic particles called cosmic rays. The
rate at which these latter transforma-
tions occur can be estimated within rea-
sonable ranges of error to yield another
sort of time-scale.

As investigators have mastered these
ways to tell time, they have found in
the noble gases an independent check
on the ticking of the classic uranium
clock in the rocks of the earth. As a
result it now appears that the cold plane-
tary bodies of the solar system all crys-
tallized at about the same time: some
4.5 or 4.6 billion years ago. The noble

RICHARDTON STONE METEORITE discussed in the text fell in
North Dakota in 1918. Specimen shown here, part of 200 pounds of
material collected, weighs about 1.4 pounds. Bright area at lower

© 1960 SCIENTIFIC AMERICAN, INC

right is iron inclusion. Smaller sample of the Richardton stone was
used by the author in his research on age of elements in the solar
system. Photograph was made at the Smithsonian Institution.

[71



gas technique also dates the more re-
cent breakup of some of these massive
bodies into meteorites and provides
clues to the life histories of the frag-
ments. And one noble-gas clock that
ran down and stopped at the very dawn
of time has made it possible to reach
into the twilight of cosmology and meas-
ure the full age of the solar system, from
the epoch in which the elements that
compose it were formed.

The uranium clock was one of the
first fruits of the discovery of radio-
activity. As early as 1907 workers in the
Cavendish Laboratory of the University
of Cambridge recognized that the de-
cay of uranium to helium offered a way
to measure the age of rocks. Natural
uranium consists of two different iso-
topes that decay to helium at different
rates. The helium-to-uranium ratio in
a rock yields, therefore, a measurement
of time, although the ratio must be
qualified by the realization that the he-
lium tends to leak away. Fortunately the
decay of each uranium isotope also
yields a different isotope of lead. These
lead-to-uranium and lead-to-lead ratios
lie behind most of the readings of the
uranium clock.

r[‘ he interest of investigators in helium

was renewed about a decade ago,
when measurement of the helium-to-
uranium ratio in meteorites pr()duced a
startling result. In studying the ages of a
number of iron meteorites, F. A. Paneth
of the University of Durham arrived at
values ranging from about one million
years to 7.6 billion years. The upper

ION BEAM

figure raised a paradox; it was more
than twice the then estimated age of
the solar system [see “The Origin of
Meteorites,” by S. Fred Singer; Sciex-
TIFIC AMERICAN, November, 1954].
Since there was too much helium in the
meteorites with respect to the uranium,
it was suggested that some of the helium
might have evolved from the breakdown
of iron atoms under cosmic ray bom-
bardment as the meteorite traveled on
its orbit around the sun. If this were the
case, the excess helium would turn out
to be partly helium 3 rather than only
the helium 4 which terminates the de-
cay of uranium.

However, measuring the relative
abundance of isotopes of the elements
calls for procedures quite different from
those that distinguish one element from
another. Since isotopes differ primarily
in mass, they must be discriminated by
the tools of physics rather than of chem-
istry. With the help of the mass spec-
trometer, an instrument that sorts out
atoms according to their masses [see illus-
tration on this page], investigators soon
established that helium 3 accounted for
the paradoxical “age” of the meteorites.
This work also had the larger conse-
quence of stimulating studies of the oth-
er noble gases that occur in meteorites.

The radioactive isotopes that are pro-
duced by cosmic ray bombardment—for
example, the carbon 14 in the earth’s
atmosphere—are easily detected. They
proclaim their presence to sensitive radi-
ation counters of various kinds. But
when such isotopes are stable, it is nor-
mally all but impossible to detect a

MAGNET

COLLECTOR SLIT

change in their relative abundance. The
change is so small that even over geo-
logic time it lies within the range of
error of the best mass spectrometers.
Happily the stable isotopes of helium
and the other noble gases in meteorites
represent an exception. They are so
scarce to begin with that any change in
their abundance ratios looms quite large.
What is more, the chemical inertness
that gives them their patent of nobility
makes it possible to isolate the tiny
quantities that occur in meteorites, with-
out significant contamination by noble
gases of terrestrial origin.

The chemical segregation of chem-
ically active elements by conventional
procedures necessarily involves great
contamination. Suppose that an element
of atomic weight 40 is to be isolated
from a sample weighing one gram. The
first step is to dissolve the sample in
some way, for example by using hydro-
fluoric acid. The next step will involve
distillation, precipitation or passing the
sample through an ion-exchange col-
umn. In any case the sample will be
mixed with as much as 100 grams of
liquid, including a number of extraneous
atoms of atomic weight 40. Assuming
that a purity (with respect to that atomic
weight) of a few parts in a billion can
be achieved, the procedure will still in-
troduce about two billionths of 100
grams, or .0000002 gram, of contami-
nating material. This corresponds to
about three million billion (3 X 1015)
atoms of an element of atomic weight 40.

In noble gas “chemistry” the pro-
cedure is quite different. To start with,

FROM
GAS-HANDLING SYSTEM

MASS SPECTROMETER analyzes small samples of noble gases
by distinguishing among gas isotopes according to their weight, or
mass. After a virtually permanent vacuum is achieved by pumping

and baking,
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vacuum valve is closed and sample is admitted from
gas-handling system. The gas atoms are ionized by a stream of elec-
trons at ion source and accelerated by a series of electrodes, emerg-
ing in a diverging stream (ion beam). Ions of a particular isotopic

!

TO
VACUUM PUMP
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ELECTRON
MULTIPLIER

ELECTRODE

weight are deflected by magnetic field to the collector slit. Focus.
ing action is result of wedge shape of field. Lighter and heavier
isotopes are deflected to a greater and lesser degree. Slow variation
in the strength of the field causes other isotopes to reach the col-
lector slit in succession, and a mass spectrum is recorded. The
ion currents are recorded either at the first electrode or, after
intensification by an electron multiplier, at the second electrode.



the sample of meteorite is melted in a
vacuum. Exposure of the released gas
to hot copper oxide, to a trap cooled with
liquid air and to a few milligrams of
hot calcium or titanium accomplishes
the required purification. All but the
noble-gas elements either freeze out in
the liquid-air trap or combine with the
calcium or titanium, leaving a phase of
almost pure noble gas ready for study in
the mass spectrometer. Under typical
conditions the background pressure in
the purification system is about one bil-
lionth of an atmosphere. The volume of
the system is typically one liter; at this
pressure there is about one millionth of
a cubic centimeter of extraneous gas. As-
suming that the gas has the composition
of air, 1 per cent of it will be argon,
mostly argon 40. The contamination
level at atomic weight 40 is then one
hundred-millionth of a standard cubic
centimeter, or 300 billion (3 X 1011)
atoms; that is, one ten-thousandth of the
contamination in conventional chemis-
try. For the less abundant noble gases
the number of contaminating atoms is
correspondingly less. For neon, krypton
and xenon the approximate levels of con-
tamination are respectively 500 million,
30 million and two million atoms. He-
lium is rather a special case because it
diffuses so readily in hot solids; special
precautions must be taken if helium
contamination from the atmosphere is to
be kept at a minimum. The last step,
measuring the isotopic abundances in
the tiny noble gas samples, is accom-
plished with mass spectrometers espe-
cially designed for this task.

Dramatic proof of cosmic-ray pro-
duction of helium 3 in meteorites
came in 1952, when K. I. Mayne of the
University of Oxford and Paneth and
P. Reasbeck at Durham announced that
they had found a helium-3 to helium-4
ratio of about one to three in a number
of meteorites. In the earth’s atmosphere,
by contrast, the ratio is one to a million.
Two years later Mayne and Reasbeck
found that the ratios among the neon
isotopes in meteorites also differ mark-
edly from those in the atmosphere. The
neon isotopes of mass 20, 21 and 22 ap-
pear in the atmosphere in the ratios of
350 to 1 to 34. In meteorites these three
isotopes occur in roughly equal abun-
dance. At about the same time W. Gent-
ner and Josef Zihringer in Germany dis-
covered similar variations in meteoritic
argon.

These findings not only brought the
ages of meteorites into line with the age
of the earth’s crust as measured by the
uranium clock; they also opened up

Prime Contractors
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AIR FORCE,
and NAVY

Upportunlty... new brochure shows the capabilities
and facilities which have enabled Ball Brothers Research
to make such outstanding achievements in the satellite
and related fields...shows the variety of company projects
in research, development, and fabrication...shows why
Ball Brothers Research presents an opportunity for scien-
tists and engineers with above average abilities.
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A Subsidiary of Ball Brothers Company, Inc.
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the history of the meteorites to study.
It became possible to determine with
considerable accuracy how long a me-
teorite had been exposed to cosmic radi-
ation before it reached the earth. This
involves measuring the amount of
helium 3 in a meteoritic sample and di-
viding this figure by a calculated cosmic-
ray production rate. The exposure ages
of meteorites vary considerably. In most
common stone meteorites it is a few tens
of millions of years, with individual ages
ranging all the way from four million
to 90 million years. The average ex-
posure age of iron meteorites is consid-
erably longer—about 600 million years,
with individual ages ranging up to 1.7
billion years.

Though these extreme variations pre-
sent some difficulties, it is generally
agreed that the exposure ages represent
breakup ages, that is, the time since a
given fragment was last detached from
a larger parent body. In a planet or

planetoid, the main mass of the material
is shielded from cosmic radiation. When
such a body breaks up in collisions with
other sizable objects, its various frag-
ments are exposed to cosmic rays and,
with each successive breakup, still
smaller fragments become exposed to
bombardment. The systematic differ-
ence in the breakup ages of stone and
iron meteorites is explained by the de-
duction that the latter do not break up
as easily.

hese studies have also told some-

- thing about the individual life his-
tories of meteorites. By analyzing the
distribution of helium 3 in thin cross-
sectional slabs of metal cut from two
iron meteorites—the Grant meteorite
and the Carbo meteorite—investigators
were able to determine the distribution
of helium 3 in the body of a meteorite.
“Contour maps” prepared by J. H. Hoff-
man and Alfred O. C. Nier at the Uni-

versity of Minnesota show that the
helium-3 content falls off toward the
center of the bodies, as would be ex-
pected. The contours also show that the
Grant meteorite reached the earth in
something like its original shape, though
it lost about half of its original mass to
erosion by friction in the earth’s atmos-
phere. In the case of Carbo the helium-3
contours indicate that most of one half
was eroded away. Edward L. Fireman
of Harvard University has measured the
helium-3 content in Carbo with essen-
tially the same results.

Helium 3 thus yields clues to the
age and biography of the meteorite as
a fragment of some larger parent body.
But it does not reflect the age of the
stone or iron that constitutes the me-
teorite. This is a more general and sig-
nificant question because it bears upon
the age of the solar system as a whole.
If all the cold bodies in the solar system
cooled down and crystallized at about

CONTOURS OF HELIUM-3 CONTENT (solid colored lines) in a
slab cut from center of Grant iron meteorite show that present
shape is not greatly different from original one. Contours, roughly
lines of constant depth in original body, are based on mass-
spectroscopic measurements of helium-3 content at points (crosses)
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in bars cut from slab. J. H. Hoffman and Alfred O. C. Nier of the
University of Minnesota made measurements. Figures give con-
tent in millionths of a cubic centimeter per gram. Reduction of
content with increased depth is result of increased shielding
from cosmic rays that originally produced helium 3 in meteorite.
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* BALANCED BACK LIGHTING ... rheostat controlled, uni-
formly diffused over the entire subject area. With controlled front
lighting and a vacuum subject holder, you have the ultimate in
micro-photography.

As a camera, the MICRO-MASTER® 105/35mm proves its “class”
on the toughest jobs — soiled, low-contrast originals, mottled sepias,
doubled-sided tracings. The light is just right, contrast is heightened,
the smallest details caught on the negative.

Eleven other exclusive refinements make MICRO-MASTER the
most advanced unit for engineering miniaturization available today.
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MASS SPECTRUM OF NEON in stone meteorite (right) reveals cosmic-ray production of
neon isotopes (numbersat bottom) in nearly equal abundance. On logarithmic scale used here,
neon 2l does not appear in spectrum of equivalent neon sample from earth’s atmosphere (left) .
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EXCESS XENON 129 was first found in Richardton meteorite. Here scale of mass spectrum
is linear. Xenon 124, 126 and 128 (numbers at bottom) are recorded at sensitivity 10 times

that
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for others. Standard was xenon 132. In normal sample peaks would be at dotted lines.
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the same time, as other considerations
suggest, then a meteorite is as good
a sample for this determination as a
terrestrial rock which dates its crystalli-
zation from the most primitive era of our
planet. Many meteorites have accord-
ingly been subjected to the standard
uranium-clock measurements. But stone
meteorites also contain argon, which
provides an independent check on the
uranium clock.

Argon is the daughter of potassium
40, the relatively rare radioactive iso-
tope of this common mineral element.
The half-life of potassium 40 is 1.3
billion years, that is, half of the atoms
of the isotope present in the rock dis-
integrate spontaneously in that period.
The reaction yields two daughter ele-
ments: 89 per cent of the potassium 40
turns into calcium 40; the other 11 per
cent turns into argon 40. As a conse-
(uence any mineral containing potas-
sium gradually accumulates argon 40 in
its lattice. So long as the system is un-
disturbed, the rate of argon accumula-
tion is definite and immutable, governed
only by the potassium content and by
the rate of decay. By measuring both the
potassium-40 and the argon-40 content
in such an undisturbed sample it is pos-
sible to compute how long the system
has been accumulating argon or, in other
words, to calculate the date at which
the sample crystallized.

This method was first applied to
meteorites in 1951 by E. K. Gerling and
his coworkers in the U.S.S.R. Since then
investigators at various laboratories have
dated many stone meteorites. A consist-
ent pattern has emerged from the re-
sults: the potassium-argon ages of the
most common stone meteorites tend to
clump in the range of 4 to 4.5 billion
years. Some of the ages fall below this
clump, but none are higher. These find-
ings are consistent with the age of 4.6
billion years indicated by the lead-to-
uranium ratios and the parallel decay of
rubidium to strontium. That the potas-
sium-argon age is somewhat “younger”
is taken to reflect the fact that the parent
body of the meteorites was hot early in
its history; some of the argon would thus
have been lost before the body cooled
to a temperature at which it began to
retain argon. The still younger ages
found for some meteorites indicate either
that the potassium occurred in minerals
unfavorable for argon retention or that
some argon may have boiled out of the
meteorite on an unusually close passage
around the sun.

An age of 4.6 billion years is now
generally accepted for both meteorites
and the crust of the earth. All evidence



THE
BREATH-TAKING
B-70

To reach speeds of 2,000 mph . .. altitudes of 70,000 feet, the mighty B-70 bomber
will rely on one of the most ingenious "breathing” systems ever devised

The new Air Force/North American B-70 bomber will fly
at speeds from 300 to 2,000 miles an hour . . . at altitudes
from sea level to 70,000 feet . . . through air—thick and thin.

To adapt to such extremes, the B-70 will rely on a
unique Hamilton Standard air-induction control system
which will supply the plane’s jet engines with the right
amount of air at all altitudes.

At speeds beyond 800 miles an hour, the Hamilton
Standard controls will go into action . . . automatically
measure the speed and pressure of air entering the
plane’s huge inlets . . . reduce or increase the velocity
and pressure of this air . . . and feed it smoothly into the

plane’s six engines. Result: the B-70 will breathe normally
through the most exacting environments ever encountered
by jet aircraft.

The B-70 air-induction control system is representative
of Hamilton Standard’s widely diversified interests and
expanding skills. Long known as the foremost producer of
propellers in the world, Hamilton Standard today is a
dynamic engineering force in many other fields. These
include engine controls, electronics, environmental condi-
tioning systems, starters, hydraulics, ground support equip-
ment, solar power generation, missiles and space systems,
and electron beam process equipment.

Hamilton Standard’s fields of growth present exceptional
opportunities for individuals with advanced degrees in
science and engineering. Write R. J. Harding, Recruitment.

HAMILTON STANDARD

DIVISION OF UNITED AIRCRAFT CORPORATION
WINDSOR LOCKS, CONNECTICUT
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indicates that the stable, cold objects in
the solar system took their present form
at about that time.

Before the advent of the noble-gas

technique for measuring time, it
was quite difficult to go back further
into the past with anything like cer-
tainty. The success of the technique in
recent years encouraged investigators to
apply it to the task of dating the origin
of the elements themselves. With that
ultimate starting point established, it
might be possible to learn more about
events in the period during which the
solar system took shape from primordial
matter. Inquiry into the age of the
elements, however, takes one almost im-
mediately into the thick of the contro-

versy that divides cosmologists into two
camps: the proponents of the “evolu-
tionary” cosmology, who hold that the
heavier elements were formed (along
with hydrogen) all at once; and the
“steady state” theorists, who contend
that the formation of elements (includ-
ing hydrogen) has been going on all
along.

The simpler choice is to assume that
the heavier elements were all created at
once, or in a very brief period. One can
then ask: When were they formed?
Or, speaking of meteorites specifically,
what was the time interval between the
formation of the elements they contain
and the time at which they crystallized?

One of the most important keys to
the answer is the abundance ratio of the
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two long-lived radioactive isotopes of
uranium—uranium 235 and uranium 238.
Of the two, uranium 235 is much
shorter lived, having a half-life of 700
million years, compared to 4.5 billion
years for uranium 238. The relative
abundance of these two isotopes is about
1 to 137. Going back in time, it is ap-
parent that the ratio has doubled about
every 850 million years. If the original
ratio was unity, as seems reasonable to
assume, then these isotopes were formed
no more than approximately 6.6 billion
years ago. The very existence now of
uranium 235, with its shorter half-life,
places an upper limit on the age of the
elements in the solar system.

The difficulty is that the original
abundance ratio is not known. For each
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DETERMINING AGE OF METEORITE by one method in-
volves measuring the amount of argon 40 it contains. Argon
isotopes in three mass spectra depicted here are identified by
mass number at bottom. Two lighter isotopes in spectrum of
argon from atmosphere (left) are primordial (formed along with
other elements). Most of the argon 40, however, has accumulated
from radioactive decay of potassium 40. In spectrum of equivalent
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amount of argon from a stone meteorite (middle) the two lighter
isotopes are partially produced by cosmicray bombardment of
calcium, accounting for the difference in their ratio from that in
the first spectrum. In the spectrum at right a known quantity of
argon 38 has been added to provide a yardstick for measuring the
argon-40 content. The age of the meteorite is calculated from the
ratio of this isotope to the potassium-40 content of the meteorite.
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WHATEVER THE WEATHER

the Ryan AN/APN-97 Doppler Navigator for helicopters

continuously and automatically detects and displays drift, vertical and heading speeds.
By providing sustained automatic hovering and all-weather capabilities,

it made possible a vital breakthrough in anti-submarine warfare missions.

The first, lightest, self-contained navigator of its kind, the APN-97 is in full production
for the Navy, Marines and Coast Guard and is the only Doppler helicopter navigator

in world-wide operational use. The APN-97 operates on the approved frequency

of 13,300 megacycles and has demonstrated very high accuracy. Applications include:
All-Weather ASW, Rescue, Navigation, Blind Landings, Automatic Hovering,

Aerial Surveys, Drone Helicopter Control, Traffic Control. World leader in the field of
C-W Doppler navigation, Ryan Electronics is also making significant

progress in solving problems essential to the success of future missions into Space.

RYAN
I

ELECTRONICS
A DIVISION OF RYAN AERONAUTICAL COMPANY = SAN DIEGO ® CALIFORNIA

Ryan offers challenging opportunities to engineers
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uncertainty of two, that is, with each
doubling of the ratio, there is a corre-
sponding uncertainty of about 850 mil-
lion years in the time interval between
element formation and the crystalliza-
tion of the planetary bodies. The prob-
lem may be illustrated by a simple
analogy. Suppose a clock is provided
with a counter to indicate the number
of times it has struck 12. The reading
on the counter then tells how long the
clock has run. But the reading has an
inherent 12-hour error, because one does
not know the hour at which the clock
was set when it was wound. Under such
circumstances another clock, wound at
the same time but running, say, 40 times
taster, would be highly useful. If the
counter of the first clock were to read
1, the counter of the second would show
something like 40. The original setting
of the first clock could then be calcu-
lated with an error of only 18 minutes
(one 40th of 12 hours).

Iﬁ[arrison Brown, now at the California
=L Institute of Technology, suggested
in 1947 that one of the shorter-lived
radioactive elements might be used in
just this way—as a faster-running clock
to calibrate the original setting of the
uranium clock. The original element
would now be extinct, having dis-
appeared from the solar system long
ago by virtue of its relatively rapid de-
cay; the clock would have by now com-

TIME (YEARS AGO)
10"

|
ELEMENT FORMATION
(URANIUM: URANIUM,
THORIUM: URANIUM)

pletely run down. But it might still have
been running at the time the meteorites
were formed. In this case some atoms
of the element would have been incor-
porated in the meteorites, and, under
favorable conditions, they would have
left a detectable “fossil” there. This
fossil would be the daughter isotope to
which all the radioactive material would
have eventually decayed.

Following Brown’s suggestion, the
table of elements was searched for pos-
sible parent-daughter pairs. Since the
parent isotope was necessarily extinct, it
had to be found among the “artificially”
radioactive products of the nuclear re-
actor or the high-energy accelerator.
The most likely pair proved to be iodine
129 and its daughter xenon 129. A fairly
common fission-product, iodine 129 was
almost certainly formed in nature along
with ordinary stable iodine 127, and in
approximately equal abundance. Be-
cause it has a half-life of only 17 million
years, it has completely disappeared.
This half-life seemed to be in just the
right range—long enough so that some
of the isotope might have been incor-
porated in meteorites, but short enough
to provide a clock that runs down about
40 times faster than the uranium clock.
The daughter, xenon 129, also seemed
ideal for the purpose. It is a noble gas,
and that portion of it which arose from
the decay of iodine 129 would show up
in meteorites as an excess over the aver-

BREAKUP AGES
OF IRON METEORITES
(TRITIUM, HELIUM)

age ratio of xenon 129 to xenon 132.
But when the first attempts in 1955 and
1956 failed to reveal such excess xenon
129, the prospects for finding extinct ra-
dioactivity seemed poor indeed.

Then in November of last year a small
piece of very crumbly stone that fell in
Richardton, N.D., in 1918 yielded the
looked-for excess in our laboratory at the
University of California. The mass spec-
trometer showed clearly that several of
the isotopes, when compared to the ref-
erence isotope xenon 132, were in anom-
alous abundance in the Richardton me-
teorite, but the most striking excess was
that of xenon 129 [see bottom illustra-
tion on page 176]. This effect has since
been confirmed in samples of Richard-
ton studied at the University of Minne-
sota and at Heidelberg University, and
in other meteorites studied at the Uni-
versity of California. In the black stone
Indarch, which fell in 1891 in Trans-
caucasia, the xenon-129 peak is 3.4 times
higher than the xenon-132 peak, a read-
ing that is five times as striking as that
in Richardton.

Quantitative studies of Richardton
samples have already yielded prelimi-
nary figures. The amount of excess
xenon 129 and the amount of stable
iodine 127—which serves as an indica-
tion of the amount of iodine 129 origi-
nally formed—have been measured. The
ratio of these two quantities is .000010.
Calculating from the 17-million-year

BREAKUP AGES
OF STONE METEORITES
(TRITIUM, HELIUM)

1,
1
FORMATION
OF SOLAR SYSTEM
(IODINE:XENON)

HISTORY OF THE SOLAR SYSTEM as calculated from element
ratios shown in parentheses is plotted logarithmically. On theory
that formation of heavier elements took 10 billion years, interval
(formation of solar system) from end of element formation to crys-
tallization of earth’s crust is 120 million years. On theory that the
elements were created at about the same time some five billion
years ago, the interval is 290 million years. Age of earth and of
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AGE OF EARTH AND OF METEORITES
(URANIUM: LEAD, LEAD:LEAD, URANIUM:HELIUM,
RUBIDIUM: STRONTIUM, POTASSIUM: ARGON)

© 1960 SCIENTIFIC AMERICAN, INC

meteorites is 4.6 billion years. Breakup ages of meteorites represent
time since parent bodies of which they are fragments last broke
up. Lowest value shown for iron meteorites (600 million years) is
average breakup age; highest age is 1.7 billion years. Correspond-
ing values for stone meteorites are 20 million and 90 million years.
Ages are computed from the content of helium 3 in a meteorite
and its rate of production (calculated from tritium decay-rate).



Small gas turbines
soon to surpass piston engines
for competitive applications

by Herbert Kunzel, President

Solar Aircraft Company
A Subsidiary of International Harvester Company

The gas turbine engine has made news this year as it has
expanded into new and broader applications in the prime
mover field. Behind this advance is continuing improvement
in design and production. Even more advanced gas turbines
will be developed in the next few years. In the small engine
class (under 1000 hp) gas turbines will soon surpass over-
all piston engine performance and cost for competitive
applications. They will also retain the inherent advantages
of the gas turbine over the reciprocating engine.

One of the major reasons for this prediction is an
impressive improvement in
gas turbine economy. Pre-

B 1 viously, fuel consumption
2 and high initial cost have
T kept the turbine out of all
3 but selected power assign-
g \\ ments. Industry and the
o 30 =t<z— military both thought the
g 71 engines too expensive for
9 most applications.

1950 1955 1960 Through constant

YEAR improvement, however,

Solar has been steadily

bringing simple cycle,

small turbine specific fuel consumption down to an area

competitive with piston engines. The fuel consumption of

Solar’s early 50 hp engines in 1948, for instance, was about

2.25 Ib/hp-hr. The 1100 hp Saturn engine, which went into

production this year, has the excellent simple-cycle fuel con-

sumption of only .63 Ib/hp-hr. Solar’s experienced engineers

improve life, “producibility,;” and performance characteris-

tics with each new engine. At the same time, production
costs are lowering rapidly.

Another significant advance in Solar turbine development
has been the evolution of a unique design philosophy. Most
gas turbines fall into one of two extreme categories: 1)
Lightweight, high horsepower aircraft turbines, built to be
as light as possible (about % to %2 lb/hp), and 2) conven-
tional industrial engines designed along the lines of steam
turbines with a ratio of about 10 Ib/hp. Both have inherent
disadvantages. The aircraft turbines are relatively delicate
with consequent problems of frequent overhaul and short
life. Massive engine design, on the other hand, involves
unnecessary bulk and difficulties with thermal lag and dis-
tortion. In either case, inherent advantages of the gas tur-
bine engine are diminished and initial cost is adversely
affected.

Solar’s approach has been to develop a family of gas tur-
bines that have both long life and light weight. The Saturm
engine, with a weight-to-power ratio of 1.1 Ib/hp, is heavier
and more rugged than aircraft engines but much lighter
than the usual industrial gas turbine. Although it is designed
for long life, it has no more materials than are necessary to
satisfy structural and thermal requirements.

Promising even further improvements in the turbine
engine is the combination of Solar with International Har-
vester Company this year. IH saw the advantage of more
power per pound several years ago. Their research and
development has stressed performance and much work has
been done by them on regenerative cycle turbines to reduce
fuel consumption.

To basic research, they have added their many years of
experience and leadership in high performance and low cost
through efficient production of many thousands of TH
engines for trucks, construction equipment and farm
machinery.

Solar’s successful Saturn engine development team and
the combined research and resources of the two firms are
now focused on further engine development in the area
below 1100 hp. Preliminary design for a turbine in this
range indicates that the following standards are feasible:

1. A life cycle equal to or better than conventional diesel
engines — with considerably less maintenance.

2. Fuel consumption in the .4 to .5 Ib/hr range.

3. Cost competitive to conventional reciprocating
engines.

4. Inherent ease of starting and operation in a wide
variety of climatic conditions.

5. Small size and light weight.

Developments like these are certain to continue the
increase in turbine applications and use.

For additional information write to Dept. H-300, Solar
Aircraft Company, San Diego 12, California.

Saturn engine powering oil well fracturing unit

SOLAR NS

AIRCRAFT COMPANY

A subsidiary of International Harvester Company
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ENGINEERS ¢ SCIENTISTS

THE

MITRE

CORPORATION

...... a nonprofit organization formed
in 1958 under the sponsorship of the
Massachusetts Institute of Technology to
“assist and contribute to the support of
scientific activities and projects for agen-
cies of the United States Government.”
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MITRE’s task is to provide technical support to the
Air Force Command and Control Development Divi- 1
sion (C°D?) in the design, development and evaluation
of large-scale, computer-based command and control
systems. These major electronic systems are employed
in collecting, transmitting, processing and displaying
information for command decisions for the control of
forces, weapons, and aerospace vehicles.

The nucleus of MITRE’s technical community is
composed of the engineers and scientists who designed
and developed SAGE, the world’s largest real-time
control system. The experience gained in SAGE is
being used to develop new command and control
systems which are conceptually sound, technically
compatible and properly time-phased. In its role as
Consultant, the technical competence and objectivity
of The MITRE Corporation provide highly integrated
systems which meet the standards of technical realism.

AANANN

The complexities of engineering problems inherent
in such systems require engineers and scientists with
advanced training and experience.

NNNAN

Inquiries may be directed in confidence to
Vice PresIDENT — TEcHNICAL OPERATIONS

THE MITRE CORPORATION

POST OFFICE BOx 208, 26-MM
BEDFORD, MASSACHUSETTS
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| half-life, the time required for the
‘iodine-129 to iodine-127 ratio to fall
from 1, or thereabouts, to .000010 proves
to be 290 million years.

This interval is not greatly affected
when it is recalculated on the assump-
tion (which accords with steady-state
cosmology) that the heavier elements
were built up over billions of years.
William A. Fowler and Fred Hoyle at
| the California Institute of Technology
and A. G. W. Cameron of the Chalk
River Laboratory in Canada think it like-
ly that a long succession of exploding
stars have gradually built up the present
inventory of these elements. Their esti-
| mates of this buildup period, based on
theoretical production rates of the two
uranium isotopes and of thorium, run
close to 10 billion years. In this case the
ratio of iodine 129 to iodine 127 at the
conclusion of element formation in the
vicinity of the solar system would not be
1 but .0025. Steady decay of iodine 129
over the long buildup period accounts
for the large decline in the ratio. The
time required thereafter to bring the ra-

| tio down from .0025 to .000010—that is,

the time from the formation of the ele-
| ments to the incorporation of the ele-
! ments in the solid bodies of the solar
system—would be 137 million years. If
iodine production was not uniform over
the 10 billion years of element forma-
tion, but declined throughout this inter-
val as some astrophysicists believe, an-
| other small correction must be applied—
giving 120 million years instead of 137.

In terms of cosmological time the dif-
ference between 120 million years and
290 million years is not great. In either
case it can be stated that there has been
element-building which contributed to
the solar system within the last 4.9
billion years.

The iodine-xenon clock is not yet fully
calibrated. Past experience with other
important radioactive clocks has shown
that the clock becomes more reliable as
experimental techniques improve. The
iodine-xenon clock should ultimately
provide a reliable time-scale for events
which took place at about the time the
solar system was formed. It is clear, how-
ever, that the time interval between
element formation and the formation
of the minerals in the meteorites is rela-
tively short. Otherwise the iodine clock
would have completely run down be-
fore the minerals were formed. The
possibility that billions of years inter-
vened between the formation of the ele-
ments of the solar system and the time
its planetary bodies were formed is now
conclusively ruled out.
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OVER 1000 TONS—OVER 1000 FEET

Steel bracing, angles, solid rods 71, inches thick—all
welded—rise 1676 feet at Cape Girardeau, Mo., to become }
the world’s tallest structure. Designed and fabricated by
Dresser-ldeco, this TV tower is a tribute to modern welding,
which leans on science as well as the weldor’s skill. The
chemical composition of the electrode must be compatible
with the structural metal. Electrodes are coated with metals
and chemicals to promote weld integrity. M&T not only
satisfies engineering requirements with ‘““Murex’’ electrodes
—but also mines titanium mineral used in many electrodes.

-~

QUICK BATH SLOWS ENGINE WEAR

The auto factory does more to ‘‘break in’’ aluminum pis-
tons properly than careful new car drivers. A quick bath
in a solution containing M&T potassium stannate puts on
a thin, soft, lubricating layer of tin. Surfaces wear-in with-
out galling or scoring. M&T is the country's leading sup-
plier of stannates—widely used in tin plating.

Metals meet Chemistry at M&T

... with significant results. Car chromium improves; dentists forestall
tooth decay,; weldments push skyward. These activities are diverse,

but thereis a solid base of imaginative chemistry underlying them all.
In these and many other ways, the union of metals and chemistry

at M&T means scientific progress and better products.
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NEW HOPE FOR NO DECAY

There's no argument about the efficacy of fluorides in forestalling
decay—only about the means. Science has shown that water fluori- }
dation works. Now, it attests that M&T Stannous Fluoride applied
topically or via toothpaste cuts cavities, too. M&T Stannous Fluor-
ide is just one among hundreds of M&T tin chemicals produced for
research, and for use as catalysts, intermediates, biocides and other
interesting applications. We can supply surveys of patent literature.

SOFT LINING—BUT STRONG PROTECTION

M&T has formulated a vinyl plastisol so tough it's used as a lining
in dishwashers. Tested unmercifully, the coating was steamed,
stretched, gouged, scratched, ‘‘guillotined,’”” abraded...subjected
to chemicals, heat, stains, detergents. It proved it could last the
life of the machine. Developing chemical-resisting organic coatings
for metals has been an M&T specialty for over 20 years.

LOOKS BEST—GETS STILL BETTER

Just a few millionths of an inch of chromium—and automotive
brightwork stays beautiful. Plating it a little thicker (over a nickel
base) greatly increases corrosion resistance. In developing SRHS®
Chromium, a self-regulating high speed process, M&T simplified
plating this thicker chromium. M&T’s Crack-Free Chromium Process
increased corrosion resistance still more. Today, combining both
(M&T ‘“‘Duplex Chromium Process’'), dramatically increases durability.

Metal & Thermit

Corporation
General Offices: Rahway, N.J.
chemicals / coatings / metals / minerals

welding products / plating products / detinning
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This KENNAMETAL" lined
container grinds some
of the hardest known

materials to powder

Tungsten metals, silicon carbides,
asbestos fibers, blast furnace slag,
copper shot, alumina beads . . . are
all conquered in this grinding vial
used in a laboratory size mill.

Such materials pack, thereby pre-
venting thorough grinding. At the
same time, they peen out, smear and
erode the surfaces of the usual mor-
tar and pestle or ordinary ball mill.
But the Spex Mixer Mill, using
Kennametal Balls in a Kennametal-
lined cylinder, can grind a lab size
sample down to —300 mesh or finer
in just 10 minutes. Grinding is uni-
form, with hardly a trace of con-
tamination.

The hardness of Kennametal (up
to 94.7 Rockwell A) makes the
difference. Hardness is but one of
the many exceptional properties of
Kennametal. When you need a ma-
terial with great rigidity, resistance
to heat, corrosion, abrasion, ero-
sion, and compression . . . chances
are Kennametal may be the answer.

To help solve an immediate prob-
lem, or a future need . . . we’d like
to send you Booklet B-111B,““Prop-
erties of Kennametal’”’ and our new
Booklet B-666, ‘“Proven Uses of
Kennametal and Kentanium.””*
Write Dept. SA, KENNAMETAL INcC.,
Latrobe, Pennsylvania.

*Kennametal is the registered trademark of a
series of hard carbide alloys of tungsten, tung-
sten-titanium, and tantalum. Kentanium is the
registered trademark for one of the series that
has special advantages for applications requiring
a lighter weight material or maximum resistance
to temperature extremes. 33538
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" MATHEMATICAL GAMES

More about the shapes that can

be made with complex dominoes

by Martin Gardner

olyominoes—the intriguing shapes
Pthat cover connected squares on a

checkerboard—were introduced to
the mathematical world in 1954 by Solo-
mon W. Golomb, now a research super-
visor at the California Institute of Tech-
nology’s Jet Propulsion Laboratory.

| They were first discussed in this depart-

ment in 1957. Since then they have be-
come an enormously popular mathe-
matical recreation, and hundreds of new
polyomino puzzles and unusual con-
figurations have come to light. The fol-
lowing communication from Golomb
discusses some of these recent discov-
eries.

“The shapes that cover five connected
squares,” Golomb writes, “are called
pentominoes. There are 12 such shapes.

If thev are arranged as shown in Figure
1 they resemble letters of the alphabet,
and these letters provide convenient
names for the pieces. For mnemonic
purposes, one has only to remember the
end of the alphabet (TUVWXYZ) and
the word FILiPiNo.

“In previous articles it was shown
that the 12 pentominoes, which have a
total of 60 squares, can form such pat-
terns as a 3 X 20 rectangle, a 4 X 15
rectangle, a 5 X 12 rectangle and a 6 X
10 rectangle. They can all be fitted onto
the 8 < 8 checkerboard, with the four
excess squares of the board forming a
2 X 2 square at any specified location
on the board. Given any pentomino, nine
of the others can be used to triplicate
it, that is, to form a scale model three
times as long and three times as high
as the selected pentomino. It is also
possible to arrange the 12 pentominoes
into two rectangles, each 5 X 6.

[This last configuration is known as

U \Y w
X Y z
]
| B
| )
) o l i N
Figure 1
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Special high-speed pulse equipment sets up a magnetic field in a fraction of one nanosecond to measure switching times in thin magnetic films.

Nanosecond switching in thin magnetic films

Switching in thin magnetic films takes
place in the nanosecond range—10-9 sec-
onds. Because of this, thin magnetic films
—some just 100 atom-layers thick—promise
many advantages over conventional mag-
netic elements in storage and switching
applications.

The physical behavior of these thin
films is now under investigation by a group
of scientists at the IBM Research Labora-

tory in Zurich, Switzerland. A study is be-
ing conducted to determine how fast thin
magnetic films can switch, and how this
speed is related to fundamental magnetics.

To observe changes in magnetization,
special high-speed pulse equipment had
to be designed. The sample holder above
is a part of the equipment which sets up a
magnetic field in the film’s plane in a
fraction of a nanosecond. In addition, a

pulse sampling oscilloscope, capable of a
time resolution of 0.35 nanoseconds, was
built to detect the switching.

Experiments using this equipment bring
nanosecond switching one step closer to
applicationin memory and logicunits. This
will help make possible greater speed and
versatility in tomorrow’s computers.

IBM.RESEARCH

Investigate the many career opportunities available in exciting new fields at IBM.
International Business Machines Corporation, Dept.659Y,590 Madison Avenue, New York 22, New York
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a superposition problem, because it in-
volves shapes that can be superposed.
Golomb reports on five new superposi-
tion problems, here published for the
first time. If the reader has not yet dis-
covered the fascination of playing with
pentominoes, he is urged to make a set
of them from cardboard and try his skill
on some of the puzzles that follow. In all
such puzzles, pieces may be placed with
either side up.]

“1. Divide the 12 pentominoes into
three groups of four each. Find a 20-
square shape that each of the three
groups will cover. The solution is de-
picted in Figure 2. No other solutions
have yet been discovered.

“2. Divide the 12 pentominoes into
three groups of four each. Subdivide
each group into two pairs of shapes. For
each group find a 10-square region
that each of the two pairs will cover.
The solution is shown in Figure 3. It
would be interesting to find other solu-
tions, especially one that would elimi-
nate all holes from the shapes.

“3. Divide the 12 pentominoes into
three groups of four each. To each group
add a monomino (a single square), and

form a 3 X 7 rectangle. Figure 4 shows
the solution. It is known to be unique
except that in the first rectangle the
monomino and Y pentomino can be re-
arranged and can still occupy the same
region.

“The uniqueness proof follows a sug-
gestion by C. S. Lorens. To begin with,
in the pattern shown in Figure 5, the
X pentomino can be used only in con-
junction with the U pentomino. Next,
neither the F nor the W pentomino can
be used to complete this rectangle. Also,
with the U pentomino needed to sup-
port the X, it is impossible to use F and
W in the same 3 X 7 rectangle. Hence,
of the three 3 X 7 rectangles, one will
contain X and U, another will contain W
(but not U) and the third will contain
F (but not U). When all possible com-
pletions of these three rectangles are
listed and compared (a very time-con-
suming enterprise), it is found that the
solution shown is the only possible one.

“4. Divide the 12 pentominoes into
four groups of three each. Find a 15-
square region which each of the four
groups will cover. No solution to this
problem is known; on the other hand,

Figure 2

the problem has not been proved im-
possible.

“5. Find the smallest region on the
checkerboard onto which each of the 12
pentominoes, taken one at a time, will
fit. The minimum area for such a re-
gion is nine squares. There are only two
examples of such a region (Figure 6).

“The adequacy of each region is
proved by observing that each pentom-
ino in turn will fit on it. The impos-
sibility of fewer than nine squares is
proved as follows: If it were possible to
use a region with fewer than nine
squares, then in particular the I, X and
V pentominoes would fit on a region of
no more than eight squares. The I and X
pentominoes will then have three
squares in common. (Otherwise either
nine squares are needed, or else the
longest straight line has six squares, a
needless extravagance.) This can hap-
pen in only two distinct ways (Figure
7). In either case, however, the fitting
of the U pentomino would require a
ninth square. Thus eight squares are
not enough, whereas nine squares have
been shown by example to be sufficient.

“Recently the resources of modern

] L e, i

Figure 3
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ALGO

FOR THE BENDIX G-15 COMPUTER M

Speeds and Simplifies Problem Solving

ALGO extends the problem-solving horizon of every engineer, focusing the speed and
precision of the Bendix G-15 computer on any algebraically stated problem. ® A true
mathematical equation solver, ALGO permits any engineer or scientist to program the
computer in universal mathematical language. No previous knowledge of computers or
programming is needed. Input/output, computation and data handling are all automatically
controlled by the G-15 computer. ® Compare the number of steps in the ALGO program
illustrated below with the number required to solve the same problem on a slide rule, desk
calculator or any other computing system. You will see the time and cost-saving significance
of this new Bendix G-15 automatic programming aid. @ Specifically designed to take ad-
vantage of the computing power and flexibility of the proven G-15, ALGO is the newest
addition to an extensive library of Bendix automatic programming systems. See how the
low-cost Bendix G-15 and ALGO combine to broaden application boundaries. Learn how
this powerful team can save you valuable time...and greatly simplify problem solving.

% AN ALGEBRAIC COMPILER BASED ON INTERNATIONAL ALGOL.

E
| =
\ R + (6.2832 FL — 1/6. 2832 FC)’

PROBLEM:

(For values of R F& L as specified. For values of E ranging from 100 to 300 in increments
of 50. For values of C ranging from .00002 to .000021 in increments of .0000001 )

COMPLETE ALGO BEGIN ®
PROGRAM: R = 10®

F — 600
L = 02 ®
FOR E 100(50)300 BEGIN ®
FOR C = 000002(00000001)0000021 BEGIN ®
| — E/SQRT(R 12 + (602832 = F = L — (1/(602832 = F = C))) 1 2) ®
PRINT (FL) E®
PRINT (FL) co
PRINT (FL) 1 ®

Write on your letterhead for the self-teaching ALGO manual.

Bendix Computer Division &

DEPT.C-23 LOS ANGELES 45, CALIF CORPORATION
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electronic computing have been turned
loose on various pentomino problems.
The chapter on polyominoes in The
Scientific American Book of Mathemat-
ical Puzzles and Diversions contains a
brief account of how Dana S. Scott pro-
grammed the MANIAC computer at
Princeton University for determining all
the ways that 12 pentominoes can be
fitted onto the 8 X 8 checkerboard,
leaving a 2 X 2 hole in the center. It
was discovered that there are 65 basical-
ly different solutions in the sense that
two solutions differing only by rotation
or reflection are not regarded as distinct.

More recently, C. B. Haselgrove, an as-
tronomer at the University of Manches-
ter, programmed a computer to find all
possible ways to form a 6 X 10 rec-
tangle with the 12 pentominoes. Ex-
cluding rotations and reflections, he
found 2,339 basically different solutions!
He also verified Scott’s program for the
8 X 8 checkerboard problem.

“Several special pentomino configu-
rations make excellent puzzles. Figure
8 shows a 64-square pyramid that can
be formed with the 12 pentominoes and
the 2 X 2 square tetromino. [A solution
will be given in this space next month.]

Figure 8

Figure 10

Figure 11

Figure 12
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The cross in Figure 9 requires only the 12
pentominoes, and is unusually difficult.
[ This also will be answered next month. ]
Still unsolved (neither constructed nor
proved impossible) is the pattern shown
in Figure 10. Even if the monomino
hole is moved to another location, no
solution has been found. The closest ap-
proximation yet known is pictured in
Figure 11. Also believed impossible is
Scott Taylor’s configuration, shown in
Figure 12, though no one has yet found
an impossibility proof.

“Fortunately not all such problems
are undecided. The pattern shown in

Figure 9

Figure 13



NO. 4 OF A SERIES . . . BOMAC LOOKS AT RADAR THROUGH THE AGES

It was a cold day in the Alps. But Hannibal, the
great general on his way to conquer Rome, was very, very
hot yunder the collar of his Punic tunic.

“How did you camel herders ever get those elephants
stuck up fhm?xa he bellowed, hanging precariou ly onto
a ledge he shared with a mountain goat.

“I guess rlr could blame it on faulty radar,” one
of the men said. “‘The elephants lost their way."

“Well, I'll just have to leave you there!"" Hannibal
roared, "I have a date in Rome.. Serves you right for

Jorgetting that radar just can't work in the Alps with-
out Bomac tubes!"™* (The general must have been talking

Have
Trunks,
Will

Travel

TR, ATR, PRE-TR TUBES - SHUTTERS - REFERENCE CAVITIES
SILICON DIODES - MAGNETRONS - KLYSTRONS - DUPLEXERS
PRESSURIZING WINDOWS - SURGE PROTECTORS - SPARK GAP TUBES

REPRESENTATIVES IN PRINCIPAL CITIES

" about Bomac's pe

ROAD .
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SALEM

¥
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ak performance. But his watch was
fast — by about 2165 years.)
~ So Hannibal went down in history — but his radar
stayed up in the Alps. As the History Book writes:
“Inn search of sundry Roman scalps,
Mighty Hannibal crossed the Alps.
But he lost his radar on the way == -
The Alps crossed Hannibal, you might say."

* Bomac makes the finest microwave lubes and
components either side of the Alps.

BOMAC laboratories, inc.

MASSACHUSETTS
ASSOCIATES

BEVERLY,
OF VARIIAN
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“Every
cubic inch
of space

is a miracle.”

Walt Whitman

The miracle you get out of a cubic
inch depends a good deal on what
you put into it.

For example, exploring outer
space requires much more than con-
serving a missile’s inner space.
Failure of a single device, no matter
how minuscule, can end a flight.
The dependability of countless min-
iaturized devices is vital to progress
— not only in space travel but
throughout industry.

MPB bearings are leading exam-
ples of modern miniaturization, not
only in airborne and other scientific
equipment, but in an ever-increas-
ing number of industrial applica-
tions. MPB offers over 500 types
and sizes of miniature bearings,
with O.D.'s ranging from %2 to
'l/'lO” and with specials provided
on request. For a complete catalog,
write to Miniature Precision
Bearings, Inc., 511 Precision
Park, Keene, N. H.

IVFPB helps you perform miracles
in miniaturization

MINIATURE PRECISION

BEARINGS, INC.

Figure 15

Figure 13, for example, was proved by
R. M. Robinson, a mathematician at the
University of California, to be incapable
of formation by the 12 pentominoes. It
has 22 edge squares that form its border.
If the pentominoes are examined sepa-
rately, and the maximum number of
edge squares that each could contribute
to the pattern are listed, the total proves
to be 21, just one short of the required
number. This type of reasoning is used
in working jigsaw puzzles. It is common
practice to separate the edge pieces from
the interior pieces so that the picture’s
border can be made first.
“Polyominoes that cover four squares
of the checkerboard are called tetrom-
inoes. Unlike the pentominoes, the
five distinct tetrominoes will not form a
rectangle. To prove this, color the
squares of a 4 X 5 rectangle and a
2 X 10 rectangle (the only two rec-
tangles with a 20-square area) in check-
erboard fashion (Figure 14). Four of
the five tetrominoes (Figure 15) will
always cover two dark and two light
squares, but the T-shaped tetromino
always covers three squares of one color
and one square of the other color. Alto-
gether, therefore, the five shapes will
cover an odd number of dark squares
and an odd number of light squares.
However, the two rectangles in question

Figure 16
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have 10 squares of each color, and 10 is
an even number.

“On the other hand, any of several
different pentominoes can be combined
with the five tetrominoes to form a
5 X 5 square. Two examples are shown
in Figure 16. This raises an interesting
question: How many different pentom-
inoes can be used in this manner?

“Robert I. Jewett, a graduate student
in mathematics at the University of
Oregon, has proposed a problem involv-
ing dominoes (two-square polyominoes)
that is quite different from any of the
problems just discussed. Is it possible
te form a rectangle with dominoes in
such a way that there is no straight line,
vertical or horizontal, that joins opposite
sides of the rectangle? For example, in
Figure 17 there is a vertical line in the
center that extends all the way from
top to bottom. If dominoes are thought
of as bricks, such a line represents a
structural weakness. Jewett’s problem is
thus one of finding rectangular masonry
patterns without ‘fault lines.” Many peo-
ple who try this problem soon give up,
convinced that there are no solutions.
Actually, there are infinitely many.”

The reader is invited to make or
obtain a set of dominoes—the standard
set of 28 dominoes is more than suffi-
cient—and see if he can determine the

FAULT LINE
/

Figure 17
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WANTED: Skill and Imagination
for Opportunity-filled Careers

Celanese offers chemists, engineers and business majors
challenging and rewarding careers in its expanding
chemical programs. Whether your interests center on
science or the competition of unfolding markets—or
both—there are no limits to the opportunities open.

Celanese diversity—in basic chemicals, plastics and
synthetic fibers—provides many areas of specialization.
At Celanese laboratories, new breakthroughs have been
made in molecular structure of high polymers .

.. new
high temperature lubricants for jet engines. And in
solid propellants and missiles, an entire field awaits
development, production and test engineers.

A great variety of positions is open in chemical
production. Celanese is now the largest producer of
acetic acid, and is growing fast in cellulose and its
derivatives, in monomers, plasticizers, functional fluids
and many basic chemicals.

In this science-minded company, you’ll find the con-
ditions that speed professional advancement . . . peovle
who appreciate your efforts. Get the facts about a career
with Celanese. Write to the personnel manager at any of
these locations: Celanese Corporation of America, P. O.
Box 561, Corpus Christi, Texas; P. O. Box 1414, Char-
lotte, N. C.; 180 Madison Avenue, New York 16, N. Y.

ceeamede, CORPORATION OF AMERICA

C HEMICAL S F I B E R S

P L A STI C S . C E L L UL O S E
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Answer to the problem of the drawn game of hip

smallest possible “fault free” rectangle
that can be made with them. The solu-
tion to this beautiful problem will be
published next month, together with a
remarkable proof, devised by Golomb,
that there are no fault-free 6 X 6
squares.

1 lere are the answers to last month’s
“brain-teasers”:

1.

The top illustration on this page shows
the finish of a drawn game of hip; a solu-
tion discovered by C. M. McLaury, a
mathematics student at the University
of Oklahoma. I cannot promise to an-
swer all letters, but I would be pleased
to hear from anyone who obtains a solu-
tion essentially different from this one.
(Note that each of the four border cells
marked with arrows can be of either
color, provided all four are not the same
color.)

2.

The locomotive can switch the posi-
tions of cars A and B, and return to its
former spot, in 16 operations:

194

1. Locomotive moves right, hooks to
car A.

2. Pulls A to bottom.

3. Pushes A to left, unhooks.

4. Moves right.

5. Makes a clockwise circle through
tunnel.

6. Pushes B to left. All three are
hooked.

7. Pulls A and B to right.

8. Pushes A and B to top. A is un-
hooked from B.

9. Pulls B to bottom.

10. Pushes B to left, unhooks.

11. Circles counterclockwise through
tunnel.

12. Pushes A to bottom.

13. Moves left, hooks to B.

14. Pulls B to right.

15. Pushes B to top, unhooks.

16. Moves left to original position.

This procedure will do the job even
when the locomotive is not permitted
to pull with its front end, provided that
at the start the locomotive is placed
with its back toward the cars.

The curious thing about the problem
of the Flatz beer signs is that it is not
necessary to know the car’s speed to de-
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termine the spacing of the signs. Let x
be the number of signs passed in one
minute. In an hour the car will pass 60x
signs. The speed of the car, we are told,
is 10x miles per hour. In 10x miles it
will pass 60x signs, so in one mile it will
pass 60x/10x, or 6, signs. The signs there-
fore are 1/6 mile, or 880 feet, apart.

4.

A cube, cut in half bv a plane that
passes through the midpoints of six sides
as shown in the bottom illustration on
this page, produces a cross section that is
a regular hexagon. If the cube is half an
inch on the side, the side of the hexagon
is \/2/4 inch. (This hexagon, by the
way, furnishes the solution to an inter-
esting puzzle by Lewis Carroll, cited by
Warren Weaver in his article “The
Mathematical Manuscripts of Lewis
Carroll,” Proceedings of the American
Philosophical Society, October 15, 1954.
Can a billiard ball travel inside a cube
in such a way that it touches all six sides
and continues forever on the same path,
all portions of the path being equal? The
solution is a path joining the midpoints
of the sides of the hexagon.)

To cut a torus so that the cross section
consists of two intersecting circles, the
plane must pass through the center and
be tangent to the torus above and be-
low, as shown in the illustration on page
196. If the torus and hole have diame-
ters of three inches and one inch, each
circle of the section will clearly have a
diameter of two inches.

Ing
.

The bottom illustration on page 198
shows how to construct a straight line
that bisects both the Yin and the Yang,
the dark and light regions of the monad.
A simple proof is obtained by drawing

Answer to the cube-slicing problem




THIS IS GLASS

A BULLETIN OF PRACTICAL NEW IDEAS

YES, WE HAVE NO GASKETS

Gaskets cause countless problems in sight
glasses, people told us.

Get rid of the gaskets, we replied.
Show us how, they retorted.

So, we did.

Two ways.

One. We can and do make valve win-
dows wherein the glass is fused directly
to the metal without aid of gasket or
solder. The result is a one-piece assembly
with an heroically hermetic seal rated
at 700 psi and bursting strength around
2500 psi.

| i
SIGHT GLASS I COPPER T‘I\N
SILVER COATING

Two. When it makes sense, we can and
do metallize a glass with a base coat of
silver, electroplate it with copper, and
face it with a coat of tin which accepts
soldering to a bezel, which we also can
and do do. The finished window is rated
to take 15 psi inside or out.

Since we are as versatile as the ma-
terial we work with, we can pull such
tricks as pressing configurations into the
windows. We’ve already done things like
bull’s-eyes and indentations.

We had another job where we pressed

an optical lens into a glass. The focal
length of the lens is such that you get a
reflection of light back to your eye, except
when the unit is full of liquid, in which
case you focus on the liquid itself.

Look into our windows whenever you
find a gasket a nuisance, whether from
temperature or pressure or corrosive
environment or any of the many other
conditions which tend to make gaskets a
nuisance.

You can begin looking by sending the
coupon.

ON ENCAPSULATING WITH
PYROCERAM® CEMENT

Should you want to lift the thermal ceil-
ing on encapsulated electronic parts as
high as 700°C., you’ll like what you see
when you take a look at our PyRocERAM
cement No. 45.

Certain people making coil cores for
hot work are finding it almost ridiculously
easy to meet such temperature specs
while holding performance in all other
areas.

The cement is almost completely im-
pervious to vapors and chemically inert.
It matches nicely to tungsten, molyb-
denum and other materials with a coeffi-
cient of expansion from 40 to 50 x 10-7/°C.

This same cement can also be used for
sealing glass to glass, metal to metal,
ceramic to ceramic, or any combination
of these materials.

There are two other PYROCERAM ce-
ments, both of which have a service
temperature of 425°C. No. 89 lends itself
well to platinum, vanadium, 509, nickel,
and other materials with a coefficient of
expansion 80 to 92 x 10-7/°C. No. 95 is
for chrome-iron stainless, Sylvania No. 4,
and the like with a coefficient of expan-
sion 90 to 110 x 10-7/°C.

People who know say that the applica-
tions for this new material are ready to
snowball. Perhaps if you send the coupon
now, you will be first to use it in your
particular field.

CORNING MEANS

RESEARCH I'N

ﬂ CORNING GLASS WORKS, 4911 Crystal St., Corning, N. Y.

FROM CORNING

VYCOR® GLASSES
AS WATER-GETTERS
OR PROBE PROTECTORS

Put a piece of porous Vycor brand glass
into a humid environment and it drinks
up 25% of its weight in moisture before
becoming sated.

This has suggested its use as a substi-
tute for desiccants to a number of people,
particularly people who want a getter
with unusual rigidity under stress condi-
tions. Say, in a sealed inert-gas gyro-
scope, for example.

Others have seen in this same 969,
silica glass a clean, long-lived semiperme-
able membrane.

Put one of these tiny tubes of Vycor
glass around a pair of thermocouple
wires and you have a device for reading
the temperature of working melts of
metals or anything else that runs from
2000 to 3000°F.

The tubes will stand up from four to
six seconds even under this intense heat,
keeping the wires intact long enough to
get an accurate reading.

Actually, in practice these tubes are
emerging from metal melts marred but
still intact two times out of three! Since
the glass is 969, pure silica, there’s no
threat of contamination to the melt even
if the tubes should disintegrate.

All of which serves to demonstrate just
two of the many amazing properties of
the Vycor brand glasses.

There’s more about the various Vycor
glasses with their varied properties and
the sizes and shapes we can deliver in a
bulletin which is mentioned in the
coupon.

GLASS
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News of developments
in the production’
and uses of tin

Automatically soldered
printed circuits are substituted for a
maze of wires and relays in the in-
strument panel of the 1960 Mercury.
Thais is another example of the use of
tin-lead solder to help reduce elec-
trical failure and simplify service.

Tin cuts bacteria 80% on
hospital floors—according to Colum-
bia University research on the organo-
tin compound tributyltin oxide (TB-
TO). Certain other compounds from
nontoxic tin salts can become power-
ful biocidals, rivaling DDT as insecti-
cides. Tanners use them as disinfect-
ants; paper mills as slimicides and
antimold-growth
systems.

agents in water

Tin replaces chromium as
a coating for trumpet valves and
trombone slides. The antifriction alloy
of tin and nickel has a high degree of
lubricity, reduces excessive wear.

Architects are rediscovering the
tin roof . . . century-old terne roofing
is making a comeback as an econom-
ical, corrosion-resistant and fireproof
covering. Terne, tinplated steel sheets,
offers permanent protection. Lighter
than other metal roofing, it ends need
for special load-bearing substructures.
Tensile strength is high; no cracking
or creeping with climate changes.

Write today for more
data on these items or
for afree subscription to
TIN NEWS—a monthly
bulletin on tin supply,
prices and new uses.

The Malayan Tin Bureau
Dept.15L, 2000 K Street, N.W., Washington 6, D.C.
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the two broken semicircles. Circle K’s
diameter is half that of the monad; there-
fore its area is one fourth that of the
monad. Take region G from this circle,
add H, and the resulting region is also
one fourth the monad’s area. It follows
that area G equals area H, and of course
half of G must equal half of H. The bi-
secting line takes half of G away from
circle K, but restores the same area (half
of H) to the circle, so the black area be-

low the bisecting line must have the
same area as circle K. The circle’s area is
one fourth the monad’s area, therefore
the Yin is bisected. The same argument
applies to the Yang.

0.

There are probably three blue-eyed
Jones sisters and four sisters altogether.
If there are n girls, of which b are blue-

oS

==

SIDE VIEW

TOP VIEW

Answer to the doughnut-slicing problem
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The moon is a ready-made space station for inter-
planetary exploration; space vehicles could be built,
fueled, and launched there; lunar elements could be
used to give man independence from earth. To help
make this concept a reality, NAA’s Missile Division
has integrated the ideas of scientists in many fields
and is studying how to reach the moon...how to
live in its alien climate...how to process lunar mat-
ter. One example: a study of processes to obtain
water from materials likely to be found on the moon.

THE ILE DI
NORTH AMERICAN AVIATION, INC.

Downey, California
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A SKILLED HAND IN CHEMISTRY .. . AT WORK FOR YOU

poured-to-measure |
couch and
helmet lining

of NOPCO®
LOCKFOAM®

When the first United States astronauts
blast into space in the National Aero-
nautics Space Administration’s Project
Mercury, Nopco Lockfoam will ride with
them. Lockfoam, Nopco’'s versatile
poured-in-place urethane foam, lines the
astronaut’s Lombard helmet for extra
strength and exact fit. And Lockfoam is
in the couch, precisely molded to the
contours of each man’s body.

Nopco Lockfoam, already tested in
space, has been proven ideally suited for
the astronauts’ couches by the McDonnell
Aircraft Corporation.

Nopco Lockfoam maintains the original
body contours, even under the high G's
of rocket-boosted flight and atmospheric
re-entry.

By merely varying the formula, Nopco
Lockfoam can be made rigid or flexible

.a strengthening agent or a protective
potting material. It completely fills any
void regardless of configuration. And it
offers industry a better way to provide
insulation against vapor, noise, vibration,
and extremes of heat and cold.

Nopco’s technical service men have a
wealth of experience to help you adapt
Lockfoam to your operations. Send for
further information and literature.

NOPCO CHEMIGAL [}[]MPANY

PLASTICS DIVISION

North Arlington, N.J.
4858 Valley Blvd., Los Angeles, Calif.
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eyed, the probability that two chosen at
random are blue-eyed is:

b(b—1)
b(n—1)

We are told that this probability is
1/2, so the problem is one of finding
integral values for b and n that will give
the above expression a value of 1/2.
The smallest such values are n = 4,
b = 3. The next highest values are
n = 21, b = 15, but it is extremelv un-
likely that there would be as many as
21 sisters, so four sisters, three of them
blue-eyed, is the best guess.

7.

The rose-red city’s age is seven bil-
lion years. Let x be the city’s present
age; y, the present age of Time. A bil-
lion years ago the city would have been
x — 1billion years old and a billion years
from now Time’s age will be y + 1. The
data in the problem permit two simple
equations:

2x =y

x—1=2/5(y+1)

These equations give x, the city’s
present age, a value of seven billion
years; and y, Time’s present age, a value
of 14 billion years.

9]

There is space only to suggest the pro-
cedure by which it can be shown that
Washington High won the high jump
event in the track meet involving three
schools. Three different positive integers
provide points for first, second and third
place in each event. The integer for first
place must be at least 3. We know there

Answer to the monad problem

© 1960 SCIENTIFIC AMERICAN, INC

EVENTS 1 l2 3 SCORE

WASHINGTON |2 5| 5|55 22

LINCOLN 5

ROOSEVELT 1‘2 212

Answer to the track-meet problem

are at least two events in the track meet,
and that Lincoln High (which won the
shot-put) had a final score of 9, so the
integer for first place cannot be more than
8. Can it be 87 No, because then only
two events could take place and there
is no way that Washington High could
build up a total of 22 points. It cannot
be 7 because this permits no more than
three events, and three are still not suifi-
cient to enable Washington Hizh to
reach a score of 22. Slightly more in-
volved arguments eliminate 6, 4 and 3
as the integer for first place. Onlv 5
mains as a possib litv.

If 5 is the value for first place, there
must be at least five events in the meet.
(Fewer events are not sufficient to give
Washington a total of 22, and more than
five would raise Lincoln’s total to more
than 9.) Lincoln scored 5 for the shot-
put, so its four other scores must be 1.
Washington can now reach 22 in only
two ways: 4, 5,5, 5,3 or 2, 5, 5, 5, 5.
The first is eliminated because it gives
Roosevelt a score of 17, and we know
that this score is 9. The remaining possi-
bility gives Roosevelt a correct final tally,
so we have the unique reconstruction of
the scoring shown in the table above.

Washington High won all events ex-
cept the shot-put, consequently it must
have won the high jump.

9.

It is not possible for the termite to
pass once through the 26 outside cubes
and end its journey in the center one.
This is easily demonstrated by imagin-
ing that the cubes alternate in color like
the cells of a three-dimensional checker-
board. The large cube will then consist
of 13 cubes of one color and 14 of the
other color. The termite’s path is alwavs
through cubes that alternate in color
along the way; therefore if the path is to
include all 27 cubes, it must begin and
end with a cube belonging to the set of
14. The central cube, however, belongs
to the 13 set; hence the desired path is
impossible.

re-



uT, SIR ISAAC, WE'RE NOT GUIDING APPLES!

Until a ballistic missile is in free fall, our inertial guidance systems must be able to
account for both rocket thrust and gravity. Making them this smart is a tough job,
but we hit the mark so well on Thor that all of this country’s long range missiles
will soon be guided inertially. If you would like to help us keep pioneering new guid-
ance systems, and have a BS, MS or PhD in Physics or Math, or an ME or EE, please

contact Mr. B. E. Allen, Director of Scientific and Professional Employment, 7929
S. Howell Ave., Milwaukee 1, Wisconsin. Ac sPARK PLUG <> THE ELECTRONICS DIVISION OF GENERAL MOTORS
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SQUIRREL-CAGE GRIDS FOR HIGH-FREQUENCY ELECTRON TUBES
For high-frequency vacuum-tube grids manufactured by General
Electric Company, only a Platinum-clad wire, such as produced by

Engelhard Industries, was able to provide the properties to assure
efficient grid and tube operation,

Where no metal but Platinum

will do the job as well...

This cage is used by
General Electric Com-
pany to tame electrons
in a vacuum tube. It's
called a squirrel-cage grid,
and is used to control the
electrons flowing from the
hot cathode to the plate, or
anode.

Some grids become con-
taminated by material from the hot cathode
and then may emit electrons, which upset nor-
mal behavior of the tube and may even cause
its destruction. This occurs when the work
function of the grid becomes too low—when
it is too easy to boil off electrons.

Platinum has a very high work function
(over six electron volts) and, more important,
it remains reluctant to emit electrons even
after contamination from the nearby hot
cathode.

This is why vacuum tube designers at Gen-
eral Electric’s Power Tube Department in
Schenectady specified platinum-clad wire for
both the control and screen grids in two highly
sensitive electron tubes . . . the G1-6251 and
the G1-6942 . . . ceramic tetrodes for VHF
television and UHF bands. The electronic
properties of platinum, with the high tem-
perature strength of tungsten, are combined in
platinum-clad tungsten wire as the answer to
the problem.

With its high melting point and its unique
ability to absorb contaminating thorium, with-
out significant impairment of its high work
function—no metal but platinum is able to do
this job as well!

The six platinum metals are:

PROPERTIES THAT SOLVE PROBLEMS

Where conditions involve low vapor pressure
and high work function—as in the operation of
high-frequency electron tubes; or where high-
temperature stability is a must—as in the pro-
duction of glass fiber; or where wear-resisting,
highly conductive surfaces are needed —as in
the production of printed circuits; or where
peak catalytic efficiency is called for—as in the
refining of high octane gasoline...the platinum
metals often prove to be the only solution to
the problem, as well as the most economical
materials to use.

Perhaps your own progress has been
blocked by the limitations of materials to
withstand such severe conditions. If so, plati-
num, palladium, rhodium, ruthenium and
iridium—each possessing a unique combination
of properties—are well worth your attention
and consideration.

Specialists are prepared to work with you
in evaluating these metals for new commercial
and scientific uses. As a first step, write us for
additional data on the outstanding character-
istics and successful applications of the six
platinum metals and their alloys—indicating
your field of interest or how we might be of
assistance.

CAN THESE PROPERTIES OF THE
PLATINUM METALS HELP YOU?

Low Vapor Pressure

High Temperature Stability
Superior Wear Resistance

Peak Catalytic Activity
Exceptional Chemical Inertness

PLATINUM ¢ PALLADIUM ¢ RHODIUM ¢ RUTHENIUM ¢ IRIDIUM ¢ OSMIUM

co. PLATINUM METALS DIVISION

DorCrarT Yy

The International Nickel Company, Inc., 67 Wail Street, New York 5, N.Y.
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Conducted by C. L. Stong

he history of science is a treasure
I house for the amateur experi-
menter. For example, many de-
vices invented by early workers in
electricity and magnetism attract little
attention today because they have no
practical application, yet these devices
remain fascinating in themselves. Con-
sider the so-called electret. This device
is a small cake of specially prepared wax
that has the property of permanently
maintaining an electric field; it is the
electrical analogue of a permanent mag-
net. No one knows in precise detail how
an electret works, nor does it presently
have a significant task to perform.
George O. Smith, an electronics special-
ist of Rumson, N.]., points out, however,
that this is no obstacle to the enjoyment
of the electret by the amateur. Moreover,
the amateur with access to a source of
high-voltage current can make an elec-
tret at virtually no cost.

“For more than 2,000 years,” writes
Smith, “it was suspected that the mag-
netic attraction of the lodestone and the
electrostatic attraction of the electroph-
orus were different manifestations of
the same phenomenon. This suspicion
persisted from the time of Thales of
Miletus (600 B.C.) to that of William
Gilbert (A.D. 1600). After the publica-
tion of Gilbert’s treatise De Magnete,
the suspicion graduated into a theory
that was supported by many experiments
conducted to show that for every mag-
netic effect there was an electric ana-
logue, and vice versa.

“In 1839 Michael Faraday suggested
that it should be possible to polarize a
dielectric material so as to produce ‘a
Dielectric Body which retains an elec-
tric moment after the externally-applied
electric field has been reduced to zero.’
In Faraday’s time, however, other work-
ers were so busy with such ideas as the
telegraph and the arc light that they

202

7 THE AWATEUR SCIENTIST

How to make an electret: the device that

permanently maintains an electric charge

paid little attention to his device. An
exception was Oliver Heaviside, who dis-
cusses it in his Electrical Papers. Finding
Faraday’s 19-word description a bit
cumbersome, Heaviside coined the word
‘electret, by analogy to ‘magnet’
Adorned with this name, the electret re-
mained no more than a scientific con-
cept until 1922, when the first electrets
were produced by Mototaro Eguchi, pro-
fessor of physics at the Higher Naval
College of Tokyo.

“The analogy between the magnet and
the electret is striking, and this includes
the way in which they are fabricated.
For example, a magnet can be made
‘cold,” but the strength and permanence
of its magnetism is enhanced if the ma-
terial is placed in a magnetic field while
it is in the liquid state and is then al-
lowed to cool while the field is main-
tained. The same is true of the electret,
though of course the effect and the field
are electrical.

“One form of electret is made by melt-
ing a mixture of waxes and permitting
the batch to cool slowly between a pair
of electrodes charged to a direct-current
potential of several thousand volts.
When the wax has cooled to room tem-
perature and is removed from the field,
it will retain a charge. The strength of
the charge depends on a number of
factors, including the composition of the
wax and the rate of cooling. However,
even crudely made electrets can main-
tain a charge of several hundred volts.
Just as some magnetic materials have a
higher permeability than others, certain
waxes make better electrets. One of the
more efficient formulas for electret ma-
terial is: carnauba wax, 45 per cent;
water-white rosin, 45 per cent; white
beeswax, 10 per cent.

“In the present state of the art this
formula is subject to imponderables of
the sort that make horse-racing popular:
It is more a matter of opinion than of
certainty. Some experimenters advocate
the substitution of ‘halowax’ for the
water-white rosin. Others who agree go
on to point out that if halowax is sub-
stituted for the rosin, the beeswax may
be omitted. The beeswax is added only

© 1960 SCIENTIFIC AMERICAN, INC

to reduce the brittleness of the final
electret, and equal parts of halowax and
carnauba wax do a fine job. The carnau-
ba-halowax mixture gives the finished
product a creamy, ivory texture with a
nicely polished surface, and it shrinks
sufficiently upon cooling to come easily
out of the mold. On the other hand, halo-
wax is somewhat hygroscopic, and elec-
trets containing it must be protected
against humidity.

“Some experimenters claim that good
electrets cannot be made unless the mix-
ture contains at least a trace of carnauba
wax. Others insist that any wax that
cools to a fairly hard, shiny surface will
accept the electric charge and develop
an external electric field. One explana-
tion in support of the carnauba-wax view
suggests that the relatively large shrink-
age of carnauba wax places an addition-
al stress on the finished electret, which
adds a piezoelectric effect to the over-all
static charge. In recent years, however,
this view has been refuted. When the
ceramics industry undertook the devel-
opment of dielectrics, a whole special
class of materials was created. Starting
with ceramic capacitors, piezoelectric
ceramics were developed for hydro-
phones, microphones and phonograph
pickups. Ceramic magnetic materials ap-
peared, and finally ceramic electrets. A
ceramic electret made of barium titanate
contradicts the notion that electrets do
not work without carnauba wax.

“A major problem in the manufacture
of electrets stems from the cussedness of
wax dielectrics in general. The insulat-
ing property of waxes decreases as the
temperature increases. This is a smooth
and well-established relationship. When
the wax enters the liquid phase, how-
ever, the insulation resistance begins to
drop sharply. This effect can expose the
experimenter to hazard. If a high-voltage
supply with low internal impedance is
used to provide the polarizing electric
field, it is possible that the supply will
deliver enough current through the
melted dielectric wax to add to the tem-
perature of the mass. Because the inter-
nal resistance drops with increasing tem-
perature, the process becomes explosive.



Ultimately enough current follows along
one channel to provide a flash-arc path
that can splatter flaming wax in a dan-
gerous manner.

“On the other hand, a ‘safe’ high-
voltage power supply (one that includes
an internal resistance on the order of
50 megohms, say) will deliver only a
fraction of its available voltage to the
electret-forming terminals, because its
ratio of internal impedance to external
impedance acts to divide the voltage.
The external load resistance also goes up
as the electret cools and the strength of
the polarizing electric field increases.

“The reason that the electret acquires
a charge is fairly obvious. The mole-
cules of the wax are electrically polar-
ized, and they align themselves with the
electric field just as the ‘domains’ of a
magnetic material line up with a mag-
netic field. As the wax cools and solidi-
fies, this alignment is maintained. Un-
like metallic substances, however, waxes
have no sharp melting point. Even when
the wax is highly purified there is a span
of many degrees between the solid state
and the state in which the wax flows as
a liquid. A mixture of waxes usually ex-
hibits an even wider range of tempera-
tures between the semiplastic and semi-
fluid states.

“The currenf-carrying mechanism in
waxes consists of a migration of polar
molecules from one electrode to the
other, of the delivery of electrons from
cathode to anode by true physical move-
ment. The positive end of a polar mole-
cule picks up an electron from the cath-
ode; this causes a local neutralization of
the positive end, but destroys the neu-
trality of the molecule, making it act as
if it were a negative ion (anion). Con-
versely, the negative end of the polar
molecule can lose an electron to the
anode, causing a local neutralization of
the negative end and a loss of over-all
molecular neutrality. This molecule now
behaves as if it were a positive ion (ca-
tion). Both processes can occur in a sin-
gle molecule, resulting in a restoration of
molecular neutrality but the loss of dipo-
lar features. The partially neutralized
dipoles exhibit only half as much tend-
ency to align themselves with the elec-
tric field, and the neutralized molecuiles
none at all. Add these conditions to the
lowered electric-field intensity caused by
the current, and to the molecular vibra-
tions caused by the temperature of the
material, and it is not hard to under-
stand why electrets that are cooled
quickly during manufacture exhibit
fields of lower intensity than those that
are cooled slowly. Slow, deliberate cool-

ing enables the vibrating molecules in
the electret to come to rest in alignments
that result in the maximum subsequent
field strength.

“A simple form of the electret was de-
vised some years ago by Edwin P.
Adams of Princeton University. It con-
sists of concentric metal cylinders sealed
at the bottom by an insulating base and
containing a cylinder of wax, as shown
in the accompanying illustration [be-
low]. In 1939 W. M. Good and ]. D.
Stranathan of the University of Kansas
devised the improved version depicted
in the second illustration [next page].
The large oil bath shown in this illustra-
tion provides a mass to retard the rate
of cooling. Good and Stranathan also
added electric heaters and an automatic
temperature-control to lower the tem-
perature gradually through the semi-
plastic state over a period of many days.
This refinement is scarcely needed un-
less you embark on a program of metic-
ulous research. When the oil bath is
heated to the temperature that will cause
a true fluidity of the electret material in
the mold, it will cool slowly enough to
give rise to an effective electret.

“Any high-voltage supply can be
used; if the one at hand chances to be
capable of delivering more than a milli-

mectal tubes &—, *

spring=brass

Wax

clectret

insulating

ampere, it can be rendered safe by add-
ing resistors in series between the sup-
ply-terminals and the electret plates.
This can best be accomplished by con-
necting the necessary number of two-,
three- or five-megohm resistors in series
for a total of 50 megohms. The resistors
should preferably be of the two-watt
size; they should not be smaller than the
one-watt size. I concede that 1,000 volts
across a five-megohm resistor dissipates
only .2 watt. We are not concerned with
the wattage, but rather with the voltage
gradient across the resistor itself. The
physical size of the larger resistors elimi-
nates the high voltage-gradient and at-
tendant internal electrostatic effects that
cause fusing of the carbon granules. This
process can cause a major change in the
resistance value of small carbon resistors.
The use of a string of two-, three- or
five-megohm resistors also enables you
to make a rough adjustment of the out-
put voltage by coupling the output leads
to intermediate points in the string.
“Sparking across the surface of the
wax can be reduced or eliminated by
increasing the series resistance. A meter
of some sort should be connected in the
load circuit so that you can observe the
process. A zero-to-one milliammeter will
prove far more informative than a volt-

5

N

block

An electret devised by E. P. Adams of Princeton University
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HIGH QUALITY'

PRECISION

ASTRONOMICAL OBIJECTIVES

AIR-SPACED ‘ssmm—

1471

Astronomical lenses are the height of optical perfection and
are suitable for many industrial applications. Use as pro-
totypes, we guarantee to supply any of your future require-
ments. Hand-corrected, air-spaced and mounted in black
anodized aluminum cells. Ideal for Collimators, Schleiren
Systems, Spotting Scopes, Telescopes, etc. Each lens is
color-corrected for C and F and hand-corrected to reduce
residuals to a minimum. Thoroughly tested and guaranteed
by JAEGERS to resolve to Dawes limit,
Hard-coated on 4 surfaces

Mounted 34" (clear) Aperture

»¢ 1 {Cat. No. 1447A Not Coated )
£/15—ae 1.1 {Eat- No- 14474 Yot gented 92

Mounted 43" (clear) Aperture

. Cat. No. 1472A Not Coated .
#/15—s2 1.1 { €2} NS: 14734 Honedorted - 9%

Coated 6" (clear) Aperture

" . No. 1861A Unmount, .
#7100 1.1 {EgY: NS: 18804 Moumtea - $158:

Coated 6" (clear) Aperture

. | {Cat. No. 1863A Unmounted ..$]15
£/15—00 1. 1. { EaF- NS- 1863R Mounted o-..-5152:09

We can supply ALUMINUM TUBING for the above lenses.

COATED BINOCULARS

American Type
LOW, LOow pnu:!.s' Heautiful -|\| 11

||| -Il_ln Individual Focus
*Plus 109, Fed. Tax
ield

Cat. Size at 1,000 Type Price,

No. yards *ppd.
1771A 7 x 35CF 341 Ft.  American . 23.50
1439A 7 x 35CF 578 Ft. American* | 35.00
2191A 7 x 50CF 530 Ft.  American** 42.50
T106A 7 x 50 CF 372 Ft.  ‘‘Zeiss”’ 24.95

961A 7 x50 IF 372 Ft.  “Zeiss” ... 22.50
1503A 7 x 50 CF 372 Ft. American 32.50
1108A 10 x501F 275 F “Zeiss’’ 26.75
1442A 20 x 50CF 183 Ft ““Zeiss”’ 33.75
*Wide-angle 11° **Wlde-angle

3
@

COATED MONOCULARS

Brand new, light weight, complete wuh
pigskin case, neck straps. No Fed.

Cat. No. 1576A... ..6 x 30.. .$10.00 ppd.
Cat. No. 1303A ..7 x 50.. . 14.75 ppd.
Cat. No. 1580A............20 x 50.. . 20.00 ppd.

4Ys" ASTRONOMICAL TELESCOPE

4X Finder — Wood Tripod
35X — 175X

From the mysterious craters of
y the moon, to the fabulous rings
of Saturn this high quality
\ telescope will give you many
< pleasurable hours of crystal-
L/ \ clear astronomical viewing.
Lontdms an f/6 parabolic mirror which has 509 more light
gathering ability than the ordmary £/10. Two coated eye-
pieces, 35X and 175X, rack and pinion focusing, sun filter
and 4X focusing finder. The short tube, 273.” long and col-
lapsible wood tripod (33" closed, 60” open), makes for porta-
bility, stability and compactness. Flmshed in white enamel
with black trim. Although priced low, this is definitely not
a toy. Imponed Shipping wexght about 20 1bs.
“FREE BOOK” with Scope VER THE STARS.
Cat. No. 2273A B Lynbrook, N.Y. $59.50

8-POWER TELESCOPE 8x50

This telescope has a brilliant image 48 degree

apparent field—325 feet at 1,000 yards. It has
a 2” objective, focusing eyepiece, 28mm focal

length with an Amici erecting system.

Turret mounted filters, clear, red, amber and

neutral. Lamp housing to illumi-

nate reticle for nighttime use.

_mf'i‘m

Truly the biggest bargain you -

were ever offered. Origindl Gov- \ .

ernment cost $200. 3

Sut No. 1686A Not Coated... ...............$13.50 ppd
at. No. 1975A Coated 17.50 ppd

e FREE CATALOG e

Millions of lenses, prisms, evepieces, rack and pinion
eyepiece mounts, cells, aluminum  tubing. mirrors,
binoculars, telescopes, parts and accessorles ete.
Write Today. REQUEST CATALOG ‘‘A"

We pay the POSTAGE IN U.S.A.—C.0.D.’s you pay postage—
Satisfaction guaranteed or money refunded in 30 da

691A MERRICK ROAD
LYNBROOK, NEW YORK

A. JAEGERS
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meter that merely indicates the total
polarizing field.

“The polarizing field should be main-
tained at a maximum. The current flow-
ing through the melted electret wax
should never be permitted to rise above
.5 milliampere. At the dielectric materi-
al's most conductive phase the series re-
sistance should be adjusted to limit the
current to about .1 milliampere. It will
not be necessary to readjust the resist-
ance as the wax cools, because the in-
ternal resistance will rise to a safe limit-
ing value. Simultaneously the polarizing
voltage across the wax will increase to
the maximum value.

“In computing the output voltage of
your power supply, such as the one il-
lustrated in the accompanying circuit

pd

baked shellac
or scaling wax

AL foil liner

" electret

e
e

diagram [top of page 206], remember
that the voltage shown on the nameplate
of the transformer must be multiplied by
1.414. This is because in this application
the load current is so low that the deliv-
ered voltage practically reaches the peak
value, and the rated output of the trans-
former is always given as the root mean
square value.

“In processing electrets the oil bath
should be raised to operating tempera-
ture first, or at least started so that it
will be at operating temperature by the
time the electret formula is mixed. Melt
and mix the waxes in a separate pan,
stirring frequently to drive out air bub-
bles and moisture. Keep the electret-mix
temperature well above the boiling point
of water for at least half an hour. Be

aluminum-

insvlated
clamp

electret

sheet-metal chair supports
and grounds electret mold

An electret devised by W. M. Good and ]. D. Stranathan of the University of Kansas
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Examining a beryllium sphere that has been
machined to tolerances finer than 15 millionths of
an inch to form the rotor of an electrically sus-
pended gyro.

Stimulating career opportunities
await you in the

Honeywell-Aero
Marine Systems Group

The continued expansion of Honeywell’s Marine Systems
Group has created a number of important new openings.
This group is assigned the interesting and stimulating
task of developing new electrically suspended gyros and
submarine inertial systems using these advanced gyros.
Openings include:

INERTIAL SYSTEMS ANALYST: Mathematician or engineer with
strong background in vector analysis, operational calculus,
matrix algebra and related techniques, to carry out analysis
of inertial systems configurations including error evaluation.

DIGITAL SYSTEMS AND LOGIC DESIGNERS: BSEE or MSEE for
design and development of electronic data processing equip-
ment. Familiar with digital logic techniques at current state
of the art; capable of organizing computing systems to perform
various tasks including logical design and critical parameter
specifications. Also engineers familiar with digital to analog
data conversion.

ELECTRONIC ENGINEER: Electrical engineering degree plus
experience in miniaturized semi-conductor electronics devel-
opment. To design servo, pickoff, and other electronics for
use with gyros and accelerometers.

ENGINEERING PHYSICIST: Physicist with practical and theo-
retical understanding of mechanics, magnetism and electricity
to analyze and develop inertial sensors of novel and original
design. Also experimental physicist with experience in the
development of small, precise electro-optical devices.

MECHANICAL ENGINEER: BSME with 3 to 5 years’ experience
in extreme precision fabrication techniques to work on the
alignment and stable mounting of precision optical-mechanical
instruments.

INERTIAL COMPONENTS ENGINEER: Familiar with inertial com-
ponent specifications and available sources to conduct compo-
nent evaluations for marine systems.

To discuss these or other openings, write Mr. James H.
Burg, Technical Director, Aeronautical Division,
2600 Ridgeway Road, Minneapolis 40, Minn., Dept. 829.

Honeywell
Miktany Pudit Gy

To explore professional opportunities in other Honeywell operations coast to coast, send
your application in confidence to H. T. Eckstrom, Honeywell, Minneapolis 8, Minn.
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Sola plate-filament transformer, built-in com-
ponent of portable B & W Associates lie de-
tector, assures accurate operation in the field

Lie detector uses
Sola voltage regulator
for accuracy, reliability

This sensitive polygraph operates by
picking up and immensely amplifying
tiny electrodermal responses. It's no
wonder that line voltage variations en-
countered in the field must be corrected
if the responses of the witness are to
be measured accurately.

The lie detector’s built-in power sup-
ply transformer is a Sola Constant
Voltage Plate-Filament Transformer
which performs this dual function:
(1) it supplies plate and filament volt-
ages just as an ordinary power supply
transformer would do; (2) it regulates
the supply voltage within 3%, even
when the line voltage varies over a 100
to 130-volt range.

Besides providing regulation to
assure accurate polygraph operation,
the Sola transformer protects tubes
and components from cold inrush cur-
rent and from fault currents.

This simple, reliable component costs
little more than ordinary non-regulat-
ing transformers. And compared to
other types of regulating circuitry used
with conventional power transformers,
it is considerably cheaper.

Write for Bulletin 29L-CVE

SOLA |

A DIVISION OF
BASIC PRODUCTS CORPORATION lc B

Sola Electric Co., Busse Rd. at Lunt, Elk Grove, Il,
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Circuit diagram of a power supply to polarize and charge an electret

wary of touching tiny bubbles that cling
to the walls of the container. These may
be water droplets. Touching them with
a stirring rod breaks the surface tension
that has prevented the water from boil-
ing into steam. When the tension is
broken, the water explodes into steam
with sufficient violence to splatter the
hot wax.

“In the meantime line the mold with
aluminum foil and smooth it out to re-
move as many of the wrinkles as pos-
sible. Tapering the mold slightly will
facilitate the subsequent removal of the
foil-encased wax. Next pour the melted
mix into the mold. (The size of the fin-
ished electret is optional. A disk two or
three inches in diameter and about half
an inch thick is convenient.) The top
plate should just touch the top surface
of the electret material. This plate
should be heated, too, by the way. When
the wax wets the top plate, the high-volt-
age supply can be turned on. The elec-
trostatic stress should cause an abrupt
jump in the annular meniscus of the wax
surface between the center plate and the
mold walls. If sparks appear on the molt-
en wax, turn off the power and connect
the output leads for lower voltage. Then
reapply power, turn off the oil-bath heat-
er and permit the assembly to cool to
room temperature. Observe the tempera-

metal disk

ture with a thermometer, not by feel.
Stay away from any part of the appara-
tus when the high-voltage supply is in
operation!

“When the oil reaches room tempera-
ture, turn off the power supply and re-
move the electret. Immediately fold the
aluminum foil forward over the surface
in contact with the top plate, short-
circuiting the electret. The foil acts as a
‘keeper” and is analogous to the soft-iron
bar placed across the open jaws of a
horseshoe magnet to preserve the mag-
netic flux. Electrets properly short-cir-
cuited have kept for longer than five
years without noticeable loss of charge.

“Now comes the puzzler that stumps
the experts. If the electret’s polarity is
measured directly after its manufacture,
its charge will be just what theory pre-
dicts it should be. The negative surface
of the electret will be that which made
contact with the positively charged
polarizing electrode, and vice versa. This
agrees with the north-south polarity of a
bar of steel magnetized by contact with a
permanent magnet. In contrast with the
behavior of a magnet, however, the
charge on the electret begins to diminish
immediately, and in about a week it
will have fallen to zero. The charge then
begins to build up in opposite polarity
to a final value that may be several times

A simple device for testing an electret

© 1960 SCIENTIFIC AMERICAN, INC



"AMAZING SCIENCE BUYS

-for FUN, STUDY or PROFIT

Terrific Buy! American Made!

OPAQUE PROJECTOR

Projects illustrations up to 3” x
3%"” and enlarges them. No film
or negatives needed. Projects
charts, diagrams, pictures, pho-
tos, lettering in full color or
black-and-white. Operates on
115 volt, A.C. current, 6-ft. extension cord and plug
included. Operates on 60 watt bulb, not included.
Size 12”7 x 8” x 41%” wide. Weight 1 1b., 2 oz.
Plastic case with built-in handle.

Stock No. 70,199-S. $7.95 Postpaid

Amerlcan Made—
Bargain Priced!
STEREO MICROSCOPE

Years in development. Precision
American made. Used for checking,
inspecting, small assembly work. Up
to 3”7 \workmg istance. Clear, sharp,
erect image. Wide, 3 dimensional
fleld. 2 sets of objectives on rotating
turret. 23X and 40X. 10 Day Free

Trial.
Stock No. 85,056-S.......... $99.50

f.0.b. Barrington, N.J.

SCIENCE TREASURE CHESTS

For Boys——GlrIs-—AduHs'
Excellent ''Science Fair'' Material!
Science Treasure Chest—Extra-pow-
erful magnets, 1)01arlzlug ﬁltels, com-
pass, one-way-mirror film, prism, dif-
fraction grating, and lots of other
items for hundreds of thrilling experi-
ments, plus a Ten-Lens Kit for makmg telescopes,

microscopes, ete. Full instructions inc luded.

Stock No. 70,342-S $5.00 Postpaid
Science Treasure Chest DeLuxe—Everything in_Chest
above plus exciting additional items for more advanced
experiments including crystal-growing Kkit, electric motor,
molecular models set, first-sur nurrogs, and lots more.

Stock No. 70,343-S 10.00 Postpaid

[Ei e b e T T e

7x50 BINOCULARS—TREMENDOUS BUY!
ar Surplus American-Made

Big savings! Brand new! Crystal
clear viewing—7 power. Every-opti-
cal element is coated. An excellent
night glass—the size recommended
for satellite v1e\\mg Individual eye
focus. Exit pupil Anlﬂl Approx. field
at 1,000 yds. is 376 ft. Carrying
case included. American 7 x 50’s
normally cost $195. Our war surplus
price saves you real money.

Stock No. 1533-S........cccecuene only 555 00 pstpd.

(Tax included)

Fun For Executives . ..
Business MANAGEMENT GAME

Excitement, fun, and an ideal re-
fresher ‘‘course’” in business prac-
tices—all in one fascinating game,
Sharpen and test your executive skill
with MANAGEMENT—the game that
duplicates the problems and practices
of corporations. Buy raw materials, sell finished goods,
compete for markets, issue stocks, make loans, battle com-
petitors. The ideal recreation for executives—or for younger
college and high school students, ready to enter business.
Complete with colorful 22 x 14 playing board, situation
card, counters, instruction book, other accessories.

Stock No. 70,287-S... $4.95 Postpaid

: |

_——

16” VISIBLE MAN KIT

Amazing! You look right through it! Re-
veais the wonders of the human body in
exact scale, with all vital organs precisely
detailed. Just 16” high when assembled, but
compares favorably with expensive hand-
made medical school models, Ideal for re-
searchers, labs, doctors, teachers, students,
hobbyists. Base and 12-page INTRODUC-
TION TO ANATOMY included.

Stock No. 70,228-S...$4.98 Postpaid

e e e N |

SCIENTIFIC ENCYCLOPEDIA

Over 1800 pages! 1400 illustrations—over 2,000,000
wor(l.—lﬂﬂ,ﬂﬂn definitions—14,000 separate articles. If
you’re science-minded—you’ll drool over it! Wealth of use-
ful mfﬂrmalmn on Sclence \Iath - Enzmeermg, Chemistry,

Physics, etc,
Stock #9287-5. $29.75 Postpaid

ASSEMBLED
AND
READY TO USE!

detail,

Barlow Lensv

See the Stars, Moon, Planets Close Up!
3” ASTRONOMICAL REFLECTING TELESCOPE

60 to 180 Power—An Unusual Buy!

Famous Mt. Palomar Type

You'|| see the Rings of Saturn, the fascinating planet Mars,

huge craters on the

Galaxies!

Aluminized and overcoated 3” diameter high-speed f/10 mirror,

Telescope comes equipped \all? a 60X eyepiece and a mounted
1

Moon,
Equatorial

Star’ Clusters,

Moons of Jupiter in
mount wit! S.

lock on both
glvlng‘ you o 180 power. An Optical Finder
'ways So i Sturdy, hard-

Lograph
nomical

50-150-300 POWER MICROSCOPE 4

Amazing Value—3 Achro-
matic Objective Lenses on
Revolving Turret! Imported!
The color-corrected, cement-
ed achromatic lenses in the
objectives give you far su-
perior results to the single
lenses found in the micro-
scopes selling in this range.
Results are worth the differ-
ence' Fme rack and pinion

ocusi:
Stock No. 70, 008 S ........ $14.95 Pstpd.
MOUNTED 500 POWER OBJECTIVE

. Threaded for easy attachment on above
mlcroscupe Achromatic lenses for fine view-
ing. 3 mm. focal length.

Stock #30,197-S...........$5.00 Pstpd.

ANALOG COMPUTER TRAINING KIT

.- - n-.—-n-n-uﬂ

Ideal for training industrial
personnel and others inter-
ested in the growing field of
electronic computers. Demonstrates basic analog
computing principles—can be used for multiplica-
tion, division, powers, roots, log operations, trig
problems, physics formulas, electricity and mag-
netism problems. Easily assembled with screw-
driver and pliers. Operates on 2 flashlight batteries.
Electric motor and 3 potentiometers are mounted
wn die-cut box. Answers indicated on dial. Com-
puter is 20” long, 9” wide, 2” deep.

Stock No. 70,341-S $14.95 p

D-STIX Construction Kits

Shape Your ldeas Fast!
Scientists, executives, planners, de-
signers—all find D-STIX simplify vis-
ualization and demonstration of complex
ideas. D-STIX—colored wood sticks %"
thick and ‘‘easy-on’’ rubber joints ap-
prox. 3/16” diam.—help you work cut
molecular structures, geometric figures,
structural members, ihapes. models of
scientific apparatus. Used by profe
al men, educators, hobbyists. Big basic kit contains 230 or
370 pieces. Addlnondl parts in supplementary Kkit. Tar
superior to kits of wood or metal. Money-back guarantee.

Stock No. 70,209-S (220 pes)............ $3.00 ppd.
Stock No. 70,210-S (370 pes). .$5.00 ppd.
Stock No. 70,211-S (452 pecs). .$7.00 ppd.

MAKE YOUR OWN POWERFUL
ASTRONOMICAL TELESCOPE

GRIND YOUR OWN ASTRONOMICAL MIRROR
Kits contain mirror blank, tool, abrasives, diag-
onal mirror and eyepiece lenses. You build instru-
ments ranging in value from $75.00 to hundreds
of dollars.

Stock No. Dia. Mirror Thickness Price
70,003-S al/" %" $ 7.50 postpaid
70,004-S 6" 1 11.95 postpaid
70,005-S 8" 13%" 19.50 postpaid
70,006-S 10” 134" 30.75 postpaid
70,007-S 12" 2'%" 54.75 postpaid

LIFE SIZE HUMAN SKULL

Invaluable educational aid! Fascinating
conversation piece! Skull is anatomically
correct—made of natural bone color, bone
hard, lifetime plastic. Parts snap together
—take apart. Spring-action lower jaw.
Removable skull cap for examination of
skull cavity, nasal passages, etc. Ideal for
scientists, doctors, dentists, teachers,
students, artists. Stand and Instruction
and Anatomy Chart included.

Stock No. 70,294-5..,

$4.95 Postpaid

e Potable tripod.

FREE with Scope:—Valuable STAR CHART plus 272 page ND-
BOOK OF HEAVENS’’ plus ‘‘HOW TO USE YOUR TELESCOPE’’ BOOK

Stock No. 85,050-S.

Stock No. 85,105-S.
Same Telescope as above but equipped with Electric Clock Drive—
Stock No. 85,107-S

s also included.

“HA

$29.95 Postpaid

REFLECTING TELESCOPE! Up to 255X

New vibration-free metal pedestal mount.
With this scope you can see everything as above
but with greater power plus will split finer
stars. has twice the light gathering
power ror guaranteed to give theoretical
Iimit of resolution. Rack and pinion focusing,
real equatorial mounting—only one adjustment
follows stars! Aluminum tube. 6 power finder
telescope. 2 standard size eyepieces and
mounted Barlow leni give you powers of 40X,
90X, 120X, and 255X. Low-cost accessory eye-
piece available for higher powers. FREE with
Scope:—Valuable s AR CHART plus 272 pap:e
““HAND VENS’’ plus HO!

ggEIbYOUR TELESCOPE" Book. Shlpplng welght

$79.50 f.o.b.

$109.00 F.O0.B. Barrington, N. J.

Take Telephoto
Shots Thru

. 7 x50
' MONOCULAR

This is fine quallly, American made instrument—war
surplus! Actually % of U.S. Govt. 7 x 50 Binocular. Used
for general observation both day and night and to take
fascinating telephoto shots with your camera. Brand new.
Due to Japanese competition we close these out at a
bargain price. Directions and mounting hints included.
Stock No. 50,003-S.. $15.00 Pstpd.

LLY
GRATING

A Dazzling Rainbow of Color!
As a scientific phenomenon, this new
kind of jewelry is capturing atten-
tion everywhere. bhxmmermg rain-
bows of gem-like color in jewelry of

exquisite beauty—made \uth (‘11(—
CULAR DIFFRACTION G NG

REPLICA. Just as a prism hr up
light into its full range of individual
colors, so does the Diffraction Grating.

Stock = 30,349-5 Earrings...............52.75 Pstpd.
Stock =130,350-5 Cuff Links .$2.75 Pstpd.
Stock 2£30,372-S Pendant. .$2.75 Pstpd.
Stock r30,390-5 Tie-Clasp.. ..$2.75 Pstpd.

NEW! STATIC ELECTRICITY
% GENERATOR

Educational and Lots of Fun!
See a thrilling spark display as you
set off a miniature bolt of light-
ning. Absolutely safe and harmless.
Sturdily made—it stands 14" high.
Turn the handle and two 9" plastic
discs rotate in opposite directions.
Metal collector brushes pwk up the
static electricity, store it in the
Leyden jar type condenser until dis-
charged by the jumping spark.
Countless tricks and experiments.
! 24 pageinstruction booklet included.

Stock No. 70,070-5................... $12.95 Postpaid

I “or: FREE CATALOG-S

128 Pages! Over 1000 Bargains! Huge
selection of lenses, prisms, war surplus optical
instruments, parts and accessories. Telescopes,
Microscopes, Binoculars, Snip-

erscopes, science experiment | ou
items, math learning and _ *€ |
teaching aids.Request Cata- =7 /

log-S.
EASY PAYMENT PLAN AVAIL-
ARLE! DETAILS WITH CAT-
ALOG

ORDEIR BY STOCK NUMBER .SEND CHECK OR MONIY ORDER, SATISFACTION GUARANTEID!

EDMUND SCIENTIFIC €CO..BARRINGTON, NEW JERSEY

© 1960 SCIENTIFIC AMERICAN, INC
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Although most of our sales are to individuals, every week we ship more and
more Questars to laboratories and special projects great and small. When re-
orders come in we often wonder what new and fantastic uses are being found for
the instrument we are so proud to make and sell. We know but few of these,
but we have learned from enthusiastic users that Questars do follow missiles, find
and photograph re-entering nose cones, and take high speed pictures of tiny
particles. Where exploding wires formerly fouled a near lens, Questars now
record the event from the far side of the room. They feed all sorts of motion
picture cameras and color television devices. The latest operating theatres here
and abroad plan to build Questars in for closed circuit viewing of surgery.

When people phone to discuss the feasibility of Questar for some new project,
we try to tell them all we know. Life has taught us that the full-mounted Questar,
which may at first glance suggest only its astronomical use, is actually in the most
practical form for an experimental tool. Its rigid mounting permits rock-steady
images, its axially-rotatable barrel provides incomparable comfort, while without
the built-in finder you would be lost indeed. For this little tiger of telescopes must

- be precisely pointed and controlled as it delivers images magnified hundreds of

times to your eye or camera.

In ordering a Questar for laboratory use, remember that the staff as well as
yourself will find its use after hours a stimulating and rewarding experience.
There is nothing in the world like the superfine Questar, which would have to sell
for at least $2000 if we distributed through retail channels. There are no Questar
dealers, so the net wholesale factory price is still only 995 for everyone, post-
paid in this country. Terms are available. May we send our illustrated 32-page
booklet with the whole story?

From an 8x10 Print of a Flying Squirrel Forty Feet Distant.

"‘Questar

BOX 20
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as large as the original charge. This may
take as long as three months. The nega-
tive surface of the stabilized electret will
be the face that made contact with the
negatively charged polarizing electrode.
In other words, the charge will corre-
spond in sign to the polarity of the high-
voltage field. Just why this reversal takes
place has never been satisfactorily ex-
plained.

“Measurement of the electrostatic
field that surrounds an electret requires
a sensitive electrostatic meter, an instru-
ment actuated by electrostatic attraction
or repulsion rather than by the passage
of current. The magnitude of the surface
charge may be measured by passing a
metal plate of known area at a known
rate into the field until contact is made
with the electret surface, the plate being
connected to an electrostatic voltmeter.
A voltmeter of this type can be made in-
expensively by using an electrometer
tube (essentially a vacuum tube designed
for service in vacuum-tube voltmeters).
The instrument will absorb substantially
no power and can be calibrated by using
a conventional voltmeter as a reference.

“For simple checks a gold-leaf electro-
scope will do an admirable job of meas-
uring polarity. The polarity of the elec-
tret can be determined by charging the
gold-leaf electroscope with a current of
known polarity and observing whether
the electret’s approach adds to the
charge (by causing the gold-leaf vanes
to separate more) or subtract from the
charge (by permitting them to fall closer
together).

“Finally, at least one simple but spec-
tacular test can be made. A metal disk
with a point at the rim is cut just large
enough to cover the electret. The disk is
fastened to an insulating arm that is
hinged to a metal base-plate as shown
in the accompanying illustration [bottom
of page 206]. The metal point should be
bent so that when the disk rests on the
electret, a sheet of writing paper (.003
to .005 inch thick) will just drag a bit
when passed between the point and the
metal base-plate. The insulating arm
may be made of lucite, or of dry wood
(such as a length of model-airplane
balsa) that has been boiled in paraffin
or impregnated in oil until a fresh-cut
surface will repel water. The arm is piv-
oted at the end to allow the plate to fall
through the electrostatic field of the elec-
tret. If your hand is steady and your aim
unerring, you can omit the lever assem-
bly and merely drop the plate onto the
electret surface! The falling plate picks
up a charge from the field, and the
charge is dissipated in a small but bril-
liant spark discharge between the point
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Collins men are working late tonight...

cxploring a new method of communication

Although the initial excitement over Echo
I has subsided, Collins engineers and sci-
entists still seek additional information vital
to the nation’s space effort. So far, they have:
. . bounced intelligible signals in north-south
direction
.. transmitted and received live voice mes-
sages
.. established a two-way voice circuit
... transmitted and received a teletype signal
...transmitted and received a wirephoto
..ﬁoltlected valuable propagation and orbit
ata

One of the most difficult obstacles for
Collins to overcome was that of accurately
tracking the Echo I satellite. 800 miles,
roughly speaking, separate Collins Radio
Company in Cedar Rapids, Iowa, and its

COLLINS RADIO COMPANY

CEDAR RAPIDS, IOWA °

subsidiary, Alpha Corporation in Dallas,
Texas.” Both locations were prepared to
send and receive radio signals bounced off
Echo. Because Echo I was speeding through
space at approximately 15,000 miles per hour
some 900 miles above the Earth, its time
above the horizon of both Collins locations
was brief. However, Collins engineers per-
fected an automatic tracking device which
permitted both the sending and receiving
units to maintain constant contact from the
time Echo I appeared on the horizon until it
disappeared some 15 minutes later.

The radio signals actually traveled a mini-
mum of about 2000 miles. Power loss was
of staggering proportions . . . with received
signal strength approximately 10-1¢ watts.

7~
COLLINS
N/

© 1960 SCIENTIFIC AMERICAN, INC

DALLAS, TEXAS

These contributions to the new world of
space communications were completely com-
pany sponsored — and represent an invest-
ment in the future by Collins Radio Com-
pany and its subsidiary, Alpha Corporation.
It was worth it . . . in the warm feeling of
accomplishment alone.

Collins provides freedom of activity in
basic research for the engineer, physicist
and mathematician . . . and is able to offer
unique professional opportunities. Your in-
quiry is invited.

The Echo project is being coordinated
with the National Aeronautics and Space
Administration. Data collected by Collins is
being submitted to NASA to be used in the
evaluation of this communications technique.

BURBANK, CALIFORNIA




This Xmas, Give or Get

a UNITRON Refractor!

Orders shipped same day as received

The beginner, advanced amateur, and pro-
fessional alike turn to UNITRON for com-
bined optical and mechanical excellence.
Invest in a UNITRON—the telescope that
has stood the test of time.

UNITRON 2.4 Altazimuth Refractor with UNIHEX
Complete with eyepieces for 100X, 72X, 50X, 35X;
UNIHEX Rotary Eyepiece selector; altazimuth
mounting with slow motion controls; tripod; 5X

viewfinder; sunglass; and cabinets. only $'|25
UNITRON
. N

UNITRON’S 6” and 4” Equatorial Refractors

17 UNITRON REFRACTORS TO SELECT FROM

SATELLITE TELESCOPE............occoi. .
1.6" ALTAZIMUTH .. 75

24" EQUATORIAL . 225
3" ALTAZIMUTH 265
3" EQUATORIAL 435
4" ALTAZIMUTH 465
4" EQUATORIAL 785
6" EQUATORIAL ... [ER—-1 V1]

All instruments fully guaranteed. Shipment express col-
lect. Prices include Standard accessories. Send check or
M.O. or 209 deposit with balance C.0.D.

TIME PAYMENT PLAN AVAILABLE!

GET UNITRON'S FREE CATALOG and 38 page
OBSERVER'S GUIDE. This valuable introduc-
tion to astronomy is yours for the asking.

Contents include—

Observing the sun,
moon, planets and
wonders of the sky

.

Constellation map
Hints for observers

o Glossary of telescope terms
o How ta choove a Lelpscope

w Amateur clubs

Send for your copy to Dept. 6-

UNITRON

INSTRUMENT COMPANY « TELESCOPE SALES DI
66 NEEDHAM ST. NEWTON HIGHLANDS &1, MASS

210

and the bottom plate. Try this with both
surfaces of the electret. For some reason
electrets are not symmetrical. One sur-
face will deliver more energy than the
other.

“The electret has not been entirely
without practical application. It has
been used to replace the high-voltage
polarizing network employed for ener-
gizing some types of condenser micro-
phones. The growth of radio broadcast-
ing in the early 1920’s, with its need for
a microphone that worked on some prin-
ciple other than the compression of car-
bon particles, seems to have spurred the
original investigation of the electret. For
some reason the condenser microphone
grew up and passed into obsolescence
without ever meeting an electret. But in
1935 Andrew Germant made an electret
condenser-microphone for the engineer-
ing laboratory of the University of Ox-
ford. Subsequently condenser micro-
phones employing electrets were taken
into the field by the Japanese army.

“The electret found another applica-
tion a few years ago when the television
industry was seeking a simple method
for focusing picture tubes. Early pic-
ture tubes were focused by a magnetic
coil that was adjusted by means of a
costly power-potentiometer. Eventually
the arrangement was replaced by a per-
manent-magnet focusing device adjusted
by changing the magnetic gap. During
one brief period, however, the picture
tubes were made with an electrostatic
lens, the focal length of which was ad-
justed by a potentiometer. At this point
someone remembered the electret and
reasoned that, if the electromagnetic

focusing-coil could be replaced by a
permanent magnet shunted by a me-
chanically adjusted gap, perhaps the
permanent electret could similarly be
put to work. Before the idea could be
exploited, the development of the self-
focusing electron gun solved the focus-
ing problem and once again reduced the
permanent electret to the status of a
scientific waif.”

Dillard Jacobs, associate professor of
mechanical engineering at Vander-
bilt University, has developed a novel
accessory for extending the usefulness of
aerodynamic smoke tunnels of the type
described in this department [see Scien-
TIFIC AMERICAN, May, 1955]. The pat-
tern of air flow in such apparatus is made
visible by a grating of smoke streamers
admitted to the tunnel through a “rake”
of small tubes near the inlet. The lines
of smoke bend around test objects placed
downstream, and enable the experi-
menter to approximate the distribution
of forces acting on the object.
“Following your description of the
smoke tunnel,” writes Jacobs, “I prompt-
ly built one and can attest to the suit-
ability of its design. The tunnel has been
used extensively to produce photographs
of fluid-flow phenomena for use in my
classes. Some months ago I added a
gadget to the tunnel which considerably
broadens its utility as a scientific tool.
This consists simply of an electric door-
bell (with the gong removed) and a
chamber with a diaphragm inserted in
the smoke circuit just ahead of the
‘rake.” When properly adjusted, the door-
bell-and-diaphragm assembly acts as a

Pattern of smoke pulses passing through a nozzle in @ homemade smoke tunnel

© 1960 SCIENTIFIC AMERICAN, INC



Interested in

| LT

SIKORSKY AIRCRAFT -

* To describe this unique field, only a brand
new word would do, a word with two live roots:
helicopters and electronics. These roots penetrate
deeply into some of the most stimulating soil in
modern technology.

In broad terms, helitronics embraces practically
every phase of avionics, electronics, computer,
feedback and systems analysis work. Specifically,
helitronics means the integration of communi-
cation systems, specialized electronic search and
detection equipment to enhance the mission ca-
pability of the helicopter, specialized sensors and
automatic controls to increase its versatility, and
automatic navigation, into an optimum military
weapon system or commercial carrier with VTOL
capability. Many assignments call for the ability
to advance the state-of-the-art in testing and in
instrumentation.

If you would like to enter this challenging new
field, the time is now. The place? Sikorsky Air-
craft—pioneer and leading manufacturer of
rotary-wing aircraft, the company that leads
again with many opportunities for you in
HELITRONICS.

DIVISION OF UNITED AIRCRAFT CORPORATION

For further information, submit
your resume or make inquiry to
J.T. Purfield, Personnel Department.

© 1960 SCIENTIFIC AMERICAN, INC

STRATFORD
NNECTICUT

helitronics™

a challenging new field of opportunity
for electronic engineers at

SIKORSKY AIRCRAFT

211
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METUCHEN, N. J.

WASHINGTON

HIGH SPEED
SOLID STATE

DIGITAL TELEMETER

5 THE SIZE OF
EXISTING EQUIPMENT

AEC of N. J. MCH series
multicoders are solid state
digital commutator coders
capable of accepting data
in three forms; time multi-
plexed analogs and digital
data, both serial and parallel.
The equipment is designed
(11 Ibs.), low power

for the utmost compactness
(240 cu. ins.) minimum weight
consumption (600 ma normal
at 28U DC) and reliability
compatible with a wide range
of environmental conditions
encountered in missile
applications.

Specification sheets are
available on Model—MCH-3
(31 channels at 1400
samples / sec max.)

MCH—6—(63 channels at
710 samples / sec max.)

MCH—12—(127 channels at
355 samples / sec max.)

Systems accuracy: An honest
tenth of 1% from input to
coded output.

Modified units ‘for special

application and environments
are available upon request.

Applied

lectronics

) orporation

OF NEW JERSEY

TWX METU. 708
SALES OFFICES:
SANTA MONICA

[ smoke-jet

rotation of frame about
this screw adjusts pulses

clectric-bell
frame "\
1
weight of nuts 8

adjusts frequency 8]
of pulses X

pliofilm
diaphragm

tvbe from
smoke
genevator

connection to

manifold

A simple device for pulsing the streams of smoke in a smoke tunnel

chopper to send the smoke out into the
tunnel in small puffs or pulses instead
of in a continuous stream. I was able to
measure the frequency of these pulses
(780 per minute). With the pulse fre-
quency known, one has only to measure
the distance between puffs on test
photographs to calculate velocities pre-
cisely. When an obstruction such as a
divergent nozzle is placed in the tunnel,
the increase in velocity through various
regions of the constriction show clearly
[see illustration on page 210].

“The modified doorbell is supported
by a wooden bracket as shown in the
accompanying illustration [above]. This
provides an adjustment for altering the
impact of the clapper on the pliofilm
diaphragm, thereby controlling the am-
plitude of the smoke puffs. If the dia-
phragm action is too strong, the smoke
pulses become smoke rings, an interest-
ing but unsatisfactory effect. Although
the bell was originally designed to op-
erate from a six-volt battery, in this

velocity
pattern

device it works best on a volt and a half.
“I used an electronic stroboscope for
timing the frequency of the pulses. This
consists of a variable oscillator that trig-
gers a high-speed gas-discharge lamp.
The speed of the flashing lamp is varied
until the smoke puffs appear to stand
still. The flash rate is then read from a
calibrated scale on the oscillator. If an
experimenter does not have access to
such apparatus, a motor-driven stopcock
designed to operate at a known speed
could be inserted in the smoke line.
“Among the interesting phenomena
opened to investigation by the pulsed
smoke tunnel is the shearing action in
the boundary layer between the fluid
and a solid surface, as shown in the ac-
companying photograph [below]. Both
the thickness of the boundary layer and
the velocity distribution through it can
be determined with fair precision. In
this case the smoke velocity beyond the
boundary layer is .79 foot per second. The
transverse Reynolds number is 960.”

How pulsed smoke streams were used to investigate shearing in the boundary layer
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“Tell me with whom thou art found, and I will tell thee who thou art.” — Goethe (1749-1832)

Convair Astronautics has one of the largest and best
equipped combined digital and analogue computer facilities
in the country. This laboratory is staffed with professional
scientific personnel of superior capability and achievement,
and is currently engaged in supporting projects MER-
CURY, CENTAUR, MIDAS, SAMOS, and the continuing
ATLAS research and development program.

Needed to join this outstanding organization are:

SCIENTIFIC PROGRAMMERS with experience in sym-
bolic notation, the Fortran II, and the IBM 704 and 7090
computers. Business programmers also needed.

COMPUTER ANALYSTS for logical design, the analysis
of the role of special purpose computers in space vehicle

CONVAIR | ASTRONAUTICS

guidance, and the translation of guidance philos-
ophy into computer functions.

LOGICAL DESIGNERS are also needed for the
design of computer interconnection equipment and
the development of automated equipment.

At least a BS degree is required and advanced
degrees will be preferred.

Whether or not the urgency of these programs
interests you now, write immediately for further
information about these exciting programs and how
they concern you. Write to Mr. R. Merwin, Engi-
neering Personnel Administrator, Dept. 130-90,
Convair Astronautics, 5529 Kearny Villa Road,
San Diego, California.

CONVAIR
DIVISION OF

GENERAL DYNAMICS
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in ten seconds? ! r

With the high speeds of today’s jet
aircraft, keeping track of hundreds of
planes is a difficult problem. The tac-
tical situation is not only complex, but
fast-changing.

Hughes Fullerton engineers have solved this prob-
lem with a unique and highly advanced digital
computer. This computer simultaneously tracks
large numbers of aircraft and provides three-
dimensional coordinate and velocity information
on them.

These Fullerton engineers have designed the com-
puter to provide extrapolated position data to the
observer several times per second. In addition, it
will measure the position and report velocity
characteristics changes every few seconds for each
of a large number of targets.

The computer utilizes advanced semiconductor cir-
cuitry throughout. The out-puts to the displays
are made through high-speed digital to analog
converters capable of providing an accuracy of
one part in ten thousand — and within 10 x 10-6
seconds.
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This giant transmitting antenna creates the
beam for experimental antenna pattern measurements
— part of the Hughes microwave research and develop-
ment programs.

Housed in the tip of this Hughes survey meter is
the smallest, fastest, most accurate radiation detector
ever devised — just one example of Hughes’ activities in
the expanding field of nmuclear electronics.

Utilizing the latest techniques in packaging and
subminiaturization, Hughes Fullerton Engineers
have designed this unit as a mobile system which
will withstand rigorous field use.

Other Hughes activities provide similarly stimu-
lating outlets for creative engineers. Constantly
moving forward into new areas, Hughes projects
include: hydrofoil systems, anti-submarine war-
fare systems, miniaturized communications sys-
tems, new solid state electronics devices, nuclear
electronics systems and unique navigational sys-
tems — just to name a few.

The commercial activities of Hughes have many
interesting projects for engineers in the research,
development and manufacture of semiconductors,
microwave components, storage tubes, radiation
detectors, radiation handling equipment and
microwave tubes.

Whatever your field of interest, you’ll find
Hughes’ diversity of advanced projects gives you
widest possible latitude for professional and
personal growth.

Newly instituted programs at Hughes have created immediate
openings for engineers experienced in the following areas:

Semiconductor Product Eng.
Microwave & Storage Tubes
Communications Systems
Inertial Guidance

Field Engineering

Circuit Design & Evaluation

Computer Components
Infrared

Anti-submarine Warfare
Digital Computers
Electro-optics

Systems Design & Analysis

Write in confidence to Mr. M. W. Welds
Hughes General Offices, Bldg. 6-F-11, Culver City, Calif.

Creating a new world with ELECTRONICS

e

. HUGHES

1
1
1
1
1

HUGHES AIRCRAFT COMPANY

Culver City, EI Segundo, Fullerton, Newport Beach,
Malibu, Oceanside and Los Angeles, California;
Tucson. Arizona.
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The Library of Science

invites you
to enrich your

permanent
science library

at substantial
savings

An expanding world of knowledge, presented by leading scientific discoverers and thinkers

— 26 fine volumes currently available at reduced Member’s Prices

PRINCIPLES OF GEO-
CHEMISTRY, by Brian
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tion. LisT PrICE $8.50

MEMBER’s PRICE $5.95
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DIAGRAMS, by Martin

Gardner. LIST PRICE $5.00
MEMBER’s PRICE $3.95

MORRIS KLINE:
Mathematics and the
Physical World.
LisT PrICE $6.00
MEMBER’S PRICE $4.95

V. A. FIRSOFF:

Strange World of the

Moon. LisT PRrICE $6.00
MEMBER’s PRICE $4.95

SPACE BIOLOGY, by Han.
rahan & Bushnell.
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MEMBER'’s PRICE $4.95

ANTHROPOLOGY TODAY,
ed. by A. L. Kroeber. 966
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MAX JAMMER:
Concepts of Space and
Concepts of Force.
COMBINED LIST PrICE $9.25
MEMBER’s PRICE $6.25

FOSSIL MEN, by Marcellin
Boule & Henri V. Vallois.
LisT PrICE $9.50
MEMBER’s PRICE $6.50

[ The Library of Science

THROUGH membership in The Library of Science, you may systemati-

cally enrich your library with the most important scientific literature
—always at welcome savings. Listed here are 26 typical current Selec-
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ELECTRONIC DATA PROC-
ESSING, by Nett & Hetzler.
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Electrons, Waves and
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Animal Behavior. Based
on research at the Jackson
Memorial Laboratory.
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GAMES AND DECISIONS:
An Introduction to Game
Theory, by R. Duncan Luce
and Howard Raiffa.
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MEMBER’s PRICE $5.95

R. B. BRAITHWAITE:
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The basis of scientific rea-
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59 Fourth Avenue, New York 3, N. Y. i

Enroll me as a member and send my choice of

" Membership Gift, along with my first Selection at the |

reduced Member’s Price, as indicated below. I need
take as few as 5 more Selections during the next 24
months from the 75 or more available, and I receive a
free Bonus Book of my choice after every 4 selections.

Membership Gift

First Selection

Additional Selections Desired

Name.

Address.

City ___Zone

State

216

CHARLES SINGER:

Short History of Scientific
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FRED HOYLE:
Frontiers of Astronomy.
LisT PrICE $5.00
MEMBER’s PRICE $3.95

FALLOUT:
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vival, ed. by John M.
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PHYSICAL THEORY OF
NEUTRON CHAIN REAC-
TORS, by Weinberg & Wig-
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LisT PrICE $15.00
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PROBABILITY THEORY
AND ITS APPLICATIONS,
by William Feller.
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MEMBER’s PRICE $6.95

THIS SCULPTURED EARTH,
by John A. Shimer. 105 il-
lustrations. Geological
forces and the changing
landscape. LisT PrICE $7.50

MEMBER’S PRICE $5.50

FRONTIERS IN SCIENCE,
ed. by Edw. Hutchings, Jr.
Contributions by Pauling,
Oppenheimer, Hoyle,
Beadle, others.
LisT PrICE $6.00
MEMBER’s PRICE $4.95

SCIENTIFIC AMERICAN

READER, by the editors of

Scientific American; 57 dis-
tinguished contributors.

LisT PRICE $6.50

MEMBER’s PRICE $5.25

WILDER PENFIELD

and LAMAR ROBERTS:

Speech and Brain-Mech-

anisms. LIST PrICE $6.00
MEMBER’s PRICE $4.95

ATOMS & THE UNIVERSE,
by Jones, Rotblat & Whit-
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MEMBER’s PRICE $3.95

THE MODERN ASPECT OF
MATHEMATICS,
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RIVERS IN THE DESERT,
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MATHEMATICS DICTIONARY,
ed. by Glenn and Robert C.
James. Over 7,000 definitions
of mathematical terms, con-
cepts and relationships; 27
differentiation formulas; 423
integral tables; denominate
numbers; more than 400 math-
ematical symbols.

LisT PrICE $15.00

THEORIES OF THE UNIVERSE,
ed. by Milton K. Munitz &
MATTER, EARTH AND SKY,
by George Gamow. From the
structure of the molecule to the
reaches of space—a panoramic
presentation of man’s growing
knowledge of the universe,
from ancient times through
today. 1030 pages, total.

LisT PrICE $16.50

SCIENTIFIC ENCYCLOPEDIA.
1839 pages, 1456 illustrations,
more than 1400 articles, over
100,000 definitions. The famous
classic of scientific reference,
surpassing any work of its kind
for breadth, depth and com-
prehensiveness.

LisT PRICE $29.75



by James R. Newman

TRIBES OF THE SAHARA, by Lloyd Cabot
Briggs. Harvard University Press
($6).

r I Yhe Sahara is an immensely varied
landscape, not the desolate rolling
sea of sand that has lodged itself in

popular imagination. The Arabic word—

properly sahra—means “wilderness” or

“emptiness.” So much is true, for it is a

vast empty quarter, by far the biggest

desert in the world, stretching some

2,500 miles from the Red Sea to the At-

lantic Ocean along the Tropic of Cancer

and varying in breadth between 800 and

1,200 miles from north to south. Cover-

ing more than three million square miles,

it is larger than the continental U. S. and
twice as big as all of Europe west of the

Russian border. Scattered over this huge

plateau are less than 2.5 million persons,

compared with some 385 million in the

European area mentioned.

Empty it is, but not monotonous.
Roughly a fifth of the Sahara, it is true,
consists of sandy wastes. Two thirds of
this surface is sandy plains, with minor
groups of dunes; the remaining third is
the feared Great Erg, characterized by
the spectacular dune formations which,
ornamented by a lone rider or by mys-
terious bands of Arabs astride their
“ships of the desert,” fill the mind’s eye
when the Sahara is mentioned.

Yet the Great Erg is barely a 15th of
the whole. Gravelly plains and rock-
ribbed plateaus cover much of the des-
ert’s surface. There are closed depres-
sions of all shapes and sizes; steep-walled
valleys, such as the Mzab and the Metlili,
which lie deep enough so that the tops
of the minarets in the valleys do not
quite reach up to the level of the sur-
rounding plain; low buttes with flat tops,
all that remains of a still older plain;
and huge mountain chains in the mid-
dle of the desert, the volcanic massifs
of the Tibesti and the Ahaggar, with
tremendously high cliffs (over 2,500

BOOAY

Concerning the diverse lands and peoples

of the world’s largest desert: the Sahara

feet) and occasional peaks, such as the
Emi Koussi, towering up well over two
miles. The mountains are the putative
parents of the desert. Once it was
thought that the Sahara was the bed of
an ancient ocean, but the prevailing
geological view is that the volcanic
mountains were worn down by heat,
cold, wind, fierce rain and sand storms,
which crumbled the rock and laid down
the blanket of sand over the plains. In its
complex of features the landscape of the
Sahara appears to illustrate the effects
of “major erosion cycles and the various
transitional phases connecting them, all
neatly laid out as though modeled after
a diagram in a geology textbook.”

No less varied than the landscape is
the climate. Winter and summer means
of air temperature in the shade are in
the neighborhood of 52 and 98 degrees
Fahrenheit; extremes run from 20 de-
grees to 130. The thermometer may fall
50 degrees at sunset. In the northern
desert the relative humidity is sometimes
higher than at Paris, but in midsummer
it may drop to as low as 23 per cent.
The annual evaporation rate (60 to 140
inches) is three to four times that along
the Mediterranean coast, so that in the
summer no one can safely go for more
than 24 hours without water. The Sa-
hara is not noted for its rainfall—as a
whole it gets less than two inches annu-
ally, as against Phoenix, Ariz., say, which
gets seven inches—but the variations
from year to year and even from place to
place are enormous. Parts of Fezzan have
as much as four to six inches a year.
Tamanrasset and In Salah have known
periods of four to five years during which
no rain fell. It is this irregularity of rain-
fall that accounts for the small amount of
cultivated land. Prolonged droughts,
which increase in duration as one moves
from north to south, rather than total
rainfall over long periods, determine the
fertility of the land. The contrasting
ratios of cultivated to uncultivated land
are striking: 1 to 270 in the Annex of
El Oued, 1 to 3,500 in El Goléa, 1 to
75,000 in the Ahaggar. Occasionally
when it rains it pours: incidents are
known of almost two inches of rain fall-
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ing in a couple of hours. When this hap-
pens, powder-dry gullies are suddenly
filled with roaring bores of water several
feet high. For this reason nomadic camps
are very rarely pitched close to the dry
bed of a stream.

Sandstorms are more frequent than
rain. They occur in winter and early
spring, often brought on by a low-pres-
sure area over the Atlantic moving to-
ward the African coast, causing a shift
of the prevailing winds from north to
south and a rise in temperature and
humidity. In his standard text Le Sahara
Frangais the French writer Robert Ca-
pot-Rey describes the scene: “Suddenly
the wind shifts to the southwest, grow-
ing in force from minute to minute; the
sun is covered over and a distant wall of
sand blots out the horizon. The wind
begins to assume the proportions of a
gale and streaming wisps of sand like
trembling nets race over the ground. . ..
This is the moment for action when
shelter must be found as quickly as pos-
sible.” Crops, domestic animals, human
life—all are adversely affected by sand-
storms. Sometimes the damage is catas-
trophic, although it is doubtful that the
stories are true of entire caravans being
swallowed up and buried.

It is a land that is more thirsty than
empty: thirst is the burden of the Sahara,
the key to its history, the taskmaster of
its people. Where water is and where it is
not determines the sites of cities, the
routes of caravans, the products of the
land, the occupations and dress and diet
and ways of life of the inhabitants. The
few favored spots are those with ample
natural springs; there one may find oases,
ponds, groves of trees. Other sources of
water are hand-dug artesian wells vary-
ing in depth from 20 to more than 200
feet and just wide enough for a well-
digger to stand inside and swing a short-
handled pick. Many of these require con-
stant attention because they are likely
to cave in, get choked or even obliterat-
ed by sandstorms. The desert well that
is reached after a long and bitter march,
only to turn out to have run dry, is a
familiar dramatic device. It has some
basis in fact; more often the well is not
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Books on Science from
Philosophical Library

ANALOGUE AND DIGITAL
COMPUTERS

by A. C. D. Haley and W. E. Scott. This basic survey
for electrical engineers covers number representation,
circuit elements, input and output equipment, pro-
gramming and machines. Illustrated. $15.00

MODERN ELECTRONIC
COMPONENTS

by G. W. A. Dummer. A comprehensive summary of
the characteristics of the more commonly used elec-
tronic components and their behavior under normal
stress conditions. $15.00

ELECTRONIC BUSINESS MACHINES

Edited by J. H. Leveson. Experts in design, installa-

tion and application di s the practical aspects of
these machines, ng descriptions of latest
equipment, punched cards and tapes. $15.00

ELECTRONIC COMPUTERS
Revised Edition

5. Ivall. Extensively revised, the emphasis

ital and analogue computers, their circuit

construction and application, with special em])hdsls
$

on automation and control systems.
DICTIONARY OF AERONAUTICAL
ENGINEERING

by J. L. Nayler. Defines the latest terminology in
aerodynamics, aero engines, electrical and electronic
engineering, helicopters, jets, propellents, rockets
and V.T.O.L. aircraft. Jllustrated. $10.00

AEROSPACE DICTIONARY

by Frank Gaynor. Introduction by Wernher von
Braun. Up-to-the-minute information on the many
phases of rocketry and astronautics. Includes all ab-
breviations for missiles and various vehicles, plus
descriptions of U.S. and TU.S.S.R. missiles. $6.00

THE UPPER ATMOSPHERE
by H. S. W. Massey and R. L. F. Boyd. An authori-
tative account of the phenomena studied during the
International Geophysical Year, including aurorae,
cosmi: ays, meteors, ionization, radio absorption,
spectro, hic devices and balloons. 27 plates; line
drawings; index. $17.50

CLASSICS IN SCIENCE
Edited Ly E. N. da C. Andrade. A cohesive presenta-
tion of scientific ideas from the writings of Aristotle,
Newton, Lavoisier, Darwin and many others.  $6.00

CLASSICS IN BIOLOGY
Edited by Sir S. Zuckerman. Concerned with the
process of evolution, this volume presents writings by

Huxley, P’asteur, Darwin, Mendel, Lister, Fleming
and others. Biographical notes, glossary and us\de\
6.0

DICTIONARY OF MECHANICAL
ENGINEERING

by Alfred del Vecchio. Prime definitions in architec-
ture, automatic controls, engineering mechanics, elec-
tricity, heat treatment of metals, welding, etc.

Ilustrated. $6.00
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FOR POWER SYSTEMS:
Their Behavior, Capabilities and Rating

by R. Langlois-Berthelot. A detailed examination of
the great progress now being made in this field in
America, France and Britain. $12.00

ENGINEERING MATHEMATICS

by J. Blakey and M. Hutton. Amply covers the pure
mathematics required for a degree in engineering—
also providing invaluable aid to engineers and ad
vanced students. Illustrated. $10

MATHEMATICS REFRESHER

by Kurt Wolter. An indispensable review book for all
practising engineers and students, Illustrated. $3.75

CHEMISTRY OF NUCLEAR POWER

by J. K. Dawson and G. Long. An account of the ex-
tensive part played by chemists in the development
of nuclear power. $10.00

NUCLEAR POWER PLANT
by E. Oppenshaw Taylor. A survey of the fundamental
ideas underlying nuclear power generation. 7.50
NEUTRON DETECTION

by W. D. Allen. A comprehensive study of principles
and standards, instruments and applications of neu-
tron detection. Extensive bibliography. $10.00

PROPERTIES OF MATTER

by F. C: Champion and N. Davy. An enlarged edition
of a standard text; the subject reorientated from a
philosophical point of view to atomic interpretations.

ATOMIC TERMINOLOGY
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ciated fields. $6.00
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| dry but the water is so unpleasant to the

taste and so powerfully cathartic that,
while the traveler drinks so as not to
perish, he knows that drinking will make
him violently ill. Another important wa-
ter-gathering device is the foggara, al-
ready known in Persia during the time of
Darius. This is a system for drawing wa-
ter off the top of a sloping water table by
means of a long tunnel and a line of
vertical shafts, 20 to 50 feet apart,
stretching for eight to 10 miles. The
water flows by gravity from a water-
soaked area to vegetable gardens or
other places under cultivation. In a sin-
gle region—the Touat, for example—
there are 950 miles of such galleries, and
even a small oasis may have 20 miles. By
these means of irrigation date palms, the
most important cultivated fruit-produc-
ing tree of the Sahara, are raised. (Dates,
according to a popular saying, are to the
people of the Sahara what wheat is to
the French and rice to the Chinese.) The
oases also yield fruits, cereals, vegetables
and tobacco. The desert has great de-
posits of carbonate of soda that have
been worked since the sixth century, and
rich deposits of iron, oil and uranium,
whose profitable exploitation has scarce-
ly begun.

But the mineral and vegetable re-
sources of the Sahara, important though
they are, are so unevenly distributed
that they could not support the seden-
tary population were it not that they can
be transported and extensively used in
trade. The hero of this activity is of
course the camel.

The camelis a strange, marvelous and,
on the whole, unpleasant beast. It is
stubborn, unfriendly and both remark-
ably rugged and remarkably frail. Ten-
der loving care has its place in camel
education as in ours. When its masters
are brutal, as are the Arabs, it is less
tractable than when they are patient, as
are the Tuareg; yet in either case it is
sufficiently cantankerous so that “few
who know camels well ever ride one
when there is any other way of getting
where they want to go.” Riding camels
are graceful and imposing: taller, finer
boned, more sensitive and delicate than
their “servile and less pampered cous-
ins,” the camels of the caravans and
baggage trains. The riding camel dies
suddenly of exhaustion on the march
(often in its sleep, shortly before dawn) ;
the baggage camel is more likely to work
out its last decrepit years pulling on a
well-rope. A good mount can cover ex-
traordinary distances at high speed:
cases are known of picked animals travel-
ing 400 miles in six days and nights. Bag-
gage camels usually do 15 to 20 miles a
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day under loads of 400 to 500 pounds.
Camels can be eaten and sometimes are,
but they are a capital investment and are
no more likely to be slaughtered for meat
than a lifeboat is to be chopped up for
firewood. (Within the past 20 years,
however, certain nomad tribes have be-
gun to raise camels for sale to butchers
in neighboring commercial centers.)
Camels also give milk, which is a prized
luxury throughout the desert.

The camel makes nomadic life pos-
sible, but it is not the only important
domestic animal of the Sahara. Sheep
are raised in the northern region, some
woolly and white, some hairy and brown;
they are good exchange merchandise for
dates and textiles. Long-coated and
short-coated goats are domesticated;
humpbacked cattle (zebus) are also
raised, as are horses. Dogs, cats and
chickens are kept for various purposes.

Much is known, as is indicated even
by this sprinkling of facts, about the
landscape and natural resources; and the
more one learns the more one realizes
what a fascinating region it is, how dif-
ferent from the widely accepted notion
of it. Of its peoples much less is known.
The literature—not only the older geog-
raphies and histories but even the mod-
ern studies based on the direct observa-
tions of explorers~presents at worst a
wildly misleading, at best a superficial or
narrowly limited picture. The book I am
reviewing (which I have already plun-
dered to describe the land and its re-
sources) is by far the best work of its
kind: engrossing in itself, an education,
a corrective to confusion and error.
Lloyd Cabot Briggs is Research Fellow
in North African Anthropology at Har-
vard University. Now living in Algiers,
he devoted 12 years to preparing a tech-
nical monograph, The Living Races of
the Sahara Desert, and the present, more
general summary. Part of this time was
spent in living among the desert tribes,
part in studying the huge Saharan litera-
ture. “More pure balderdash,” he says,
“has been written and repeated about the
tribes of the Sahara than about almost
any other peoples of the world.”

After an excellent chapter on the
physical geography of the Sahara, Briggs
sketches the history of the desert. It has
never been, one learns, the “land of im-
penetrable mystery, the vast, unknown,
and culturally stagnant wilderness that
so many seem to have believed.” Since
prehistoric times it has had its settle-
ments, its tribes of nomadic hunters and
herdsmen. Commercial traffic has criss-
crossed it for hundreds of years. Ex-
plorers and travelers penetrated to its
heart in the 19th century. Long before
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Eastman 910 Adhesive
solves another
production bottleneck

Templet Industries, Inc., Brooklyn,
N.Y., produce steel-rule stamping dies
that can cut through 1-inch steel plate.

Neoprene ejector springs, conform-
ing to the shape of the die, are mounted
alongside the steel rules on the base
plates. Bringing the dies together com-
presses the neoprene. When the dies
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| that whole armies traversed the land in
marches of conquest. The Persians and
the Romans once controlled the eastern
portion; there were great Arab invasions
in the 11th century; the Portuguese un-
der Prince Henry the Navigator estab-
lished commercial outposts and built up
a flourishing slave trade; the Turks ruled
loosely in the eastern Sahara in the 19th
century, followed by the Italians; the
French, once they got a foothold, gradu-
ally extended their sphere of influence
southward across the western desert.

In short, not since pre-Roman times
have the peoples of the Sahara been cut
off from either their neighbors or the out-
side world. They have continued to live
essentially as they lived then, “as links in
a network of chains of communication,
somestrictlylocal,someregional or inter-
regional, and others reaching far beyond
the continent of Africa.” But now this
pattern is beginning to disintegrate un-
der the pressure of mechanized transport
and economic boom. Towns are spring-
ing up around oil wells; desert tribesmen
are flocking to them to sleep in air-
conditioned huts with running water and
to eat European food prepared under the
direction of professional dietitians. Jeeps
and special desert trucks (equipped
with refrigerator and deep-freeze units)
‘ are making tracks in areas where no

vehicle has been seen since the days of
[ the chariot. And the people themselves
are changing: Briggs speaks of an aristo-
cratic young desert warrior of the Ahag-
gar Tuareg recently boarding a north-
bound plane at Tamanrasset, dressed in
a soft felt hat, a black leather jacket and
blue jeans.

The Sahara has many cities, and they
are as diverse as the landscape. Oases,
watering points, small agricultural cen-
ters stud the southern half. They are
peopled mainly by Negroid folk, known
by the general term Haratin. The emer-
| gence of this group from a neolithic
nucleus of Negroid Sudanese and white
Mediterraneans, later mixed with Berber
refugees, bush Negro slaves and others,
is a story too complex to untangle; but
the mixture of the strains is thought to
be one reason why the Haratin seldom
have a language of their own but speak
that of the white group with which they
are in contact. They work their little gar-
dens as sharecroppers, the landlords be-
ing whites and often warlike nomads.
Haratin homes are dugouts, patched-up
tents or zeribas, which are huts made of
grass or palm fronds attached to a frame-
work of sticks; the more prosperous live
in one-story adobe houses with two or
three windowless rooms. A Haratin cen-
ter has a few tiny shops that offer cloth,

© 1960 SCIENTIFIC AMERICAN, INC

salt, sugar, tea and tobacco, and some-
times simple hardware, cheap perfume
and manufactured leather goods. The
town, if such it may be called, usually has
a couple of bakers, a tailor, a butcher or
two. It is also likely to include two or
three families of smiths, a special class of
people identifiable by their economic
function and social position, and found
scattered clear across the Moslem world.
They make iron, copper and brassware;
they are jewelers, tinkers, tanners; they
are also regarded with superstitious awe
as makers of amulets and charms, “brew-
ers of insidious concoctions and casters
of powerful spells.” Like a witch doctor
or an alchemist—or shall we say a scien-
tistP—a smith is despised and feared; he
lives apart, comes and goes as he pleases,
and is unmolested. The history of smiths
is uniformly obscure, but there is reason
to believe, says Briggs, that some of them
may have enjoyed an unexpected degree
of importance in the past.

Among the many strange people of
the desert are the Dauada, a tiny tribe
of the eastern Sahara. Like the Haratin
they are sedentary food gatherers, but
they are not servile sharecroppers. Some
few hundred souls in all (together with
a handful of assimilated refugees from
neighboring nomadic tribes) live in tiny
clusters of zeribas on the shores of three
small, very salty lakes in the Erg Oubari.
From these lakes they gather a primitive
kind of shrimp, an eighth of an inch
long, which flourishes in such abundance
that at times the water actually looks
pink. This shrimp, Artemia salina, is their
most important economic resource; it is
known as dood, an Arabic word for
“worms,” and has given its name to the
Dauada, which means literally “worm-
ers.” Briggs characterizes the Dauada as
“one of those humble, colorless and rath-
er unattractive little groups which pass
almost unnoticed in the presence of rela-
tively spectacular and interesting neigh-
bors, in this case warlike pastoral nomads
and rich merchants of the caravan trade.”
It seems altogether amazing that such
little tribes should survive, stubbornly
holding on to their land and their ways.

In the central zone of the Sahara there
are fewer pure agricultural centers and
more trading places. The gardens are
larger and furnish food not only for the
towns themselves and the sedentary and
nomadic landlords, but for merchants
and traders. As one moves northward,
this trend is accelerated. Larger urban
centers are transfer points on caravan
routes and market places which, in
Briggs’s apt phrase, act as “pumping
stations” on pipelines of trade, and thus,
incidentally, stimulate the flow of “cul-
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tural currents across and beyond the
limits of the desert.”

Fairly typical of this category are the
five little walled cities of the Mzab, with
Ghardaia, founded in 1053, as their cap-
ital. The dwellings of such fortress towns
are often crowded together on a rocky
outcrop; the gardens and palm groves
lie in the bottom land. A town house is a
cubical affair, 30 to 40 feet on a side,
two or three stories high, with thick
walls of stone or adobe brick finished
with a coat of clay. Ground-floor rooms
are eight to 10 feet high, the bedrooms
windowless. Heavy housework is done
downstairs; above is a formal parlor
where honored guests are entertained.
On the roof terrace rugs, bedding and
laundry are put out to air and dry, along
with a dog and perhaps a goat, and here
the women sit and sun themselves while
the children play.

The political organization of the urban
centers is worth noting. Almost univer-
sally, says Briggs, the community is di-
vided into two parties, loosely referred
to as sofs. These are political factions,
usually of the more conservative and the
more progressive citizens. As in all things
there is a yin and a yang, Democrats and
Republicans, so “pairs of sof-like parties”
are common among Moslem communi-
ties in many lands. What is important is
the division and opposition rather than
its cause. Sometimes the major parties
consist of those who live in different
halves of an oasis—the right and wrong
sides of the track, so to speak. Some-
times the dichotomy is expressed in the
fact of two mosques, representing an old
and forgotten dispute over religious doc-
trine (e.g., whether Aisha, the young
wife of the prophet Mohammed, was
faithful or a cheating hussy) ; sometimes
the cleavage is ethnic. Whatever its other
merits, the Saharan two-party system
seems to have at least one strong point:
since the factions are pretty evenly bal-
anced, the danger is small of a basically
republican form of government turning
into a dictatorship, either by the dis-

| proportionate weakening of one party or

by splintering into groups so small and
numerous as to be incapable of resisting
despotic encroachment.

Socially debased groups, it should be
pointed out, do not affiliate with the
major factions. Even so, among certain
minorities, the dual pattern is repro-
duced in miniature. Thus, for example,
the Jews of Ghardaia, of whom there are
only about 1,200, are bitterly split into
two parties which disagree violently on
nearly all questions of general policy.
They stand together against Moslems
and Christians, but on all other issues,



social or economic, they are implacably
antagonistic, even though members of
opposing factions often live in adjoining
houses.

The Mzabite form of government is
a “theocratic autocracy.” Each communi-
ty is ruled “with a rod of iron” by two
councils of elders chosen mainly on the
basis of age and religious learning. A
theocratic council, the halga, has su-
preme legislative and judicial power,
while the djemaa, a lay council, has
the executive function. So absolute is the
power of the councils, and so great
the fear they inspire, that in Algiers
Mzabites have been secretly tried, con-
demned and even executed without the
knowledge of the French authorities.

The preferred form of niarriage among
Mzabites is between children of broth-
ers. Boys marry when they are 17 or 18,
girls when they are 12 to 14, and al-
though a French law forbids the mar-
riage of girls under 14, the Mzabites are
exempted from its provisions. When a
Mzabite man goes off to set up a grocery
shop in one of the cities of northern Al-
geria, which is not uncommon, and
leaves his wife behind, any child she
bears within two years of his departure
is by Mzabite legal theory held legiti-
mate. Since it is the practice for the de-
parting father to hang up a pair of his
trousers in the bedroom (either, Briggs
suggests, as a proxy “endowed with
power of magical procreation” or “as a
concrete symbol of his spiritual pres-
ence”), the Mzabites, though perfectly
prepared to grant legitimacy to the child,
permit themselves the term “child of the
trousers” for a baby born more than nine
months after the husband’s departure.

Briggs’s chapter on the sedentary
tribes contains an immense amount of
information on the many different peo-
ples in the urban centers: Arabs, Berbers,
Jews, Negroes; people who have their
own cherished ways, their own (often
unchangeable) social and economic
status, their own religious beliefs and
practices, and who, despite profound
differences, manage to live side by side
in peace. The material makes an admir-
able monograph in itself, yet it is no
more than the forerunner of a series of
excellent chapters devoted to the main
groups of Saharan tribes, which are
nomadic.

He describes the Tuareg, numbering
some 140,000 persons, who are divided
into three confederations, of which the
Ahaggar branch, with whom he has
lived, receive his main attention. In
Henri Duveyrier’s words, the Tuareg
“are all thin, dry and sinewy; their
muscles are like springs of steel.”
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are among the tallest people in the world |
| (averaging only half an inch under the
average male American), white-skinned
| (when not sunburnt), thin-nosed, dark-
haired, dark-eyed. But since men are
known to stray and nature enjoys its
little jokes, red-haired Tuareg with blue
eyes and freckles are not unknown; there
are also many who are visibly Negroid, in
both the noble and vassal classes. The
Tuareg live in leather tents, preferably
made of goatskin. Among their house-
hold goods are sheepskins, rugs, leather
bags for food, saddles, bridles, weapons,
| wooden bowls, funnels, spoons and a
| quern of neolithic or Roman type for
grinding corn. The spoons, by the way,
are an interesting item, because until
very recently all Saharan peoples other
than the Tuareg ate with their fingers.
Camps are pitched in an inconspicuous
spot on high ground and are kept very
tidy and clean. Leather shirts used to be
worn, reaching below the knee; 2,500
years ago Herodotus described Libyan
women as wearing fringed garments of
red leather, and some Tuareg women
still do, but the costume is getting rare. |
The men today wear loose baggy trousers
of dark blue or black cotton cloth, held
in place with a braided leather cord.
The seat is baggy, the ends of the legs
are sewed up to fit snugly around the
ankles, there are no pockets and no fly.
A huge rectangle of white cotton cloth,
eight feet wide by 10 feet long, called a
gandoura, folded over on itself with a
V-shaped opening for the head and neck
and sewed so as to leave the bottom and
most of both sides open, is worn next to
the skin, and usually a blue gandoura is
worn over it. In cold weather an Arab
burnous, a long hooded cloak made of
wool or of camel’s hair mixed with wool,
serves as an outer garment. Standard
footgear is a thin-soled sandal, shaped
like a big figure eight and held in place
by leatherthongs. Among the armaments
carried before the introduction of mod-
ern firearms were swords (imported
from Italy, Germany and Spain), arm
daggers, seven-foot iron spears, javelins,
and shields made of antelope hide. Arm
rings made of a soft greenish stone,
boiled in fat to turn them black and give
them a lustrous finish, are worn by
Tuareg men as jewelry; their original
purpose was to protect the blood vessels
and tendons of the sword arm.
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think it “shockingly indecent” to let the
mouth be seen by anyone to whom one
owes formal respect. While eating and
drinking, the left hand is slipped under
the veil to hold it away from the chin
and mouth and to continue to conceal
them during the process. How one ar-
ranges the veil is intended to reflect
changes in mood and attitude, social
status, clan affiliations and the like.
(Among some of the American Plains
Indians, buffalo robes are disposed in
various ways about the neck and shoul-
ders for the same purpose.)

The ancestry of the teguelmoust, the
custom of veiling men instead of women,
the practical uses of the veil as a pro-
tection against the sun and a conserver
of moisture are considered in detail, as
are the dress and cosmetic practices of |
Tuareg women, the disinclination of the
people to bathe (“a dirty-looking, bluish
skin is admired as a symbol of prestige”),
diet (mainly milk and milk products),
food consumption (which is barely
above the starvation level) and their
taboos (e.g., they don’t eat hen’s eggs
because hens live on unclean refuse, and
they don’t eat certain large lizards be-
cause they are “maternal uncles” of the
Tuareg).

The range of the Ahaggar is about the
size of New York, Pennsylvania, Virginia
and Maryland put together (i.e., 146,000
square miles) and supports a native
population of about 12,000—half as
many persons, Briggs observes, as work
in the Pentagon. Of this number about
4,500 are Tuareg, 4,000 are Negro slaves
and 3,500 are sedentary Haratin. The
Ahaggar Tuareg are further divided into
tribes, each headed by a noble clan
which has satellite vassal clans. The
premier noble clan provides a chief, se-
lected by a clan council made up of the
male heads of households; he must be
confirmed by a council of representatives
of all the clans of the entire tribe, for
the nice practical reason that his tenure
depends on the willingness of the tribe
as a whole to pay him tribute.

Rank and privilege are inherited
through the mother, property from both
parents. Boys are circumcised between
the ages of five and seven. Young ladies
remain virgins until wed, though mar-
riage usually comes late: 20 to 25 for
women, 30 for men. Monogamy is the
rule, divorce is disapproved, adultery is
neither more nor less prevalent than in
most cities where husbands often go off
on their business for months. A cuckold-
ed husband has the legal right to kill his
wife and her lover, but as a rule he is less
violent and merely shucks her off; or he

may decide to keep her, in which case
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he sees to it that the corespondent is |

fined. A betrayed wife either goes back
to her people or follows the universal

custom of pretending to be ignorant of

the whole affair.

After explaining fully the high place |

of women in the Ahaggar, and the con-
cept of “courtly love” which permeates
their whole system of intersexual rela-
tions, Briggs describes their daily way
of life. Like all Saharan nomads, the
Tuareg live primarily off their livestock;
and since livestock in turn lives off pas-
turage, which is sparse, the clans break
up into small, mobile groups which move
frequently and over long distances, but
always within the tribe’s territorial limits.
The Tuareg have a class system that is
rooted in their environment and reflected
in their activities. The nobles, together
with the headmen of the vassal clans,
ride out in search of new pastures and
also act as military scouts on the lookout
for enemy raiders or victims. The vassals
manage the flocks and herds and con-
stitute an armed reserve that can be
called up for large raids. The slaves—
Negro captives from the Sudan or their
descendants—do domestic service and
household chores, while their sons serve
as shepherds. (All slaves, it should be
noted, are now theoretically free, but in
practice they are still chattels who can
be bought, sold and inherited.) Super-
ficially it may seem that this is a feudal
order like that of medieval Europe, but
the comparison is false. On the one hand,
Briggs observes, the pastoral community
can only survive nomadically, and “no
community of nomads can survive with-
out a rigidly formalized division of labor
and firm authority based on established
rank”; on the other hand, it is the vas-
sals who are really in control “for they
can make and at least in theory break
the mightiest of all the nobles, the
Amenokal himself, and they can do so by
peaceful means, again at least in theory.”
Their government is in fact “a kind of
republic” (as opposed to a democracy)
and not an absolute monarchy or military
aristocratic autocracy.

The Tuareg breed camels, goats,
sheep, donkeys, cattle; they collect gar-
den rent; they engage in foreign trade,
salt being the chief article of export; they
used to receive revenues from the con-
trol of caravan trade routes over a very
wide area—a kind of protection racket.
European domination, however, has
drastically shaken the structure of their
economy. Raiding is a thing of the past,
as is the protection business. Foreign
trade has dwindled, and even pastoral-
ism is not what it was. Socially, eco-

: nomically, politically, in their pursuits
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and material culture, the Tuareg had
adapted themselves successfully to an
extremely harsh desert environment. But
the forces of European civilization,
though striving for reform and material
betterment, have so undermined the
Tuareg economic base, and the Tuareg
have shown themselves so stubbornly re-
sistant to change, that their name must
be added to the “ever lengthening list of
vanishing peoples.”

Succeeding chapters deal with the
fiercely individualistic Teda of the
southeastern central Sahara, numbering
about 200,000 some 40 years ago
(among whom the high position of wom-
en is illustrated by an admirable ritu-
al: when, on rare occasions, a man insults
his wife in public, she promptly strips off
all her clothes, flings them on the ground
and stalks haughtily away through the
assembled bystanders to her tent); with
the Arab nomads, consisting of many
different groups; with the proud and
warlike Moors.

The peoples of the Sahara have never
been united, nor have they even con-
sidered uniting in any common cause.
Indeed, “only by bitter competition”
have they been able to survive at all.
Unity under an Arab dictatorship, says
Briggs, is most unlikely, if for no other
reason than that the concept of national-
ism is foreign to Islamic thought regard-
less of the propaganda use of the term
by contemporary Moslem leaders. The
prospect of a stable democratic confed-
eration, under paternal European domi-
nation, is no more likely. Politically and
economically the tribal organizations are
breaking down. The foundations of no-
madic life have been eroded; commerce
and industrial employment are drawing
the gardeners and artisans as well as the
warriors. The social structure cannot
withstand these pulls and pressures.

Briggs is a little nostalgic about the
gradual disappearance of nomadism. Its
grand days, as he says, are over. Without
sentimentalizing the people, he has come
to admire and even love them; and he
has made it quite clear that whatever
blessings Western civilization may yet

bring to the tribes of the Sahara, they are '

now worse off than a century ago. This
is a masterly book, and though it is a
picture of a vanishing scene, an under-
standing of that scene is the only real
hope for rational policies in the future.

Short Reviews

rTHE FirnmaMeENT oF T, by Loren
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work, that with the self-same instrument,
without a new creation, he may effect his
obscurest designs.” These words uttered
by Sir Thomas Browne in 1635 were a | The Ailnospllere
prophecy, though unknowing, of dis-

coveries to come: the clockwork uni- | and the

verse of Newton and Laplace; the grand | , . .

scheme of Hutton, by which time, rain Sea in Motion
and the wind contmually. fashion and The Rossby Memorial Volume
refashion, waste and repair the face of . :

the earth; the evolutionary hypothesis of ed”edr b‘y BE_RT B{)LH\’,
Darwin; even the unsettling ideas of The University of Stockholm
modern physics and cosmology which
have undermined the notion of a me-
chanical universe rolling on securely in- | tional research studies in meteorology, this

A.N IMPRESSIVE selection of interna-

to the limitless future. How man has | work was prepared by colleagues and for-

with E l c a STEREO changed his view of the world and of | mer students as a memorial volume in

To the hand . . . the creative satisfaction of his own place in it, how he has fath- | honor of the distinguished scientist, Dr.
assembling a professional prec.ision i.nstrumf:nt. omed the obscurest designs effected by Carl-Gustaf Rosshy. A provocative intro-
To the eye . . . the craftsmanship of fine styling., .

To the ear . . . a wonderful new experience in the “self-same instrument,” is the sub- | ductory essay, Current Problems in Mete-
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|: Street tural”: the changes in the earth, the ap- | °" of the University of Uppsala and Horace
] S .

10ty e ZOME. . State .. pearance of life, the origin and extinc- R. Byers of the University of Chicago.

tion of species, the evolution of man 1959 512 pp.  illustrated  $15.00
himself. And yet the explanation, bril-
liant, courageous and immensely fruitful
though it is, does not fully explain, for
the question still to be answered is how
natural is “natural.” The very triumphs

of science and technology have made us | gmd Pther Writings
take the natural for granted, to forget )
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rated the 100th anniversary of the Origin |
of Species by a scholarly celebration in

November, 1959, to which were invited |
a large number of scientists and scholars

who were asked to contribute papers

dealing with their special interests in

evolution, and later to participate in

panel discussions. The literary fruit of

this resplendent undertaking consists of

three volumes, of which the two noted I
here have been published; a third, con-
taining a small group of papers on the
relationship between “science and spirit-
ual values” and reports of the panel dis-
cussions, is to appear in the near future.
So numerous are the essays, so rich and
varied, that even a long review could do
no more than describe briefly some of
the contents; and an over-all critical ap-
praisal of a work made by so many spe-
cialists is beyond the competence of any
single reviewer. It is nevertheless safe to
say that this survey is by far the most
comprehensive and illuminating stock-
taking at the mid-century of the depart-
ments of scientific knowledge which
have grown out of the evolutionary hy-
pothesis. In the first volume Sir Julian
Huxley considers the emergence of Dar-
winism; Harlow Shapley, the evidences
of inorganic evolution; Hans Gaflron,
the origin of life; George Gaylord Simp-
son, the history of life as revealed by the
fossil record. E. B. Ford’s “Evolution in
Progress” takes up the industrial mela-
nism of moths (“the most striking instance
of evolution ever actually witnessed in
any organism, animal or plant”); G.
Ledyard Stebbins, Jr., examines the com-
parative evolution of genetic systems;
Daniel I Axelrod devotes 80 pages to
the evolution of flowering plants; Ernst
Mayr treats of the “emergence of evolu-
tionary novelties.” C. H. Waddington
raises some sharp questions about natu-
ral selection in his “Evolutionary Adap-
tation,” as does Everett C. Olson in
“Morphology, Paleontology and Evolu-
tion,” which makes the point that the
variety of phenomena “and the opposing
features of many of them” that have to
be explained by the selective process
“appear to require manipulations of the
available mechanisms to degrees that
seem almost incredible.” Also excellent
are Theodosius Dobzhansky’s “Evolu-
tion and Environment”; Sewall Wright’s
“Physiological Genetics, Ecology of
Populations and Natural Selection”; N.
Tinbergen’s “Behavior, Systematics and
Natural Selection”; and G. F. Gause’s
“Darwinism, Microbiology and Cancer,”
which suggests that since all living
things are related through origin from
common ancestors, a promising ap-
proach in cancer research is to look for

3 New Basic Books
for the Scientific Mind
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| “possible equivalents of cancer cells

among microorganisms.” The essays of
the second volume wander over even
broader territory, and while the connec-
tion with Darwin’s biological idea is, as
one would expect, sometimes more meta-
phoric and analogical than real, the in-
terest is maintained, and one never
doubts the solid merit of this part of the
program. Cultural evolution (which, as
one reviewer has nicely said, is “ La-
marckian,” compared with biological
evolution, which is selective and genet-
ic) is the central theme, with papers by
Alfred L. Kroeber (“Evolution, History
and Culture”), S. L. Washburn and F.
Clark Howell (“Human Evolution and
Culture”), Frangois Bordes (“Evolution
in the Paleolithic Cultures”), Gordon R.
Willey (“Historical Patterns and Evolu-
tion in Native New World Cultures”),
Robert M. Adams (“The Evolutionary
Process in Early Civilizations”). Other
contributors are Cesare Emiliani on
Pleistocene dating; H. W. Magoun on
evolutionary concepts of brain function;
Henry W. Brosin on psychiatry and evo-
lutionary theory; Ernest R. Hilgard on
psychology after Darwin; C. G. Darwin
on population control; A. Irving Hallo-
well on behavioral evolution and the
interplay between psychological “re-
structuralization,” biological change, so-
cialization, transmission of group habits,
tool-using and communication; Her-

mann J. Muller on the possibilities of |

guiding human evolution.by deliberate
planned genetic tampering (recognizing
the distinction between raising better

corn or cattle and less bloodthirsty men). |

These books are in themselves an admir-

able course in contemporary thought, |

and Darwin would be overwhelmed if
he could see them and realize what he
started.

A}-XT axp ILrusiox, by E. H Gombrich.
4 X Pantheon Books ($10). A lady who
visited the studio of Matisse looked at
one of his paintings and was embold-
ened to observe “But surely, the arm of
this woman is much too long.” “Mad-
ame,” he replied, “you are mistaken.
This is not a woman, this is a picture.”
The anecdote might be said in a sense
to summarize the main theme of this
engrossing book, subtitled “A Study in
the Psychology of Pictorial Representa-
tion,” which is based on a series of lec-
tures by the author, now director of the
Warburg Institute of the University of
London, at the National Gallery of Art
in Washington in 1956. In his well-
known The Story of Art Gombrich had
sketched the development of represen-
tation from the conceptual methods of
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the primitives and the Egyptians, “who
relied on ‘what they knew,” to the
achievements of the impressionists, who
succeeded in recording ‘what they
saw.”” Painting what one “knows” and
painting what one “sees” are tradition-
ally held to be quite distinct and differ-
ent methods of expression, as if the light
of the first came from inside and that
of the second from outside. But the dis-
tinction, like similar distinctions in the
theory of knowledge or the philosophy
of science, is obviously too simple. It

may be granted that there are artists |

who strive for meticulous imitation and

. |
reproduction of nature, and others who

seem to shun, as if they were carriers of
plague, any shapes and shades that
might be thought to suggest the forms
of common experience; but the most
skillful imitators cannot hope to be cam-
eras and those who make a fetish of
creating entirely from within cannot
hope to be pure incense pots. At the
end of his earlier book Gombrich had
asserted that no artist can “paint what
he sees”; and in this study he strength-
ens and expands the theme, drawing
upon other fields outside art itself, to
demonstrate how the visible world is in-
terpreted and coded by the artist, how
contemporary conventions and stereo-
types shape the style of a given period,
how beliefs about the function of art
affect its methods, and how the psy-
chology of vision plays its part. Nor may
one overlook, as he emphasizes, the “be-
holder’s share,” for art is a dialogue be-
tween the one who creates and the one
who responds, each having a task of in-
terpretation in the course of which they
must find an area of agreement—which is
what they “see.” “Even if we drew one
of these Indians with white chalk,” said
Apollonius of Tyana to his companion
Damis, commenting on some metal re-
liefs which they found on their travels
in India, “he would seem black, for there
would be his flat nose and stiff curly
locks and prominent jaw . . . to make the
picture black for all who can use their
eyes. And for this reason I should say
that those who look at works of painting

and drawing must have the imitative |

faculty and that no one could understand
the painted horse or bull unless he knew
what such creatures are like.” The tra-
dition of the time, says Gombrich, limits
the artist as severely as the materials
and techniques at his disposal and his
knowledge of perspective and optics.
He has a range of choice, to be sure,
but it is narrower than is commonly sup-
posed. Yet the tradition disciplines and
strengthens as well as hampers, for if

there were no stereotypes there would |

g
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be no landmarks, and the visual world |
might be for the artist what it is said to
be for the newborn baby—all blooming,
buzzing confusion. Gombrich’s book is
not always convincing in its analysis of
the style of a period, in explaining just
how the environment of ideas conditions
the artist, or in making clear the circum-
stances which favor the mixtures and
mutations that have brought about the
changes in pictorial representation from
cave painting to impressionism and ab-
stract art. He is not much better at tell-
ing us how artists innovate than others
have been in telling us how scientists
invent. Yet one admires this essay for its
richness and breadth of example, and
for its remarkably apt illustrations of the
same scenes and objects portrayed in dif-
terent times, each according to prevail-
ing preconceptions. Altogether a most
interesting survey, which enlarges the
understanding of art, removes its devel-
opment from a closed and esoteric do-
main, and shows its links with other
branches of human effort.

IMAGES oF Man: Tue Crassic Trapi-
TION IN SOCIOLOGICAL THINKING, ed-
ited by C. Wright Mills. George Brazil-
ler, Inc. ($7.50). Never one to run with
the pack, Mills has made this collection
of 19th-century and early 20th-century
sociological writings reflect his own
tastes and critical judgment. This makes
tor a book of character, an illuminating
book well above the usual level of social
science anthologies. The ideas of the
“classic” sociologists are “attempts to
state the general historical trend, the
main drift, of modern society.” The
classic sociologist, says Mills, is not a
nervous pedant, worried about crossing
academic boundaries and pathetically
eager to ape the model of the physical
sciences. As here represented he has a
vision of society as a whole and a bold
theory which he uses to interpret this
vision. The theory will share the fate of
all theories: in time, as more evidence
accumulates, as analysis becomes sharp-
er, it will be overthrown or at the very
least substantially modified. But its ac-
curacy is not in the long run the measure
of its value; what is important is that it
defines a position which can be tested,
that it stimulates social reflection and
inquiry. It, as is quite understandable,
you have to struggle to keep awake read-
ing most modern sociologists, you have
an agreeable experience in store in these
pages. The very first selection, “The
World Outside and the Pictures in Our
Heads,” from Walter Lippman’s best
book, Public Opinion, sets a lively pace;
there follow excellent pieces by Herbert |
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Operations Analysis

ELECTRONICS DIVISION
Advanced Electronics
Research & Development
Systems and Operational

Analysis
Antennas
Automatic Systems
Reliability

Qualified candidates desiring a

truly responsible position in any

of these fields, please write

Professional Placement Office,

Chance Vought, P. O. Box 5907,
Dallas, Texas.

CHANCE
VOUGHT




Spencer, Karl Mannheim, Karl Marx,
Max Weber, Joseph Schumpeter, Emile
Durkheim, Georg Simmel and others
who had something to say and knew how
to say it.

pvANCES IN CoMPUTERS, VoL. I, ed-
<X jted by Franz L. Alt. Academic
Press, Inc. ($10). A collection of papers
on computer methods, systems and ap-
plications. Included are articles on nu-
merical weather prediction, the present
status of automatic translation of lan-
guages, programming computers to play
games, machine recognition of spoken
words. Several of the monographs are
unusually interesting not only for their
theoretical and descriptive content but
also for their salutary deflation of the
extravagant claims which are so often
made about what computers can do and
have already accomplished. Yehoshua
Bar-Hillel, for example, in his article on
language translation (a critical survey
based on a 1958 visit to almost all U. S.
research centers) points out that fully
automatic, high-quality translation “is
not a reasonable goal, not even for sci-
entific texts”; and the best to hope for,
though it is far from having been at-
tained, is fully automatic low-quality
translation or partly automatic high-qual-
ity translation. Machine translation has a
useful future, but it will not prompt the
appearance of poems in praise of IBM
artistry such as Chapman’s Homer
evoked from Keats. Arthur Samuels’s es-
say on game-playing computers raises
similar doubts. The best chess automaton
yet devised or even theoretically con-
ceived is a dull duffer. This is partly be-
cause chess is a hard game, partly because
those who design machines to play it are
mostly second-rate chess players without
a very clear idea of what they are after,
and partly because the first-rate players
are themselves quite incapable of advis-
ing on just what it is that makes them as
good as they are. It is doubtful, after all,
that Newton could have told anyone how
to be a discoverer, Mozart how to write
great music, or Monet how to paint a
masterpiece. There is too much hubris
in the computer business.

Notes

AN InTRODUCTION TO KANSAS ARCHE-
oLocy, by Waldo R. Wedel. U. S. Gov-
ernment Printing Office ($3). A compre-
hensive report, based on field work
conducted between 1937 and 1940, and
a review of a considerable body of
ancillary information about the avail-
able ethnohistorical, archeological and
geographical data bearing on the ab-

OPTICS ENGINEERS

Programs involving theoretical
and applied concepts of optics
are being conducted at our sube
urban Detroit location. These
programs concern the design
and development of optical de-
vices and systems and their
application to the guidance and
control of missiles and other
space vehicles. We are seeking
individuals to participate in
these programs who have had ex=
perience in polarized light, infra-
red and optical circuitry. If you
have an Engineering or Physics
degree and 3 or more years’ backe
ground in the above areas, we
would like to discuss the rewarde
ing opportunities available at
Chrysler Missile Division.
Please direct your inquiries to
Mr. F. A. Beaupre.

CHRYSLER CORPORATION
MISSILE DIVISION

P. O. Box 2628 Detroit 31, Michigan

Enhance
your
professional
status

Can you qualify for the
opportunities that INCO’s
Research Laboratory offers to
scientists who are able to
plan and conduct research

in these fields?

Requirements : Ph.D. or Sc.D. Also
M.S. degree with some research
experience is acceptable.

More information is given in the
current report of INCO Laboratory
activities ‘“Metals Plus Research’.
Do you want to review a copy?

© 1960 SCIENTIFIC AMERICAN, INC

e Corrosion research
on ferrous and nonfer-
rous metals and alloys.

o Development of new
alloys and metallurgical
treatments to produce
special characteristics.

e High temperature
research on “super” al-
loys.

e Cryogenic studies
of effects of deep sub-
zero temperatures on
mechanical properties
and behavior of metals.

o Physical metallurgy
research on the plat-
inum metals family as
well as nickel and its
alloys.

e Welding research
on ferrous and nonfer-
rous alloys.

o Research on the ef-
fects of alloying ele-
ments on gray iron, duc-
tile iron, steel foundry
products and nonferrous
castings.

Director of Research

The INTERNATIONAL NICKEL COMPANY, Inc.
67 Wall Street, New York 5, N. Y.
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original occupancy of Kansas. Fully il-
lustrated by sketches, maps and plates.

THE DECIPHERMENT OF LINEAR B, by
John Chadwick. Random House (95
cents). A Modern Library paperback
reprint of Chadwick’s account of the
brilliant work of Michael Ventris in
deciphering the Minoan-Mycenaen Lin-
ear B script, thus affording a clue to the
culture of Crete and Mycenae. A post-
script carries the story told in the origi-
nal edition (1958) up to July, 1959.

Tue CoperNICAN REevoOLUTION, by
Thomas S. Kuhn. Random House
(81.25). An inexpensive soft-cover re-
print of Kuhn’s able monograph on
planetary astronomy in the development
of Western thought.

MARINE ALGAE OF THE EASTERN
TroricaL AND SUBTROPICAL COASTS OF
THE AMERICAS, by William Randolph
Taylor. University of Michigan Press
(819.50). A comprehensive manual, 30
years in preparation, of the marine algae
of the tropics: historical survey, geo-
graphical distribution, descriptive cata-
logue. Extensive bibliography and 80
plates.

ProGress In AutomaTioN, Vor. I,
edited by Andrew D. Booth. Academic
Press, Inc. ($8.50). The first of a series,
this volume contains papers on a num-
ber of devices in the field of automation
in Great Britain.

Tee ReaL ProjecTive PLaNE, by
H. S. M. Coxeter. Cambridge University
Press ($3.75). Paperback reprint of an
attractive introduction to projective
geometry, which can be understood by
anyone familiar with high-school geom-
etry and algebra.

PsycHOANALYSIS AND THE FamiLy
NEeurosis, by Martin Grotjahn. W. W,
Norton & Company, Inc. ($5.95). Deals
with psychoanalytic therapy addressed
to the problems of the neurotic marriage
and the neurotic family.

THE STRUCTURE AND DyYNAMICS OF

THE PsycHE, by C. G. Jung. Pantheon |

Books ($6). Volume VIII of the Col-
lected Works of Jung contains essays,
ranging over four decades of his career,
which illustrate the development of his
conceptual models from the time he
broke away from Freud up to formula-
tion of his theory of synchronicity, pro-
posing the concept of “meaningful co-
incidence” as a dimension of under-
standing “over and above causality.”
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MICROMETER

MEASURING MICROSCOPE\

All dams move. Even the Hungry Horse
flexes its millions of tons of concrete in
cautious accommodation to the thrusts of
Montana’s Flathead River.

Deep within the dam, engineers preside
over 1ts well-being with special Gaertner mi-
crometer measuring microscopes zeroed in
on plumb lines suspended through the
structure.

As a section of the dam moves, the plumb
lipe travels across the instrument’s field of
view gauging the subtle shifting of the dam.

This almost bizarre application is typical
of Gaertner’s ability to find a way to make
the toughest measurements. If your problem
Is precision optical instrumentation for sci-
entific measurements or for industrial quality
control, a standard or special Gaertner in-
strument may well be your answer. Write for
literature, please state your area of interest.

Gaertner 1236 Wrightwood Ave,

SCIENTIFIC cCOrRPORATION  Chicago 14, lllinois

“Poriable Laboratories’’ for the cullroom]

How to dramatize
basic concepts

of engineering

With remarkable new AUTOMAT Starter
Set, students construct precision-engineered
model mechanisms and see the laws of gears
and transmissions, speed ratio, torque and
mechanical advantage in 3-dimensional oper-
ation. Swiss-made to highest standards of
accuracy, AUTOMAT Starter Set contains
177 steel and aluminum components, 32-page
illustrated manual. List $39.95 (quantity dis-
counts for schools). Deluxe ADVANCED
AUTOMAT Set No. 25A (1300 components)
also available. List $225.00.

&

Enclosed find $.
—_Automat Starter Sets

SCIENCE MATERIALS CENTER, DEPT, M-156
59 Fourth Avenue e« New York 3, N.Y.

{ @$ 39.95)
for { " "Advanced Automat Sets @ $225.00 |
If not delighted, I may return them within
10 days for full refund.

Address_

City. Zone. State.

O Check if you wish only the catalog of Science Ma-
terials Center Fortable Laboratory teaching a)ds
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47, No. 5, pages 413-422; May, 1957.

FiBer Optics. PArT II: IntAGE TRANS-
FER ON STATIC AND DyNAMIC SCAN-
NING WITH FiBEr Bunxpres. N. S.

Kapany, J. A. Eyer and R. E. Keim in
Journal of the Optical Society of
America, Vol. 47, No. 5, pages 423-
427; May, 1957.

Fiser Optics. ParT I11: FiELD FLATTEN-
ers. N. S. Kapany and R. E. Hop-
kins in Journal of the Optical Society
of America, Vol. 47, No. 7, pages 594-
598; July, 1957.

‘FIBER Orptics. ParT IV: A PHOTORE-

FRACTOMETER. N. S. Kapany and
J. N. Pike in Journal of the Optical
Society of America, Vol. 47, No. 12,
pages 1,109-1,117; December, 1957.

PATTERNS OF DREAMING

A ConMPARISON OF “DREAMERS’ AND
“NONDREAMERS : EYE MOVEMENTS,
ELECTROENCEPHALOGRAMS AND THE
RecaLl. orF Dreaxs. Donald R.
Goodenough, Arthur Shapiro, Melvin
Holden and Leonard Steinschriber in

© 1960 SCIENTIFIC AMERICAN, INC

The Journal of Abnormal and Social
Psychology, Vol. 59, No. 3, pages
295-302; November, 1959.

Cycric Variations ix EEG bpurinc
SLEEP axD THEIR RELaTIiON TO EYE

MoveMENTS, Bopy MoOTILITY, AND
DreaMinGg. William Dement and
Nathaniel Kleitman in Electroen-

cephalography and Clinical Neuro-
physiology, Vol. 9, No. 4, pages 673-
690; November, 1957.

THE ReLaTiION OF EYE MOVEMENTS
DURING SLEEP TO DREAM ACTIVITY:
AN OBJECTIVE METHOD FOR THE
STupY OF DrREAMING. W. Dement and
N. Kleitman in Journal of Experimen-
tal Psychology, Vol. 53, No. 5, pages
339-346; May, 1957.

STUDIES IN  PSYCHOPHYSIOLOGY OF
DreaMs. [: ExperinENTAL Evoca-
TION OF SEQUENTIAL Drean Epi-
sopEs. Edward A. Wolpert and Harry
Trosman in A.M.A. Archives of
Neurology and Psychiatry, Vol. 79,
No. 4, pages 603-606; April, 1958.

Two Types oF OcuLar MotiLiTy Oc-
CURRING IN SLEEP. E. Aserinsky and
N. Kleitman in Journal of Applied
Physiology, Vol. 8, No. 1, pages 1-
10; July, 1955.

THE ROLE OF LIGHT
IN PHOTOSYNTHESIS

THE CHLOROPLASTS AS A FUNCTIONAL
Uxrtt Ix PHoTOsYyNTHESIS.  Daniel 1.
Arnon in H(mdbuch der Pflanzen-
physiologie, Vol. 5, pages 773-829.
Springer-Verlag, 1960.

CONVERSION OF LIGHT INTO CHEMICAL
ENERGY IN PHOTOSYNTHESIS. Daniel 1.
Armon in Nature, Vol. 184, pages 1C-
21; July 4, 1959.

WILDLIFE HUSBANDRY
IN AFRICA

AGRICULTURE AND ECOLOGY IN AFRICA.
John Phillips. Frederick A. Praeger,
Inc., 1960.

WILDLIFE IN AN AFRICAN TERRITORY.
F. Fraser Darling. Oxford University
Press, 1960.

SUPERFLUIDITY
AND “QUASI-PARTICLES”

APPLICATION OF QUANTUM MECHANICS
1o Liouip HELiuam. R. P. Feynman
in Progress in Low Temperature
Physics, Vol. 1, pages 17-53. Intersci-
ence Publishers, Inc., 1955.

ExcrraTioxs ix LiQuip HeEviuaz: Neu-
TRON SCATTERING MEASUREMENTS.
J. L. Yarnell, G. P. Arnold, P. J. Bendt



_— NEW
SOURCES
OF
PULSED
ENERGY

EET

Sandia Corporation’s research in the field of piezoelectricity, ferroelectricity and
ferromagnetism has opened a new field in “Explosive-to-Electric Transducers?

Sandia Corporation has developed high energy density transducers which con-
vert explosive shock energy into megawatt peak electrical power.

Explosive transducers are typical of the provocative and rewarding fields at
Sandia for men with ability and interest in working in the forefronts of research
and development.

For those with a Ph.D. in physics or engineering Sandia offers an opportunity
in a variety of fields including solid state physics, magnetohydrodynamics, materials
research, explosives technology, pulse phenomena and radiation damage.

If you are interested in a career with Sandia Corporation write to either our
Albuquerque or Livermore Laboratory for the illustrated brochure detailing the op-
portunities offered to these scientists and engineers.

Refer to Staff Employment Section 569

ALBUQUERQUE, NEW MEXICO
LIVERMORE, CALIFORNIA

m SANDIA CORPORATION
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“A quiet, grave man, buSied /[:n Cha/rtS 9

exact in sums,”’ said Walter Bagehot, “‘the great soldier of
today is not a romantic antmal, dashing at forlorn hopes.”
This being so, the United States Army Map Service
commissioned tech/ops to undertake Project Topo, a study
of data handling techniques which may be used for
gathering and processing data from which maps will be
compiled in the 1965-1975 period.

A long-range planning program, Topo is expected to lead
to faster, more accurate, map-making from aerial photograph
data, mapping trains complete with digital computers and
fast printing to make 6,000,000 maps a month for an Army
in the field . . . in short, a mobile semi-automatic data
processing system for military map-making to improve
vastly the future Army’s capabilities for national defense.

Another example of tech/ops pioneering in research and
development for business, industry and government.
Appointments are available in systems analysis,
operations research and computer technology at all
Company locations. Positions are available in
the physical sciences at Burlington.

Technical Operations,
Incorporated

Central Research Laboratories
Burlington, Massachusetts

WASHINGTON, D.C. / FORT MONROE, VIRGINIA/HONOLULU, HAWAIIL
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and E. C. Kerr in The Physical Re-
view, Vol. 113, No. 6, pages 1,379-
1,386; March 15, 1959.

SCATTERING OF THERMAL ENERGY IoNs
N SuperrLUID LiQuip HE BY PHo-
~ons AND HE? AToms.  Lothar Meyer
and F. Reif in Physical Review Let-
ters, Vol. 5, No. 1, pages 1-3; July 1,
1960.

Stupy oF SuPERFLUIDITY IN LiQuip HE
BY Iox MoTtion. F. Reif and L. Meyer
in The Physical Review, Vol. 119, No.
4, pages 1,164-1,173; August 15, 1960.

THE TREASURE OF ST. NINIAN’S

ANGLO-SaxoN ArT TO A.D. 900. T. D.
Kendrick. Methuen & Co. Ltd., 1938.

IrisH ART IN THE EARLY CHRISTIAN
Periop. Francoise Henry. Methuen &
Co. Ltd., 1940.

THE ST. NiNiaN's ISLE SiLveEr HoARD.
R. L. S. BRuCE-MITFORD in Antiquity,
Vol. 33, pages 241-268; 1959.

THE AGE OF THE ELEMENTS
IN THE SOLAR SYSTEM

| DETERMINATION OF THE AGE OF THE
ELeMenTs. ]. H. Reynolds in Physi-
cal Review Letters, Vol. 4, No. 1,
pages 8-10; January 1, 1960.

How OvLp Is THE EARTH? Patrick M.
Hurley. Anchor Books, Doubleday &

|  Company, 1959.

Isoropic COMPOSITION OF PRIMORDIAL
Xenon. J. H. Reynolds in Physical
Review Letters, Vol. 4, No. 7, pages
351-354; April 1, 1960.

NucLEAR CosMOCHRONOLOGY. William
A. Fowler and F. Hoyle in Annals of
Physics, Vol. 10, No. 2, pages 280-

| 302; June, 1960.

| MATHEMATICAL GAMES

CHECKER BoARDS AND POLYOMINOES.
S. W. Golomb in The American
Mathematical Monthly, Vol. 61, No.
10, pages 675-682; December, 1954.

PoLyoMminoEs. Martin Gardner in The
Scientific American Book of Mathe-
matical Puzzles & Diversions, pages
124-140. Simon and Schuster, 1959.

THE AMATEUR SCIENTIST

FUNDAMENTALS IN THE BEHAVIOR OF
ELectrers. W. F. G. Swann in
Journal of The Franklin Institute, Vol.
255, pages 513-530; June, 1953.

Prastic ELEcTrETs. H. H. Wieder and
Sol Kaufman in Journal of Applied
Physics, Vol. 24, No. 2, pages 156-
161; February, 1953.




The first six years of Space Technology Leadership

Since 1954, when the Air Force ballistic missile program was accorded top national priority, Space Technology Laboratories has
been engaged in virtually every major phase of research, development, testing and technical management of missile and space
systems ® STL’s contributions have hastened the day of operational capability for Air Force ballistic missiles, and have been
applied as well in satellite projects and space probes ® Today, as STL's activities expand in significance and scope, STL offers
exceptional opportunity to the outstanding scientist and engineer whose talents and training will add to, and benefit from, the
accumulated experience that has enabled STL to conceive and accomplish major advances in the state-of-the-art @ STL's creative
flexibility, anticipating and responding to the demands of space progress, ranges in application from abstract analysis to complex
hardware fabrication for military and civilian space projects ® STL invites scientists and engineers to consider career opportu-

nities in the atmosphere of Space Technology Leadership. Resume and inquiries will receive meticulous attention.

SPACE TECHNOLOGY LABORATORIES, INC. r.0.80x 95005V, LOS ANGELES 45, CALIFORNIA

a subsidiary of Thompson Ramo Wooldridge Inc.

Los Angeles ¢ Santa Maria ¢ Edwards Rocket Base ¢ Cheyenne J Cape Canaveral * Manchester, England ¢ Singapore ¢ Hawaii
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Miniature cavity-type filter packs 4.2 square inches

of filtering area into a 1"x 2e¢” element

Purolator unit is designed to filter 2 gallons of hydraulic oil every minute
in Army’s Hawk Missile mobile launcher

Because of its compactness and mobility, the Hawk Missile
Launcher needed the smallest possible filter for its
hydraulic control circuits. The filter had to be of simple
design — yet it had to operate efficiently under the most
grueling conditions.

WEIGHS ONLY ONE OUNCE — Purolator engineers met
these specifications perfectly—designed a cavity-type filter
weighing slightly more than one ounce.

Through convolution of the filtration media, they
extended the filtration area of the amazingly tiny filter
element many times. This element can filter two gallons
of hydraulic oil every minute at temperatures ranging
from —40°F. to +275°F.

REMOVES EVERYTHING LARGER THAN 25 MICRONS —
Nearly 1,000 feet of stainless steel wire are woven into the
wire cloth filter element. The weave is so fine and accurate
that the filter removes 98% of all particles larger than
10 microns . . . 100% of all particles larger than 25
microns. Maximum operating pressure is 2,500 psi. Proof
pressure, 3,750 psi. The element will withstand a differ-

ential pressure of 2,500 psi.

SIMPLE TO INSTALL — Our picture shows the miniature
filter as it is housed for installation in the hydraulic control
system. The installation is simple. The filter is simply
screwed into a hydraulic system cavity so as to intercept
the oil low. The filter can be easily removed for cleaning.
No special tools are required.
PUROLATOR FILTRATION FOR ALL INDUSTRY —
Solving missile filtration problems like this is not new to
Purolator. Besides the Hawk Missile, our engineers have
developed filters for practically every operational missile
utilizing hydraulic systems on the launching devices.

Purolator filters are meeting filtering requirements in
scores of other industries, too — like food and chemical
processing, metalworking, transportation, petrochemicals,
uranium processing, plastics manufacturing and liquid
oxygen production.

The engineers who solve these filtration problems are
ready to solve yours. A phone call or a descriptive letter
with blueprints will receive their prompt attention.

Filtration for Every Known Fluid PUR o LATOR

PRODUCTS, INC.

RAHWAY, NEW JERSEY, AND TORONTO. ONTARIO. CANADA
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The problem of measuring similarity lies at the heart of many studies in medical research. Now
IBM has developed a computer technique to help scientists uncover important similarities among
disease symptoms. Charles Darwin spent 22 years analyzing the information he gathered on a single trip
around the world. Ironically enough, the truth he sought was obscured by the mountains of data he had
collected. = In a modern attack on Darwin's dilemma, IBM mathematicians have found a way of using a
computer to speed the search for similarities in great masses of information. The computer compares
each item of data with every other. It creates a logical system of classification and often reveals elusive
relationships. » Doctors at a New York hospital are now using this method to study certain blood diseases
and their complex symptom patterns. The same principle may be valuable in information retrieval systems
of the future, which will provide easy access to millions of documents. s By using computers and data
processing systems to deal with gigantic data problems, scientists and businessmen alike can now find

solutions that would otherwise remain hidden. IBM
®

theyre alike...but how much alike?
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DYNAMIC AMERICA

“Their explosion will clear the way
for the boarders, both by actual
destruction and by the powerful
operation of terror among the crew.”

The experiments of Sir William Congreve
led to the deadly rocket bombardments by
the British of Boulogne in 1806 and
Copenhagen in 1807. Congreve’s warhead-
bearing rockets helped break Napoleon’s
power in 1813 at Leipzig, made possible the
capture of Washington in 1814 and, the
same year, inspired Francis Scott Key’s
memorable line, “the rocket’s red glare,”
during the attack on Fort McHenry.
Congreve ultimately worked out a complete
“system” for the employment of rockets

on land and sea, including rocket types,
equipment, organization, tactics—
forerunner of today’s weapon system.
Modern counterparts of Congreve’s

rocket system are Convair’s surface-to-air
missiles: Terrier, operational with the

U.S. Navy and land units of the U.S.

Marine Corps; and Tartar, at sea on

U.S. Navy vessels.

With 420 pages and over 1,000 illustrations,
“Dynamic America” is published by Doubleday
& Company and General Dynamics Corporation.
Now available at leading book and department
stores ; or write General Dynamics, Department S,
445 Park Avenue, New York 22, N. Y.

Twenty dollars the copy.

CONVAIR
ELECTRIC BOAT
ELECTRO DYNAMIC

GENERAL DYNAMIC

GENERAL ATOMIC
CANADAIR LIMITED
STROMBERG-CARLSON
LIQUID CARBONIC
MATERIAL SERVICE
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