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The New Model KMB 1200
Kinney Two-Stage Pump Unit.

Secrets of Metallurgy, Unsolved for Centuries, Now Yours with
MODERN VACUUM PROCESSING

DUDCO DIVISION
Hazel Park, Mich.
Dual-Vane Hydraulic Pumps, 3
to 120 gpm; Fluid Motors, 7 to
140 hp;2000 psi operation.Pis-
ton-Type Pumps for 5000 psi.

HYDRECO DiVISION
Cleveland, Ohio
Gear-Type Hydraulic Pumps, 3
to 120 gpm; Fluid Motors, 3 to
52 hp; Cylinders; Control and
Auxiliary Valves; 1500 psi.

WATERTOWN DIVISION
Watertown, N. Y,
Railroad air brake valves for
freight and passenger equip-
ment, STRATOPOWER Hydrau-
Iic'Pumps for Aircraft, to 3000
psi.

KINNEY MANUFACTURING DIVISION
Boston, Mass.
RotatingPlunger and Heliquad
Liquid Handling Pumps, to
3000 gpm.Vacuum Pumps, 0.2
micron, evacuate 1800 cfm.

AURORA PUMP DIVISION
Avrora, lll.
Liquid Handling Pumps, Cen-
trifugals and deep well Tur-
bines, 7000 gpm, 500 ft. heads.
Turbine-type, 150 gpm, 600 ft.
Ill,ends. Condensate Return
nits.,

Air and gases encourage many
metals to misbehave in furnace or
retort and stubbornly resist purifica-
tion or amalgamation. But, in a vac-
uum, these same capricious metals
become orderly, well-behaved and
thoroughly responsive to your
wishes. Thus, has High Vacuum Pro-
cessing with KINNEY Vacuum Pumps
released thousands of potentials . . .
made many new metals available
... extended the usefulness of many
common metals. . . and brought costs
into realistic focus.

In many other fields, Kinney Vacuum
Pumps help to make possible many
things for modern living...TV Tubes,
Audion Tubes, Electronic Equipment,
Photoflash Bulbs, Fluorescent and
Incandescent Lights. In the Refrigera-
tion and Air Conditioning fields,
Kinney Vacuum Pumps effect more
complete evacuation of condensers
to better charge equipment with
Freon gas or other refrigerants.

Vacuum packing of foods, vacuum
distillation of antibiotics and chemi-
cals, and vacuum dehydration of
blood plasma are but a few more in
the long list of vital services Vacuum
Processing contributes to the modern
scene.

Just as Kinney Vacuum Pumps reach
into the future . . . so do develop-
ments in other Divisions of The New
York Air Brake Company contribute
to industry, to the home, and to the
nation. Three Divisions concentrate
their facilities on advanced design
Hydraulic Equipment . . . Gear, Dual-
Vane and Piston Pumps...Gear and
Dual-Vane Motors .. . Single, Double-
Acting and Telescopic Cylinders . ..
Control and Auxiliary Valves.

America also finds the answer to
liquid handling problems in Aurora
and Kinney Pumps, for in the broad
selection of types and sizes, the right
pump in the right size to do the job

Write for descriptive literature and engineering information to help
you improve your product, speed production and lower costs.

THE NEW YORK AIR BRAKE COMPANY

230 PARK AVENUE

« NEW YORK 17, N. V.

at the right cost is available.

INTERNATIONAL SALES OFFICE, 90 WEST ST., NEW YORK 6, N. Y.
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THE CHALLENGE OF CYANOETHYLATION
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NEW CHAPTERS are cutrrently being written about the
process of cyanoethylation. It is a story about research that
began years ago. The men who are writing it are meeting
the challenge of the countless derivatives that may be
obtained when almost any material containing a labile
hydrogen is reacted with acrylonitrile.

Lignin, for example, with its phenolic hydrogen and other
reactive centers, is susceptible to cyanoethylation. But the
question of what properties might now be developed from
the altered molecular structure containing a reactive nitrile
group opens a broad new field of experimentation and study.

1
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Some day the answers to thousands of questions like these
will be known. Perhaps the reaction of acrylonitrile with
some of your materials will result in new and interesting
products.

If your company would like to experiment with acrylonitrile,
you are invited to write on your letter-
head to Monsanto, the Monomer Head-
quarters of America, for laboratory-
size samples. Address Momnsanto
Chemical Company, Plastics Division,
Dept. SAG,Springfield 2, Mass.

MONSANTO

Nothing contained herein shall be construed as a recommendation to produce or use any product in conflict with existing patents.

SERVING INDUSTRY...WHICH SERVES MANKIND
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ZIRCONIUM
HEMICAL

NEW advantages in a growing list of com-
mercial applications focus closer attention
upon soluble zirconium compounds. TAM
is your one source for all.

ZIRCONIUM OXYCHLORIDE
A precipitant for acid and basic dyestuffs in
preparation of lakes and toners. Active ingre-
dientin wax emulsion type water repellents for
textiles and leather. Source material for other
zirconium compounds.

ZIRCONIUM TETRACHLORIDE
Raw material for preparation of zirconium
metal, zirconium alloys, and organic-zirconium
complexes. Catalyst for Friedel-Crafts and other
organic syntheses.

ZIRCONIUM ACETATE SOLUTION
Active ingredient in better wax-emulsion type
water repellents for textiles. A catalyst for
methyl silanes in silicone repellent treatments
of leather and textiles. A precipitant for many
proteinic materials in finishing of textiles,
leather, etc.

AMMONIUM ZIRCONYL CARBONATE SOLUTION
Used as an active ingredient in basic water
repellents. Improves scrub resistance of latex
emulsion paints.

HYDROUS ZIRCONIA (Carbonated)

A strong chelating and coordinating reagent.
Useful in treatment of poison ivy, as a deodos-
ant in cosmetic creams, and as an absorbent
for various ions.

ZIRCONIUM SULPHATE
A source for zirconia for the impregnation of
catalysts. As a tanning agent...processing
white leather. Raw material for preparation
of organic-zirconium compounds.
ZIRCONIUM LACTATES AND GLYCOLATES
Being used more and more in pharmaceuticals
and personal deodorant preparations.

TAM* is experienced and
equipped to produce an
zirconium compound.
We will work with you
in supplying those which
best suit your problem or
operation. Address corre-
spondence to our New
York City offices.

IF YOU DON'T
SEE IT LISTED...

WRITE

*TAM is a registered trademark

TAM
PRODUCTS

TITANIUM ALLOY MFG. DIVISION

NATIONAL LEAD COMPANY

Executive ond Sales Offices
111 Broodwaoy, New York City
Genetal Offices, Works ond Research Laboratories
Micgara Fally, New York

LETTERS

In his fine article “The Ecology of
Desert Plants” in your April issue, Frits
W. Went expressed the view that compe-
tition between individuals of the same
species of plants is distinctly rare in na-
ture. For example, he stated, “Even in
the dense forest there is little killing of
the small and weak.” While I do not wish
to challenge his conclusions about the
undesirability of warfare among hu-
mans, it is difficult for a forester to agree
with his ideas about competition in
stands of forest trees.

The competition between the trees of
a forest stand is so fierce that, but for
scavenging insects and fungi, the forest
floor would soon become choked with
the remains of trees that had succumbed
in the struggle for existence. A very
young natural forest is usually composed
of thousands or tens of thousands of tree
seedlings per acre. By the time most
stands have reached the age of 100 years
the number of trees has been reduced to
no more than 200 trees per acre. This
general observation was first made at
least two centuries ago and hasbeen veri-
fied repeatedly in almost every part of
the world. It is true that the heavy
losses that occur during the first few
years in the life of a forest stand are
caused more by biotic enemies and physi-
cal agencies of the environment than by
factors directly related to competition

Scientific American, June, 1955; Vol. 192,
No. 6. Published monthly by Scientific American,
Inc., 2 West 45th Street, New York 36, N. Y.;
Gerard Piel, president; Dennis Flanagan, vice
president; Donald H. Miller, Jr., vice president
and treasurer. Entered at the New York, N. Y., Post
Office as second-class matter June 28, 1879, under
act of March 3, 1879. Additional entry at Green-
wich, Conn.

Editorial correspondence should be addressed to
The Editors, SciENTIFIC AMERICAN, 2 West 45th
Street, New York 36, N. Y. Manuscripts are sub-
mitted at the author’s risk and will not be returned
unless accompanied by postage.

Advertising correspondence should be addressed
to Martin M. Davidson, Advertising Manager,
SciENTIFIC AMERICAN, 2 West 45th Street. New
York 36, N. Y.

Subscription correspondence should be ad.
dressed to Circulation Manager, SCIENTIFIC AMERI-
CAN, 2 West 45th Street, New York 36, N. Y.

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

Subscription rates for U.S.A. and possessions: 1

_year, §5; 2 years, $9; 3 years, $12.50. Canada and
Latin America: 1 year, $6; 2 years, $10; 3 years,
$14. All other countries: 1 year, $8; 2 years, $12;
3 years, $16.
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between plants. However, once the
crowns of the trees have closed together
the rate at which an individual grows in
height largely determines its prospect for
survival. The laggards are gradually sub-
merged and, after their crowns have been
sufficiently reduced by natural pruning
from below and abrasion from above,
their ability to carry on photosynthesis
diminishes so greatly that they die.

There are exceptional situations which
conform to that which Went has incor-
rectly assumed to represent the general
case. Some species, like lodgepole pine
and balsam fir, have rather low inherent
variability in height growth. If such
species develop in exceedingly dense
stands, all the trees are very slender,
all slowly increase in height at a very
uniform rate and only a relatively low
percentage die. However, the majority of
trees have sufficient intraspecific varia-
bility in height growth to enable the most
vigorous to forge ahead and shade out
their competitors even in the densest
stands.

In his article Went contended that if
growth in height were an adaptation use-
ful in the struggle for survival “there
would be an evolutionary tendency for
. . . trees to become taller and taller.”
Probably the main reason why no such
tendency exists is that growth in height
eventually becomes a liability rather
than an asset so far as survival is con-
cerned. As the tree grows taller it be-
comes subject to rapidly increasing
wind load, and such physiological proc-
esses as the transport of water to the
foliage decrease in efficiency. As a re-
sult, the final survivors in the race for
the sky gradually succumb, leaving
openings in which new trees may com-
pete among themselves. The vacancies
left by losses sustained throughout the
development of the forest vary enough
in size and other characteristics to pro-
vide a wide variety of environmental
conditions favorable to many different
plant species, both woody and herba-
ceous. If this kind of variation in the en-
vironment is sufficiently great and if
losses of older trees occur frequently
enough, it is not difficult to account for
the diversity of species referred to by
Went. However, the variation in en-
vironmental conditions rather than any
absence of competition accounts for the
diversity.

Some forest trees exhibit the con-
trolled germination observed by Went
in desert annuals; the vast majority do
not. During years when abundant crops
of seed have been produced, tree seed-
lings usually germinate in riotous pro-
fusion throughout the forest. However,



o Stymied by a
High-Temperature Barrier?

o Looking for a
High-Purity Material ?
® Searching for a
material with
Unusual Electrical
Characteristics P

You may find the answer in
this new booklet on
NORTON Refractory Grain

b1

Refractory

Grain
ally Refined

Electrochemic

This latest Norton publi-
cation is 8%” x 117.
Twenty-four pages, with
many charts, tables and
photographs in color. A
wealth of practical in-
formation on the nature,
performance and applica-
tion of refractory grains.

IF you’re concerned with industrial proc-

essing involving temperatures ranging
upwards to 4000°C and materials to contain
your inferno — if you’re looking for a high-
purity material such as high-purity fused
alumina for coating electronic heater fila-
ments — if you’re searching for a material
with unusual electrical characteristics such
as E 179 crystoron* Silicon Carbide for
lightning arrestors — one of the many
types of Norton Refractory Grain available
may solve your problem.

This new booklet describes in detail
Norton Refractory Grain — produced and
purifiedin electricarc and high temperature
resistance furnaces — which is helping in-
dustry to improve existing products and

processes and to create new ones.

It’s a valuable reference book with up-to-
the-minuteinformation on the chemical and
physical characteristics of such materials as
crysToLoN*  Silicon Carbide, ALuxpUM*
Aluminum Oxide, MAGNORITE* Magnesium
Oxide, Fused Zirconia and Boron Carbide.
Init you’ll find data on how these materials
are produced; their behavior under varying
conditions; available grain size and applica-
tions.

These electrochemically refined materials
may be just what you’ve been looking for to
solve your problem. Write today for your
free copy of “Norton Refractory Grain.”
NorToN CoMmpaNY, Refractories Division,
545 New Bond Street, Worcester 6, Mass.
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REFRACTORIES

... Prescribed

Engineered. ..

Waking better products. . .
fo make your products betfer

*Trade-Marks Reg. U. S. Pat. Off. and Foreign Countries
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CHLORINATED
PRODUCTS

¢ Chloral

S 2,4 Dichlorophenol

Y¢ 2, 4, 5 Trichlorophenol
7,"( 2, 4, 6 Trichlorophenol

Y% Hexachlorobenzene

Make DiamoND your general head-
quartersfor thesechlorinated products.
Logistics is no problem. We ship
promptly from Newark, N. J.
DiamonDp sales representatives
(there’s one located near you) will be
glad also to discuss production of other
chlorinated products on a custom
basis: mixtures of tri- and tetrachloro-
benzenes, and benzene sulfonyl chlo-
rides, and their chlorinated derivatives.
Orders are followed quickly on car-
bon tetrachloride, perchlorethylene;
methylene chloride; methyl chloride;
chloroform; Chlorowax® (chlorinated
paraffin); muriatic acid; DDT; BHC,
159, and 409, gamma; Lindane;
2,4-D and 2,4,5-T amine salts; esters
and formulations; grain fumigants.
For product information or help on
any problem involving chlorinated
products, call your DiaMOoND repre-
sentative, or write D1AMOND ALKALI
Company, 300 Union Commerce
Building, Cleveland 14, Ohio.

paions PDiamond
Chemicals

CHEMICALS

®

only those that happen to lodge in a
very limited number of favorable spots
have any chance of survival. All but a
few perish during the first growing sea-
son. Only the seeds of a few specially
adapted species are capable of surviving
in a dormant condition for more than
two growing seasons. Although many
seeds of ordinary tree species land in
spots where conditions do not allow
germination, such dormant seeds are
soon consumed by the voracious animal
population of the forest floor and serve
no useful purpose so far as perpetuation
of the species is concerned. The kind of
birth control observed by Went in desert
annuals is the exception rather than the
rule in less rigorous climates where for-
ests form the dominant vegetation.

Davip M. Sarta

School of Forestry
Yale University
New Haven, Conn.

Sirs:

It seems unfortunate that Frits W.
Went chose to step outside the field of
ecology in order to draw a moral from
his desert plants. Though I cannot dis-
pute his conclusion that mankind would
be better off with more birth control and
less war, nevertheless his desire to reach
this conclusion seems to have led him
into making some rather curious state-
ments.

It is asserted that competition or the
struggle for existence is a phenomenon
of negligible importance in nature—
apart from human warfare. It is true that
cannibalistic species are relatively rare,
but this is not to deny intraspecific com-
petition. The benevolent forest giants of
Java which did not kill their smaller
companions after a period of 40 years are
material for a very touching story, but
are hardly representative of the give-and-
take of survival in nature. One might
have a better example to consider the
number of seeds shed by an elm tree and
the seedlings germinating therefrom in
relation to the number of these-seedlings
which survive to maturity. It is true that
one elm seedling will not bend over and
nip its neighbor off at the base, but there
is nevertheless competition between
them; and when one considers the small
proportion of these seedlings which do
survive, it is evident that the competition
is intense. When this competition re-
sults in differential survival, or selection,
we have the raw material of which evo-
lutionary change is made.

Man is a unique species in many re-
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spects. He is unique in practicing war-
fare. This we can only deplore. He is
also unique in having a conscious, poten-
tial control over his population size and
thus over his own welfare. This control
is birth control, the full advantages of
which have not yet been realized. The
analogy drawn by Went between birth
control in humans and germination con-
trol in certain plants through adaption
to factors of the environment is an im-
perfect one. These adaptions and other
adaptions are largely the result of natural
selection. They are thus the result of the
“struggle for existence”; they are not
means of circumventing it through al-
truistic motives. Birth control, on the
other hand, is a means of reducing com-
petition (though not of eliminating it)
and thus of alleviating human suffering
due to excess population. This is a unique
property of human culture and not an
imitation of nature. . . .

PauL A. FrRYXELL

New Mexico College of Agriculture
and Mechanic Arts
State College, N. M.

Sirs:

I frankly admit that I know practically
nothing about the eastern forests Pro-
fessor Smith is discussing. It is quite
evident that germination and seedling
behavior there is entirely different from
what I have observed in climax forests in
the tropics. In none of the jungles I saw
in Java or South America have I ever
found a tree broken or felled by wind.
This could not be said for New England
forests, which I saw after the 1938 and
1954 hurricanes! In the secondary forest
which develops in the tropics, after the
jungle is cut down, there is an enormous
excess of seedlings of which most perish
for many different reasons. But once the
primary forest with its often slow-grow-
ing but very hard-wooded trees and
dense undergrowth has taken over, re-
placing the fast-growing but short-lived
trees of the secondary forest, germination
becomes much rarer. I believe that the
New England forests which Professor
Smith considers can be best compared
with the unstable secondary forests of
the tropics: they, too, are young. There-
fore I believe that we are talking about
very different things, and that we both
are right, inasmuch as very little tree
germination occurs in the tropical jun-
gle, whereas extensive germination of
pines and other trees occurs in the young
eastern forests. However, even under the
latter conditions, I believe that we should



= - v

What’s New in Minemonics?

The news is that the magnetic-core
memory has emerged from the com-
puter laboratory and has been in cus-
tomer use for approximately a year,
passing all tests with flying colors. This
new development has been pioneered
by Remington Rand with the Univac
Scientific—the firstinstallation of a com-
mercially available computer that suc-
cessfully uses magnetic-core storage.

Electronic Computer Department, Room 1681

Mnemonics, says Webster, is “the art
of improving the efficiency of the
memory.” And, as far as electronic com-
puters are concerned, Remington Rand
has clearly established its leadership in
this art.

Illustrated above is a single plane of
core storage, each of which holds 4,096
binary bits of information. Planes are
wafer thin, and a stack capable of

Hornington Fand

"~ €
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The Univac Scientific Computing System

“remembering” 147,456 bits would
measure only 13 inches in depth. The
speed, econemy, and reliability of this
magnetic-core memory are now avail-
able in the new Univac Scientific Models
1103A and 1103B.

For the latest information about
the Remington Rand magnetic-core
memories or about the Univac Scientific,
write, on your business letterhead, to...

315 Fourth Avenue, New York 10, New York
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MISSILE
SYSTEMS

PHYSICISTS

Research and development in the technology of
guided missiles is not confined to any one field of
physics. Broad interests and exceptional abilities
are required by the participants. Typical areas at
Lockheed Missile Systems Division include:

@ Neutron and reactor physics

o Advanced electronics and radar systems

® Applicd mathematics such as the numerical
solution of physical problems on complex
computers

® Analytical systems analysis of guidance and
control problems

® Ballistics and the integration of ballistic type
nussiles with vertical gudance

® Electromagnetic properties of the upper
atmosphere

® RF propagation in microwaves as concerned
with antenna and radome research

® Experimental laboratory instrumentation

Continuing developments are creating new positions
for those capable of significant contributions to
the technology of guided missiles.

/.
c%f%&gdhﬂssu.ﬁ SYSTEMS DIVISION

research and engneering staff

LOCKHEED AIRCRAFT CORPORATION o VAN NUYS, CALIF.
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revise our idea about the fierceness of
competition. As Professor Smith has in-
dicated in his letter, and as he has shown
in his publications, pine seedlings die
from excessive shade largely through
damping off, which means that under
unfavorable growing conditions parasites
finish the plants off. An additional large
number of seedlings are killed by
rodents, cutworms, pine locusts and
pales weevils. Therefore, the death of
most of these seedlings is due to the fact
that they germinated under unfavorable
conditions. It is difficult to accuse the
established forest trees of providing
competition in this connection.
Concerning the arguments of Dr.
Fryxell, I believe that he generalizes
from one observation concerning seed-
lings of elm trees on the general be-
havior of plants in nature without con-
sidering other cases. In my article I have
shown that, in the case of the creosote
bush, far more seedlings germinate than
can survive. But in the case of the an-
nual plants there was very little dying
before seeds were reproduced once
germination had occurred. I am sure that
when Dr. Fryxell looks not only at his
elm tree, but also starts to watch all sorts
of other plants under natural conditions,
then he will be surprised how seldom
he finds the actual death of plants due
to competition. I quite agree with Dr.
Fryxell, however, when he says that the
adaptations of plants to germinate only
under conditions in which they will sur-
vive is a result of natural selection.

Frits W, WENT

Earhart Plant Research Laboratory
California Institute of Technology
Pasadena, Calif.

ERRATA

In the article entitled “Man
Viewed as a Machine” [ScieENTIFIC
AMERICAN, April] it was stated
that the computer called MaNtsc
was built at the Institute for Ad-
vanced Study in Princeton, N. J.
The machine was built at the Los
Alamos Scientific Laboratory. In
the same article the two illus-
trations representing the “and”
circuit were inadvertently re-
versed.

In the book section of the same
issue Rinehart & Company was
given as the publisher of The
Mental Hospital. The publisher is
Basic Books, Inc.
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That’s often the first reaction to the Fairbanks-
Morse Opposed Piston Diesel ... “Why two
pistons in each cylinder?”

The answer given by the F-M Diesel Design
Staff is quite simple: two pistons reacting to
the forces of combustion in acommon cylinder
give you greater horsepower per cylinder. . .
more power per foot of floor space ... and as
it happens, a far more simple engine with 409
fewer moving parts to wear and maintain.

Only from Fairbanks-Morse can you get The Secret is this cylinder liner that con- he Result is a compact, lightweight
such originality and soundness of new design tainstwq pistons. Iteli'm'inates.cyl@nderheads fiiesel that permits instal}ing more power
that assure outstanding performance. When and their gasketed joints, intricate valve in the same space occupied by any com-

. . trains and their timing—all parts that require parable engine. And horsepower for horse-
next you need a Diesel Engine...or a scale  gilled maintenance by skilled personnel.  power, the O-P is the easiest to maintain.
... an electric motor...or a pump...look

for the famous F-M Seal and see the difference
that quality makes. Fairbanks, Morse & Co.,

600 So. Michigan Avenue, Chicago 5, Illinois, F AI R B AN KS .MOBSE

a name worth remembering when you want the best

DIESEL AND DUAL FUEL ENGINES « DIESEL LOCOMOTIVES * RAIL CARS « ELECTRICAL MACHINERY « PUMPS ¢ SCALES « HOME WATER SERVICE EQUIPMENT « MOWERS « MAGNETOS
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STABLE UNDER ALL pH CONDITIONS, POLYACRYL-
AMIDE is a versatile thickener for aqueous systems
such as rubber and paint latices, ceramic slips, metal
cleaners and adhesives. Polyacrylamide is an odorless,
free-flowing powder essentially free of ash and metallic
ions. With its high thickening action and excellent
stability, new water-soluble Polyacrylamide is a highly
efficient thickening agent for many uses. (No. 1)

Life...

on the Chemical
Newsfront

-

BETTER COLOR FASTNESS IN RESIN-TREATED FAB-
RICS now is possible with Cyanamid’s line of CarL-
copur® Resin Fast Dyes. Unlike ordinary dyes, which
are adversely affected when fabrics are resin treated
for softness, wrinkle resistance and other qualities,
Cavrcopur Resin Fast Dyes actually improve in color
fastness after treatment. Also, they offer ease of ap-
plication to various types of fabrics containing cellu-
losic fibers either alone or in blends. (No. 2)
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News Briefs

. OUTSTANDING PERFORMANCE IN SURFACE COATINGS
is being reported for the new XA Polyester Coating Resins.
Similar in composition to the unique polyester/glass-fiber
plastics, XA Polyester Coating Resins are solutions in a re-
active monomer such as styrene. Properly catalyzed, they
cure to insoluble, infusible films in a few hours at room tem-
perature. Since they cure without loss of volatile material or
liberation of water, they can be applied in films up to 10 mils
thick. Thick films reduce labor of finishing porous materials
such as wood, fiberboard and masonry. XA Polyester Coat-
_ ing Resins also exhibit excellent resistance to chemicals, sol-
| vents and water. Since this type of polyester resin is a new
- development for the paint industry, only experimental sam-
| ples are available at present. (No. 5)

CRUMBLED BATCHES OF OIL-EXTENDED GR-S STOCKS can
be avoided by using Pepron® 22 catalytic plasticizer for
GR-S and natural rubber. PEpron 22 also improves process-
ing of stocks by reduction of viscosity during mastication.
This means faster breakdown time, lower power consump-
tion and reduced processing cost. The peptizing action of
Pepron 22 during hot mastication demonstrates its efficiency
as a catalytic plasticizer. (No. 6)

LIGHTWEIGHT CASTS FOR FRACTURE PATIENTS now are being
prepared from a new cast material made from plastic resin and

plaster of Paris. The new casts are lighter and thinner than ordinary =~ BLACKHEAD DISEASE IN TURKEYS now is controlled more

casts, but provide four times the wet strength and twice the dry
strength of materials used previously. As a result, they are more
comfortable and less fatiguing, they encourage earlier mobilization,
and permit clearer X-ray examination. Developed by Davis & Geck,
Inc., a unit of Cyanamid, these casts are washable as well as water-, ENHEPTIN-A, was found to be more effective so that lower
perspiration-, and urine-resistant. Doctors prepare the new casts | dosage may be used. The drug is supplied to feed manufac-
quickly by merely wetting with water. (No. 3) turers for. proper dlst.rlbutlon in feed, and is available to
. turkey raisers as medicated feed. It may be used at speci-

fied levels as a disease preventive, or at higher levels as a
control after an outbreak occurs. Extensive tests have shown
that the drug has no effect on breeding activity or egg pro-
duction, and medicated birds grow and maintam body
weight equal to unmedicated birds. Devastating blackhead
disease no longer means disaster for turkey raisers;
ENHEPTIN-A in medicated feeds controls it economically

(No. 7) *Trade-mark

economically with new ENHEPTIN®-A 2-acetylamino-5-nitro-
thiazole. The new drug is more effective than the former
ENHEPTIN® 2-amino-5-nitrothiazole. Extensive research
among many groups of chemical compounds did not reveal
a better drug than EnumepTIN but its acetyl derivative,

AMERICAN G/dlla/ﬂid, COMPANY

30 ROCKEFELLER PLAZA
NEW YORK 20, NEW YORK

ALMOST 15 YEARS have passed since
Cyanamid’s famous ducks first ap-
peared. Because this illustration ex-
plained wetting power so graphically, it was featured by the press
and newsreels. In 1942, Erle Stanley Gardner made it the theme of
his Perry Mason mystery, “The Case of the Drowning Duck.” For
15 years, while our two ducks continued to mean wetting power to
millions, industry has found use for AErosoL® Surface Active Agents
in thousands of processes and a progression of new uses. Among
these uses are crystal growth modification, leak-testing tanks used
to store liquids of lower surface tension than water, powerful new
dry-cleaning detergents, and wallpaper removers. These and many
other important applications are highlighted in our new booklet on
AgrosoL Surface Active Agents. (No. 4)

s E " D more information on the following
items mentioned in the June, 1955 issue of LIFE
on the Chemical Newsfront:
No. 1, 2, 3, 4,5, 6, 7.
Literature (] Price (] Samples [] of

Name

Company.
Address.

City.
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LOOK HOW

w2 silicones

TRADE-MARK

toughen up electric motors

Operating conditions in steel
mills, dye works, chemical
plants, refineries, make elec-
tric motors burn out fast. But
motors insulated with Lixoe
Silicones are now lasting from
ten to 100 times as long.

LOOK AT the reasons why

Electric motors insulated with LINDE Silicones withstand high
heat caused by overloads, frequent starts, and hot locations—
prime causes of motor burn-outs. This dependable new insulating
material also resists water, ozone, corrosive atmospheres and
many strong chemicals.

Insulated with silicones, your electric motors, transformers,
solenoids and other apparatus seldom cause down time. Specify
this insulation on new equipment. Have your existing equipment
rewound with Class H insulation based on LINDE Silicones. Watch
maintenance costs drop.

LINDE and other divisions of UNION CARBIDE serve many in-
dustries. Their combined experience particularly qualifies LINDE
to supply the correct silicone for electrical insulation, water re-
pellents, protective coatings, release agents, and other uses. Let
us show how these versatile new chemicals can improve your
products or processes, increase your profits. Write Dept. R-6.

LOOK TO aéxzfe

for silicones

A DIVISION OF

UNION CARBIDE

~ AND CARBON CORPORATION

£a) *

30 East 42nd Street, New York 17, N. Y.

In Canada: Dominion Oxygen Company, Division of Union Carbide Canada Limited
The term “LinpE’ is a registered trade-mark of Union Carbide and Carbon Corporation.
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20 AND 100
YEARS AGO

JUNE, 1905: “Thanks to the zeal of
Prof. Perrine, a sufficient number of ob-
servations of each of the two new satel-
lites of Jupiter has been obtained, be-
fore Jupiter got too near the sun to be
seen by night, to enable their orbits to be
roughly calculated. The results which
Prof. Perrine has announced are some-
what remarkable. The sixth satellite is
about seven million miles from the
planet, and takes about 250 days to com-
plete a revolution. The seventh satellite,
which is much fainter, revolves in an
eccentric orbit, at a mean distance of
about six million miles, with a period of
some 200 days. The planes of the orbits
of these two satellites are considerably
inclined to that of the orbit of Jupiter, to
the orbits of the inner satellites, and to
each other. They are so far from the
planet that they might have remained
undiscovered for centuries had it not
been for photography.”

“It has generally been conceded that
there is a demand on the part of dairy-
men, soda fountain proprietors, saloon-
keepers, butchers, and grocerymen for
something that would make them inde-
pendent of the iceman, and this seems at
last to have been accomplished. An elec-
tric refrigerator has been in operation
for some time as an experiment in a Phil-
adelphia grocery store. When the store
is opened in the morning, the current is
turned on and remains so during the
day. Although the box is being con-
stantly opened and closed, the tempera-
ture is maintained at 34 degrees. When
the store is closed for the night the cur-
rent is shut off, and the temperature re-
mains almost constant all night. The ice-
less refrigerator is much the same in
appearance as any large refrigerator.
The motor and compressors are at one
end, and the place usually occupied by
the ice is given over to brine, which is
the means of cooling the interior of the
refrigerator. No expert knowledge of
either electricity or refrigeration is re-
quired to operate one of these outfits.
The switch controlling the electric cur-
rent is the only part that must be manip-



Pipes
of

Progress

voice-capacity is much greater than in coaxial cable,

Hundreds of thousands of telephone conversations or
hundreds of television programs may one day travel together
from city to city through round waveguides—hollow pipes—
pioneered at Bell Telephone Laboratories.

Round waveguides offer tremendous possibilities in the
endless search for new ways to send many voices great dis-
tances, simultaneously, and at low cost. Today, Bell Labora-
tories developments such as radio relay, coaxial cable and
multivoice wire circuits are ample for America’s needs. But
tomorrow’s demands may well call for the even greater
capacity of round waveguides.

Unlike wires or coaxial, these pipes have the unique
property of diminishing power losses as frequencies rise.
This means that higher frequencies can be used. As the
frequency band widens, it makes room for many more voices
and television programs. And the voices will be true, the
pictures faithfully transmitted.

These studies illustrate once more how Bell Telephone
Laboratories scientists look ahead. They make sure that
America’s telephone service will always meet America’s
needs, at the lowest possible cost.

New type of waveguide pipe formed of
tightly wound insulated wire trans-
mits better around corners than
solid-wall pipes.

New type waveguide is bent on

S wooden forms for study of effect
Testing round waveguides at Bell Telephone Laboratories, Holmdel, New Jersey. of curvature on transmission. The
Unlike coaxial cable, waveguides have no central conductor. Theoretically, waveguide itself is here covered

with a protective coating.

Bell Telephone Laboratories

Improving America’s telephone service provides careers for creative men in scientific and technical fields.
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STRESS RUPTURE LIFE
INCREASED OVER 300%
BY VACUUM MELTING

in high
temperature
alloys for

jet turbine blading

In the Metals Division at UTica twenty-eight
consecutive heats of UTIcA vacuum melted Was-
paloy were compared with the same number of

To speed the vital work of heats made by standard mill practice. Test con-
testing, UTICA maintains a ditions were—1500°F, 32,500 psi. Stress rup-
battery of 72 stress rupture .
machines, a few of which ture life of the vacuum melts proved to be at
are shown above. least three times that of the air melts,
1 Vacuum Vaseum |
180 e _Muhod Melted f
i [
[
Fu :
= | |
hé T T
| 5130 | | | COMPARISON OF MEAN STRESS
- i Air RUPTURE TESTS RESULTS =
B -::-q Malted OF 28 CONSECUTIVE HEATS OF —
_5;' - [ ] TWO TYPES OF AIR AND _
Urica’s facilities for qual- L5 e
ity control are unexcelled. | &
The electronic machine :
above records the chemical (e mmora ToveN 20T s
content of specimens tested 1 - |
while the meltis in progress. [ | ] I | 1

The Metals Division at UTIca is one of the larg-
est producers of these high temperature alloys.
The meeting of very rigid specifications has
become routine, even on a high production
basis. Uniformity is maintained within ex-
tremely small tolerances from melt to melt and
among the ingots within a melt.

The Metals Division at UTicA invites inquiries
from prospective customers. Through refine-

ments in technique, costs are constantly being
ﬁ;"e't:ﬁ: fb‘fif:f;,’; ‘;faE:;‘i: reduced—and the Division is glad to work
melting, send for this closely in assisting the customer in his metal-
brachure. lurgical problems.

Offer of our facilities

isf subject tlo grifority
of national defense . e e
e Wirn tt Elvarine
*UTICA TRADE MARK o‘o’@ ALLOYS

*

UTICA DROP FORGE AND TOOL CORP,, UTICA, N. Y.
12
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ulated. Where it is desired to have ice
for use on the table, these machines will
make it, in ten-pound pieces or in small
cubes, while performing their ordinary
functions.”

“Last month in SCIENTIFIC AMERICAN
Mr. Lodian described the compressed
tea which is used by the Siberians and
by the Russian Army in Manchuria. The
article was accompanied by an illustra-
tion of a tablet of compressed tea, bear-
ing the imprint of the Russian govern-
ment. The printer was not familiar with
the Russian language, for which reason
the engraving appeared upside down,
so that the insignia of the Czar upon
the tablet were reversed. This revolu-
tionary proceeding proved too much
for the censor. In every copy of
SCIENTIFIC AMERICAN that reached our
Russian subscribers the unfortunately
placed engraving was ruthlessly blacked
out.”

“The constant proportionality found
in most minerals between the uranium
and the radium in them lends color to
the supposition that radium is a product
of the disintegration of uranium. B. B.
Boltwood has endeavored to throw
further light on this important probabili-
ty by carefully examining a large num-
ber of minerals of various origins, includ-
ing pitchblende from Joachimsthal,
Colorado and North Carolina; uranotho-
rite, euxenite, thorite, fergusonite and
monazite from Norway; monazite from
Brazil and Connecticut; allanite, gum-
mite, uranophane and samarskite from
North Carolina. All the analyses point to
uranium as the parent of radium. All the
monazites contain notable quantities of
uranium and radium, and this affords a
plausible explanation of the occurrence
of helium in this mineral, without re-
course to the unsubstantiated hypothesis
of the formation of helium from thorium.
The age of monazite is extreme, since it
occurs in some of the oldest igneous
rocks of the globe. It may, therefore, be
assumed that it originally contained
much more uranium than at present, and
that the accumulated helium represents
the disintegration product of radium for
countless ages.”

JUNE, 1855: “The average duration
of human life throughout the world is 33
years. One quarter die previous to the



NUMBER 3 OF A SERIES

INTEGRATED

ELECTRONICS

THE IMAGINATION FOR RESEARCH PLUS THE SKILLS FOR PRODUCTION

Hoffman Laboratories maintains a highly specialized group of engineers

whose entire efforts are devoted to the complex problem of developing

and producing specialized tactical test equipment for airborne navigation radar,
fire control, missile guidance systems, and other advanced electronic gear.

To meet the high standards of quality and reliability set by Hoffman Laboratories,
this test equipment group is an integral part of the engineering staff.

For the past 13 years Hoffman Laboratories has been successfully solving
advanced design and development problems in electronics.

During this time Hoffman Laboratories has never undertaken a development
program that has not successfully gone into production.

Write the Sales Department for your copy of “Report From Hoffman Laboratories:’

.

ML

G s i LABOR

Radar, Navigational Gear

Missile Guidance & Control Systems A SUBSIDIARY OF HOFFMAN ELECTRONICS CORPORATION
Noise Reduction

Countermeasures (ECM)

Computers . - . . A . A
Communications Challenging opportunities for outstanding engineers to work in an atmosphere of creative engineering.
Transistor Application Write Director of Engineering, Hoffman Laboratories, Inc., 3761 S. Hill St., Los Angeles 7, California.

I3
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(Standing) Dr. H. Fernandez-
Moréan, Director of new Insti-
tute for Neurology and Brain
Research,Caracas, Venezuela,
and Dr. Robert G. Picard,
Manager of RCA Scientific
Instruments Engineering,
operating the Electron
Microscope.

Moréan Ultramicrotome with
diamond knife for producing
vltrathinserialsectionsof 50—
200 A.U. thickness of biologi-
cal tissue, bone, metals, crys-
tals and other hard materials.

For further information
write to:

Dept. S-111,Building 15-1,
Radio Corporation of
America, Camden, N. J.
In Canada: RCA VICTOR
C y Limited, Montreal

Inmost Secrets
of Matter

.« « Revedled by the RCA
Electron Microscope

Ultrathin (80 A.U.) transverse
section of sub-microscopic nerve
fiber showing the highly regular
concentric lamination of the mye-
lin sheath. The spacing of the

major dark lines is 1 AU. The
faint intermediate line is 15 AU,

Ultrathin (200 A.U.) section of thick. Magnification 420,000 X.

aluminum. The fine structure of
the metal and electron optical
phenomena characteristic of thin
crystalline layers (extinction con-
tours) can be seen.

Slices of biological tissues and metals
less than four ten-millionths of an inch
thick have been studied by Dr. H. Fer-
nindez-Moran, working with an RCA
Electron Microscope and his newly
developed ultramicrotome at the Karo-
linska Institutet, Stockholm, Sweden.

He is now continuing his work
at the Institute for Neurology and
Brain Research, in Venezuela, which

is being equipped with RCA EMU-3
Electron Microscopes.

Using a diamond knife, even a hard,
brittle metal, such as germanium has
been cut so thin that six thousand slices
would only be the thickness of the page
you are now holding. This advance in
techniques means that many metals may
now be studied directly for the first
time by the Electron Microscope.

Unexplored avenues of research are
constantly being opened by the RCA
Electron Microscope. Its remarkable
potentialities will help solve your
own problems.

RADIO CORPORATION
, of AMERICA
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age of seven years; one half before
reaching seventeen.”

“The Academy of Sciences in Paris
have been investigating the causes
which almost invariably make the west
end of a city grow more and become
more fashionable than the east. ‘It arises
from the atmospheric pressure,” answers
the Academy of Sciences. The wind
which causes the greatest ascension of
the barometric column is that of the
east, and that which lowers it most is
the west. When the latter blows, it has
the convenience of carrying with it to
the eastern parts of a town all the
deleterious gases which it meets in its
passage over the western parts; and the
inhabitants of the eastern part of a
town have to support not only their own
smoke and miasma, but those of the
western part of the town, brought to
them by the west winds. When, on the
contrary, the east wind blows, it puri-
fies the air by causing the pernicious
emanations, which it cannot drive to the
west, to ascend. The deduction from
this law is, that the western part of a
city is the best place of residence for
persons of delicate health.”

“The Annales d’Hygiéne of Paris has
published an article pointing out the
danger arising from packing snuff in
lead, as the damp in the snuff acting on
the lead oxydizes it, and forms a soluble
salt of a poisonous nature. The tobacco
administration of France has acted on
this advice and discontinued the use of
the lead envelopes.”

“A young French chemist of the name
of Berthelot has made the discovery that
alcohol can be procured directly from
olefiant gas, which can be extracted in
large quantities from coal.”

“No train is considered safe in this
country unless there is a cord running
through or over every car, and connect-
ing with a gong on the locomotive,
which cord, in case of accident, the con-
ductor or passenger pulls, and so signal-
izes the engineer to stop. Although this
simple contrivance has been in use here
for years, with the utmost success, our
transatlantic friends refuse to adopt it.
One British plan, which we read not
long ago, was to have a large gong
placed over the engineer’s head, and to
furnish the conductor with a bow and
arrow. The conductor has a seat on the
top of one of the cars, and it was to be
made his duty, in case of accident, to
shoot at the gong and so alarm the
engineer.”



YOU FURNISH THE PRINT, WE'LL FURNISH THE PART

CONTACT BLOCK

128-.130 014
(2 HOLES)

OF SYNTHANE LAMINATED PLASTIC '
. MEETS MANY ELECTRICAL, MECHANICAL REQUIREMENTS

This contact block—for an electronic device—illustrates
the rising demand for materials with many properties
in combination. High dielectric strength, mechanical
strength and dimensional stability are essential for the
application; accurate machining is a must for proper
mating of components.

|
I
|
I
I
|
I
i
i
I
|
!
I
I
|
|
|
|
|
|
I
|
I
|
|
J

SYNTHANE CORPORATION, 2 River Road, Oaks, Pa.

Please send me more information about Synthane laminated
plastics and the Synthane fabrication service.

Name.

Title.

Company

Address

(————————————

The customer supplied the blueprint; Synthane Cor-
poration did the rest—first producing the proper grade of
material and then fabricating—accurately and without
waste or delay.

The more than 33 grades of Synthane laminated plastics
offer you a very wide range of properties in combination—
physical, mechanical, electrical, and chemical. And good
service and quality characterize Synthane fabrication.
The coupon will bring you further information and
technical data covering Synthane sheets, rods, tubes, and
molded parts, and Synthane service.

SYNTHANE

LAMINATED l sl PLASTICS

SYNTHANE CORPORATION - OAKS, PENNSYLVANIA

15
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EVERYTHING THAT ROLLS HASTO

STOP v

BRAKING PROBLEM IS DIFFERENT

HEN Bendix four-wheel brakes were intro-

duced to the American motoring public in 1925
the way was opened for safely controlling today’s swift,
high-powered cars. Since then we’ve built millions of
brakes for many kinds of vehicles, each with its own
peculiar braking problem.

From the day we patented the first airplane brakes,
for example, stopping heavy planes has gotten tougher
and tougher. When a large airplane comes roaring in for
a landing it’s like stopping 150 passenger cars going 60
m.p.h. Ordinary brakes and lining couldn’t do it. So we
invented a completely new lining called Cerametallict
for use onour segmented rotor brake—and that did the job!

Many years ago we pioneered power braking for
trucks—known today as Bendix* Hydrovac*. What we
learned building millions of these dependable brakes

has been incorporated in today’s power brakes for
passenger cars. Now Bendix “Low Pedal’”’ Power Brakes
have been selected by more car makers than other
types. We also make a power brake that can be installed
on your present car; you can buy it from car dealers,
service stations and independent garages.

Other brake products made by our Bendix Prod-
ucts Division at South Bend, Ind., include heavy-duty
systems for farm tractors and off-the-road equipment
and what we call Factory-New Lined Brake Shoes.
These brand-new, deluxe shoes, equipped with the
exact lining recommended by your car’s manufacturer,
can be installed by your dealer.

For years our Eclipse Machine Division at Elmira,
N. Y., has built Bendix* Coaster Brakes for bicycles.
Last year they brought out a foot-operated ‘“‘power
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everything that rolls!

brake” that gives your boy or girl 329, more stopping power and lets them
pedal easier because it has a two-shift transmission. It’s called Bendix*
MultiSpeed Coaster Brake, and every American bicycle maker now offers
it. Make sure it’s on your child’s next bike because it is safer.

Our Marshall-Eclipse Division at Troy, N. Y., turns out millions of
pieces of brake blocks and liningsevery month. Used as factory equipment
on many new cars, you should specify Bendix Eclipse lining when you
need your brakes relined.

So you can see that Bendix is in
the brake business. It is another part of
America’s most diverse manufacturing
operation. For more about Bendix and
how it might contribute to your busi-
ness, the booklet illustrated will be
mailed on request.

BENDIX AVIATION CORPORATION

Fisher Building « Detroit 2, Michigan

AVIATION
CORPORATION

PRINCIPAL DIVISIONS AND BASIC PRODUCTS

PIONEER-CENTRAL, DAVENPORT, IowA
aviation components; oxygen equipment;
ultrasonic cleaners.

BENDIX ProODUCTS, SOUTH BEND, IND.
automotive brakes, carburetors, power steering;
aviation brakes, landing gear, fuel metering;
guided missiles.

AIRCRAFT ProbpUCTS Di1v., TORONTO, ONT., CAN.
aviation components; radar; electro and
hydro-mechanical servo mechanisms.
Pacrric, NorTH HoLLywooD, CALIF.
telemetering equipment; hydraulic and electric
actuators; depth recorders; boat steerers.

EcLIPSE-PIONEER, TETERBORO, N. ]J.
aviation instruments and components; foundry.
SCINTILLA, SIDNEY, N. Y.
aviation ignition systems; industrial engine
magnetos; diesel fuel injection; electrical
connectors; ignition analyzers.

RED BANK, EaATONTOWN, N. J.
electron tubes; dynamotors; inverters;
AC-DC generators.

BENDIX RADIO, TOWSON, MD.
radar; auto, railroad, mobile and aviation radio;
television.

EcLIPSE MACHINE, ELMIRA, N. Y.

bicycle coaster brakes, Stromberg* carburetors,
electric fuel pumps, starter drives; jet engine nozzles;
textile bobbin holders.

KansaAs City DIVISION
operated for the Atomic Energy Commission.
RESEARCH LABORATORIES DIVISION
engineering research.

ZENITH CARBURETOR, DETROIT, MICH.
automotive, marine and small engine carburetors.

BENDIX-SKINNER, DETROIT, MICH.
micronic filters.

BENDIX FRIEZ, TOWSON, MD.

meteorological instruments, precision instruments
and recorders.

MARSHALL-ECLIPSE, TROY, N. Y.
brake blocks, brake lining, synthetic resins.

CINCINNATI, CINCINNATI, OHIO
automatic viscosity regulators, nuclear products.

BENDIX COMPUTER, LOS ANGELES, CALIF.
digital computers.

HamMmiLToN, HAMILTON, OHIO
jet engine controls and aircraft pumps.

LAKESHORE, ST. JOSEPH, MICH.
power steering and automotive devices.

UTica, UTtica, N. Y.

aviation components.

MONTROSE, SOUTH MONTROSE, PaA.
aviation components.

YORK, YORK, PaA.
electronic devices; test equipment.

BENDIX- ECLIPSE OF CANADA, LTD.
Windsor, Ont.

BENDIX INTERNATIONAL

New York City
*REG. U.S. PAT. OFF.

TREG. TRADE-MARK
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Is your product inactive for prolonged
periods, then called upon for immediate
action? That’s the problem facing
Schwien, Inc., makers of gyros for
guided-missile flight control.

To make sure their gyros will deliver on

age demand anytime, at any altitude, Schwien
p oS It Iive uses three CEC Mass Spectrometer Leak
Detectors. Each and every sealed gyro

leak . e

is pumped out . . . filled with dry, inert gas

. .. . then checked twice with this

t | g ht ness phenomenally sensitive quality-control
tool. Leaks so small that they pass only
4 x 107 std cc per second—undetectable

for

by any other method—are pinpointed

L
split-second e
With this important assist from CEC
o mass spectrometry, Schwien knows that
a c tl 0 ” their product can sit for years. .. then,
thanks to proved leak tightness, spring into
action in a split second.

TWO CEC LEAK DETECTORS
Schwien uses standard 24-101A instruments,
which can measure leak rates to 10°° std
cc/sec...detect 1 part helium in 200,000
parts of air. For ultra-critical atomic and
electron-tube work, the new Type 24-110
detects 1 part helium in 2,000,000 parts of air.
Both instruments are described in CEC
Bulletin 1801D-X35.

Consolidated Engineering

Corporation
ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL
300 North Sierra Madre Villa, Pasadena 15, California

Sales and Service Offices Located in: Albuquerque, Atlanta, Buffalo, Chicago,
Dallas, Detroit, New York, Pasadena, Philadelphia, Seattle, W ashington, D. C.
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THE AUTHORS

NIELS BOHR and I. I. RABI (“Al-
bert Einstein: 1879-1955”) were per-
sonal friends of Einstein, as have been
most of the other leading physicists of
this century. Both men are atomic physi-
cists, and their tributes to Einstein’s work
significantly stress his contributions to
atomic physics, which are perhaps less
widely appreciated than his relativity
theory. Bohr, the author of the classic
picture of the hydrogen atom that hangs
on the mental wall of every modern
physicist, was born in Copenhagen six
years after Einstein. Like Einstein he
made his first great discoveries in his late
twenties; like Einstein he fled from the
Nazis (escaping from Denmark in a
small boat in 1943) ; and he received the
Nobel prize in physics the year after
Einstein did (in 1922). Bohr is still di-
rector of the Copenhagen Institute for
Theoretical Physics, a post which he has
held since 1920. Rabi, winner of the
Nobel prize in 1944 for his explorations
of the atomic nucleus, is professor of
physics at Columbia University. He has
been a leader and spokesman of physi-
cists in the U. S., widely known as the
associate director of the Radiation Lab-
oratory (radar) at the Massachusetts In-
stitute of Technology during Werld War
II and as the present chairman of the
General Advisory Committee of the
Atomic Energy Commission.

SIX STAFF MEMBERS OF BOS-
TON PSYCHOPATHIC HOSPITAL
(“Experimental Psychoses”) are a group
of researchers of differing professional
backgrounds. Robert W. Hyde is a psy-
chiatrist and assistant superintendent of
the Hospital; he has been particularly
interested in studying the social factors
at work in mental illness. Max Rinkel, al-
so a psychiatrist, has for many years
made a specialty of tracking down bio-
chemical and pharmacological aspects of
various mental states. H. Jackson De-
Shon is a clinical psychologist; in the ex-
periments described in the article his
responsibility was to determine the sub-
jects” psychological state. The group
also includes K. Morimoto, a sociologist,
and R. H. York and H. Salvatore, clin-
ical psychologists, all trained at Boston
University. Irr contributing to the article,
each man wrote a section covering his
own work,

J. P. WILD (“Radio Waves from the
Sun”) is a radio astronomer on the staff



How a National=-Standard

% wire development took

® Until recently, when a pilot “hit the silk”, the shock
was almost more than his frame could absorb. A better
parachute harness was needed.

A leading spring maker brought this problem to
National-Standard.

Our engineers came up with a special stainless steel
wire that would take the severe forming stresses created
in coiling long, thin springs. In addition, this wire could
be made into springs with unusual resistance to perma-
nent set. And, finally, this wire enabled the spring de-
signer to create a spring with high initial tension ... a
sort of delayed action characteristic which prevented the

the jolts out of

“bail=-outs”

spring from opening until the severe shock of decelera-
tion was applied.

We solved this problem by staying with it long after
most wire and steel makers would have given up. It is
this stay-with-it approach that has enabled National-
Standard to solve more of the fussy problems in steel and
wire making than anyone else in the industry.

If you have a need for steel or wire with unusual or
even “impossible” characteristics, check first with
National-Standard. We may already be making such
products. And, if we don’t know how to make it now,
we’ll learn.

NATIONAL-STANDARD COMPANY « NILES, MICHIGAN
Tire Wire, Stainless, Fabricated Braids and Tape

ATHENIA STEEL DIVISION « CLIFTON, N. J.

Flat, High Carbon, Cold Rolled Spring Steel

REYNOLDS WIRE DIVISION < DIXON, ILLINOIS

Industrial Wire Cloth

WAGNER LITHO MACHINERY DIVISION « JERSEY CITY, N. J.
Special Machinery for Metal Decorating
WORCESTER WIRE WORKS DIVISION .
Round and Shaped Steel Wire, Small Sizes

WORCESTER, MASS.
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5700 Series

MEASURING THE COURSE OF TIME

with

HAYDON

TIME — and its measure — are positive factors in man’s progress.

And helping man to control this inescapable element, HAYDON has
designed and developed small, rugged devices that track its course
with precision and dependability.

If TIME is a factor in the progress of YOUR product or process . . «

« . . HAYDON Devices offer efficient, accurate performance plus
important economies in space and cost.

« « . HAYDON's complete Timing Services, engineering counsel and
manvfacturing facilities, are at your disposal.

TAKE TIME . . . call in the HAYDON Field Engineer; write for his
name and for informative catalogs on HAYDON Timing Motors
and Devices.

*Trademark Reg. U.S. Patent Office

HAYDON

AT TORRINGTON A SUBSIDIARY OF GENERAL TIME CORP.

Elopsed Time Indicator

HEADQUARTERS FOR

TIMING HAYDON Manufacturing Company, Inc.

3730 ELM STREET, TORRINGTON, CONN.
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of the Commonwealth Scientific and In-
dustrial Research Organization in Syd-
ney, Australia. He was born in York-
shire, England. After reading mathe-
matics and physics at the University of
Cambridge and taking an M.A., he
served in the Royal Navy as a radar of-
ficer on the battleship King George V.
Attracted to Sydney, his ship’s base dur-
ing part of World War II, he went back
to Australia after the war and joined
the Radiophysics Laboratory of the
C.S.I.R.O. With his collaborator L. L.
McCready, Wild was the first to de-
velop, in 1948, a solar radio spectroscope
that could respond to a wide band of
frequencies.

JAMES R. NEWMAN (“James Clerk
Maxwell”) is a member of the board of
editors of this magazine, for which he
also conducts the book department. He
writes: “I have long been interested in
19th-century science—as a graduate stu-
dent in mathematics (after getting my
law degree) at Columbia, and after-
wards. I am an amateur, of course, but
absorbed in this period of thought.”
Newman is the coauthor with Edward
Kasner of the well-known book Mathe-
matics and the Imagination. He also
edited an edition of William Kingdon
Clifford’s Common Sense of the Exact
Sciences, for which he wrote a long note
on the scientific achievements of the age
of Clifford and Maxwell. He is writing
a book of essays on 19th-century scien-
tific thought, covering Faraday, Max-
well, Clifford, Helmholtz and Poincaré
among others, and is contemplating a
full-scale biography of Maxwell. Next
fall Simon & Schuster will publish his
The World of Mathematics, which will
include selections of famous writings on
the relation of mathematics to a wide
variety of subjects, from art and litera-
ture to war, physics and philosophy.

NICHOLAS PASTORE (“Learning
in the Canary”) is an instructor in psy-
chology at Queens College in New York
City and a lecturer on statistics at New
York University. His Ph.D. thesis at
Columbia University (1948) was on the
effects of scientists’ political and social
attitudes on their stand in the historic
nature-nurture controversy. He has long
been interested in the psychology of
learning, and a close-out sale of a neigh-
borhood pet shop two years ago provided
him with subjects. He turned his home
into an aviary and began experiments.
Some of his results are described here.

DAVID PRAMER (“Antibiotics
against Plant Diseases”) is assistant pro-



Four minutes to carrier deck...three...two...

home again! At supersonic speeds fuel reserves

must be measured in minutes and seconds of
flying time — not hours. And in jet aircraft

that’s the job of the automatic fuel flow
totalizer. Into these instruments go sYNcHrROS

which transmit data accurately to the cockpit.
Because of their vital role, the Air Force

demands synchros of the highest precision...

and Norden-Ketay supplies them.

VITAL TO JET AIRCRAFT

NORDEN-KETAY

«eoIN CHEMICAL PLANTS, TOO

Industry, too, is using syNcHros. For example,
the chemical, food, and petroleum processing
industries use SYNCHROS in remote control
applications to reduce operating costs and
assure uniformity in their products.

Look to Norden-Ketay for
SYNCHROS °* SERVO MOTORS °* DIGITAL CONVERTERS
RATE GENERATORS * RESOLVERS * MAGNETIC AMPLIFIERS
GEARS AND GEAR TRAINS °* POTENTIOMETERS
NAVIGATIONAL SYSTEMS °* FIRE CONTROL SYSTEMS
SERVO MECHANISMS °* AIRBORNE INSTRUMENTS
BOMB DIRECTOR SYSTEMS °* AIR DATA INSTRUMENTS
COMPUTERS °* COMMUNICATION EQUIPMENT
PRESSURE GAUGES.

NORDEN-KETAY (JORPORATION

99 Park Avenue, New York 16, New York

RESEARCH & DEVELOPMENT LABORATORY:
The Norden Laboratories, White Plains, N. Y.

MANUFACTURING DIVISIONS:
Precision Components Division, New York, N. Y.
Commack, Long Island, N. Y., Hawthorne, California

Instrument and Systems Division: Milford, Connecticut

SUBSIDIARIES: Nuclear Science and Engineering Corporation, Pittsburgh, Penn.
Vari-ohm Corp., Amityville, Long Island, N. Y.
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Pioneers in the Systems

Are You Tee’d Off?

Engineering Concept

22

Can’t blast your way out of the “frozen
design” trap? Yes, many pros are handicapped
by an automated production line without
systems planning . . . because it just can’t
follow-through on the swing to design changes.

But here’s the pointer that will keep your
production drive out of the rough:

AUTOMATION COMPONENTS - SYSTEMS ENGINEERING — SERVOMATION*

Your little black boxes, SYSTEMS
ENGINEERED by SERVO, not only give
you the correct production setup today, but
allow very practical and speedy transition
for product changes tomorrow.

And the SERVOMATION building blocks
make it easy to expand your automated
production line to meet increased demand.

You’ll be shooting below par for the course
with a fully flexible production line,
thanks to SERVOMATION!

SERVO CORPORATION of AMERICA

®

New Hyde Park
Long Island, N.Y.

SERVO CORPORATION OF AMERICA
New Hyde Park, long Island, N. Y.

I am interested in further details and information on SERVO
Systems Engineering, as applied to___

NOMe csietassesstcsssnnsassascassoscsssssssssestsssscons .
POSIHHON. e e covoooesoossassassassassssssssssasssssssssssssae .
Company Nam@eeeeeeeeeeossssssssssssssssssscans Cececccnne .
Company Address..c.eeeeeeeecestsetenacersesscsscsassnssenn .
Cityeeeenseesessosasessssasanaee Zone.s.s StOt0. 0 u gy, SAb

© 1955 SCIENTIFIC AMERICAN, INC

fessor of agricultural microbiology at
Rutgers University. After taking his
doctorate at Rutgers in 1952 Pramer
spent two years in England at the But-
terwick Research Laboratory of Imperial
Chemical Industries. At Rutgers, to
which he has now returned, he works at
the New Jersey Agricultural Experiment

Station.

LOUIS N. RIDENOUR (“Computer
Memories”) is a physicist currently en-
gaged in industrial work with the Missile
Systems Division of the Lockheed Air-
craft Corporation. Educated at the Uni-
versity of Chicago and the California
Institute of Technology, he was a nu-
clear physicist before he went to the
Radiation Laboratory at the Massa-
chusetts Institute of Technology in 1940
to work on radar. At the end of the war
he edited the Laboratory’s 27-volume
summary of its work in radar and elec-
tronics. Later he was dean of the Uni-
[ versity of Illinois Graduate College for
several years, spent a year as chief scien-
tist with the Air Force and then entered
industrial work.

ESMOND R. LONG (“The Germ of
Tuberculosis”) is the retiring director of
medical research of the National Tuber-
culosis Association. Like many other
prominent researchers in tuberculosis, he
|once had the disease himself. “It was

first diagnosed in 1913,” he writes, “and
I spent over five years in getting back on
my feet.” Long, then a young assistant
in pathology at the University of Chi-
cago, went to Tucson, Ariz. He worked
in the desert laboratory of the Carnegie
Institution of Washington there and
later became a Trudeau Fellow in the
ilaboratories at Saranac Lake, N. Y. In
|1919 he returned to the University of
Chicago, where he obtained a Ph.D. in
pathology and an M.D. at the Rush
Medical College. After 1932 he was
professor of pathology at the University
| of Pennsylvania, director of the Henry
Phipps Institute laboratory and a mem-
ber of the National Research Council.
He has received the Trudeau Medal of
the National Tuberculosis Association.

MORTON GRODZINS, who reviews
Samuel A. Stouffer’s Communism, Con-
formity and Civil Liberties in this issue,
is professor of political science at the
University of Chicago. He took his Ph.D.
at the University of California in 1945
and taught there before coming to Chi-
cago in 1953. For several years he was
editor of the Chicago University Press;
he now serves as adviser to the chancel-
lor on special projects.




What causes
high temperature failure?

Strange reactions can take place when
metals are exposed to high heat.

Even common soot and the air itself
become destructive corrosives that can
disintegrate a metal and waste away its
strength.

High Temperature Corrosion

The more these reactions are studied,
the more evident it becomes that the
damage caused by high temperature
corrosion is one of the most serious
reasons for metal failures.

No single metal or alloy can resist
all these corrosive conditions. For 20
years Inco metallurgists have been ex-
perimenting with controlled composi-
tions of metals . . . searching for the
answers to the problems posed by ex-
panding temperature frontiers. From
this work have come such strong, heat-

resisting alloys as Inconel and Inconel
“X,” Incoloy and the Nimonic Alloys.

Have metals reached their limit?

Inco metallurgists think not. Who
knows what future research programs
may reveal ?

Do you have a problem involving
high temperatures? The solution may
already be in the files of Inco’s High
Temperature Engineering Service. If
not, our engineers will be glad to work
with you to find it. Write for a “High
Temperature Work Sheet” to help you
outline your problem for study. After
that it is up to us. There is no obliga-
tion on your part.

INCO RESEARCH
OFFERS HELP

(Left) One phase of the search for answers
to high temperature questions is the con-
tinuing work on new INCO Nickel Alloys.
Here INCO metallurgists pour an experi-
mental melt from their laboratory radio-
frequency induction furnace. The resulting
alloy may be a new solution to some of the
unanswered high temperature problems
facing engineers today.

BLISTERING

NN N

SHEAR CRACKING

——

FLAKING OR SPALLING

Breakdown of oxides by blistering, crack-
ing or spalling can cause rapid destruction.
As the oxide layer breaks away, it keeps
exposing fresh metal to further attack until
its strength is wasted away. This type of
failure can be avoided by using an alloy
that resists the corrosive action at high
temperature and protects itself with a tough
adherent oxide.

Which of these metals will solve your prob-
lem? When INCO’s High Temperature
Engineers do not have a ready answer in
all their amassed information, they make
use of a test rack like this. After exposure
to high temperature corrosion under actual
service conditions, a direct comparison of
the different samples indicates which metal
or alloy may solve your particular problem.

Nickel Alloys Perform Better Longer
!INCO: THE INTERNATIONAL NICKEL COMPANY, INC.

TRADE MARK

67 Wall Street
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One of a series telling.
how the producing companies of
General Precision Equipment Corporation
are contributing to America’s progress.

advanced technigues & resources

The producing companies of General Precision Equipment Corporation are
engaged in the development, production and sale of advanced technological prod-
ucts, Each of these companies specializes in particular areas of advanced com-
petence and possesses highly developed techniques and resources in its particular
field or fields. These are the building blocks of GPE Coordinated Precision Tech-
nology, through which GPE serves more than a dozen important industries.

The chart at the left shows the areas in which each GPE Producing Company
works. But it cannot show the high degree of specialization and the important
position each GPE Company occupies in its field or fields.

..‘ Take TELEVISION, for instance, and the work of

General Precision Laboratory Incorporated, the GPE leader in

the field. GPL’s research, development and manufacturing activi-
ties in TV are concerned with quality equipment for theatre, studio, business,
industrial, institutional and military TV and do not relate to the home TV field.
In all the areas in which GPL operates it has played an important part in the making
of television history.

q GPL equipment was used for all video recording of the Coronation, both U. S.
and Canadian. It is used by 90% of the studios equipped for video recording.

Q The first appearance of a President on closed-circuit TV—President Eisenhower
speaking from the White House to distinguished guests at the dedication of the
Ford Research Center in Dearborn—was projected via GPL equipment.

q High quality portable projection equipment, newly developed by GPL, enabled
guests assembled in several separate ballrooms of the Waldorf-Astoria to see and
hear the Queen Mother at two New York dinners last Fall; made possible the
historic 53-city TV hook-up which was a feature ot GM’s fifty-millionth car cele-
bration. This equipment played a key role in the recent nationwide “heart-video-
clinic’—the largest meeting of its kind ever held—attended by over 20,000 heart
specialists in thirty-five cities. It is rapidly making closed-circuit TV a practical,
everyday business and institutional meeting medium.

Q Many broadcast studios, including CBS’s famous TV 61—the largest in the East,
are exclusively equipped with GPL cameras and control equipment.

q New uses are developing steadily for GPL’s “Bullet,” the new, portable, easily
operated, industrial television camera: in banks to speed service, eliminate con-
gestion and reduce personnel costs; in railroads to better control and speed train
make-up and freight car loadings; in industry to monitor and improve manufac-
turing processes, for surveillance and security, and to view hazardous operations.

GPL is a leader in military TV with its special and exacting requirements for
airborne, shipboard and under-water uses and is also at work on color TV. A color
film camera chain of high quality, for studio use, is in production and additional
color equipment will be announced in 1955.

A broad description of the work of GPL and the other GPE Companies is
contained in the GPE brochure, “Serving Industry Through Coordinated Precision
Technology.” For a copy, or other information, address:

The *'Bullet'' TV Camera; for industrial,
institutional and educational use. Produces
useful pictures under conditions of poor light;
feeds any TV receiver or monitor; unique
packaging permits placement in ordinarily
inaccessible areas; unitized construction

with plug-in component chassis minimizes
maintenance requirements.

Projection TV System;
projects bright, clear
»  pictures on screens from
! 3'x4"109" 1012,
Completely
self-contained; easily
| transported; set up in
| matter of minutes; does
not require skilled
‘operator. Designed
especially for
closed-circuit meetings
in hotels, clubs,
auditoriums.

Remote Control TV Camera;

for broadcast and industrial

use. Pre-set control permits

memory of 6 different shots.

Mounted on servo-operated.

pedestal, provides complete

remote control of lens

selection, iris, pan and tilt.

)\ Highly useful for observing
. dangerous phenomena;

" permits broadcasting

without use of camera man.

General Precision Equipment Corporation

92 GOLD STREET, NEW YORK 38, NEW YORK
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This is WETth exposed...

WETth—vaporous moisture—is made visible here by the cold window
pane. It condenses and fogs the view, runs down the glass and soaks
the sill. It’s a nuisance!

In the plant, where WETth is not so easy to discover, it is often a
serious hazard. Delicate chemical reactions are led astray by this unpre-
dictable variable. Production slows to a standstill. Raw materials and
finished products spoil in storage—victims of moisture’s attack.

Lectrodryers reduce the moisture content of air, gases and organic
liquids to a constant low, eliminating it as a troublemaker. They
handle a few cubic feet per hour or many thousands, at atmospheric
pressures or as high as 6,000 pounds per square inch. Lectrodryers work
continuously and, where desirable, automatically.

WETth may be causing trouble on your production. The book, Because
Moisture Isn’t Pink, shows you where to look, by disclosing how other
manufacturers are using Lectrodryers. For a free copy, write Pittsburgh
Lectrodryer Corporation, 336 32nd Street, Pittsburgh 30, Pennsylvania.

LABORATORY LECTRODRYER* "
Pressure up to 15 Ib. per square inch $15500
110 volt, single phase, 60 cycle F.O.B

Pittsburgh

If your experimentation requires small quantities of dry air or |
other gases, a Laboratory Lectrodryer will help you greatly.
Rated at 100 cubic feet per hour, these machines have in many
cases provided the dryness in research that has led to large
savings in production.

€.

LECTRODRYER

* REGISTERED TRADEMARK U.S. PAT. OFF.

LECTRODRYERS DRY WITH ACTIVATED ALUMINAS
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THE COVER

The photograph on the cover ob-
viously shows a canary on a chess-
board. It should be stated at once
that the canary is not playing chess.
It is the subject of a psychological
experiment (see page 72). Before
the experiment was conducted, the
canary had been trained to distin-
guish one unique object among a
number of objects. Here the canary
demonstrates its ability to gener-
alize on this lesson. It chooses one
white chessman among five red ones.

THE ILLUSTRATIONS
Cover photograph by David Linton
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122-126 Roger Hayward

128 Stuart Lichtman
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S1nce'lh;‘beginning of time man has sought to
escape the limitations of the known. Though his feet
are planted on the ground, his vision goes beyond
the range of sight to limitless space . .. dwelling
place for a hundred million universes.

Exploring these realms of the unknown . ..

wresting the electron's secrets from Nature has been
Farnsworth's sole function for over a quarter of a
Century ...the last ten years continuously participating
in the design, development and productien of

guided missile systems such as Talos, Terrier,
Sparrow and others.

We hope our contributions to this country's
defenses act as deterrents to aggression and help
influence the peaceful settlement of differences
between nations.

The next decade, added to this vast storehouse of
ELECTRONICS ... electronic knowledge, will bring man's age-old vision

of reaching the stars into closer focus.
THE KEY

TO AMAZING TOMORROWS

Farnsworth Products and Activities include:

Research—Applied Physics, Circuit Research, Solid State
Physics, Low Temperature Physics.

Radar—Transmitters and Receivers, Computers, Microwave
Components, Pulse-Coding and Circuitry.

Electron Tubes—Photomultipliers, Storage Tubes,
Image Tubes, Infrared Tubes.

Missile—Guidance and Control Systems, Test Equipment.

FARNSWORTH ELECTRONICS COMPANY * FORT WAYNE, INDIANA
a division of International Telephone and Telegraph Corporation
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Through IBM research, another FIRST for business

L}

KEY TO In the IBM 608, tiny transistors are combined with the fantastic
“memory” capacity of magnetic cores to give business a data processing
THE FIRST machine with significant new advantages. Made without a single
vacuum tube, the IBM 608 Transistor Calculator uses these new solid state
ALL-TRANSISTOR electronic components to meet the needs of business for faster computing and
greater storage capacity with traditional IBM reliability.

CALCULATOR The new IBM 608 reduces power requirements by 90%, saves valuable floor space,
requires no forced air cooling, and can be operated from a standard
OFFERED 110-volt A.C. outlet. Exciting developments like the IBM 608 Transistor Calculator
open the way to electronic data processing for more businesses than ever.
TO BUSINESS! International Business Machines Corp., 590 Madison Ave., New York 22, N. Y.

IBM DATA World's largest producer of
PROCESSING data processing machines

TRABE-uAR
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Improved assembly-line adhesive
makes honeycomb panels

stronger, more heat resistant

An improved Armstrong Adhesive—D-253N—makes possible honey-
comb panels that are more rigid and more heat resistant than those
made with the best thermoplastic adhesives previously available. And
these panels can be made with assembly-line speed and economy.

Panels made with D-253N are stronger because this adhesive can
hold a dead load twice that of the best conventional thermoplastic
cements. And D-253N’s greater heat resistance makes it useful at
temperatures up to 180°F. These characteristics virtually make
D-253N a new type of adhesive, one that’s intermediate between
thermoplastic and thermosetting cements.

Armstrong D-253N simplifies assembly-line bonding of panels.
Applied by spray gun or roller coater, it dries under infrared heat
in less than a minute. And it requires only momentary pressure to
form a high strength, permanent bond.

For more information on D-253N, or a copy of the catalog describ-
ing other Armstrong Adhesives, write Armstrong Cork Company,
Industrial Division, 8006 Inland Road, Lancaster, Pennsylvania. In
Canada, please write to 6911 Decarie Boulevard, Montreal.

(Armstrong

ADHESIVES o COATINGS o SEALERS

« « - used wherever performance counts
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ALBERT EINSTEIN: 1879-1955

Tributes by Niels Bohr and I. I. Rabi

ith the death of Albert Einstein, a life in

\-‘X/ the service of science and humanity

which was as rich and fruitful as any in

the whole history of our culture has come to an

end. Mankind will always be indebted to Ein-

stein for the removal of the obstacles to our out-

look which were involved in the primitive notions

of absolute space and time. He gave us a world

picture with a unity and harmony surpassing the
boldest dreams of the past.

Einstein’s genius, characterized equally by
logical clarity and creative imagination, succeed-
ed in remolding and widening the imposing edi-
fice whose foundations had been laid by Newton’s
great work. Within the frame of the relativity
theory, demanding a formulation of the laws of
nature independent of the observer and em-
phasizing the singular role of the speed of light,
gravitational effects lost their isolated position and
appeared as an integral part of a general kine-
matic description, capable of verification by re-
fined astronomical observations. Moreover, Ein-
stein’s recognition of the equivalence of mass and
energy should prove an invaluable guide in the
exploration of atomic phenomena.

Indeed, the breadth of Einstein’s views and the
openness of his mind found most remarkable ex-
pression in the fact that, in the very same years
when he gave a widened outlook to classical
physics, he thoroughly grasped the fact that
Planck’s discovery of the universal quantum of
action revealed an inherent limitation in such an
approach. With unfailing intuition Einstein was
led to the introduction of the idea of the photon
as the carrier of momentum and energy in in-
dividual radiative processes. He thereby provided
the starting point for the establishment of con-

sistent quantum theoretical methods which have
made it possible to account for an immense
amount of experimental evidence concerning the
properties of matter and even demanded recon-
sideration of our most elementary concepts.

The same spirit that characterized Einstein’s
unique scientific achievements also marked his
attitude in all human relations. Notwithstanding
the increasing reverence which people every-
where felt for his attainments and character, he
behaved with unchanging natural modesty and
expressed himself with a subtle and charming
humor. He was always prepared to help people
in difficulties of any kind, and to him, who him-
self had experienced the evils of racial prejudice,
the promotion of understanding among nations
was a foremost endeavor. His earnest admonitions
on the responsibility involved in our rapidly grow-
ing mastery of the forces of nature will surely help
to meet the challenge to civilization in the proper
spirit.

To the whole of mankind Albert Einstein’s death
is a great loss, and to those of us who had the good
fortune to enjoy his warm friendship it is a grief
that we shall never more be able to see his gentle
smile and listen to him. But the memories he has
left behind will remain an ever-living source of
fortitude and encouragement. —NieLs Bonr

ith Albert Einstein’s death a great light

gx/ has gone out in the world of physics, for
Einstein, more than any other man, set

the tone of the physics of the 20th century. His

theories of special and general relativity were
the capstone of classical physics and the theory
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of fields. His theory of light quanta and his later
demonstration of the nature of the fluctuations of
“black body” radiation raised the paradox of the
wave-particle duality, which was partly resolved
two decades later in the principle of comple-
mentarity of Niels Bohr and Werner Heisenberg.
His 1917 paper, introducing the ideas of spon-
taneous and stimulated emission of radiation, was
the first clear statement of the statistical nature of
fundamental atomic phenomena. The famous Ein-
stein A and B coefficients led to the quantitative
use of the correspondence principle and to the
formulation of the Kramers-Heisenberg dispersion
formula, which in turn led to Heisenberg’s matrix
mechanics. Einstein was therefore in a very real
sense the founder of the statistical theory of fun-
damental atomic phenomena.

There is scarcely any important fundamental
idea in modern physics whose origin does not
trace back at least in part to Einstein. Yet, like
many another father, he was not really satisfied
with the children of his scientific imagination. He
never regarded his mighty contributions to quan-
tum theory as other than provisional suggestions
for the ordering of phenomena. The subsequent
formulations of quantum mechanics and espe-
cially the thoroughgoing statistical interpretations
were to him philosophically and esthetically re-
pugnant.

The Einstein-Bose statistics and the Einstein
condensation phenomenon were his last important
positive contributions to quantum theory. His sub-
sequent role with respect to quantum theory was
that of a critic. He applied the force of his great
imagination to the construction of imaginary ex-
periments which involved the theory in seemingly
paradoxical and contradictory predictions. The
resolution of these paradoxes, chiefly through the
efforts of Bohr, served to refine and clarify the
principle of complementarity but left Einstein
unconvinced.

His real love was the theory of fields, which he
pursued with unremitting vigor to the very end of
his more than 50 years of active scientific life.
This preoccupation is to a large degree the key to
his scientific personality. The theory of general
relativity was constructed on the basis of a physi-
cal observation of the equivalence of inertial and
gravitational mass under certain simple circum-
stances. Beyond that, his guiding principles were
his esthetic and philosophical urge for simplicity
and symmetry. His intuition and taste led him to
believe that the equivalence principle was true in
general, and that the equations of physics must be
covariant in all systems of coordinates. With
these guidelines and with the use of mathematical
tools already at hand, he built a theory of gravita-
tion and of the structure of the cosmos.

Like a mystic who has had a divine illumina-
tion, Einstein in his search for the ideal could be
satisfied with nothing less than a theory which
would encompass all phenomena—atomic and
cosmic. He once remarked to me in a discussion
concerning the newly discovered meson: “We
already know that the electron is quantized in
charge and mass. Should not this be enough em-
pirical information for a theory of matter?” It was
a goal of this grandeur that drove him in his
search for a unified field theory.

Einstein was a unique personality. He was not
attracted by fame or fortune nor swayed by the
opinions of the majority. He knew his talent and
guarded it jealously against outside interference.
Although fearless in support of any cause he con-
sidered worthy, he gave only so much of himself
and no more. Physics was his life, and he lived it
according to his own lights, with complete objec-
tivity and integrity.

He was the prince of physicists, and the imprint
of his mighty strides will give direction to his be-
loved science for generations to come.

—I. I. RaBl

THE YOUNG EINSTEIN posed for the photograph on the opposite page in 1905. He was 26
and a clerk in the Swiss patent office. This was the year of his greatest productivity. In 1905
he made a great contribution to the quantum theory and published a paper entitled “On the
Electrodynamics of Moving Bodies.” This paper set forth the special theory of relativity.
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Experimental Psychoses

When the drug called LSD is administered to human subjects, it

produces the symptoms of psychosis. The phenomenon provides

a remarkable new tool for the investigation of psychotic states

by Six Stafl Members or Boston Psychopathic Hospital

Albert Hofmann, while working
with a chemical in his laboratory
one day, was overcome by peculiar men-
tal sensations. He became restless, felt
disembodied, could not concentrate on
his work. Fantastic images of extraor-
dinary plasticity and kaleidoscopic color-
ing flitted through his mind. In a dream-
like state, he left the laboratory and
went home. Correctly connecting his dis-
turbance with the chemical he had been
preparing, Hofmann conscientiously re-
corded every sensation. His description
was the beginning of a remarkable series
of discoveries.
The chemical that so affected Hof-
mann was a derivative from ergot, a

In the spring of 1943 a Swiss chemist,

fungus that grows on rye. The derivative
is called d-lysergic acid diethylamide
tartrate, or LSD for short. Hofmann’s
account indicated that the drug first
acted on the autonomic nervous system
and then produced psychotic symptoms.
The discovery was intensely interesting
to psychiatrists. Not only did it show a
definite link between a physiological dis-
turbance and mental changes, but it sug-
gested that here at last was a drug of
which investigators of mental illness had
long dreamed: a drug which would pro-
duce experimental psychoses for study
in the laboratory.

Many of man’s diseases (yellow fever,
diabetes, tuberculosis and a host of
others) have been brought under control
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CHEMICAL STRUCTURE of LSD is shown by this formula. LSD stands for d-lysergic acid
diethylamide tartrate. It is a derivative of ergot (see photograph on the opposite page).
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by the classic method of producing the
disease experimentally to study its cause,
process When we know
enough to be able to create a disease,
we are closer to its cure. With a drug
capable of creating temporary psychoses
equivalent to the states of psychotic pa-
tients we could accomplish many things:
(1) learn to understand what a psy-
chotic person is feeling and thinking;
(2) study what mental changes take
place as a psychosis develops; (3) relate
the psychological changes to physiology
and body chemistry; (4) test various
treatments.

and cure.

Since 1949 we have been studying the

effects of LSD at the Boston Psycho-
pathic Hospital. The research began
with no elaborate plan, but after some
preliminary observations we undertook
a systematic investigation of the re-
actions of various types of subjects under
various conditions, together with cer-
tain physiological and biochemical
studies. So far we have examined the
responses of more than 100 healthy vol-
unteers and a number of psychotic pa-
tients.

The studies led to a new chemical con-
cept of psychosis. Our observations tie
in strikingly with the findings of Daniel
H. Funkenstein at our hospital concern-
ing the roles of adrenalin and nor-
adrenalin in the emotions [see “The
Physiology of Fear and Anger,” by Daniel
H. Funkenstein; SCIENTIFIC AMERICAN,
May]. Dr. Funkenstein has shown con-
vincingly that people who repress their
anger liberate an abundance of the
adrenalin-type substance and become
depressed, while those who act out their
anger release more nor-adrenalin. Our
experiments showed that LSD affects
mainly the adrenalin system. One inter-
esting case was that of a lobotomized



patient. When she was given LSD, she
reverted to her pre-lobotomy depression.
As the effects of the drug wore off, her
agitation and depression subsided and
she recovered the marked improvement
she had shown after her operation.

Other studies related the psychotic
state to the complementary functioning
of the pituitary and adrenal glands, com-
monly thought of as the “pituitary-
adrenal axis.” Hudson Hoagland and
Gregory Pincus at the Worcester Foun-
dation for Experimental Biology dem-
onstrated that LSD reduces the output
of inorganic phosphates in the urine—a
situation usually characteristic of schizo-
phrenics—while the pituitary hormone
ACTH increases this output.

In the experiments with normal sub-
jects, a standard dose of LSD was given
and the subject’s reactions were care-
fully recorded for a number of hours,
both by the person under the influence
of the drug and by observers. On the
average the major effects last for six
hours. Within an hour after taking the
drug, the subject shows a number of
physical symptoms—restlessness, tremor,
weakness, sweating, sensations of heat
and cold. These persist without much
change throughout the six hours, but the
mental effects progress through a series
of different stages. At first the subject
has feelings of irritation, hostility, anx-
iety and apprehension, such as any
normal person may experience under
stress. In the second hour he begins to
lose touch with reality and show psy-
chotic symptoms. The subject withdraws
into himself and is overcome by apathy,
lethargy and confusion. He feels that
something strange has happened, that
things seem different. He may have the
sensation that he does not exist or that
parts of his body have altered form; one
subject felt that there was nothing be-
tween his hip and his foot, although he
knew perfectly well that his thigh and
leg were intact. All sorts of visual illu-
sions appear, and the subject commonly
has the illusion of a metallic taste in his
mouth. His thoughts slow down. He be-
comes more or less inarticulate, appar-
ently because he cannot put into words
the unfamiliar ideas and strange sensa-
tions he is experiencing. He may smile
at inappropriate times; occasionally a
subject laughs against his will. Often
there is a peculiar change in the sense of
time: though the subject may know quite
well the date and time of day, it seems
to lose its meaning, and he may feel him-
self “out of time.” During the period of
unreality the subject may experience a
recognizable mood, such as depression,

ERGOT is a fungus that grows on rye. At the left in this photograph is a healthy head of rye.
At the right is a head infected with ergot. The ergot appears as brownish-black bodies.
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elation, anxiety or anger, but even this
emotion has a vacuous quality.

In the fourth hour after the drug was
taken, the psychotic symptoms begin to
decline rapidly. In the sixth hour the
early symptoms of irritation, hostility
and anxiety return. Then the effects of
the drug subside and by the tenth to the
twentieth hour the subject becomes com-
pletely normal again.

We tested the changes of personality

of a number of LSD-drugged sub-
jects with the Rorschach, Draw-a-Per-
son, Thematic Apperception and Wech-

sler-Bellevue tests. Of 29 subjects so
tested, all but two changed significantly
in at least one major area of person-
ality, such as perception, cognition or
emotion. The drug usually impaired the
ability to concentrate and to make com-
plex associations and abstractions. It
narrowed the subject’s perceptual field
to those parts of the environment close
to him. It reduced the capacity to or-
ganize and interpret experience and di-
minished concern about the past and fu-
ture; the subject focused primarily on
the immediate situation. He lost his
usual discrimination between himself

and others: he frequently attributed his
own feelings to other persons or to physi-
cal objects. Sometimes he acquired an
unusual insight into his own and other
people’s underlying attitudes.

To help the subjects express the feel-
ings they had experienced under the
drug, which they found so difficult to
communicate, we asked them to draw
pictures afterward. These pictures vary
considerably in the feeling tone ex-
pressed. One clearly evokes sadness and
dejection; another, warmth and to-
getherness with people; still another,
confusion. New subjects shown these
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THREE STAGES of the reaction to LSD are illustrated by these
three drawings by the same subject. The first picture expresses a
stage of euphoria. The description of the picture by the subject was
paraphrased as follows: “The figure is happy and, above all, free.
He has thrown off all cares, problems, ugliness, anger and fear. The
world around him is bright and beautiful. Beyond the next rise in
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the field is that which he wishes more than all else. He feels liber-
ated and unlocked within, integrated, realized.” The second draw-
ing expresses a brief but intense stage of transition. The description
was paraphrased: “The image of the dancing figure is retained as a
memory only, and one about to disappear. The feeling is one of loss.
A loss of perfection, a departure from Eden. The intensity of the
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pictures usually found them helpful in
clarifying their feelings and verbalizing
their experiences.

From the social point of view, the
LSD experiments serve two purposes.
Firstly, they make it possible to study
experimentally the effects of the psy-
chotic state on social behavior. Secondly,
they afford a means of comparing the re-
actions of people of different social status
or in different social situations. The ex-
periments have emphasized the impor-
tance of social and cultural factors in
mental illness. For instance, the drug
caused more severe disturbances of social

fa

feeling is extreme and expressed through the lack of any
environment. The enveloping storm is one of overwhelming
feeling, at first nostalgia, then grief, then sheer feeling with
no describable content. All of this takes place within. The
face is a mere mask which has little meaning. The eyes are
closed for this reason. The head is a dead shell, the environ-

behavior in younger people and those
with less formal schooling than in those
who were older or had more education.
Another comparison was made between
two groups of volunteers, one consisting
of workers in the hospital, the other of
outsiders. The hospital staff members
showed more response to the drug, were
able to describe their symptoms better
and carried a more lasting memory of
the experience. One reason was that they
entered into the experience more will-
ingly because they wished to learn the
feelings of psychotic patients; another
was that they were in their usual en-

vironment and were more conscious of
the departures from their normal be-
havior in that setting. They were under
greater stress than volunteers who mere-
ly came into the hospital for an experi-
ment.

The drug-induced experimental psy-
chosis generally changed the subjects’
social behavior in a marked fashion.
They tended to withdraw from other
people, to express hostility and to seek
support and reassurance. The intensity
of their symptoms varied with the stress
under which they were placed. When
they were questioned, examined or
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ment does not exist, the feeling comes from without as well as within and
replaces the environment.” The third drawing expresses a stage of de-
pression. The description was paraphrased: “The figure is walking on
an infinite narrow walk, with an abyss on either side. The sun is a mean-
ingless glare. The feeling is emptiness, apathy. The blotch (at upper
left) indicates that the figure is aware of the sun, but unable to grasp it.”
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MAN AND WOMAN at left were drawn by a male subject before

when he repeated the performance under LSD. He said: “I’m up in
>

an LSD experiment. Drawings at right were made by the subject

given work tasks, without any compen-
sating social support, their symptoms
became more severe. When a subject en-
countered a person who seemed hostile
or too inquisitive, he perceived a change
in the person’s appearance, creating an
unfavorable caricature. On the other
hand, when the other person was very

the universe. .

friendly, the subject distorted him in an
excessively favorable light. The subject
was least likely to see the other person as
a caricature when the other person was
understanding or gave him emotional
support.

When subjects received the drug in a
group, there was a great deal of joking

SELF was drawn by another male subject under LSD. He was asked
by the investigator: “Draw how vou feel. Draw yourself.” The sub-
ject made the drawing at the left and said: “This is the way I feel.
I'm confused. This [the head] is the most important part. I feel
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.. I talk to a person and their face escapes away.’

and said: “This is how I feel now. My hand is the biggest part.
The investigator then asked: “What about your feet?” The subject
replied: “Feet are not important. They are pretty pedestrian.”

and laughing among them—often seem-
ingly meaningless. Even subjects de-
pressed by the drug joined in this appar-
ent hilarity, as if involuntarily. Anxiety,
distortions of people and inappropriate
behavior decreased significantly. Yet all
these subjects had just as severe feelings
of unreality and confusion as those who

S

apart.” One minute later the subject made the drawing at the right

”



received the drug alone. Evidently group
participation relieved the tension. Sub-
jects also showed a decrease in symptoms
when attempts were made to aid them,
either informally or by planned psycho-
therapy.

The creation of experimental psy-

choses with lysergic acid thus opens
the way to studying treatments and the
nature of mental illness. We can see the
various defenses a subject brings into
use, one after another, to protect him-
self from stressful experiences. We can
relate the defense mechanisms to the in-
dividual’s basic personality structure, as
determined before the experiment. We
can see the similarities of these defenses
to those commonly exhibited by psy-
chotic patients, especially schizophren-
ics. We can detect stressful situations of
which hospital staffs have not previously
been aware. And we can determine what
treatments and what experiences give
the most support to a patient and are
most effective in reducing his symptoms.
Among other things, the experimental
psychosis offers a means of testing the
effectiveness and studying the action of
therapeutic drugs such as the new
chlorpromazine and reserpine. For the
first time we can investigate experi-
mentally the many relationships between
the psychotic state and the body’s chem-
istry and physiology.

Most important, however, is the in-
sight that lysergic acid gives into the
mind and feelings of a person afflicted
by mental illness. We can telescope a
severe psychotic reaction into a period
of six to 12 hours and follow the emo-
tional disintegration step by step. The
staffs of mental hospitals have struggled
year by year to get a deeper understand-
ing of what their patients are actually
feeling and thinking. Only in this way
can they come into communication with
the patient and help him. Now that they
can experience themselves something
approaching the feelings of their pa-
tients, they will be able to communicate
better. Moreover, mental illness will no
longer be so strange or mysterious; there
will be fewer barriers between the sick
and the well.

Thus the lysergic acid experiments
have greatly broadened our approach
to mental illness. They also highlight the
advantages of team research combining
many disciplines. In this project physi-
ologists, psychologists, clinical psychi-
atrists and sociologists are all working
together on the great problem of mental
health.
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HEART RATE increases under LSD. The open bars indicate the heart rate of subjects to
whom LSD has been administered ; the black bars, subjects to whom no LSD has been given.
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PUPIL SIZE gradually increases under LSD. The open circles indicate, over two hours and
45 minutes, the pupil diameter of a subject to whom LSD had been given. The black circles
show at the same intervals and the same light the pupil diameter of the subject without LSD.
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TIME SENSE is also affected by LSD. Here this is plotted on the basis of references to time
in the Thematic Apperception Test, in which the subject is shown a dramatic picture and

asked to tell a story about it. The open bars represent time references by 29 subjects to whom
LSD had been given. The black bars represent time references by the subjects without LSD.
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RADIO WAVES FROM THE SUN

To radio “eyes” the Sun 1s usually a dim object, but occasionally

it 1s brilliant.

These blasts of radio energy are associated with

the streams of corpuscles that cause magnetic storms on the Earth

the Sun has a special importance. It
is the only star whose radio emis-
sions we can study, because the resolu-
tion of radio telescopes is not sharp
enough to single out the broadcasts from
individual stars farther away. Listening
to the radio messages from the Sun, we
have begun to learn new things about
that body—of all stars the one with
which we are most vitally concerned.
If we looked at the Sun with eyes at-
tuned to radio waves, we would see an
object very different from the familiar

In the new science of radio astronomy

by I. P. Wild

ball of fiery gas. The Sun would be a
large, irregular patch in the sky, three
or four times as big as the visible
ball. What we would be seeing is the
vast, tenuous corona, ordinarily invisi-
ble except during an eclipse. And we
would see with vivid brilliance some of
the details of the spectacular action that
is taking place in the Sun’s atmos-
phere.

Most of the time the radio Sun is not
particularly prominent in the sky; it ap-
pears rather less prominent, in fact,
than the Milky Way. But occasionally it

SURGE PROMINENCE, a jet of matter shot out of the surface of the Sun, often accom-
panies a flare. This photograph was made at the High Altitude Observatory of the Uni-
versity of Colorado with the coronagraph, an instrument that eclipses the disk of the Sun.
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flares up in a burst of dazzling brilliance,
which for a few seconds, or sometimes
for 10 or 20 minutes, makes the radio
Sun a thousand times brighter than be-
fore. The burst erupts from a small patch
that moves across the Sun’s face as we
watch it with radio eyes. What we are
witnessing is the ejection of a mass of
material from the Sun into space—mat-
ter which is invisible to light-tuned eyes
because its atoms are stripped of elec-
trons, but which can be seen by radio
eyes because it emits radio waves as it
reacts with electrons and ions in the
corona.

It is from these bursts of emission that
radio astronomers have obtained most of
their new information about the Sun’s
activities. To interpret the radio obser-
vations, we must first recall what optical
investigations have told us about the
Sun.

Fver since the 17th century men have

- observed spots on the Sun’s sur-
face—black, roughly circular regions
which sometimes cover a considerable
portion of the disk and which move
across the visible disk as the Sun rotates.
The spots are regions of relatively low
temperature and intense magnetic fields,
and often there are great centers of ac-
tivity above them. During eclipses of the
Sun (natural or artificially produced
with the coronagraph), it is possible to
see gigantic “prominences” extending
from these active centers for tens of thou-
sands of miles into the Sun’s atmosphere.
Photographing the Sun with special col-
or filters, we can also see clouds of ex-
cited hydrogen atoms streaming from
the active centers. Sometimes a hydro-
gen cloud suddenly brightens and be-
comes a “flare,” which lasts for 10 to 20
minutes. At the same time a jet of lu-
minous material may shoot out from the



Sun and then fall back again. We call
this jet a “surge prominence.”

The effects of the Sun’s flares travel
far and fast through space; they are
quickly felt on the Earth. They cause
great magnetic storms in the Earth’s
atmosphere and shower us with cosmic
rays [see “Corpuscles from the Sun,” by
Walter Orr Roberts; SCIENTIFIC AMERI-
caN, February]. After a large flare the
first effect—an increase in cosmic-ray in-
tensity—reaches the Earth in about one
hour. If it is caused by a stream of par-
ticles bridging the 93 million miles from
the Sun to the Earth, they must travel at
about 30,000 miles per second—about
one fifth the velocity of light. A day or
so after the flare other effects arrive:
magnetic storms, and often a brilliant
aurora in the Northern or Southern sky.
The slower stream of particles presum-
ably responsible for these delayed effects
has traveled from the Sun to the Earth
at about 1,000 miles per second.

The postulated corpuscles are invisi-
ble. They cannot be detected by optical
astronomy, and their existence was first
inferred merely from circumstantial evi-
dence: namely, the fact that effects on
the Earth which apparently were due to
particles came soon after a flare on the
Sun. But radio astronomy has now de-
tected the particles and actually suc-
ceeded in tracking them on the Sun.

Be many fundamental discoveries, the

discovery of radio bursts from the
Sun was made accidentally. It occurred
in England during the air battles of
World War II. In the last three days of
February, 1942, radar operators watch-
ing the skies for enemy airplanes noticed
an unusual form of interference which
intermittently jammed reception. The
interference came only during the day-
time. . S. Hey of the British Operational
Research Group investigated and traced
the source of the disturbance to the Sun.
He observed that the radio emissions
from the Sun were associated with a
great flare and an accompanying mag-
netic storm on the Earth.

When Hey published his discovery
after the war, radio astronomers began
an intensive radio scan of the Sun. Using
sensitive radio receivers with special di-
rectional antennas, they recorded the
Sun’s normal radio emissions and its
sudden bursts. Its patterns of activity
were delineated by pen recorders tracing
curves on paper. With a loudspeaker the
Sun’s broadcasts could be heard clearly:
a burst makes a rushing noise, rather like

SUNSPOTS are the most prominent features of active regions on the Sun. The photograph
a gust of wind. at the top was made with white light; the photograph at the bottom, with the red light emit-
The 1‘ec0rdings soon showed a strik- ted by hydrogen. The latter shows the structure of matter in the lower solar atmosphere.
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ing peculiarity. When a radio burst from
the Sun was recorded simultaneously at
two different frequencies, the two curves
were very different. This at once sug-
gested an explanation which was to
prove extremely valuable in the radio
exploration of the Sun: the two broad-
casts must be coming from different
depths in the corona! In other words,
different radio frequencies have differ-
ent penetrating power into the corona.
At 30 megacycles we “see” only part way
down into the outer shell of the corona
(about one million miles above the
Sun’s visible surface) ; at 100 megacycles
we see down to a layer some 50,000
miles above the surface; at higher fre-
quencies we see still deeper. Thus we
can systematically explore all levels of
the corona and follow the development
of a burst from the depths.

This selective penetration stems from
the fact that the electrons in the corona
thin out away from the Sun. Higher
radio frequencies can probe farther be-
fore encountering electron densities
great enough to stop them. It is rather
like the optical case: when light will not
penetrate a substance, we use waves of
higher frequency—X-rays.

To explore the Sun’s corona in depth,
our group in the Australian Common-
wealth Scientific and Industrial Re-
search Organization constructed radio
“spectroscopes” which could record
emissions from the Sun over a wide
spectrum of radio frequencies. Our
present instrument covers the range
from 40 to 240 megacycles. Signals from
the Sun, picked up by a broad-band an-
tenna, are fed into a tunable receiver
which is swept over the whole band

rapidly by an electric motor so that it
records the signals received at all fre-
quencies within half a second. Each
spectrum is displayed on a cathode-ray
tube in the form of a thin line of varying
brightness, the brightness of each point
on the line indicating the intensity of
the signal at that frequency.

We now have recordings with this in-
strument of the Sun’s radio broad-
casts over a period of several years, and
the bursts fall into two distinct patterns.
The more common type of burst is a
brief surge of intensity lasting only a
few seconds; we call this a “radio flash.”
During a week of intense activity on the
Sun, there may be 100 flashes. The sec-
ond type, far less frequent, is a burst
lasting several minutes; this is called an
“outburst.”

ANTENNAS near Sydney, Australia, receive solar radio energy
over the continuous frequency range from 40 to 240 megacycles per
second. The actual spectrum of a solar “outburst” is shown at the
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left on the opposite page. Each of the fine horizontal lines repre-
sents a scan of the frequencies from 40 to 240 megacycles. The dis-
tance between the two clocks corresponds to an interval of one
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OUTBURST of solar radio energy is traced at 100 megacycles by
a pen recorder. Intervals of half an hour are indicated by the num-

The outbursts, which come only dur-
ing a solar flare, show a characteristic
pattern on the recorder: the tracings are
slantwise bands which indicate that the
radio frequency of the signal decreases
as the outburst progresses [see illustra-
tion at lower left on this page]. Further-
more, the bands are duplicated, one at
just double the frequency of the other:
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minute. The spectrum is finally presented in the form of a contour diagram such as the one
at the right. These contours show how the narrow bands of an outburst decrease in frequency
with time. One band is the fundamental radio frequency; the other is its second harmonic.
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evidently one is the second harmonic of
the other.

This picture can be explained in the
following way. Let us suppose that a
cloud of ionized particles is shot out
from the Sun. As it travels up through
the solar atmosphere, it disturbs succes-
sive levels of the atmosphere’s gas of
electrons. At each level the excited elec-

FREQUENCY

50 100 200

ot

MINUTES
H""”WII‘JI/W/M,/‘J#

© 1955 SCIENTIFIC AMERICAN, INC

0530

bers at the bottom of the record. The outburst starts suddenly, con-
tinues violently for 25 minutes and then proceeds at a lower level.

trons vibrate in unison at the critical fre-
quency determined by the density in
their region. They act like radio trans-
mitters, emitting radio waves at the criti-
cal frequency and at harmonics of this
frequency. When the cloud of particles
shooting upward reaches a thinner level,
the electrons there begin vibrating, but
their critical frequency is lower because
the density is lower. Thus they broadcast
at a lower frequency. In this way we can
trace the movement of the cloud up
through the Sun’s atmosphere, and if we
know the critical frequency at each level
we can determine the height of the cloud
at any moment and the speed at which it
is moving. In tracing the passage of the
cloud, or burst, upward through the
corona, it is as if we were tracking an in-
visible speedboat rushing across an in-
visible lake. Although we can see neither
the boat nor the lake, we can follow the
boat by the oscillations of the waves set
up in its wake.

Our radio measurements show that
the Sun’s large outbursts invariably
travel up through its atmosphere at a
speed between 100 and 1,000 miles per
second; it will be recalled that the
corpuscles reaching the Earth from the
Sun travel at about 1,000 miles per sec-
ond through space. The flashes (short-
lived bursts), on the other hand, usually
move at a speed of about 30,000 miles
per second, as measured by our radio
tracking technique. This speed cor-
responds to that of the particles which
arrive at the Earth about an hour after
a flare.

During a solar flare there is often a
series of radio flashes in rapid succession
at the beginning, and then after two
or three minutes the longer-lived out-
bursts arrive in the corona—like the rum-
ble of thunder after lightning. Perhaps
the analogy with terrestrial thunder may
not be far wrong.

he remarkable train of events which
takes place at the time of solar flares,
influencing not only vast regions of the
solar atmosphere but also the Earth’s at-
mosphere 93 million miles away, poses
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one of the most intriguing problems of
solar physics. The radio results suggest
that the whole phenomenon is the result
of a violent explosion near the surface
of the Sun. Just what this explosion is we
do not know—perhaps a natural hydro-
gen bomb, perhaps a gigantic electrical
discharge. The explosion immediately
ejects clouds of fast particles at speeds
approaching the velocity of light. At
such high speeds the atoms are stripped
of their electrons (making them invisi-
ble) and are channeled along lines of
magnetic force into jetlike streams.
These streams reach the outer layers of
the corona within seconds of the explo-
sion; their passage through the corona
is signaled by the brief radio flashes.
When they escape from the Sun’s in-
fluence and reach our planet, they may
cause an increase in cosmic rays.

Simultaneously with the ejection of
the fast clouds, a shock wave from the
explosion starts to propagate through
the solar atmosphere, carrying in its
front an avalanche of trapped particles.
These also form themselves into an in-
visible, jetlike stream. Their speed is be-
tween 100 and 1,000 miles per second,
which is in the supersonic range, as the
velocity of sound in the corona is about
100 miles per second. When this stream,
after some minutes, reaches the outer
coronal layers, it generates an outburst
of radio emission. Eventually the stream
escapes from the Sun and fans out into
space. After about one day of travel some
of the particles reach the Earth and cause
an aurora and a magnetic storm on our
planet.

Meanwhile, at the seat of the up-
heaval, incandescent hydrogen from the

Sun’s atmosphere has been sucked up in
the void left in the wake of the great
mass of material ejected in this stream.
It follows the path of the stream and
gives rise to a surge prominence, which
shoots up and eventually falls back into
the Sun. The shorter-lived flare within
the Sun’s atmosphere is a relatively dense
region of hydrogen made highly incan-
descent as a result of the intense heating
and ionizing radiations generated by the
explosion.

In suggesting this plausible sequence
of events to account for the various opti-
cal and radio accompaniments of a solar
flare, it has been necessary to use
imagination and guesswork to fill in the
gaps of what is known experimentally. It
is to be hoped that in years to come close
cooperation between optical and radio
astronomers will yield the whole story.

SPECTRA ARE INTERPRETED by this model. The blob of white
in the center represents a cloud of corpuscles shot out from an ac-
tive region on the surface of the Sun. Each layer of the solar at-
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mosphere through which this cloud passes is thought to emit radio
waves of a characteristic frequency. The frequency of each layer
in megacycles is roughly indicated by the numbers at the right.



Kodak reports to laboratories on:

improving reticle yield . .. a lightweight among the fats ...
a new bench-type contour projector

The uses of immodesty

That is an ordinary pencil point
you see over this reticle, which was
made to go into the eyepiece of an
optical instrument. As reticles go,
it’s a rather fine one but very far
from crowding the more than 1,000-
line-per-millimeter resolving power
which we quote for the Kodak High
Resolution Plate on which the reti-
cle was made. For a visual concep-
tion of 1,000 lines per millimeter,
imagine nearly twice as many lines
as seen on the above reticle—in-
scribed across the diameter of the
dot on this “i.”

Note we say “more than” 1,000
lines per millimeter. We have never
been able to devise a situation that
drives the resolving power of these
plates to its inherent lintit. It’s too
difficult to form and lay down an
optical image that fine. The widths
of lines or spaces in such a pattern
would equal the wavelength of blue
light itself!

We crow so because we have just
set up new and costlier manufac-
turing and inspection facilities for
Kodak High Resolution Plates in
order to keep them freer of scratches
and specks than was possible when
they were known as “Type 548-GH”
and were worked in with the pro-
duction of experimental plates. The
special facilities should result in
higher yields of high-quality reti-
cles, but they must be kept busy or
it’s no go. Therefore, we crow to at-
tract more users so that we shall
continue to have something to crow
about. (Business, too, has its sub-
tleties. Everybody gains, nobody
loses.)

If you have use for these plates, write
for details to Eastman Kodak Com-
pany, Special Products Sales Division,
Rochester 4, N. Y.

Artificial fat
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To one on the threshold of an in-
vestigator’s career, what a chance
Dipropionin offers to flex the mus-
cles and dry the wings!

Think of it! A most unnatural fat,
obtainable, so far as we know, from
no other source on land or sea! In
this newly added Practical Grade
Eastman Organic Chemical (East-
man P7041) he will find monopro-
pionins, dipropionins, and tripro-
pionins, in which the dipropionins
take the lead, with glycerine and
propionic acid far in the rear. As
the bottle ages, its bouquet may
well grow less enchanting as hydrol-
ysis adds more of the last-named
ingredient. Since Eastman P7041
boils at only 112-114 C under 0.5
mm Hg pressure, the investigator
can use conventional laboratory
distillation equipment for further
purification to his heart’s content.

As a partial glyceride, Dipropionin
might be expected to have interest-
ing interfacial properties. It is nota-
bly less miscible with water than is
Diacetin (Eastman P85). With these
physical properties and the odd-
length carboxylic chain giving rise
to inimical metabolic intermediates,
an investigator might look for bio-
logical action much different from
that of better known fats. In fact,
we have a suspicion (only a suspi-
cion, we repeat) that this is a likely
place to look for highly reactive
free propionyl radicals.

Whether the radicals are free or not,
the mobile liquid they may or may not
come in costs $6.10 for 100 grams.
Our List No. 39 of some 3500 organic
chemicals we stock is free. You get the
chemical or the catalog from Distilla-
tion Products Industries, Eastman Or-
ganic Chemicals Department, Rochester
3, N. Y. (Division of Eastman Kodak
Company).

A little one

The contour projector, or optical
comparator as some call it, has
reached that happy stage where one
can mention it to a random indus-

trial audience and be understood
without further explanation. This
wasn’t so as recently as 48, when
we came in. That it is now may per-
haps be taken as confirmation of
our hunch that bold new optical
design rather than piecemeal adap-
tation of the old was what it would
take to open this field up. When
people found they could magnify
objects at 10X, 20X, 31 X, 50X,
6215 X, and 100X all at the same
unchanging long working clear-
ance, when they found that images
were sharp and reliable all over the
screen and contrasty enough to be
seen without strain in ordinary
room light, then the ideas for rou-
tine operations under magnification
began to bloom this fair land over.

At San Francisco recently we un-
covered the new 8-inch-screen Ko-
dak Contour Projector, Model 8,
which works horizontally

One point that’s unusual about it
is that whichever way you look,
right is right and left is left.

If you want literature or a man to come
around and see you about it, write East-

man Kodak Company, Special Products
Sales Division, Rochester 4, N. Y.

Price quoted is subject to
change without notice.

This is one of a series of reports on the many products
and services with which the Eastman Kodak Company and
its divisions are . . . serving laboratories everywhere
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Why 1s purez

PREFERRED
 for RADAR

“vertebrae’?

@ Storms now give warning of their
location, height, course, and speed
through automatic cameras in radar
systems up to hundreds of miles away.

At the electronic nerve center of the
detector is a column of eight “verte-
brae”” molded of a Durez plastic whose
properties could have valuable appli-
cations in your business.

“The Durez phenolic is dimension-
ally stable—unaffected by high and low
temperature extremes. It is non-reactive
to the silver slip rings it holds in posi-
tion and—a factor in production econ-
omy—it conforms to close tolerances
in molding,” says the Auburn Button
Works, molder of these parts.

Specialized research at Durez has
developed many remarkable combina-
tions of characteristics in these basic
plastics of industry. Could they lower
your costs — improve your products?
We'll gladly help you find out.

Durez Plastics & Chemicals, Inc., 806
Walck Road, North Tonawanda, N. Y.

Export Agents: Omni Products Corporation,
464 Fourth Avenue, New York 16, N. Y.

PHENOLIC PLASTICS

THAT FIT

TODAY’S PRODUCTS

for the new Competitive Era
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Effective, Safe

Ithough research workers on polio-
A myelitis prudently cautioned that
the war against polio was not
over, many of them obviously believed
last month that the end was in clear
sight. Some authorities discussed the
possibility of “eradicating” polio. The
National Foundation for Infantile Paral-
ysis began to talk about concentrating
on mental health problems.

The 1954 field tests of the “killed”
vaccine developed by Jonas E. Salk
showed that it was 80 to 90 per cent
effective against paralytic polio, said the
report of the Evaluation Center at the
University of Michigan. But the Center’s
director, Thomas Francis, Jr., pointed
out that no single figure adequately re-
flects the outcome of the tests because

| of the great number of variables in-

|

volved.

The tests were carried out in two
ways. In some areas vaccinated children
in the first three grades of grammar
school were compared with a similar
group inoculated with a placebo, or inert
fluid; in other areas only second-grade
pupils got the vaccine and their polio
experience was checked against the un-
inoculated first- and third-graders. The
more strictly controlled placebo study
group showed the more favorable results.
For the “observed” group the vaccine’s
effectiveness was from 60 to 80 per cent.

Against the type 1 virus, most com-
mon, the vaccine afforded 60 to 70 per
cent protection in the controlled group;
against types 2 and 3, 90 per cent or
more. Separate lots of vaccine varied
widelv in potency. Salk subsequently

© 1955 SCIENTIFIC AMERICAN, INC
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stated that the material is now standard-
ized and is more effective than the best
batches used last year.

More than 1,800,000 children partici-
pated in the trials. In the controlled
group some 200,000 were vaccinated,
200,000 got the dummy shots and 339,-
000 were not inoculated. In the observed
group 222,000 were vaccinated. Only
863 reasonably certain cases of polio
turned up among the entire study popu-
lation, and 178 of them were nonpara-
lytic. Among the vaccinated children the
rate of paralytic infection was 16 per
100,000; among those who received the
placebo, 57 per 100,000.

As to safety, the vaccine used in the
tests got a clean bill of health. (All of
it had been checked independently by
the manufacturers, by Salk and by the
Public Health Service.) There was no
evidence that it caused polio or that in-
jections increased susceptibility to the
disease. Only .4 per cent of those vac-
cinated had even minor reactions.

The vaccine test was the most exten-
sive field experiment ever undertaken,
and its evaluation was an exceedingly
complex task. Polio is so rare and often
so difficult to diagnose that the number
of cases was not far above the minimum
needed for meaningful statistical analy-
sis. Among the 400,000 children in the
controlled test there were only 148
paralytic cases all told—33 in the vac-
cinated group. Thus each case had great
statistical weight. A few mistakes in
diagnosis, failures in reporting or other
slips would have altered the results
greatly. And the chances for error were
numerous. More than 150,000 persons
had a hand in the program. There were
1,221,245 separate inoculations in the
vaccine-placebo areas. Classification of
cases depended on the judgments of in-
dividual doctors and physical therapists
and on analyses from different labora-
tories. The Center labored mightily to
achieve uniformity and completeness. It
established uniform diagnostic stand-
ards; it checked laboratory work by hav-
ing identical check samples analyzed in
several different places; its representa-
tives constantly toured the field areas; it
pursued each case record, pressing local
health authorities until, some four
months behind schedule, the last delin-
quent report was in. Although the pro-
cedures were “basically standardized,”
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the evaluation report emphasized, “qual-
itative and quantitative variation was
quite evident” among the different local
areas. “Interpretation must, of necessity,
accept that fact.”

Nevertheless, Francis and his group
announced their figures confidently, sub-
ject to the express qualifications they at-
tached. They were not presenting “in-
complete, preliminary data,” they said,
but a completed study.

In his article, “Vaccines for Polio-
myelitis,” in SCIENTIFIC AMERICAN for
April, Salk mentioned that whatever the
outcome of the trials, the killed v. live
vaccine question would “continue to be
an issue among virologists.” After the
report was issued, several laboratories
which have been working on live polio
vaccines announced that their research
would continue. English public health
authorities were reported to prefer to
wait for a live vaccine.

Radiation Study

he National Academy of Sciences an- |

nounced last month that it will un-
dertake a broad study of the effects of
atomic radiation on living organisms.
Funds will be provided by the Rocke-
feller Foundation. The Academy’s in-
vestigators will collect and evaluate the
available information, decide what con-
clusions are now warranted, pick out
problems needing further research and
initiate the necessary studies. The Acad-
emy said it will also “evaluate the avail-
ability of information to scientists, phy-
sicians and the general public.”

A note on radiation effects appeared
recently in the English medical journal
The Lancet. It said that all 22 of the sur-
viving Japanese exposed to fall-out from
the 1954 H-bomb test were completely
sterile nine months after their exposure.
Their sperm counts showed a steady fall
after the accident and by December of
last year “had in every case fallen to
zero.” The condition is not permanent,
the article said, but may last as long as
two years, as it did in some of the Hiro-
shima and Nagasaki victims.

New AEC Manager

Brigadier General K. E. Fields has been
appointed general manager of the
Atomic Energy Commission. He suc-

FOOD PACKAGING
[

with a 'STICKER’?

Dow Corning

Silicone Release Agents

have solved sticking problems
in many industries

It’s old as the hills—the problem of products
sticking to the molds or containers in which
they’re made. But today, the silicone release
agents developed by Dow Corning can solve
this problem for you just as they have in
many other industries.

What's more, besides licking the sticking
problem and speeding production, silicone
release agents cut scrap to a minimum;
improve surface finish; slash maintenance
costs as much as 90% by keeping molds,
pans and packaging equipment clean and
ready for re-use; set new standards of clean-
liness and sanitation. So, if you have a
sticky release problem, it will pay you to
try one of the many Dow Corning silicone
release agents.

Today, SILICONES offer the best solution to
many design, production and maintenance
problems—and DOW CORNING offers you

the best in silicones. NN e

iw’”“ b

DOW CORNING CORPORATION, Dept. 9806, Midland, Michigan

Please send me:

0O 1955 Reference Guide to Dow Corning Silicone
Products
““What's a Silicone?”’ is answered quickly in 32

FIRST IN
SILICONES

DOW CORNING

CDHPDRAHUN illustrated pages
Name S —
Address
MIDLAND, MICHIGAN City Zone —_ State

ATLANTA .« CHICAGO o CLEVELAND o DALLAS « DETROIT « LOS ANGELES . NEW YORK o WASHINGTON, D. C.
In Canada: DOW CORNING SILICONES LTD., TORONTO « In Great Britain: MIDLAND SILICONES LTD., LONOON « In France: ST. GOBAIN, PARIS
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MALLORY-SHARON reports on

TITA

MALLORY

48
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Removing titanium ingot from crucible; vacuum double-melting furnaces in background.

MALLORY-SHARON
triples titanium capacity!

® Nothing better demonstrates that titanium is out of the
development stage and geared for volume production than
Mallory-Sharon’s new melting plant. Built for an annual out-
put of 3,000,000 pounds of titanium and titanium alloys, this
new addition triples our previous capacity.

Strong, lightweight titanium from Mallory-Sharon is being
supplied to virtually every major aircraft and jet engine manu-
facturer. Its strength and lightness are vital to superior air-
power. In commerical applications too, titanium’s unexcelled
corrosion resistance merits your investigation.

Mallory-Sharon has the production capacity, and even more
important, a reputation for the highest quality standards in

.producing a full range of titanium and titanium alloy mill prod-

ucts. Use our experience in your applications of titanium . . .
the new metal that’s coming up fast!

Mallory-Sharon Titanium Corporation, Niles, Ohio.
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ceeds Major General K. D. Nichols
(U.S.A., Ret.), who resigned to go into
private business.

General Fields, a graduate of West
Point, served for a time as assistant to
the commanding general of the Man-
hattan Project. Since 1951 he has been
director of military applications for the
AEC.

Information

he Federal Government’s increasing-

ly stringent censorship of unclassified
technical information has alarmed the
American Society of Newspaper Editors.
“The most disquieting development in
this area,” according to the Society’s
committee on freedom of information,
“has been the recent obliteration of the
line between classified secret material

| not available to the public and unclassi-

fied, technical material never classified
at all or officially declassified.”

The editors referred particularly to the
Office of Strategic Information set up by
the Department of Commerce to control
publication of nonrestricted material.
Last month Secretary of Defense Charles
E. Wilson cut down the flow of news
from his department. The White House
subsequently explained that President
Eisenhower felt too much technical in-
formation of value to a potential enemy
had been published.

“Unless this attitude is clarified,” the
editors’ committee said, “it is bound to
have a profound and paralyzing effect
upon the flow of information to the
American public. . . . If the flow of infor-
mation on technical material and in other
areas is to be diminished to that which
involves no risk whatever, cut down to
the facts which no potential enemy could
ever make any possible use of, the vol-
ume will be so infinitely small that the
American people will not have the foun-
dation of truth upon which to judge their
Government.”

Dry Land

A series of international conferences
on the problems of arid lands was
held last month in Arizona and New
Mexico. The United Nations Educa-
tional, Scientific and Cultural Organiza-
tion convened its Advisory Committee
on Arid Zone Research at Tucson. Later
the Committee participated in a four-
day open meeting at Albuquerque, spon-
sored by the American Association for
the Advancement of Science.
The Albuquerque program included
sessions on the use of present land and
water resources, the prospects for get-



The new "miracle metals” are
nickel, steel and copper

Processed by vacuum metallurgy, these metals and their alloys
have such amazingly improved high-temperature characteristics,
strength and purity as to have little resemblance to nickel, steel
and copper as we have always known them. Metals melted and
cast under vacuum are economical too, since they can be melted
from scrap materials. Production rejects rates are sharply cut
on specification alloys.

Thompson Products, Inc. of Cleveland, Ohio has installed the
illustrated high-vacuum furnace to aid in its investigation of
new and improved materials for the automotive and aircraft in-
dustries.Currently rated at 200-pound melt capacity,Thompson’s
furnace is capable of 1000-pound production with minor modi-
fication, an important advantage should full-scale vacuum metal
production be initiated.

Stokes is the leading supplier of production vacuum furnaces
for industry. Any of the basic furnace designs, ranging from
laboratory units to 1000-pound capacity and higher, can be
modified to meet your particular requirements. If your interest
lies in high-purity metals, write for your free copy of Stokes
Catalog 790, “High-Vacuum Furnaces.”

F. J. STokEs MACHINE COMPANY, PHILADELPHIA 20, PA.

STOKES
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SPECIALISTS IN CHELATION f—'
For more than a quarter-century we have devoted all of our time, R

talent and energies to the study of chelate chemistry. From this has
resulted the origin, development and production of the Versene;
helating Agents. We manufacture no other products and have nG=
2 i‘other interests. Chelation and chelation alone is our busis

CHELATION UNLIMITED -

Qur specialization in this particular kind of chemistry now makes ;It:--
“possible for you to use chelation to solve problems created by the
presence of metal ions in solution. Proof of its efflectiveness may be
-t;a;q‘_"fﬂm‘ld in all fields of science. In Agriculture, for instance, it cures iron
.- - chlorosis (deficiency) to the point where growth is stimulated, yield
!‘...;.': “.increased and maturation speeded. In Medicine, it stabilizes whole ey .=
blood, decontaminates both internally and externally by removall

-

:.:h} radioactive deposits, cures acute lead and other heavy metal poisoning, . 3
%5. ' purifies and stabilizes drugs and pharmaceuticals, solubilizes :—s‘:
= "insolubles' in animal, human and mechanical circulatory systems. y
In Industry, it separates rare metals, controls polymerization of cold
-SQ._; tubber and plastics, prevents or removes metallic stains and J_
8. contamination in processing of textiles, papers, dyestuffs; -In_
REARES, ete., increases detergency of soaps and synthetics, ‘sollen 4

complf.lt-i\ and permanently without formation of precipitates.

f;a

INVITATION TO CHELATION

CH.COONa
" -
CH.N
1 .
oy CH.COONa
L ¥ Metal lons

Ctl;COONq

"CHEMISTRY'S
MOST PRECISE
CHEMICALS"

VERSENES INCORPORATED, FRAMINGHAM., MASS.

syuasioiany oFr THE DOW CHEMICAL COMPANY
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ting more water, and the adaptation of
plants and animals to arid conditions.
R. Merton Love, professor of agronomy
at the University of California, told the
meeting that dry California soil can be
made to produce two to 10 times as
much as at present by improved agri-
cultural practice. Revegetating the area
with plants more drought-resistant than
the native flora and fertilizing the land
are two of the most helpful measures.

Knut Schmidt-Nielsen, professor of
zoology at Duke University, reported on
his study of the camel’s adaptation to its
dry environment. The animal has no
facilities for storing water, but has a re-
markable set of physiological mechan-
isms for conserving it. A camel’s intes-
tinal excretions are practically dry; those
from its kidney amount to less than a
pint per day even when it can drink all
the water it wants. It never pants and
hardly ever sweats. It can tolerate a rise
of body temperature from its normal 93
degrees to 104 degrees before beginning
to cool itself by perspiration. It can also
withstand a degree of dehydration that
would kill most animals. Its blood is ex-
ceptionally slow to lose water.

Cloud-seeding experiments in dry re-
gions, it was generally agreed, have not
yet been proved useful. Edward G.
Bowen, an Australian radiophysicist, of-
fered a new theory about a natural seed-
ing mechanism: that dust from meteor
showers may trigger world-wide rainfall.
He displayed charts showing that un-
usually heavy rains regularly follow
about 30 days after the earth passes
through a meteor shower.

Noisy Planet

Radio astronomers are finding new
celestial transmitters almost every-
where they look. Now Jupiter has got
into the act. It is the first planet from
which radio signals have been picked up.
The waves were detected by astrono-
mers at the Carnegie Institution of
Washington, who recently began to op-
erate a new, ultranarrow-beamed radio
telescope in Maryland. Every three
nights or so the instrument picked up
some unexplained static-like signals at
22 megacycles. At first the researchers
blamed the spark plugs of passing auto-
mobiles. Finally they realized that the
program came on only during the six
minutes that Jupiter took to cross their
receiving beam. They suggest that the
signals may originate in very large elec-
trical storms in the planet’s ammonia
and methane atmosphere.
The Jovian transmission was reported
to the recent Princeton meeting of the



Ingredients for light that’s
absolutely right . . .

Light that really meets the needs of sur-
geons must be glareless, shadowless, cool
and color balanced.

That’s the kind they get from the
Wilmot Castle Company’s surgical lights.
Glare and shadows are disposed of by an
ingenious metal reflector of Castle design.

Cooling and color balance are handled
by a special glass we make—for use in
Castle lights. Called Akvro, it blocks in-
frared waves emanating from an artificial
light source by converting the infrared
into molecular heat.

A piece of AkLo 4 mm. thick absorbs
some 879, of the infrared waves. Result—
after an hour of continuous exposure, for
every 1,000 foot-candles of illumination,
a thermometer 20 inches from the light
source shows a rise of less than 3° F.

Light from AxLo is the right Aue, too,
since it eliminates the greenish cast
normally associated with heat-filtering
glasses. And, this light is as close to
natural as it’s possible to obtain from
artificial sources. That’s a vital point in
proper diagnosing of pathology, and in
observing a patient’s coloring.

AKkLO’s light is also balanced in terms
of temperature. It runs to about 4,000°K .,
just right for shooting accurately rendered
color movies and telecasting operations
in color.

AkrLo is one example of Corning’s
several successful conquests of problems
involving energy control.

Experience suggests that there’s more
than just an outside chance that any
pressing energy control problem you may
have can be effectively (and economical-
ly) coped with by a glass we already make.

If you want to find out, drop us a note
about your problem wave. We’ll peer
into our files and let you know which
glass, if any, can do the job.

Denture adventure

A dental chap, we learn, is experimenting
with glass for artificial teeth.

He’s molding them from a mixture
that’s mainly ground-up Vycor brand
glass. Reason? Ordinary enamels don’t
stand up very well under the high heat
needed to set the teeth in rubber. Vycor
brand glasses do. Result? Savings in
breakage, annoyance, and time.

Vycor brand glasses come in seven
different forms. Basic characteristic of all
is a very high percentage of silica—96%.
It’s the silica which makes the Vycor
brand glasses almost immune to tempera-
tures up to 900° C. (higher under certain
operating conditions) and endows them
with unusual resistance to thermal shock.

The thermal properties of the Vycor
brand glasses make them useful in such
products as calcining jars, thermocouple
protector tubes, sight glasses for high heat
furnaces. And ability to handle ultra-
violetand infrared rays make them favored
contenders for use in germicidal lamps,
sun lamps, photochemical lamps and the
like.

This is a far cry from our starting point
on dentures, but, it may help you to see
that the Vycor brand glasses are both
versatile and quite remarkable.

Bulletin B-91 details types, physical
characteristics, and present uses of these
glasses. Your name in the coupon will
bring the literature to your desk.

CORNING GLASS BULLETIN

FOR PEOPLE WHO MAKE THINGS

Print it in glass!

These pictures tell the story much better
than words.

Designs, name plate, dial face—they’re
all printed in glass. Not on glass, but iz it!

The glass is called Photolay. One of the
things that intrigues most people who see
a picture printed in Photolay is its three-
dimensional effect. It has depth. The
image seems to float in the glass with all
the attributes of reality. Even lettering, or
a line drawing, acquires a special sort of
difference.

Besides, an image in Photolay is per-
manent. It won’t ever fade, get scratched
off, or tarnish.

Photolay is one of several photosensi-
tive glasses developed by Corning. They
all have this in common: When exposed
to ultraviolet light through a negative, a
latent image forms right in the glass. Heat
treatment develops this image.

What’s it good for? Maybe you have
some ideas a photosensitive glass might
give a special twist to. So far, stove and
appliance manufacturers have put it to
use in name plates, escutcheons, dials and
such. If your problems are similar, let
us know.

If the items discussed here seem un-
related to your immediate interests,
we still may have what you need at
our fingertips. We’d count it a
pleasure to hear from you.
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I 30-6 Crystal Street, Corning, N. Y. I
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back amplifiers, computers.
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, American Astronomical Society by Ber-

nard F. Burke and Kenneth L. Franklin.

Wandering Poles

British astrophysicist, Thomas Gold,

has come to the conclusion that the
earth may have rolled over several times
during its history: that is, it may have
turned over its axis so that points former-
ly near the geographic poles are now
near the Equator. He believes that such
shifts would most easily account for the
drastic changes that have taken place in
the earth’s climate and in the direction of
its magnetic field.

Gold discussed the complex motions
of our planet in an article in Nature. A
perfect sphere of uniform density, he
pointed out, would have no stable spin
axis. If the earth were such an object,
the smallest beetle crawling on its sur-
face could roll it over. The lopsided
earth tends to rotate around a line that
gives the maximum rotational inertia.
Because of certain poorly understood
disturbances, it oscillates very slightly
around that line so that every point on
the surface is continually shifting in lati-
tude. The range of variation is less than
a thousandth of a degree.

Any change in the distribution of mass
throughout the planet would change the
preferred axis, and the earth would slow-
ly begin to move around to bring this
new line into the north-south direction.
Gold estimates that a disturbance such
as an upthrust of a continent could pull
the earth around by as much as 90 de-
grees in a million years or so.

Except during the occasional major
shifts in mass, Gold suggests, the earth’s
axis has been trapped in a narrow range
by a kind of feedback action. For exam-
ple, a melting glacier is a region of de-
creasing mass, and it will tend to move
toward the axis of rotation. (Greenland,
whose glacier is melting, seems to have
moved a tiny fraction of a degree toward
the North Pole in the past 50 years.) But
as the glacier approaches the Pole, it
freezes again, becomes heavier and re-
verses the motion.

Geologists have long realized that the
earth’s climate has undergone drastic
changes. Some areas now in the tropics
were once covered by glaciers. Recent
measurements of “fossil” magnetism in
rocks indicate that the magnetic north
must have been in a different direction
at times in the geologic past. To explain
these facts, says Gold, we must assume
either that the continents have drifted or
that the whole earth has occasionally
moved with respect to its axis, thus dis-
placing the poles. Continental drift
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would “imply new and surprising data
about the earth and in particular its
crust,” he concludes, while wandering
of the poles “would fit well with all that
is known about the earth.”

Progress

How a single technological “improve-

ment” has come close to wrecking
the simple economic and social system
of the Aleutian Islands was related by
Gerald D. Berreman, an Air Force an-
thropologist, in a recent article in the
journal Arctic. The disastrous change
was the introduction of dories in place
of the Eskimos’ traditional kayaks in an
Aleutian fishing village.

Forty years ago the Aleuts took a com-
fortable living entirely from the sea
around them. They rode the waters in
kayaks, harpooning salmon, seal and sea
lions. The boats were made of driftwood
frames and coverings of sea-lion skins,
and the Aleutian men and women
shared the task of building them.

The kayak is a one-man boat. Each
family was self-sufficient and willing to
share freely with the community. Male
children were trained for many years by
their fathers in the intricate arts of sea-
manship, fishing and boat-building.
During their long apprenticeship the
boys also absorbed the community tradi-
tions and culture from their elders.

Then, in the 1920s, dories were intro-

| duced from the U. S. These vessels were

simpler to maintain and operate, larger
and sturdier than kayaks. The islanders
adopted them enthusiastically. But since
they could not build dories, they had to
hire out at jobs to get money to buy
them. They also had to buy rifles and
ammunition to shoot their sea game, be-
cause the noisy, clumsy dory cannot get
close enough to the animals to harpoon
them.

Now the Aleutian fishermen must
leave their village every summer, the
best fishing season, to work for money at
a government sealing station. All sum-
mer the women and children are almost
alone in the village. Family stability is
suffering. The unreliable cash income
and the limited fishing are together bare-
ly enough to keep the village economy
alive. The village population has fallen
to 56, about half what it was 50 years
ago. The women, whose status was never
very high, are even worse off, since they
have lost their economic role as kayak
outfitters. The elders, who used to be
venerated as teachers and kayak build-
ers, are now out of date, impoverished
and economically superfluous. The chil-
dren are not acquiring the old com-
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munity culture and see no future in the
village. At the time that Berreman was
there, every child over the age of nine
intended to emigrate as soon as possible.

Brain Cells and Intelligence

Is the intelligence of an animal related
to the number or size of the cells of
its brain? A recent experiment at Prince-
ton University has yielded a strong clue
to the answer of this classical question.

For some years Gerhard Fankhauser,
professor of biology, has raised salaman-
ders whose cells contain more than the
usual number of chromosomes. This he
has done by heating or cooling the ani-
mal’s fertilized egg. The body cells of a
normal salamander are diploid: they
have two sets of chromosomes. The
body cells of Fankhauser’s experimental
salamanders are triploid: they have
three sets of chromosomes. The cells of
triploid salamanders are proportionately
larger than those of diploid salamanders.
The remarkable thing is that diploid
and triploid salamanders are the same
size. The triploid animals have bigger
cells but fewer of them. This also applies
to their brain cells.

Fankhauser suggested to Jack A. Ver-
non, assistant professor of psychology,
that they compare the learning ability
of diploid and triploid salamanders.
An experiment was planned that was
elaborated and performed by two stu-
dents, Warner V. Slack and William H.
Frank. Their subjects were four diploid
and four triploid salamander larvae
which were closely comparable in physi-
cal performance. Each larva was placed
in a Y-shaped maze and stimulated to
move with a small probe. If the larva
turned into the “incorrect” arm of the Y,
it was subjected to the compound pun-
ishment of continued tactile stimuli and
a bright light. If it turned into the “cor-
rect” arm, it was given a brief rest. The
procedure was then repeated. The learn-
ing ability of the salamanders was
measured by the number of trials it took
for each animal to make 10 consecutive
“correct” choices.

The mean number of trials that the
four diploid salamanders needed was
38.75. The mean number for the triploid
animals was 125.25. Clearly the sala-
manders with more brain cells learned
more rapidly.

The Princeton workers plan to con-
tinue with other experiments. In the
long run they hope to test the retentive-
ness of salamanders with four and even
five sets of chromosomes, which have
proportionately larger and fewer brain
cells.
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James Clerk Maxwell

In the same year that Einstein was born. the man who was perhaps

his greatest immediate predecessor died. Generally regarded as an

abstract theoretician, Maxwell relied heavily on mechanical models

theoretical physicist of the 19th

century, opened a new epoch of sci-
ence, and much of what distinguishes
our world from his is due to his work.
Because his most spectacular discoveries
were the fruits of theoretical rather than
experimental researches, he is often

James Clerk Maxwell, the greatest

by James R. Newman

cited as an outstanding example of a sci-
entist who built his systems entirely with
pencil and paper. This notion is false.
Maxwell combined a profound physical
intuition with a formidable mathemati-
cal capacity to gain insights into physical
phenomena, never losing sight of the
observations to be explained. This

ENGRAVING OF MAXWELL appears in The Collected Papers of James Clerk Maxwell.
This illustration and those appearing on the next three pages are from the Burndy Library.
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blending of the concrete and the ab-
stract was the chief characteristic of al-
most all his researches.

Maxwell was born in Edinburgh on
November 13 in 1831, the same year
Michael Faraday announced his famous
discovery of electromagnetic induction.
Descended of an old Scots family whose
members were distinguished no less for
their individuality, “verging on eccentric-
ity,” than for their talents (they in-
cluded eminent judges, politicians, min-
ing speculators, merchants, poets, musi-
cians), he was the only son of a member
of the Scottish bar who took little inter-
est in the grubby pursuits of an advocate
but instead managed his small estates,
took part in county affairs and gave lov-
ing attention to the education of his son.
Maxwell’s father was a warm and rather
simple man with a nice sense of humor
and a practical interest in mechanical
contrivances. His mother is described
as having a “sanguine, active tempera-
ment.”

Jamesie, as the boy was called, passed
his early childhood on the family estate
at Glenlair, two days’ carriage ride from
Edinburgh. He was a nearsighted, lively,
affectionate little boy, as persistently in-
quisitive as his father and as fascinated
by machines. To discover of anything
“how it doos” was his constant aim.
“What’s the go of that?” he would ask,
and if the answer did not satisfy him, he
would add, “But what’s the particular go
of that?” His own first creation was a set
of figures for a “wheel of life,” a sci-
entific toy which produced the illusion
of continuous movement; he was fond
of making things with his hands, and in
later life knew how to design models
embodying the most complex motions
and other physical processes.

When Maxwell was nine, his mother
died of cancer, the disease that was to



kill him 40 years later. Her death
brought the father and son even more
closely together. The boy began his
schooling a year later as a day student at
the Edinburgh Academy. His early
school experiences were painful. The
master, a dryish Scotsman whose repu-
tation as a pedagogue derived from a
book he had written on the irregular
Greek verbs, expected his students to be
orderly, well-grounded in the usual sub-
jects and unoriginal. Maxwell was defi-
cient in all these departments. He created
something of a sensation because of his
clothes, which had been designed by his
strong-minded father and included such
items as “hygienic” square-toed shoes
and a lace-frilled tunic. The boys nick-
named him “Dafty” and mussed him up,
but he was a stubborn child and in time
won the respect of his classmates even
if he continued to puzzle them.

Mathematical Years

At school Maxwell experienced a
gradual awakening of mathematical in-
terests. He wrote his father that he had
made a “tetra hedron, a dodeca hedron,
and two more hedrons that I don’t know
the wright names for.” In his 14th year
he won the Academy’s mathematical
medal and wrote a paper on a method
for constructing perfect oval curves with
pins and thread. Another prodigious lit-
tle boy, René Descartes, had anticipated
him in this field, but Maxwell’s contribu-
tions were original. It was a wonderful
day for father and son when they heard
the boy’s paper on ovals read before the
Royal Society of Edinburgh by Professor
James Forbes. “Met,” the father wrote
of the event in his diary, “with very great
attention and approbation generally.”

After six years at the Academy Max-
well entered the University of Edin-
burgh. He was 16, a restless, enigmatic,
brilliantly talented adolescent who wrote
not very good but strangely prophetic
verse about the destiny of matter and

energy:

When earth and sun are frozen clods,
When all its energy degraded
Matter to aether shall have faded

His friend and biographer Lewis
Campbell records that he was complete-
ly neat in his person, “though with a
rooted objection to the vanities of starch
and gloves,” and that he had a “pious
horror of destroying anvthing—even a
scrap of writing paper.” He read vora-
ciously and passed much time in mathe-
matical speculations and in chemical,

.
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magnetic and optical experiments.
“When at table he often seemed ab-
stracted from what was going on, being
absorbed in observing the effects of re-
fracted light in the finger glasses, or in
trying some experiment with his eyes—
seeing around a corner, making invisible
stereoscopes, and the like. Miss Cay [his
aunt] used to call his attention by cry-
ing, ‘Jamesie, you're in a prop [an abbre-
viation for mathematical proposition].””

While at Edinburgh, Maxwell regu-

larlv attended meetings of the Roval So-
ciety, and two of his papers, “On the
Theory of Rolling Curves” and “On the
Equilibrium of Elastic Solids,” were
published in the Transactions. The pa-
pers were read before the Society by
others, “for it was not thought proper for
a boy in a round jacket to mount the
rostrum there.” During vacations at
Glenlair he wrote long letters reporting
his multifarious doings to friends. Many
of his letters exhibit an intense interest
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ILLUMINATED LETTER was written by Maxwell to his father in 1843, when the younger
Maxwell was 11. The letter refers to a lecture by the American frontier artist George Catlin.
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in moral philosophy, reflecting his social
sympathy, his Christian earnestness, the
not uncommon 19th-century mixture of
rationalism and simple faith. It was a
period when men still believed that
questions of wisdom, happiness and vir-
tue could be studied as one studies optics
and mechanics.

In 1850 Maxwell went on to the Uni-
versity of Cambridge. There he became
a private pupil of William Hopkins, con-
sidered the ablest mathematics coach of
his time, who prepared him for the
mathematical tripos, the stiff competitive
examinations in which the brightest
students competed. Hopkins at once
recognized the talents of the black-haired
young Scotsman, describing him as “the
most extraordinary man I have ever
met,” and adding that “it appears impos-
sible for [him] to think incorrectly on
physical subjects.” Besides working hard
on his studies, Maxwell joined fully in
social and intellectual activities at the
University. He was elected to the
Apostles, a club of 12 members which
for many years included the outstanding
young men at Cambridge. A contempor-
ary described Maxwell as “the most
genial and amusing of companions, the
propounder of many a strange theory,
the composer of many a poetic jeu
d’esprit.” Not the least strange of his
theories related to economy of sleep. He
would sleep from 5 in the afternoon to
9:30, read very hard from 10 to 2, exer-
cise by running along the corridors and
up and down stairs flom 2:30 a.m.
and sleep again from 2:30 to 7. The dor-
mitory inhabitants were not pleased, but
Maxwell persisted in his bizarre experi-
ments. Another of his investigations was
a study of the process by which a cat al-
ways lands on her feet. He demonstrated
that a cat could right herself even when
dropped upside down on a table or bed
from a height of about two inches.

In the summer of 1853 a “sort of brain
fever” seized Maxwell. For weeks he
was totally disabled, and he felt the ef-
fects of his illness long afterward. This
episode was undoubtedly an emotional
crisis, but its causes remain obscure.
All that is known is that his illness
strengthened Maxwell’s religious con-
viction—a deep, earnest piety, leaning to
Scottish Calvinism yet never completely
identified with any particular system or
sect. “I have no nose for heresy,” he used
to say.

In January, 1854, Maxwell took the
tripos in the Cambridge Senate House,
with a rug wrapped around his feet and
legs (as his father had advised) to miti-
gate the perishing cold. His head was



MECHANICAL MODEL is depicted in Figure 7 and Figure 8 of Saturn’s Rings.” In this essay Maxwell demonstrated that the rings
this page from Maxwell’s essay “On the Stability of the motion of were neither liquid nor solid but were composed of particles.
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warm enough. He finished second
wrangler behind the noted mathemati-
cian Edward Routh. (In another com-
petition at Cambridge, for “Smith’s
prize,” where the subjects were more
advanced, Maxwell and Routh tied for
first.)

Questions and Answers

After getting his degree Maxwell
stayed on for two years at Trinity, study-
ing, lecturing, taking private pupils and
doing some experiments in optics. He
designed a top with colored paper disks
to study the mixing of colors, and he
was able to show that suitable combina-
tions of three primary colors—red, green
and blue—produced “to a very near de-
gree of approximation” almost every col-
or of the spectrum. For this work in color
sensation he later won  the Rumford
medal of the Royal Society.

Maxwell’s most significant activity
during the two postgraduate years at
Trinity, however, was his reading of
Faraday’s Experimental Researches and
entrance upon the studies of electricity
which were to lead to his greatest dis-
coveries. Before he left Trinity, he pub-
lished his first major contribution, the
beautiful paper “On Faraday’s Lines of
Force.” In 1856 Maxwell was appointed
to the chair of natural philosophy at

Marischal College in Aberdeen; he had
applied for the post partly to be near his
father, whose health had been failing,
but his father died a few days before he
obtained the appointment. It was an
irreparable personal loss to Maxwell;
they had been as close as father and son
could be. At Aberdeen Maxwell con-
tinued his work on electricity. His teach-
ing load was rather light. Although he
took teaching seriously, it cannot be said
that Maxwell was a great teacher. With
classes that were “not bright” he found
it difficult to hit a suitable pace. He was
unable to heed himself the advice he
once gave a friend whose duty it was to
preach to a country congregation: “Why
don’t you give it them thinner?”
Maxwell’s electrical studies at Aber-
deen were interrupted by a task which
engrossed him for almost two years. He
entered a competition for a University
of Cambridge prize on the subject of
Saturn’s rings. Were the rings solid?
Were they fluid? Did they consist of
masses of matter “not mutually coher-
ent?” The problem was to demonstrate
which type of structure adequately ex-
plained the motion and permanence of
the rings. In a brilliant 68-page essay
which Sir George Airy, the Astronomer
Royal, described as one of the most re-
markable applications of mathematics he
had ever seen, Maxwell demonstrated
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that the only stable structure would be
one composed of disconnected particles.
His essay won the prize and established
him as a leader among mathematical
physicists.

His research on Saturn excited his in-
terest in the kinetic theory of gases.
Maxwell’s predecessors in this field—
Rudolf Clausius, Daniel Bernoulli,
James Joule and others—had been suc-
cessful in explaining many of the prop-
erties of gases, such as pressure, tem-
perature and density, on the hypothesis
that a gas is composed of swiftly moving
particles. However, in order to simplify
the mathematical analysis they had as-
sumed that all the particles of a gas move
at the same speed. Maxwell realized that
this was an altogether implausible as-
sumption, for collisions among the mole-
cules must give them various velocities.
If the science of gases was to be de-
veloped on “strict mechanical princi-
ples,” it was necessary, he said, to in-
corporate this fact into the mathemati-
cal formulation of the laws of motion of
the particles.

Maxwell’s Law of Gases

Maxwell proceeded to examine mathe-
matically the behavior of an assemblage
of colliding particles as if they were
“small, hard and perfectly elastic
spheres acting on one another only dur-
ing impact.” Since the many molecules
could not be treated individually, he in-
troduced the statistical method for deal-
ing with them. He supposed that the
distribution of velocities among the
molecules in a gas would follow the
famous bell-shaped frequency curve,
which applies te so many phenomena,
from the pattern of shots on a target to
groupings of men according to height.
Thus while the velocity of an individual
molecule might elude description, the
velocity of a crowd of molecules would
not. Having arrived at a quantitative
description of the speeds of molecules
composing a gas, Maxwell was able to
write a precise formula for gas pressure.
Curiously enough this expression did not
differ from that based on the assumption
that the velocity of all the molecules was
the same, but at last the right conclusion
had been won by correct reasoning.
Moreover the generality and elegance of
Maxwell’s mathematical methods led to
the extension of their use into almost
every branch of physics.

Maxwell went on to consider another
factor which needed to be determined
for precise formulation of the laws of
gases: namely, the distance a molecule
travels, on the average, between colli-



MODEL OF AN ELECTROMAGNETIC FIELD used by Maxwell visualized “molecular
vortices” rotating in space. In this illustration the vortices are slender cylinders seen from
the end. (Maxwell gave the cylinders a hexagonal cross section to simplify the geometry of
the model.) Between the vortices are small “idle wheels.” If a row of the idle wheels is
moved from A toward B, they cause the adjacent vortices to rotate in opposite directions.

sions—i.e., its mean free path. He rea-
soned that the mean free path of mole-
cules in a given gas could be measured
by the viscosity of that gas. Assume that
a gas is composed of groups of mole-
cules with different velocities which
slide over one another, thus creating
friction. This would account for the
viscosity of gases. Now the mean free
path of molecules would be related to
viscosity in the following way. Imagine
two layers of molecules sliding past each
other. If a molecule passing from one
layer to the other travels only a short dis-
tance before colliding with another
molecule, the two particles do not ex-
change much momentum, because near
the boundary the difference of velocity
between the two layers is small. But if the
molecule penetrates deep into the other
layer before a collision, the velocity dif-
ferential will be greater; hence the ex-
change of momentum between the col-
liding particles is greater. This amounts
to saying that in any gas with high vis-
cosity the molecules must have a long
mean free path. Maxwell deduced fur-
ther the paradoxical fact that the vis-
cosity of a gas is independent of its
density, for the increased probability of
collisions in a dense gas is offset by the
fact that in such a gas a molecule will not

travel far into a different layer before
colliding. On balance, then, the momen-
tum conveyed across each unit area per
second remains the same regardless of
density.

Thus Maxwell constructed a mechani-
cal model of a gas as an assemblage of
crowds of particles “carrying with them
their momenta and their energy,” travel-
ing certain distances, colliding, chang-
ing their motion, resuming their travels,
and so on. His picture made it possible
to account in precise quantitative terms
for a gas’s various properties—viscosity,
diffusion, heat conduction. Altogether it
was a scientific achievement of the first
rank. The model has since been criti-
cized, on the grounds, for example, that
molecules are not hard nor perfectly
elastic, like billiard balls, nor is their
interaction confined to the actual mo-
ment of impact. Yet despite the inade-
quacies of the model and errors of
reasoning, the results, which, as Sir
James Jeans said, “ought to have been
hopelessly wrong,” turned out to be ex-
actly right, and Maxwell’s law for the
behavior of gases is in use to this day.

The German physicist Ludwig Boltz-
mann, who recognized at once the sig-
nificance of these discoveries, set to work
refining and generalizing Maxwell’s
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proof. He showed that the Maxwell dis-
tribution of velocities was the only pos-
sible equilibrium state of a gas. This
equilibrium state, as both men realized,
is the thermodynamic condition of maxi-
mum entropy—the most disordered
state, in which the least amount of
energy is available for useful work.

The concept of entropy led Maxwell
to one of the celebrated images of mod-
ern science, namely that of the sorting
demon. Increasing entropy is man’s fate
because we are not very bright. But a
demon more favorably endowed could
sort out the slow- and fast-moving par-
ticles of a gas, thereby changing disorder
into order and converting unavailable
into available energy. Maxwell imagined
one of these small, sharp fellows “in
charge of a frictionless, sliding door in a
wall separating two compartments of a
vessel filled with gas. When a fast-mov-
ing molecule moves from left to right,
the demon opens the door; when a slow-
moving molecule approaches, he (or
she) closes the door. The fast-moving
molecules accumulate in the right-hand
compartment, and slow ones in the left.
The gas in the first compartment grows
hot and that in the second cold.” Thus
the demon would thwart the second law
of thermodynamics. Living organisms,
it has been suggested, achieve an analo-
gous process; as Erwin Schrodinger has
phrased it, they suck negative entropy
from the environment in the food they
eat and the air they breathe.

Maxwell and Boltzmann, working in-
dependently and in a friendly rivalry,
at first made notable progress in explain-
ing the behavior of gases by statistical
mechanics. After a time, however, for-
midable difficulties arose. For example,
they were unable to write accurate
theoretical formulas for the specific

heats of certain gases (the quantity of
heat required to raise the temperature
of a body of the gas by a given amount).
Explanation of the discrepancies they
found had to await the development of
quantum theory, which showed that the
spin and vibration of molecules were
restricted to certain values. But neither
quantum theory nor relativity, nor the
other modes of thought constituting the
20th-century revolution in physics,
would have been possible had it not
been for the brilliant labors of these
natural philosophers in applying statis-
tical methods to the study of gases.

Marriage

In February, 1858, Maxwell wrote his
aunt, Miss Cay: “This comes to tell you
that I am going to have a wife.” “Don’t
be afraid,” he added, “she is not mathe-
matical, but there are other things be-
sides that, and she certainly won’t stop
mathematics.” His bride was Katherine
Mary Dewar, daughter of the Principal
of Marischal College. Their union be-
came very close: they enjoyed doing
things together—horseback riding, read-
ing aloud to each other, traveling—and
he even found useful tasks for her in his
experimental work. The marriage was
childless, but this very fact increased the
couple’s dependency and devotion.

In the summer of 1860 Maxwell
moved to London as professor of natural
philosophy at King’s College. He re-
mained there for five years. Living in
London offered him the opportunity to
see something of Faraday, with whom,
up to this time, Maxwell had had only
correspondence, and to make the ac-
quaintance of other scientists. He was
no solitary. “Work is good, and reading
is good, but friends are better,” he wrote

\;

CURL of Maxwell’s equations is suggested by this diagram. The arrows are a moving mag-
netic field. The circle is the electric field which “curls” around the magnetic lines of force.
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to his friend Litchfield. Despite social
distractions and arduous teaching duties
at King’s, the five years in London were
the most productive of Maxwell’s life.
He continued his work on gases. In the
large garret of his house in Kensington
he measured the viscosity of gases and
obtained practical confirmation of his
theoretical work. (To maintain the nec-
essary temperature a fire had to be kept
up in the midst of very hot weather and
kettles kept boiling to produce steam
which would be allowed to flow into
the room. Mrs. Maxwell acted as
stoker.) But his major work was in the
theory of electricity, from which he had
been diverted and to which he now re-
turned.

A Model for Electricity

Faraday’s experiments had crowned a
century of researches (by Coulomb,
Oersted, Ampeére and others) which had
established many facts about the be-
havior of electricity and its link with
magnetism. They had shown that elec-
tric charges attracted and repelled each
other according to a law like that of
gravitation (in proportion to the product
of the charges and in inverse proportion
to the square of the distance between the
charges) ; that a current produces a mag-
netic field, and a moving magnet pro-
duces a current; that an electric current
in one circuit can induce a current in
another.

What absorbed Maxwell was the at-
tempt to explain these phenomena. What
was a field? How did electricity and
magnetism exert their influence through
space? Faraday had suggested a new
concept to answer these questions, and it
was his idea that excited Maxwell’s in-
terest.

Most theorists had pursued the anal-
ogy of electricity to gravitation and had
sought to explain the phenomena in
terms of “action at a distance.” They
imagined a charge (or mass) situated at
one point in space mysteriously influ-
encing a charge (or mass) at another
point, with no linkage or connection of
any kind between the charges (or
masses). Faraday proposed to explain
electricity as a mechanical system. He
asserted that the instrumentality of elec-
tric and magnetic action was lines of
force running through space—not mere-
ly imaginary lines but actual, physical
entities, with properties of tension, at-
traction, repulsion, motion and so on.

Maxwell admirably summarized the
cleavage between the two views: “Fara-
day, in his mind’s eye, saw lines of force
traversing all space, where the mathema-



ticians saw centres of force attracting at
a distance; Faraday saw a medium
where they saw nothing but distance;
Faraday sought the seat of the phe-
nomena in real actions going on in the
medium, they were satisfied that they
had found it in a power of action at a dis-
tance impressed on the electric fluids.”

Maxwell believed in Faraday’s con-
cept, and he set out to develop it. In his
first paper, “On Faraday’s Lines of
Force,” he tried to imagine a physical
model, embodying Faraday’s lines,
whose behavior could be reduced to
formulas and numbers. He did not sug-
gest that the model represented the
actual state of things, but he felt that
it was important “to lay hold of a clear
physical conception, without being com-
mitted to any theory founded on the
physical science from which that concep-
tion is borrowed.” Such a method would
protect the investigator against being led
into a blind alley of abstractions or being
“carried beyond the truth by a favorite
hypothesis.”

Maxwell proposed a hydrodynamic
model, in which he incorporated Fara-
day’s lines of force in the form of “tubes
of flow” carrying an incompressible fluid
such as water. The fluid moving through
the tubes represented electricity in mo-
tion; the form and diameter of the tubes
gave information as to the strength and
direction of the flow. The velocity of the
fluid was the equivalent of electrical
force; differences of fluid pressure were
analogous to differences of electrical
pressure or potential; pressure trans-
mitted from tube to tube by way of the
elastic tube surfaces furnished an ana-
logue to electric induction. By applying
the established equations of hydrody-
namics to such a system, Maxwell was
able to account for many of the observed
facts concerning electricity.

It was a wonderful paper, and Fara-
day expressed his appreciation. “I was at
first almost frightened,” he wrote Max-
well, “when I saw such mathematical
force made to bear upon the subject, and
then wondered to see that the subject
stood it so well.” Other students, how-
ever, thought the subject stood it not at
all well. Electricity was mysterious
enough without adding tubes and in-
compressible fluids. But Maxwell, who
had had good training in being consid-
ered queer, went on with the task of ex-
tending Faraday’s ideas.

Cylinders and Balls

Maxwell’s second great memoir, “On
Physical Lines of Force,” was published
after he returned to the subject of elec-

tricity in London. He now constructed a
more elaborate model to account not only
for electrostatic effects but also for mag-
netic attraction and electromagnetic in-
duction. In the new model “molecular
vortices” rotating in space were the
agents that produced magnetic fields. A
molecular vortex may be thought of as
a slender cylinder which rotates around
the lines of magnetic force. The velocity
of rotation depends on the intensity of
the magnetic force. Two mechanical ef-
fects are associated with the cylinders:
tension in the direction of the lines of
force, and lateral pressure arising from
the centrifugal force produced by the
rotating cylinders. Combined, these ef-
fects mechanically reproduce magnetic
phenomena: magnetism is a force ex-
erted both along the axis and outward
from the axis.

Maxwell proceeded to show how this
curious arrangement might explain the
production of a magnetic field by an
electric current and of a current by a
changing field. He supposed first that a
uniform magnetic field consists of a por-
tion of space filled with cylinders rotat-
ing at the same velocity and in the same
direction “about axes nearly parallel.”
But immediately a puzzle confronted
him. Since the cylinders are in contact,
how can they possibly rotate in the same
direction? As everyone knows, a rotating
wheel or cylinder causes its neighbor to
rotate in the opposite direction. Maxwell
hit upon a pretty idea. He supposed that
rows of small spheres, like layers of ball
bearings, lay between the cylinders and
acted as gears (in Maxwell's words,
“idle wheels”). Thus the cylinders all
rotated in the same direction.

And now, as just reward for his in-
genuity, Maxwell found that the spheres
could be made to serve another even
more valuable purpose. Think of them
as particles of electricitv. Then by purely
mechanical reasoning it can be shown
that their motions in the machine of
which they are a part serve to explain
many electrical phenomena.

Consider these examples. In an un-
changing magnetic field the cylinders all
rotate at the same constant rate. The
little rotating spheres keep their posi-
tion; there is no flow of particles, hence
no electric current. Now suppose a
change in the magnetic force. This
means a change in the velocity of ro-
tation of the cylinders. As each cylinder
is speeded up, it transmits the change in
velocity to its neighbors. But since a
cylinder now rotates at a slightly differ-
ent speed from its neighbor, the spheres
between them are torn from their posi-
tions by a kind of shearing action. This
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ELECTROMAGNETIC WAVE was visualized by Maxwell as a moving disturbance which
tended to separate positive (plus sign) and negative (dot) charges. In the drawing at the
top magnetic lines of force (arrows) lie at right angles to the direction in which the disturb-

ance is moving. The drawing at the bottom d

epicts the two components of the electromag-

netic wave. The electrical component is shown in black; the magnetic component, in color.

motion of translation of the particles is
an electric current.

Observe now how the model begins to
live a life of its own. Though designed
primarily to demonstrate how magnetic
changes produce electric currents, it also
suggested to Maxwell a mechanism
whereby a change in electric force might
produce magnetism. Assume the spheres
and cylinders are at rest. If a force is ap-
plied to the spheres of electricity, caus-
ing them to move, the cylinders of mag-
netism with which they are in contact
will begin to rotate, thereby producing a
magnetic force. Moreover, the model
holds up even as to details. Take a single
illustration. An examination of Maxwell’s
model shows that the cylinders will ro-
tate in the direction perpendicular to the
motion of the spheres, thus bearing out
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the observation that a magnetic field acts
at right angles to the flow of a current!

“I do not bring it forward,” Maxwell
wrote of his system, “as a mode of con-
nection existing in Nature. . . . It is, how-
ever, a mode of connection which is
mechanically conceivable and easily in-
vestigated, and it serves to bring out the
actual mechanical connections between
the known electromagnetic phenomena.”
Among the other “mechanical connec-
tions” Maxwell was able to demonstrate
were electrical repulsion between two
parallel wires carrying currents in op-
posite directions (ascribed to the centrif-
ugal pressures of the revolving cylinders
on the electrical particles in the model)
and the induction of currents (the re-
sult of communication of rotary velocity
from one cylinder to another).
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Maxwell was not done with the model.
It had yet to pass the supreme test: that
is, to supply a mechanical explanation of
the origin of electromagnetic waves. To
orient ourselves in this matter we must
examine briefly the question of con-
densers and insulators.

Faraday in his experiments had come
upon a curious fact. The type of insulat-
ing material used in a condenser made a
considerable difference in the condens-
er’s capacity to take or to hold a charge.
This was difficult to understand if all in-
sulators were equally impermeable to
an electric current. With the help of
his model, Maxwell advanced a bold
hypothesis. In an insulating material the
little electrical particles somehow are
unable to move freely from cylinder to
cylinder; hence no current can flow.
However, it was known that “localized
electric phenomena” did occur in insula-
tors. Maxwell suggested that these
phenomena were currents of a special
kind. When an electric force acts on an
insulator, the particles of electricity are
“displaced” but not torn loose; that is,
they behave like a ship riding at anchor
in a storm. They move only a limited dis-
tance, to the point where the force push-
ing them is balanced by the resistance of
the elastic cylinders. As soon as the im-
pelling force ceases to act, the particles
snap back to their original positions.
When a particle snaps back, it overshoots
and oscillates about its fixed position. The
oscillation is transmitted through the in-
sulator as a wave. Thus for a brief instant
a displacement current flows, for the
wave is the current. If the electric force
applied to the insulator is varied continu-
ally, it will produce a continually vary-
ing displacement wave: in other words, a
continuing current.

Maxwell next arrived at an epoch-
making conclusion. It had to do with the
relation of the velocity of the displace-
ment wave, or current, to that of light.
For the point of departure we must go
back to earlier work by the German
physicists Wilhelm Weber and Friedrich
Kohlrausch on the relationship between
electrostatic and electrodynamic forces.
The electrostatic unit of charge was de-
fined as the repulsion between two like
unit charges at unit distance apart. The
electrodynamic unit was defined as the
repulsion between two measured lengths
of wire carrying currents “which may be
specified by the amount of charge which
travels past any point in unit time.” In
order to compare the repulsion between
static charges with that between moving
charges, a factor of proportionality must
be introduced, since the units are dif-
ferent. This factor turns out to be a



velocity, for since the length of the wires
is fixed, and the number of units of
electricity passing a given point in a
given time can be measured, what the
investigator must consider is length di-
vided by time, or velocity. Weber and
Kohlrausch had found that the velocity
of propagation of an electric disturbance
along a perfectly conducting wire was
close to 3 X 1010 centimeters per second.
This was an astonishing coincidence, for
the figure was about the same as the
velocity of light, determined a few years
earlier.

Maxwell pursued the coincidence. He
himself confirmed the Weber-Kohlrausch
results, using an ingenious torsion bal-
ance to compare the repulsion between
two static charges and two wires carry-
ing currents, and at about the same time
he calculated the velocity of displace-
ment currents in a dielectric (noncon-
ductor). The resulting values tallied
closely. In other words, currents in a
wire, displacement currents in a dielec-
tric, and light in empty space (which of
course is a dielectric) all traveled with
the same velocity. With this evidence at
hand Maxwell did not hesitate to assert
the identity of the two phenomena—elec-
trical disturbances and light. “We can
scarcely avoid the inference,” he said,
“that light consists in the transverse un-
dulations of the same medium which is
the cause of electric and magnetic phe-
nomena.”

Maxwell’s Equations

Maxwell now had to outgrow his mod-
el. In “A Dynamical Theory of the Elec-
tromagnetic Field,” published in 1864,
he displayed the architecture of his sys-
tem, as Sir Edmund Whittaker has said,
“stripped of the scaffolding by aid of
which it had first been erected.” The
particles and cylinders were gone; in
their place were the field and the aether,
a special kind of “matter in motion by
which the observed electromagnetic phe-
nomena are produced.” The matter com-
posing the aether had marvelous proper-
ties. It was very fine and capable of per-
meating bodies; it filled space with an
elastic medium. It was the vehicle of
“the undulations of light and heat.”

For all its refinements and subtleties
the aether was no less a mechanical rig
than the cylinders and balls. It could
move, transmit motions, undergo elastic
deformations, store potential (mechani-
cal) energy and release it when the de-
forming pressures were removed. As a
mechanism, Maxwell said, it “must be
subject to the general laws of dynamics,
and we ought to be able to work out all

the consequences of its motion, provided
we know the form of the relation be-
tween the motions of the parts.” Apply-
ing himself to this task, he devised the
famous Maxwellian equations of the
electromagnetic field. In their most fin-
ished form they appear in his T'reatise on
Electricity and Magnetism, which pre-
sents the results of 20 years of thought
and experiment.

Maxwell based the equations on four
principles: (1) that an electric force
acting on a conductor produces a cur-
rent proportional to the force; (2) that
an electric force acting on a dielectric
produces displacement proportional to
the force; (3) that a current produces a
magnetic field at right angles to the cur-
rent’s lines of flow and proportional to
its intensity; (4) that a changing mag-
netic field produces an electric force
proportional to the intensity of the field.
The third and fourth principles exhibit
a striking symmetry. The third is Fara-
day’s law of electromagnetic induction,
according to which “the rate of altera-
tion in the number of lines of magnetic
induction passing through a circuit is
equal to the work done in taking unit
electric charge round the circuit.” Max-
well's complementary law, the fourth
principle, is that “the rate of alteration
in the number of lines of electric force
passing through a circuit is equal to the
work done in taking a unit magnetic pole
round it.”

On this foundation two sets of sym-
metrical equations can be erected. One
set expresses the continuous nature of
electric and magnetic fields; the second
set tells how changes in one field pro-
duce changes in the other.

How does the concept of the field en-
ter the theory? We have followed Max-
well as he stripped his model of its
particles and cylinders and reduced it to
an aethereal medium. Now he robs the
medium of almost all its attributes other
than form. Its properties are all purely
geometric. The grin is left but the cat is
gone. It is a perfect example of mathe-
matical abstraction.

The aether is a thing that quivers
when it is prodded, but does nothing on
its own. An electromagnetic field con-
sists of two kinds of energy: electrostatic,
or potential, energy, and electrodynamic,
or kinetic, energy. The aether, like a
universal condenser, may be conceived
as storing energy—in which case, being
elastic, it is deformed. Since the aether
fills all space and therefore penetrates
conductors as well as dielectrics, it no

longer makes any difference whether we |

deal with a conduction current or a dis-
placement current; in either case the
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aether is set in motion. This motion is
communicated mechanically from one
part of the medium to the next and is
apprehended by us as heat, light, me-
chanical force (as in the repulsion be-
tween wires) or other phenomena of
magnetism and electricitv. The ruling
principle of all such phenomena, it
should be observed, is that of least ac-
tion. This is the grand overriding law
of the parsimony of nature: every action
within a system is executed with the least
possible expenditure of energy. It was
of the first importance to Maxwell that
electrical phenomena should satisfy the
principle, for otherwise his mechanical
explanation of the phenomena would
not have been possible.

Div and Curl

With these points in mind, we may
examine a set of Maxwell’s equations in
a form which describes the behavior of
an electromagnetic field in empty space.
No conductors or free charges are pres-
ent; the source of the field is some other
region of space.

The first equation then reads:

dvE =0

E represents the electric field strength,
which varies in time and from place to
place. Div is an abbreviation for diver-
gence. It signifies a mathematical opera-
tion which gives a rate of change. The
equation says that the number of electric
lines of force (representing the field
strength) which enter any tiny volume
of space must equal the number leaving
it. That is, the rate of change in the
number of lines is zero, and they can
neither be created nor destroyed.
The second equation reads:

divH =0

It makes the same assertion for the mag-
netic field H as the first equation makes
for the electric field.
The third equation is:
1 oH

curl E = ot
This is Maxwell’s statement of Faraday’s
law of induction: it describes what hap-
pens in a changing magnetic field. The
expression gH/at simply states the rate
of change of the magnetic field The
changing magnetic field creates an elec-
tric field, and this fact is expressed on the
left side of the equation, where the term
“curl” signifies a mathematical opera-
tion dealing with rotation. The equation
is more than analytic; it actually gives a
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picture of the event. A simple diagram
may help make it clear [see illustration
on page 6+]. Suppose the existence of
a magnetic field uniform over a region
of space. A bundle of parallel lines repre-
sents the intensity and direction of this
field. If the field is changed (by motion
or by increase or reduction of strength),
it produces an electric field which acts in
a circle around the lines of magnetic
force. By summing the work done in mov-
ing unit electric charge around the circle
we obtain what is called the net electro-
motive force around the circle. If the
circle were made of wire, the changing
magnetic lines would of course induce
the flow of a current; but even without a
wire a force would be induced. Dividing
this force by the area enclosed by the
circle gives the net electromotive force
(per unit area) which “curls” around
the circle. Now imagine the circle grow-
ing smaller and smaller and shrinking
finally to the point P. By this limiting
process we obtain a limiting value of the
net electromotive force per unit area:
this is curl E at P. Thus the equation says
that the limiting value of electromotive
force per unit area equals the rate of
change of H at the point P, multiplied
by the tiny negative fraction, -1/c. The
symbol ¢ here stands for the ratio of the
electrostatic to the electromagnetic units
of electricity. It is required to translate
E (an electrostatic phenomenon) and H
(an electrodynamic phenomenon) into
the same system of units. The equation
explains how Maxwell was able to con-
nect electrical and magnetic phenomena
with the velocity of light, for ¢ is in fact
that velocity.
The last equation is:

1 9k

curl H = i

It says that except for the change of
algebraic sign (which has to do with the
directions of the fields), the roles of E
and H in the preceding equation mayv be
reversed. At any given point and instant
the magnetic force per unit of area cre-
ated by a changing electric field is equal
to the time rate of change of the electric
field multiplied by the tiny positive
fraction 1/c. Now this rate of change is
none other than Maxwell’s displacement
current. For since the changes are taking
place in the dielectric known as empty
space, the only currents that can flow
are displacement currents. Prior to Max-
well it was thought that a magnetic field
could be produced only by currents
which flowed in wires. It was Maxwell’s
great discovery, deduced mechanically
from his model and expressed mathe-
matically in this equation, that a time-
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varying electric field produced a mag-
netic force even in an insulator or empty
space.

According to Maxwell’s theory the in-
troduction of a time-varying electric
force in a dielectric produces displace-
ment waves with the velocity of light.
These periodic waves of electric displace-
ment are accompanied by a periodic
magnetic force. The wave front itself
comprises electric vibrations at right an-
gles to the direction of propagation, and
a magnetic force at right angles to the
electric displacement. The compound
disturbance is therefore called an elec-
tromagnetic wave. A light wave (a dis-
placement wave ), as Henri Poincaré lat-
er elaborated, is “a series of alternating
currents, flowing in a dielectric, in the
air, or in interplanetary space, changing
their direction 1,000,000,000,000,000
times a second. The enormous inductive
effect of these rapid alternations pro-
duces other currents in the neighboring

COLOR WHEEL is depicted in Maxwell’s
essay “Experiments on Colour, as perceived
by the Eye, with remarks on Colour-Blind-
ness.” The wheel is shown at the top. The
apparatus for rotating it is at the bottom.



portions of the dielectric, and thus the
light waves are propagated from place
to place.”

The electromagnetic theory of light
was testable experimentally, and stood
up remarkably well in laboratory trials.
There were also other ways of testing
Maxwell’s theory. If his reasoning was
correct, different sources of disturbance
should produce other electrical waves at
frequencies different from those of light.
They would not be visible; yet it should
be possible to detect them with appro-
priate instruments. Maxwell did not live
to see their discovery, but 10 years after
his death Heinrich Hertz won the race
to demonstrate their existence. In a series
of brilliant experiments he succeeded in
generating electric radio waves. He con-
cluded that the connection “between
light and electricity . . . of which there
were hints and suspicions and even pre-
dictions in the theory, is now established.
. . . Optics is no longer restricted to
minute aether waves, a small fraction of
a millimetre in length; its domain is ex-
tended to waves that are measured in
decimetres, metres and kilometres. And
in spite of this extension, it appears
merely . . . as a small appendage of the
great domain of electricity. We see that
this latter has become a mighty king-
dom.”

Construction Work

Maxwell completed his great work on
electromagnetic theory while “in retire-
ment” at Glenlair. It drew only part of
his energy. As a “by-work” during the
same period he wrote a textbook on heat
and a number of papers on mathematics,
color vision and topics of physics. He
maintained a heavy scientific and social
correspondence, enlarged his house,
studied theology, composed stanzas of
execrable verse, rode his horse, went on
long walks with his dogs, visited his
neighbors and played with their chil-
dren, and made frequent trips to Cam-
bridge to serve as moderator and ex-
aminer in the mathematical tripos.

In 1871 a chair in experimental phy-
sics was founded at Cambridge. It is
hard to realize that at the time no
courses in heat, electricity and magnet-
ism were being taught there, and no
laboratory was available for the pursuit
of these arcane matters. The University,
as a contemporary scholar delicately ob-
served, “had lost touch with the great
scientific movements going on outside
her walls.” A committee of the faculty
began to bestir itself, a report was
issued, and the lamentable facts fell un-
der the gaze of the Duke of Devonshire,
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chancellor of the University. He offered
the money for the building and furnish-
ing of the famous Cavendish Laboratory.
Maxwell, though at first reluctant to
leave Glenlair, yielded to the urging of
his friends to offer himself as a candidate
for the chair. He was promptly elected.
He now devoted himself to the task of
designing and superintending the erec-
tion of the laboratory. His aim was to
make it the best institution of its kind,
with the latest apparatus and the most
effective arrangements for research. He
presented to the laboratory all the ap-
paratus in his own possession and supple-
mented the Duke’s gift by generous
money contributions. With so many de-
tails to be taken care of, the structure
and its appointments were not com-
pleted until 1874. The delay, while in-

| evitable, was inconvenient. “I have no

place,” wrote Maxwell, “to erect my
chair, but move about like the cuckoo,
depositing my notions in the Chemical
Lecture Room in the first term, in the
Botannical in Lent and in the Compara-
tive Anatomy in Easter.” His “notions”
were the courses he gave on heat, elec-
tricity and electromagnetism.

Maxwell’s classic Matter and Motion,
“a small book on a great subject,” was
published in 1876. About this time he
contributed articles on various subjects
—“Atom,” “Aether,” “Attraction,” “Fara-
day,” among others—to the famous ninth
edition of the Encyclopaedia Britannica.
His public lectures include a charming
discourse “On the Telephone,” which,
though delivered when he was already
very ill, is not only as clear as his best
expositions but filled with gay, amusing
asides. Speaking of “Professor Bell’s in-
vention,” he commented on “the perfect
symmetry of the whole apparatus—the
wire in the middle, the two telephones
at the ends of the wire, and the two gos-
sips at the ends of the telephones. . . .”
Maxwell spent five years editing 20 pack-
ets of unpublished scientific papers of
Henry Cavendish. This splendid two-
volume work, published in 1879, did
much to fix the reputation of the im-
mensely gifted 18th-century investiga-
tor, whose important work on electricity

| was unknown to his contemporaries be-

cause the results were confided only to
his manuscripts. Maxwell repeated
Cavendish’s experiments and showed
that he had anticipated major discover-
ies in electricity, including Ohm’s law.

Glenlair

As Maxwell grew older, friends re-
marked on his “ever-increasing sober-
ness” of spirit. He continued to see his



many friends, to write light verse and
parodies, to promenade with his dog
Toby, to play small practical jokes. But
he became somewhat more reticent, and
more and more concealed his feelings
and reflections beneath an ironical shell.
The tough, rational, Scotch common-
sense cord of his nature had always been
intertwined with threads of mysticism.
He had faith in science; yet he was at
bottom skeptical as to how much could
be learned from science alone about
nature and meaning. His contemporar-
ies described him as both modest and
intellectually scornful, tentative in his
scientific opinions and dogmatic when
others seemed to him to be immoderately
self-assured.

The most striking of Maxwell’s traits
was his gentleness. An extraordinary
selflessness characterized his relation-
ship to those close to him. When his
brother-in-law came to London to un-
dergo an operation, Maxwell gave up the
ground floor of his house to the patient
and nurse and lived in a room so small
that he frequently breakfasted on his
knees because there was no room for a
chair at the table. Mrs. Maxwell had a
serious and prolonged illness in the last
years of Maxwell’s life, and he insisted
on nursing her. On one occasion it is
reported that he did not sleep in a bed
for three weeks. But his work went on
as usual and he was as cheerful as if he
enjoyed the ordeal—which may indeed
have been the case. Nor did he give the
slightest sign of being downcast or show
self-pity when his own fatal illness seized
him.

In the spring of 1877 he began to be
troubled with pain and a choking sensa-
tion on swallowing. For some strange
reason he consulted no one about his
symptoms for almost two years, though
his condition grew steadily worse. His
friends at Cambridge observed that he
was failing, that the spring had gone out
of his step. When he went home to Glen-
lair for the summer of 1879, he was so
obviously weakening that he called for
medical help. He was in terrible pain,
“hardly able to lie still for a minute to-
gether, sleepless, and with no appetite
for the food which he so required.” He
understood thoroughly that his case was
hopeless, yet his main concern seemed
to be about the health of his wife. On
November 5 he died. “No man,” wrote
his physician, Dr. Paget, “ever met
death more consciously or more calmly.”

When Maxwell was buried in Parton |

Churchyard at Glenlair, the world had
not yet caught up with his ideas. Even
today it has not fully explored the king-
dom created by his imagination.
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LEARNING IN THE CANARY

Concerning some engaging experiments in which these domestic

pets demonstrate unexpected ability to perform such feats as

placing one box on top of another to reach a pellet of grain

s subjects for laboratory experiments
Ain learning, birds have not en-
joyed high esteem among many
psychologists. A bird is supposed to be
incapable of learning a complex task,
because its brain cortex is poorly de-
veloped. But the bird has at least one
important advantage over the rat, a fa-
vorite laboratory animal for testing
theories of learning. The bird has sharp-
er vision; therefore it can respond more
sensitively to a visual test or problem.
Using complex tests of this kind, we have
found that the avian brain has a surpris-
ing capacity for intelligent behavior.

In the department of psychology at
Queens College in New York we have
been investigating the ability of birds to
solve visual problems and to form con-
cepts. The subjects are nine female
canaries. Three were 10 weeks old and
the other six were a year old when the
experiments began. The birds’ secondary
feathers were clipped so they would be
easier to handle, and after they became
used to their surroundings they were
trained to perform tasks with a standard
food reward.

The first task was a test of the birds’
ability to identify the one object which
differed from the others in a series. A
row of nine food wells was set up next
to the cage, all accessible to the canary.
After the bird had been trained to push
aside a covering object (initially a coin)
to reach a pellet of grain in a well, a
grain pellet was placed in one well and
all nine were covered. The object cover-
ing the well with the food was a wood
screw standing on its head; the eight
empty wells were covered with aspirin
tablets. The bird pushed aside the cov-
ering objects until it found the grain
pellet. Then a pellet was placed in an-
other well (chosen at random) and this
time it was covered with an aspirin tab-
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by Nicholas Pastore

let, while wood screws covered the other
eight. The test was continued in this
way, with a screw or a tablet covering
the grain (not always alternately), un-
til the bird learned to select the unique
object among the nine without error at
least 15 times out of 20. Then the stimu-
lus objects were changed from aspirin
tablets and screws to some other pair:
chess pawns, bolts and so on. The canary
was trained on a total of 21 different
pairs of objects.

Four canaries were put through this
experiment, and the chart on page 74
summarizes the results: it shows the

mean number of trials the four birds
needed to master each problem. With
each new version of the problem, their
learning became more efficient. What
they were learning to recognize was not
the identifying object itself but its
uniqueness. In anthropomorphic terms
we may say the canaries learned the fol-
lowing: “Pay no attention to the actual
physical attributes of the stimulus; in-
stead select the stimulus which is differ-
ent from all the others.”

Next the birds were trained to select
a stimulus which, though identical with
others, was isolated from them. For in-

STACKING PROBLEM was solved by the author’s most accomplished canary, the late
Phyllis. Because her wing feathers were clipped, Phyllis could not reach a pellet of grain
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stance, on a given trial three aspirin
tablets were grouped on the left side of
a tray and one covering the food was set
off to the right. On the next trial the
position of the isolated stimulus was
switched to the left, in order to prevent
the bird from simply learning to go al-
ways to the left or to the right. After a
bird had mastered the selection of the
isolated stimulus for a given type of ob-
ject, other objects were presented; all
told there were seven. The learning of
the four canaries was exceedingly rapid.
In the first two problems of the series of
seven the mean number of trials re-
quired was 45. Thereafter no further
learning was necessary; in the following
five problems the birds directly selected
the isolated stimulus. They had learned
how to respond to its perceptual distinc-
tiveness.

Let us consider a somewhat different
question: Can a bird learn to respond to
spatial relationships? Observation of
birds under natural conditions suggests
that it can: for example, a bird decel-
erates from full flight speed with precise
timing when it alights on a perch or
when it dives into the water in the pur-
suit of fish.

A series of experiments with our
smartest canary, Phyllis, was inspired by
Wolfgang Kohler’s work with chimpan-
zees. Kohler showed that a chimpanzee

-

on a high post. But Phyllis learned to manipulate a small box placed out of
reach up onto the platform next to the post. (A helpful string attached te the

could stack as many as four boxes in
order to reach a food bait hanging over-
head. Can a canary learn to perform a
similar task? Of course the bird’s physi-
cal limitations must be considered. Since
its capacity to carry objects is severely
limited, we first trained Phyllis to move
objects by tugging on thread. A short
length of thread was attached to a small
wooden food tray on runners, placed
outside the cage. The end of the thread
lay inside the cage. The canary was per-
mitted to feed directly from the tray,
then the tray was placed slightly out of
reach. In its efforts to reach the tray the
canary seized the thread and, with a
backward thrust of its head, brought the
tray within reach. This performance was
promptly repeated on the next and suc-
cessive trials.

In the next phase the bird was fed
from a fixed spot on the cage floor. This
spot was then covered by a small card-
board prism to which a short length of
thread was attached. The canary investi-
gated the prism and finally tugged on
the thread and exposed the pellet of
grain. After that it readily pulled the
thread. Then the canary was trained to
feed from a bin. The bin was raised so
that the bird could not reach it while
standing on the cage floor, and the
canary was taught to mount the prism to
get access to the bin. At this point in the

© 1955 SCIENTIFIC AMERICAN, INC

training the raised bin was placed away
from the prism. The canary seized the
thread and pulled the prism. When
the prism happened to slide alongside
the bin, the bird perched on the prism
and reached forits reward. Apparently at
first the canary merely tugged the prism
to try to find grain under it. But after 25
trials the bird pulled the prism every
time so that it was positioned next to the
bin. Eventually it could haul the prism
from a point as far as 16 inches away
from the bin and position it properly.
Later the height of the bin was increased
and a box was placed beneath it. The
canary learned to haul the prism along-
side the box, mount the box, hoist the
prism onto the box and perch on the
prism to reach the food in the bin.

The canary must have been respond-
ing to spatial relationships, for the hoist-
ing of the prism onto the box could not
have been due to chance behavior. How-
ever, the bird was not able to stack both
the box and the prism under the bin con-
sistently when both were out of position,
as a chimpanzee could do.

Since the manipulation of boxes by
the canary offered mechanical difficul-
ties, the experiment was modified. A
small toy plastic truck was placed on a
track. A length of string, attached to the
truck, ran along a groove in the track and
emerged through a piece of cardboard at

box is out of sight in the picture.) From the new vantage
point atop the box Phyllis was able to obtain the pellet.

73



74

technique

Subminiature radar beacons

of extreme ruggedness for

X~—Band

C—Band

S—Band
Developed by AVION for
the Signal Corps, these
beacons feature selective
receivers and pulse decoders
to assure interrogation
reliability.

Avion’s flexibility and
ingenuity, coupled with
extensive experience in
Electronics, Mechanics
and Optics can better
serve you.

Investigate the career
opportunities in our ex-
panding organization.

AVION

INSTRUMENT CORP.

sussipiany or () C § inousrmes, inc.

299 Highway No. 17, Paramus. N.J.

one end, so that when the canary tugged
on it, the truck moved forward. The
other piece of apparatus was a food bin
mounted on a post, which we could
place anywhere alongside the track.
Phyllis readily tugged on the string until
the truck was aligned with the post,
perched on the truck and seized her re-
ward—a pellet of grain in the bin atop
the post. Phyllis did not overshoot the
post, nor did she tug when the post was
placed next to the truck. Sometimes the
bird mounted the truck before she had
hauled it far enough, but then she
jumped off again to tug some more.
Sometimes the bird would look alter-
natingly at the truck and the bin from
its tugging position, as if judging the dis-

tance between the two. These results
show that the crucial variable was
the spatial relationship of the truck to
the post. Separation of the truck from
the post served as a cue for tugging;
the conjunction of truck with post
served as a cue for not tugging.

The canary, then, can learn percep-
tual and spatial relationships. Can it
form concepts, that is, can it take an ap-
propriate action when the rewarding
stimulus itself is not in sight (e.g., a
cover on food)? This was the second
main question that interested us. Ad-
mittedly it is a controversial area in ex-
perimental psychology. The “behavior-
ists” are loath to use terms such as con-
cept, insight, purpose and memory in

UNIQUE-STIMULUS PROBLEM is solved. There is a pellet of grain beneath the screw,
and no pellets beneath the aspirin tablets. The canary learns to choose the unique object.
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describing behavior. On the other hand,
the Gestalt psychologists lean to this ap-
proach. Without becoming involved in
these differences of theory, let us con-
sider some experiments.

The four birds which had solved the
unique-stimulus problem were tested on

a more subtle form of it. Twenty screws
and one aspirin (the unique stimulus) |
were equally spaced along the circum-
ference of a circle. Inside the circle was
a large cylinder which obstructed a
canary’s view so that it could not see the |
unique stimulus. The canary, instead of
responding to the grouped stimuli vis-
ible to it, hopped around the obstacle un-
til it found the unique object. It did this
even though the location and physical
characteristics (screw or aspirin) of the
unique object were changed from trial
to trial. The mean number of trials re-
quired to master this problem for all|
four birds was only 120. A plausible in- |
ference is that the canary’s original re-
sponse in learning to select the unique
stimulus (the first problem discussed in
this article) involved something more
than a response to a perceptual relation-
ship. The canary had formed a concept
of uniqueness. The development of such |
a concept would explain the increased |
efficiency that the canary displayed in
selecting the odd stimulus as new con-
figurations were presented to it.

The next experiment employed the |
truck and the food bin mounted on a |
post. An opaque partition was placed
between the canary and the track, so
that she could not see when she had;
pulled the truck alongside the post. In |
the first step of this experiment the post |
was placed at one of two distances from [
the truck: at one distance a single tug
on the thread sufficed to position the
truck beside the post; at the other dis-
tance, two tugs were necessary. Phyllis
first was taught to tug only once, re-
ceiving a reward if she did so. Then the
truck and post were placed at the dis-
tance which required two tugs. After
tugging once, the canary went behind
the partition for her reward but found
the truck was not in position. She then
resumed her tugging. Gradually Phyllis

APPLY NOW-

learned to tug twice or three times be-
fore leaving the partition for her re-
ward.

In the next series of trials the two dis- |
tances were interspersed. Now Phyllis
had to look at the distance for the cue
to the appropriate number of tugs. After
2,600 trials she learned to match the two
different distances with the required
number of tugs. Subsequently, after
6,000 trials, she learned to correlate as

many as four types of tugging responses
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18 SIZES—1 to 15 WATTS

~ONMTE~

If you want a compact wire-wound
resistor for your tough jobs, specify
Ohmite axial-lead resistors. They are
designed to stand up under high
temperatures. All parts—core, re-
sistance wire, vitreous-enamel coat-
ing, and terminal bands—are “ther-
mally balanced” to expand and con-
tract as a unit. Terminals remain
firmly anchored, cracking is elimi-
nated, and moisture cannot enter.

Write for Bulletin 147
OHMITE MANUFACTURING CO.
3609 Howard St., Skokie, Ill. (Suburb of Chicago)

OMMITE

RHEOSTATS o RESISTORS
RELAYS o TAP SWITCHES
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CANARY TUGS THREAD to bring a tray up to its cage. The tray bears food and is mount-
ed on runners. This and similar experiments demonstrated spatial perception in the canary.

(one, two, three and four or more con-
secutive tugs) to four different dis-
tances.

The successful solution of the four-
distance problem shows that the bird
discriminated among four different dis-
tances, retained a given discrimination
while tugging behind the partition, dis-
criminated among four different types of
tugging responses and, finally, cor-

related the four types of tugging re-
sponses to the four distances. In ordinary
language we would say that the bird was
able to remember the amount of separa-
tion between truck and bin and could
then produce a tugging response on the
basis of that memory of the situation.
And, still within the scope of ordinary
language, we would say that insofar as
the bird could utilize memory to pro-

DELAYED RESPONSE to a unique stimulus was demonstrated by four birds which had
solved the previous problems. When the view of the unique stimulus was obstructed, the
bird would circle the can until it found the aspirin tablet that covered the grain pellet.
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OSCILLATORS

0.008 cps to 10 MC

Hewlett-Packard, pioneer of the now-standard resistance capacity

or RC oscillator circuit, today offers 11 stable, wide range, RC oscillators
covering all frequencies 0.008 cps to 10 MC. Each instrument is

a precision, quality built equipment guaranteeing you highest stability,
long term trouble free operation, and the convenience of compact size
and wide frequency range. Brief specifications are given here;

for complete details see your -sp- representative or write direct.

Instrument Primary Uses Frequency Range Output Price
-hp- 200AB Audio tests 20 cps to 40 KC 1 watt/24.5 v $120.00
-hp- 200CD Audio and ultrasonic tests 5 cps to 600 KC 160 mw/20 v open circuit 150.00
-hp- 200 | Interpolation, frequency measurements 6 ¢ps to 6 KC 100 mw/10 v 225.00
-hp- 2007 Telemetry, carrier current tests 250 cps to 100 KC 160 ";8 3"0:)2"\'{523;:"""“ 350.00
-hp- 201B High quality audio tests 20 cps to 20 KC 3w/42.5v 250.00
-hp- 202A Low frequency measurements .008 to 1200 cps 20 mw/10 v 465.00A
-hp- 202B Low frequency measurements /2 cps to 50 KC 100 mw/10 v 365.00A
-hp- 205AG High power tests, gain measurements 20 cps to 20 KC I 5 watts 440.00A
-hp- 206A High quality, high accuracy audio tests 20 cps to 20 KC | -+ 15 dbm 565.00A
-hp- 233A Carrier test oscillator 50 cps to 500 KC | 3 w/600 ohms 475.00
-hp- 650A Wide range video tests 10 cps to 10 MC l 15 mw/3 v 490.00A

3 of 11 famous -hp- oscillators

-hp- 200CD, 5 cps to
600 kc. Probably
America’s fastest sell-
ing precision audio os-
cillator. Offers highest
stability, constant out-
put, year after year de-
pendability. 5 ranges,
frequency response =1
db, distortion less than
0.5%.Compact, weighs
only 22 1bs. 300° logarithmic dial, 60" effec-
tive scale length. $150.00.

ARack mounted instrument available for $15.00 less.

HEWLETT -PACKARD COMPANY

33365 Page Mill Road ¢ Palo Alto, California, U.S.A.
Cable “HEWPACK"

Field Representatives in all principal areas

Data subject to change without notice

-hp- 202A Low
Frequency Func-
tion Generator.
Convenient, high-
ly stable, multi-
purpose source of
transient-free test
voltages from
0.008 cpsto 1,200
cps. 5 bands, distortion less than 1%, pro-
vides sine, square or triangular waveforms.
30 volts peak output, frequency response flat
within 0.2 db. $465.00A.

PLEASE SEND INFORMATION ON MODEL_____ OSCILLATOR

Name.

-hp- 650A Test Os-
cillator. Provides
fast, accurate tests
from 10 cps to 10
MC. Extreme sta-
bility; output flat
within 1 db full
range. Voltage
range 0.00003 volts
to 3 volts. Output impedance 600 ohms. No
zero set, no adjustment during operation.
Output voltage attenuator, self-contained
VTVM. $490.00A.

C

Lo 4

Street.

City.

Zone___State

ELECTRONIC MEASURING INSTRUMENTS
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experience

plays a vital role

Pressure actuated switches for every

requirement from zero absolute to
12,000 psi. Meletron switches are used

by every major aircraft manufacturer.
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in every success

Great progress has been made in high fidelity recording. Microphones,
amplifiers, discs, tapes and speakers have been greatly improved.
Knowledge of audio principles alone could not create high quality
recording. It was knowledge, plus years of experience, that made high
fidelity sound reproduction a reality.

In the precision instrument field, we are constantly improving
techniques and testing new materials. This research is productive,
but real progress is gained only through experience; experience that’s
acquired only through the production of more than a million
pressure switches.

MELETRON :ovrvosrion

P50 NORTH HIGHLAND AVENUE, LOS ANGELES 3B, CALIFORNIA

] M. WALTHEW CO., Boeing Field, Seattle 8, Wash. THOMSON ENGINEERING SERVICE, 554 So.
Summit St., Fort Worth 4, Texas and 3075 Laura St., Wichita, Kansas. ROUSSEAU CONTROLS Ltd.,
2215 Beaconsfield Ave., Montreal 28, Canada. JOSEPH C. SORAGHAN & ASSOCIATES, 1612 Eye St.,
Northwest, Washington 6, D. C.
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DIFFICULT PROBLEM is solved by a canary. In the top picture the bird tugs at a thread
behind a cardboard screen. At the other end of the thread is the small truck shown in the |
bottom picture. The canary learns how many tugs are needed to pull the truck up to the post.

duce a sensible response, it exhibited in-
sight into the needs of the situation.

Observers who saw Phyllis perform
have commented on her “eagerness” and
“deliberateness.” One observer suggest-
ed that the bird had formed a concept of
number. This interesting suggestion is
not actually proved by the experiments.
The bird might have learned four dif-
ferent types of motor or muscular
rhythms. In an analogous situation, a
musician runs off an appropriate series
of notes without, of course, counting in-
dividual notes.

Our experiments demonstrated two

things: that a canary can learn to re-
spond to perceptual and spatial relation-
ships, and that it is capable of insightful
or conceptual behavior. Evidently a
bird’s visual discrimination in some re-
spects matches that of a human being.
Further, the low esteem in which a bird’s
capacity for intelligent behavior is held
is not justified. In the light of the fore-
going experiments, we must admit either
that the brain cortex of a bird is capable
of more complex performances than has
generally been conceded or that its sub-
cortical centers can carry on complex
activities usually assigned to the cortex.

© 1955 SCIENTIFIC AMERICAN, INC

Engineers!

Join this
winning team!

e At DOUGLAS you’ll be
associated with top engineers
who have designed the key
airplanes and missiles on the
American scene today. For
example:

E=—

DC-7‘‘SEVEN SEAS' America’s
finest, fastest airliner

—_

F4D ‘““SKYRAY"' Only carrier
plane to hold world’s speed record

C-124 ‘‘GLOBEMASTER"
World's largest production transport

=

NIKE Supersonic missile selected to
protect our cities

——

“SKYROCKET"' First airplane
to fly twice the speed of sound

A3D ‘‘SKYWARRIOR" Largest l
carrier-based bomber

T

A4D ‘“‘SKYHAWK" Smallest,
lightest atom bomb carrier

=

B-66 Speedy, versatile jet bomber

With its airplanes bracketing
the field from the largest per-
sonnel and cargo transports
to the smallest combat types,
and a broad variety of mis-
siles, Douglas offers the engi-
neer and scientist unequalled
job security, and the greatest
opportunity for advancement.

For further information relative
to employment opportunities at
the Santa Monica, El Segundo
and Long Beach, California, divi-
sitons and the Tulsa, Oklahoma,
division, write today to:

DOUGLAS AIRCRAFT COMPANY, Inc.

C. C. LaVene, Employment Mgr.

Engineering General Office

3000 Ocean Park Blvd. ’)
79
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These are some of the aircraft and missiles de-
veloped and built by Douglas within the past
decade to provide solutions for almost every
logistic and tactical problem confronting our
military establishment.

But more important to our national defense
than the aircraft themselves, is the experienced
personnel that brings them into being. At Douglas
this experience dates back 35 years, and is spread
among thousands of men and women whose com-

F4D Skyray

Only carrier plane to hold speed record

©0000000000000000000000000000000000000000000000000000000000

A4D Skyhawk

Can take off from small carrier with A-bomb

00000000000000000000000000000000000000000000000000000000000

YC-124B

10 years of post-war progress in military aviation

bined talents made possible: Globemaster’s lift of
50,000-1b. payloads; Skyray’s record of 753.4
m.p.h.; Skyrocket’s speed of 1327 m.p.h.; new
military horizons opened by such jets as the
A3D, B-66 and A4D; guided missiles like Nike
and rockets like Honest John.

This vast arsenal of experience made possible
the Douglas concept of more performance per
pound of plane; which is another way of saying—
more defense for your tax dollar.

©000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

C-124 Globemaster

Biggest production transport, 25-ton payload

©000 00000000000000000000000000000000000000000000000000000

Honest John

Delivers atomic or high explosive warhead

©00000000000000000000000000000000000000000000000000000000

X-3

First military transport to use turboprop power

P Y L L T LR ]
.

Jet research plane, performance classified

I OO e e e e e e R L L R L L L e N )

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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AD Skyraiders

Air Force and Navy versions of the DC-6A4

D 558-2 Skyrocket

Called world’s most versatile aircraft

Y I T Y T Y

Supersonic anti-aircraft missile already in service First plane to fly double speed of sound

N R

A 3D Skywarrior

L L R

R B-66

Navy’s largest carrier-based bomber Versatile Air Force reconnaissance bomber

X R T Y Y Y T Y L R S R TR TR N R X Y ]

I00000000000000000000000000000000000000000000000000000000000

F 3D Skyknight

Depend on

Douvaras

First in Aviation

Twin-jet, radar-guided night fighter

TN I I I I N R R R N R R R R R R N

L R L L e ]
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Antibiotics
against Plant Diseases

Antibiotics have already been used to preserve food and to promote

the growth of farm animals. Recent experiments show that they

also control rot, blight, smut, wilt, mold and mildew in certain plants

ntibiotics have been a great gift not
A only to medicine but also to agri-
culture. They are used today to
promote the growth of pigs and chickens,
to prevent spoilage of vegetables, dairy
products and sea foods, to delay deterio-
ration of beef, even to preserve food by
incorporation in the ice used to chill it.
During the past year the possibility of
using antibiotics to control plant diseases
was explored in many laboratory and
field studies. The results reported by ag-
ricultural experiment stations through-
out the country are most promising. This

DIAMETER OF INHIBITION ZONE
UN MILLIMETERS)

ABSORPTION AND TRANSLOCATION of streptomycin from
the stem to the leaves of bean seedlings were demonstrated simply.
First streptomycin sulfate was applied to the stem of each test seed-
ling in a lanolin carrier. Leaves from the plants were collected at
intervals during the nine days following treatment. The juice

82

by David Pramer

new and intriguing approach to the
problem of reducing plant disease losses
has given rise to questions of fundamen-
tal importance to the microbiologist and
plant.physiologist, as well as to the plant
pathologist.

In the U. S. plant diseases are at-
tacked in four ways: exclusion, eradica-
tion, plant breeding and chemical treat-
ment. The Federal Government, most
states and some counties take steps to
prevent diseased plants and animals
from crossing their borders, and an out-
break of disease may be localized by

quarantining the infected area. Eradica-
tion of an established disease may be
achieved by destroying infected plants,
by crop rotation, by elimination of alter-
nate host plants or by soil management
which discourages growth of the infec-
tive organisms. Breeding is used to pro-
duce disease-resistant crop varieties.
And more than 200 million pounds of
chemicals, costing $35 million, are ex-
pended in the U. S. each year to fight
plant diseases.

The poisons most commonly em-
ployed for preventing plant disease are

25

——

20

N\

1 2 3 4
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DAYS AFTER TREATMENT

squeezed from them was placed in cylinders on an agar medium
supporting a growth of the bean blight organism Xanthomonas
phaseoli. The streptomycin that had been translocated to the leaves
diffused out of the cylinders, inhibiting the growth of the bac-
teria. The curve shows the antibiotic concentration in the leaves.



compounds of sulfur, copper and mer-
cury, with carbamates and certain other
chemicals recently added to the arsenal.
In general these defenses protect plants
only at the surface. It has been difficult
to find chemicals which will destroy
specific bacteria or fungi within a plant
without injuring the plant’s tissues also.
Now the antibiotics have made such at-
tack possible.

One of the most promising experimen-
tal successes of the antibiotics has
been against the bacterial disease of ap-
ple and pear trees known as fireblight,
long the despair of orchardists. The fire-
blight damage to orchards is estimated
to be millions of dollars annually, and it
is responsible for the marked decline of
pear culture in our eastern and central
states. The disease is spread by pollen-
gathering and nectar-sucking insects as
they move from infected to healthy blos-
soms. Once in the blossoms, the fireblight
bacteria multiply rapidly. The blossoms,
leaves and branches turn brown or black,
as though seared by fire. The infection
lies dormant in the woody portion of
trees throughout the winter and reap-
pears the following spring. Copper
sprays and dusts have been used against
it, but they are only moderately effective
and damage the fruit and foliage.
Among the groups that tested anti-
biotics against fireblight was R. N. Good-
man and his associates at the University
of Missouri Agricultural Experiment
Station. They applied various antibiotic-
containing sprays to the foliage of year-
old fruit trees that were extremely sus-
ceptible to fireblight. To help the drugs
penetrate into the leaf tissues they added
methyl Cellosolve, a cuticle solvent, to
the spray. Twenty-four hours after the
spray was applied, the trees were in-
fected by inoculation of the shoots with
fireblight bacteria. The experimenters
discovered that a spray containing strep-
tomycin and terramycin could give al-
most complete protection against fire-
blight. The drugs acted to suppress the
bacteria inside and at the surface.
Orchard experiments on naturally in-
fected trees confirmed these greenhouse
results, and so did tests at various other
stations throughout the country. Anti-
biotics promise to become a routine
treatment for the control of fireblight.
Many other workers investigated the
potency of antibiotics against diseases of
vegetable crops. At the Bureau of Plant
Industry of the U. S. Department of
Agriculture, J. W. Mitchell and W. J.
Zaumeyer collaborated in treating bac-
terial blight of beans. This embraces a

AGAR-PLATE TECHNIQUE is used to measure concentration of antibiotic in parts of
plants. The part is either removed and placed on an agar plate covered with bacteria, or filter
paper which has absorbed fluid from the part is placed on the plate. The area of bacterial
growth inhibited indicates the antibiotic concentration. Shown here are tests on a leaf sec-
tion (A), fluid exuded by a leaf (B), fluid from a stem (C) and sap extracted by pressure (D).
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group of diseases: common blight, fus-
cous blight and halo blight, each caused
by a different bacterium. They are pro-
moted by a rainy season. Water-soaked
spots appear on the leaves and pods of
infected plants. The spots enlarge and
turn brown, and the dying leaves may
become covered with a bacterial ooze.
The bacteria enter the plant through the
stomata in leaves, stems and pods.
Mitchell and Zaumeyer prepared a
paste of streptomycin mixed with a lano-
lin carrier and applied the paste in a
thin layer on the stems of bean plants.
The stems absorbed the drug and passed
it on to the leaves: measurable amounts

————— —— — —— —

LEVELS IN PLANT

NT

LEVELS IN PLA

CONCENTRATION OF CHLOROMYCETIN

CONCENTRATION OF CHLOROMYCETIN

of the antibiotic were detected in leaves
within eight hours. This treatment was
completely successful in preventing
blight in bean plants inoculated with the
halo blight organism.

A farmer cannot be expected to go
through acres of bean plants treating
each stem individually, as the experi-
menters did in this laboratory test.
Mitchell and Zaumeyer therefore pro-
ceeded to spray fields of beans with a
preparation containing one tenth of 1
per cent of streptomycin. Four sprayings
completely prevented the blight. The
streptomycin spray was able to suppress
the disease even after infection ap-

peared, if the spray was applied within
two days of the infection.

At the Wisconsin Agricultural Experi-
ment Station C. Leben and G. W. Keitt
worked with a new antibiotic called
helixin. It is primarily a fungicide, and
the experimenters demonstrated that it
could control a fungus-incited disease of
tomato plants known as early blight.
The blight first produces small brown
spots on the leaves and then causes the
leaves to turn yellow. Much of the fo-
liage dies. Helixin, sprayed on the plants,
reduced infection by more than 95 per
cent. It acts only on the plant surface:
immersing the roots of tomato plants in

40
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ACCUMULATION OF ANTIBIOTICS by broad-bean plants was
found to follow a gradient up the plant. Plants were grown in solu-
tions of chloromycetin and assayed periodically. After 17 hours the
bottoms of the two plants contained more antibiotic than the

tops, but this gradient disappeared after 137 hours (top graph).
‘When the plants were grown for 19 hours in the antibiotic solu-
tion, then removed to solutions without antibiotic, the gradient
was again evident but reversed itself after 72 hours (bottom graph).
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solutions of the antibiotic had no effect |
on the infection.

At the Imperial Chemical Industries
laboratories in England P. W. Brian and
his associates investigated griseofulvin,
an antibiotic which destroys molds.
Griseofulvin, not commercially avail-
able, is endowed with a number of de-
sirable characteristics. It is relatively
nontoxic to plants, has some solubility in
water, is chemically stable and is very
active against various fungi. Brian grew
oat seedlings with their roots immersed
in nutrient solutions containing the anti-
biotic. In a cool and humid atmosphere
drops of fluid exuding from the plant col-
lected at the tip of each leaf, and these
drops were found to contain griseoful-
vin, which had been absorbed by the
plant roots and had traveled to the
leaves. After this demonstration of the
antibiotic’s absorption, Brian’s group
tested the drug against the gray mold
disease of lettuce seedlings and later
against early blight of tomato plants,
mildew on barley and the chocolate-
spot disease of the broad-bean plant.
The treatment gave high percentages of
control over all these infections. In each
case the antibiotic was applied to the
roots. It is interesting that griseofulvin
shows systemic activity against early
blight of tomato, whereas helixin is in-
active systemically but highly effective
as a surface protectant.

Xltibiotics have also scored successes
+ X against certain diseases of flower
plants. A study of their usefulness for
control of bacterial wilt of chrysanthe-
mums was undertaken at the New Jersey
Agricultural Experiment Station. Bacte-
rial wilt, a new menace to chrysanthe-
mums, has become serious in commercial
nurseries. The infection is believed to
have been spread throughout the coun-
try in cuttings, the usual form in which
chrysanthemums are propagated. The
infecting bacterium invades the plant’s
sap vessels, causes them to turn a red-
dish color and eventually may produce
a black, soft rot of the stem and leaves.
Streptomycin, aureomycin and terra-
mycin proved to be most active against
this bacterium, but the latter two were
toxic to the plants. The effectiveness of
streptomycin against plant infection was
then tested in the following manner.
Cuttings were infected by dipping their
open ends into a water suspension of
the bacterium. The disease was allowed
to develop for six hours, and then the
infected cuttings were placed in water
solutions of streptomycin. After six hours
of contact with the antibiotic, the cut-
tings were removed and inserted in sand

NEW BOLEX ZOOMING LENS GIVES

through-the-lens viewing e
superb optical quality e
variable focal distance e

New Pan Cinor-70 and Pan Cinor-100 by Som Berthiot provide unique flexibility
with zooming ability plus optical sharpness at all apertures. The Pan Cinor-70
zooms from 17.5 mm to 70 mm — from wide angle to telephoto. The Pan Cinor-100
zooms from 25 mm to 100 mm—standard to extreme telephoto. Zooming may be

used for dolly effects.

Ideal lenses for wildlife, sports,
scientific or medical filming; useful
for sequences, titling, stop-action
or animation such as in charts,
diagrams; many other uses.

Now any 16 mm motion picture camera — in
or out of the laboratory — becomes a
through-the-lens viewing device. Both lenses
focus from 7’ to infinity and from 32" using
close-up attachments. Apertures from F:2.4 to
F:22. Price, including leather case, sunshade, and
filter adapter is $449.50. See your Bolex dealer,

or write for further information specifying
details desired.

BOLEX®
PAILLARD PRODUCTS, INC. Dept. SA-6

100 Sixth Avenue, New York 13, N. Y.
Fine Swiss Mechanisms since 1814

for experienced

ELECTRONIC ENGINEERS

and

ELECTRONIC TECHNICIANS

If you can develop new computer cir-
cuits using magnetic cores, transistors,
printed wiring, and other new tech-
niques, we have a good position avail-
able for you.

You will work with the outstanding
computer men who developed the ERA
1101, ERA 1102, and ERA 1103 Com-
puter Systems, the Univac File Comput-
er, ERA magnetic drum memories, and
other equally famous Remington Rand
systems.

Computer experience is not necessary.
Your proficiency in related fields will be
rewarded from the start, and you will
work in the fastest-growing organization
in the data-processing field. Opportuni-
ties for advancement will be numerous.

Positions are also available for new
engineering graduates and technicians
who want to learn digital techniques and
systems. Pay, special benefits, and
opportunities for advancement are most
attractive.

Please send an out-

ILLUSTRATED —

Designs for new Remington Rand ERA com-
puters that are now under development.
Upper: general purpose digit register.
Lower: packaged transistor logic element.

Mornington Fand

line of your training
and experience to
Mr.J. N. Woodbury:

gusmmmc ?ESEARCH /fssoclms oWISION

1902 W. Minnehaha Ave. e St. Paul W4, Minnesota
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DATA
REDUCTION?

do it automatically

with a
BERKELEY
SYSTEM!

Wherever data must be measured,
recorded, transmitted or stored, a
Berkeley Data Reduction System
can:

® Speed Data Handling

® Reduce Error

® Free Valuable Technical
Manpower

Berkeley systems measure pres-
sure, temperature, flow, viscosity,
rpm, strain, or velocity, at accur-
acies to 0.001%,. They can record
information on a digital printer,
analog recorder, electric typewri-
ter, IBM cards, magnetic tape,
teletypewriter, computer or X-Y
plotter. Data may be transmitted
any distance by microwave,
standard 2-wire or other com-
munication circuits. It may be
stored for later use, or used di-
rectly to control processes, etc.

Applications are virtually un-
limited. Among recent Berkeley
installations are: (1) a tape-to-
card data reduction system for
flight data handling stations, (2)
an automatic system for measure-
ment of pressure, temperature,
flow and compressor speed at
remote pipeline compressor sta-
tions, telemetering data to a
central control, and recording it
digitally on teletypewriters.

Berkeley’s System Engineering
group is ready to work with you—
whether your problem is the
selection of a single component
or the design, manufacture and
installation of a complete data
reduction system.

FOR FURTHER INFORMATION,
PLEASE ADDRESS
DEPT. 06

2’. Lo M-57
BerKEIey BECKMAN INSTRUMENTS INC.

2200 WRIGHT AVE., RICHMOND 4, CALIF.

86

TREATED WITH
STREPTOMYCIN

PATHOGENIC
BACTERIA

NOT TREATED WITH
STREPTOMYCIN

CHRYSANTHEMUM CUTTINGS were infected by dipping their stems into a suspension
of pathogenic bacteria. Some infected cuttings were treated by dipping them into a solution
of streptomycin; others were left untreated. Treated and untreated cuttings were trans-
planted to sand, where after 24 hours the untreated ones succumbed to the disease. The cut-
tings treated with streptomycin were completely protected and not injured by the antibiotic.

for rooting. Within 24 hours all cuttings
that had been infected but not treated
| with streptomycin had succumbed to the
disease and were transformed into a
mass of black, soft rot. Cuttings that had
received streptomycin showed varying
degrees of resistance, depending upon
the concentration of antibiotic used.
Complete control was obtained with con-
centrations of streptomycin which in no
way influenced the vigor or rooting of
cuttings. This was a very impressive
demonstration of antibiotic chemother-
apy in plants.
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Streptomycin also was just as effective
as a protective measure when applied to
cuttings before infection. And it gave a
high degree of control and protection
against the disease when the antibiotic
was applied to the sand in which the
cuttings were grown instead of to the
cuttings themselves. Thus streptomycin,
which at the current price is not appre-
ciably more expensive than some sprays
commonly used in greenhouses, seems
to be a practicable means of prevention
and treatment of bacterial wilt of chrys-
anthemums. It is up to 80 per cent effec-



tive even against severe infections and
does not set back the plants.

These are only examples taken from
what is rapidly becoming a voluminous
literature on the usefulness of antibiotics
against plant diseases. In almost every
test the results have been most promis-
ing. Two large pharmaceutical firms
have announced that they will market
antibiotic plant sprays this year.

he unusual ability of antibiotics to

enter the plant system has pro-
vided an opportunity for some interest-
ing basic studies of the migration of
substances in plants. The writer made a
series of such studies during a two-year
stay as visiting investigator at the But-
terwick Research Laboratories of the
Imperial Chemical Industries in Eng-
land. The experimental procedures em-
ployed were relatively simple. Plant
roots or cuttings were immersed in anti-
biotic solutions, and the amount of anti-
biotic taken up was then determined by
measuring the concentration in sap
pressed out of the leaves.

In one experiment cucumber seed-
lings were used to study the uptake and
movement of five antibiotics. The seed-
lings absorbed no aureomycin, neomy-
cin or terramycin, so far as we could tell.
They absorbed considerable chloromyce-
tin, but the level in the leaves never
reached that in the solution in which the
roots were immersed. Streptomycin, on
the other hand, was so effectively ab-
sorbed and stored that the concentra-
tion in the leaves was actually higher
than that in the solution feeding the
roots. It may be that both drugs were
absorbed equally but streptomycin was
accumulated because it is stable, while
chloromycetin is relatively unstable. In
general we must take account of the pos-
sibility that the failure of an antibiotic
to appear in the leaves does not neces-
sarily mean none was absorbed through
the roots: it may merely have failed to
travel to the leaves or may have been
transformed by the plant to another sub-
stance.

Working with broad-bean and tomato
plants, we found that absorption de-
pends on the concentration of antibiotic
in the nutrient solution. In the case of
chloromycetin the amount that reached
the leaves varied directly with the
amount supplied to the roots. In the
case of streptomycin none of the drug
could be detected in leaves until the
amount in the solution was at a rather
high level; thereafter the amount pass-
ing to the leaves was in direct propor-
tion to the supply to the roots.

Tomato plants absorb more strepto-

ENGINEERS
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/ \ mycin than bean plants. Cut shoots

(with the roots removed) absorb much
H J P more than intact plants, especially in the

ere 8 rOO e o o case of the bean. In both bean and to-
mato plants the older tissues (the lower
OPPORTUNITY IS GREATEST AT RCA, leaves) took up more antibiotic than the

FOR EXPERIENCED SCIENTISTS ano ENGINEERS! upper leaves; this contrasts with the up-
..... N take of regular nutrients such as phos-

# 1 — Over 500 experienced design and development engineers ph(?rus and calcium, which migrate
and scientists chose RCA careers last year . . . mainly to the young leaves where

plus additional hundreds of recent engineering graduates, growth is most rapid. As the roots con-
field engineers and other categories of experienced engineers. tinue to absorb antibiotic, the concen-
tration in the young leaves rises. Anti-
biotics travel in the plant more slowly
than minerals or plant hormones. Their
absorption and rate of migration in the

#2—Today, RCA progress opens many new, desirable positions in:
SYSTEMS ENGINEERING ® ELECTRONIC DATA PROCESSING SYSTEMS
GUIDED MISSILE ELECTRONICS ® AVIATION ELECTRONICS ® ELECTRON TUBE DEVELOPMENT

T plant seem to be linked with the evap-
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Dept. A-1F, | ; | RaDIo svstems | v [ #0 | v biotic or the plant: they cannot be gen-
Radio Corporation of America, 2 | missite Gubance M " e ralized 1 differ hvsiologicall
30 Rockefeller Plaza, 8 [ comronenTs (Colcliy IR il e | eralized. Plants 1rer p ySlO OglCa Y,
New York 20, New York )—\M,‘CNM esion — ™ TRE T and antibiotics differ greatly in their
Location Code: C—Camden, NJ. F—Florida H—Harrison, N.J. L—Lancaster, Pa. physical and chemical properties; for ex-
M~—Moorestown, N.J. O—Overseas W—Waltham, Mass. o e . $ 7. .
ample, penicillin is acidic while strepto-
RADIO CORPORATION OF AMERICA mycin is a base.

|
k ® There is indirect evidence that some

Enaytiant 155 Radm. Cotentation of Avietics antibiotics will penetrate into a plant
when they are applied to the surface in
a spray. But that is a separate subject
which still needs much more study.

Iﬁ]ow do the antibiotics act to halt dis-
L L ease in a plant? The answer may
seem obvious (by attacking the mi-
crobe), but actually it is still largely un-
known. One of the mysteries is that in-
fectious organisms which resist an anti-
biotic in the test tube succumb to it in a
| plant. For instance, streptomycin has
little or no activity against fungi in vitro,
but it unexpectedly controls blue mold
of tobacco, loose smut of barley and rot
of sugar beets—all fungus diseases. Like-
wise streptothricin and terramycin sup-
press two plant virus diseases—tobacco
ring spot and tobacco mosaic—although
they show little effect on viruses in the
test tube.

Evidently the effects of the antibiotics
in these cases must be indirect. Do they
increase the plants’ resistance to infec-
tion by altering their metabolism? We
know that changes in the sugar and ni-
trogen content of plants will influence
their susceptibility to disease. But so far
there is no experimental evidence that
antibiotics alter the biochemical compo-
sition of plant tissue. Does the plant it-
self convert the antibiotic to a substance
toxic to the infecting organisms? Again
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FOR CONTROL
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now in production
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e true airspeed ¢ indicated
airspeed ¢ absolute pressure
* log absolute pressure o dif-
ferential pressure o log differ-
ential pressure e altitude
* Mach number ¢ airspeed
and Mach number.
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Navigation and Control Devices
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lowing navigation and control systems and components:

lute and differential pressure,

vertical speed, etc.

Acceleration Monitors — for many
applications now served by
gyros.

Pressure Switches — actuated by
static pressure, differential
pressure, rate of change of

FOR NAVIGATION OR GUIDANCE
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. tegral gear heads.
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Periscopic Sextants for manual celestial observations. Please write us concerning your
specific requirements in the field

Computing Systems to provide precise data of mzsszle or aireraft control and
. - ) guidance.
for automatic navigation and guidance, operated

by optical, electromechanical, and pressure sensing components. Technical bulletins are available
on most of the devices men-
tioned.
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problem of critical inspection with
Bausch & Lomb Stereomicroscopes.

And it’s done with an increase in
production. Clear, sharp, magnified
views of shaver head—with natural depth
perception—quickly reveal flaws such as tiny
cracks, bent blades, burrs, contact between
cutter and head. Increased operator
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shaver production

peak production rolling. . /3

Whits for new: excrusive 3-D

MICRO-VISION BOOK
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o Know how and where to use
Stereomicroscopes!

o Fit exact model to job needs
with Selector-Chart! -

WRITE FOR FREE COPY. BAUSCH & LOMB

J
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Bausch & Lomb Optical Co.,
America’s only complete optical source. . from glass to finished product.
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| there is no evidence that this happens:

antibiotics recovered from plant keaves
apparently are in no respect altered from
the substances originally applied to the
roots. Yet different plants do respond dif-
ferently to an antibiotic: in some the
drug may suppress a given infection
while in others it has no effect on the
very same pathogenic organism. These
different effects, produced by the same
antibiotic on the same pathogen in dif-
ferent hosts, indicate a complex inter-
relationship among the three factors.

R. S. Robison and R. L. Starkey,
who did the work on bacterial wilt of
chrysanthemums in New Jersey, investi-
gated a suggestion by the writer for
testing whether antibiotics act inde-
pendently of the plant. The suggestion
was to try the antibiotic on strains of an
organism that had developed resistance
to the drug in the test tube. If the anti-
biotic suppressed such a resistant strain
in the plant, then it must be interacting
in some way with the plant. The experi-
menters found that strains of the chrys-
anthemum bacterium which were re-
sistant to streptomycin in the test tube
were also resistant in the plant. It was
concluded that in this case the antibiotic
must act directly and independently on
the sensitive bacteria.

Although we know little about how
antibiotics work, we do know that
they can be remarkably effective against
plant diseases. Two major difficulties
stand in the way of their commercial
application. One is economic—the cost
of antibiotics. However, the one anti-
biotic that is the best choice against al-
most all the diseases is streptomycin,
which is also the least expensive. J. C.
Dunegan of the U. S. Department of
Agriculture has estimated that at its
present price of 20 cents per gram com-
mercial use of streptomycin to control
fruit diseases approaches feasibility. No
estimate has been made as to whether
it is economically practicable for vege-
table and floral crops.

The second difficulty involves public
health. If the crops we eat contain anti-
biotics, we must be concerned about
whether they will contribute to develop-
ing resistant strains of bacteria in our
bodies, so that the antibiotics will be less
effective in controlling human infec-
tions. The use of antibiotics for treating
human diseases is more important than
their use in controlling plant diseases. It
will be necessary for the U. S. Depart-
ment of Agriculture and the Food and
Drug Administration to establish permis-
sible tolerances for antibiotic residues in
food crops.
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COMPUTER MEMORIES

A large mathematical machine must be able to store information

and refer to it. This requirement has stimulated the evolution

of information-storage units based on various physical effects

computing machine capable of
A solving problems must possess a
“memory” or, less poetically, an
“information-storage unit.” The recent
history of improvements in computing
machines has been largely a history of
improving memory devices. No ideal
system has yet been found, but there has
been a great deal of progress within the
past decade, and several promising new
developments are on the horizon.

When we speak of the “memory” of
a machine, we are using the term in a
rather different sense from the usual one
involving human mental activity. In a
computer the component labeled “mem-
ory” serves the functions of storing in-
structions, data put into the machine and
results of computations which are held
until they are needed for successive op-
erations. To clarify what we mean by
the machine’s memory, let us compare
the machine with a human computer,
say a man preparing his tax return.

His program of instructions is set forth
in the income tax form and amplified in
books prepared by professional tax ad-
visers. The “input data” are available in
certain records: income payments to
him, the amount withheld for the Inter-
nal Revenue Service by his employer,
checkbook stubs testifying to his de-
ductible expenses and contributions,
and so on. The taxpayer processes these
data (performing addition, subtraction,
multiplication and division) according
to the program of instructions and enters
the results as “output data” on the form.
During most of the work the man is not
employing his memory: he reads the in-
structions from the form or a book and
the input data from his records, and he
stores partial results of his calculations
as he goes along by jotting them on a
scratch-pad. Almost the only way his
memory comes into play is in his use of

92

by Louis N. Ridenour

learned skills—adding, multiplying, read-
ing and writing.

In the case of the computing machine,
reading and writing are the province of
input and output devices rather than the
memory, and the rules for multiplication
and addition are wired into the machine
at the time of its construction. Thus the
computer’s memory is used in a quite

different way: it must hold the jottings
on the scratch-pad, the program of in-
structions set forth on the tax form (and,
if possible, their fuller explanation by J.
K. Lasser), files of receipted bills and
canceled checks, information from the
looseleaf notebook used to keep a budg-
et, and the like.

We must therefore compare computer

FERROELECTRIC-CRYSTAL MEMORY made at Bell Telephone Laboratories is built
around a thin crystal only a quarter of an inch square (center). On one side of the crystal
is a set of parallel electrodes; on the other side is a second set of electrodes at right angles
to the first. When a current flows across the intersection of two electrodes, information is
stored by a change in the electrical properties of the crystal. This crystal stores 256 “bits.”
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memory devices not with the memory
functions of the human brain, but rather
with the physical information-storage
devices used by men—the scratch-pad,
notebooks and other current records,
books and other permanent references.

Next we have to consider the form in
which the information is stored, or,
to put it another way, the language of
the memory. Human language is com-
posed of 10 digits (the decimal system),
26 letters of the alphabet (in English)
and various punctuation marks and other
symbols. But in an electronic computer
it is essential to translate all information
into a simpler code, and the most con-
venient is the binary system, using just
two symbols: 0 and 1.

The binary system is peculiarly ap-
propriate to the nature of an electronic
machine; if it had not existed, computer
designers would have had to invent it.
Its two symbols can be expressed simply
by the “on” and “off” states of a vacuum
tube (or its potential replacement, the
transistor). In the logical circuits of a
modern computer the memory units

commonly consist of pairs of vacuum
tubes connected in a circuit which is
called a “toggle” because of its analogy
with a toggle switch. Once turned on, a
toggle remains on until an explicit action
is taken to turn it off. The toggle circuit
is so connected that when one tube of the
pair is carrying current, the other cannot
carry current. Upon receiving an appro-
priate signal voltage, the toggle reverses;
the tube formerly carrying current is ab-
ruptly cut off, and the tube formerly not
carrying current now passes a large cur-
rent. A toggle is either on or off; it has
no other stable states. It can switch from
on to off or vice versa in considerably
less than a millionth of a second.

These two states, then, can represent
the binary symbols, and a combination
of those symbols in turn can represent a
character of a richer alphabet. Thus
numbers or words of ordinary English
text can be stored in the machine’s mem-
ory as sequences of on-or-off signals. It
takes five binary symbols to express a
single letter of the English alphabet.

A big difficulty lies, of course, in the
fact that the language of men must be

translated into this language of the ma-
chines. At the output end the machine
itself can perform the translation, but on
the input side men usually have to do
the translating to the machine. More-
over, there is a serious discrepancy be-
tween men and machines in operating
speed. Even the primitive machines we
now know how to build can perform
any unit operation between a thousand
and a million times faster than a human
being could. If the machines are to be
very useful in doing man’s clerical work,
some way must be found to match the
speed of input to the speed of the ma-
chine’s operation. A straightforward so-
lution would be to let tens or even hun-
dreds of human key-punch operators
provide a single machine with its input
data. This also suggests how the prob-
lem of translation can be approached.
The single operation of pressing a key
labeled A could cause the machine to
type the letter A on a page, select the
matrix necessary to cast an A in a lino-
type slug, punch the binary representa-
tion of the letter A in a paper tape, punch
the holes representing that letter in a

/\bd N d XL L N \Ld A\ d XL JAL XL JXL JA]
mg-w-l»-»:«l»:«l-'%.b."«'&(.ﬁ‘ﬁPZ*Q’Z!O*E __
L DXL DX X DD DXL DX TR E IR IR
XE XB B JIXE IR JIXE 25T I XE IXE IXE IX
L DXL DXL DX DXL DXL XKL IDXE DX DX DX
XE DX DB DR JIXE DXE DR IXE IXF X I X

L DXL DXL DX DXT DXL DXL DXL DXE I DT S
ettt Ny D gl B DD DX
L DXL X DXL DXE DK XTI DX DXL DRE o
Aot sode o XRS50 aXh Xk X
i%#h‘iﬁ#ﬂtﬂ‘%!ﬁ.ﬁ.&itﬁ%
e e X X R s >
L DXL DXL DXL IR TIR XTI 4
zgmgmgmg'z_@xjomogxompmom
4 N N/ \/ N\ \ T

MAGNETIC-CORE MEMORY consists of tiny rings or cores of
magnetic material threaded by wires. In this small section of a
memory made by the International Business Machines Corporation
each core is penetrated by four wires. If a current simultaneously
passes through two of the wires, the core is magnetized in one

© 1955 SCIENTIFIC AMERICAN, INC

direction, representing 1. The number may later be “read” by pass-
ing a second current through the same two wires, which gives rise
to a.current on a third wire. The second current also magnetizes
the core in the opposite direction, representing 0. The fourth wire
is used to inhibit magnetization for special problems of storage.
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CATHODE-RAY-TUBE MEMORY uses an electron beam to store
information as charged spots on the face of the tube. The spots are
read by scanning them with the beam. This tube was made by IBM.

business-machine card, and so on. Thus
the operation would simultaneously pro-
duce two kinds of copy, one legible to
human beings, the other to the machine.
(In fact, the teletype page printer al-
ready does this: it types copy in English
text and at the same time perforates a
paper tape which can be read by a ma-
chine.)

Once a given set of data has been re-
corded in machine language, no human
operator should ever again have to per-
form the same key-punch operation, be-
cause machines could always reproduce
the data from the transcript. All informa-
tion needed for reference should be pre-
served in machine-readable form.

These, then, are the requirements and

general problems in designing ma-
chine memories. Now let us look at the
memory devices themselves. It is useful
to distinguish three classes of memories.
The first is the inner or high-speed mem-
ory of the machine. This is the machine’s
analogue to the scratch-pad; it is used
to store the data and instructions in cur-
rent use. There are two important re-
quirements of the inner memory: it must
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permit rapid access to its data and it
must be erasable. Because the elements
of a rapid access system are costly, the
inner memory of a machine usually is
small, with a capacity of some 1,500 to
6,500 English words. (We shall use
words instead of “bits”"—binary digits—
as the measure of memory capacities in
this article.) It must therefore be sup-
plemented with an intermediate-speed
memory—the analogue to a human com-
puter’s notebooks and files of documents.
This memory may take as much as a
thousand times longer than the fast in-
ner memory to look up an item of infor-
mation, but it can transfer a large block
of data at once. Its total storage capacity
is typically in the range from 10,000 to
100,000 English words. Like the inner
memory, it must be erasable. The third
class of machine memory corresponds to
books and similar large repositories of
the knowledge of mankind. Such a mem-
ory is required in any application where
the machine is to keep large files: for in-
stance, the subscription and promotion
lists of a mass-circulation magazine,
which may call for the storage of an
amount of information equivalent to 100
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MAGNETIC.-TAPE MEMORY magnetized spots on the tape. In
this section of a tape made by the Raytheon Manufacturing Com-
pany the spots are made visible by dusting them with powdered iron.

million English words. To achieve this
vast increase in storage capacity at rea-
sonable money cost we must pay the
price of slower access to the stored in-
formation, sacrifice of rapid erasability
or some combination of the two.

Up to the present time most of the
attention of designers has been focused
on the high-speed inner memory of com-
puting machines. Several different forms
have been developed. One device is the
vacuum-tube toggle circuit already men-
tioned. This was used for the inner mem-
ory of the En1ac, the first of the mod-
ern high-speed computers. Since vacu-
um-tube circuits are complicated and
expensive, the ENIAC memory was very
small by present standards; its capacity
was equivalent to only 27 words of Eng-
lish text.

The expense of a vacuum-tube toggle
as a memory element made it evident
that an entirely different memory system
would be required if large storage was to
be achieved. Designers turned to the
idea of storing information in a delay
tank of mercury, where the information
is cycled in the form of ultrasonic sound
waves. The electrical pulses representing



information “bits” are converted by crys-
tals to sound waves, which travel so
much slower than electricity or light that
a given length of path can hold a vastly
greater amount of information. A mer-
cury delay tank with a two-foot sound
path permits the storage of about 400
pulses, or bits, spaced one microsecond
apart. The pulses are amplified and re-
circulated through the tank repeatedly.

A number of practical computing ma-
chines using this type of high-speed
memory have been built. The best known
is uN1vac, whose inner memory has 100
parallel acoustic channels and a storage
capacity of 2,800 English words.

The chief objection to the acoustic-
delay memory is its rather long access
time. While signals are traveling through
the mercury as sound pulses, they are
unavailable to the computer. To refer to
items of the stored information, the ma-
chine must wait until the wanted in-
formation reaches the receiving crystal
and is turned back into electrical pulses. MERCURY-DELAY LINE stores ultrasonic pulses which oscillate in a tank of mercury.
On the average this entails a delay of This apparatus made by Remington Rand Inc. is now being supplanted by magnetic cores.
one half the total delay introduced by
the mercury tank, or about 200 micro-
seconds in a typical case. This is a long
time compared to a modern computer’s
speed of calculation.

The next idea developed was an elec-
trostatic memory system using a cathode-
ray tube in principle like a television
picture tube. Information is recorded as
patterns of charge (“dots” or “dashes”)
produced by an electron beam at spots
on the screen. The information stored in
a given spot can be read by directing a
beam of electrons to the chosen spot;
clectron emission produces output sig-
nals identifying the stored information.
A typical electrostatic memory has 40
storage tubes, each with a pattern of 32
by 32 storage positions on its face; this
corresponds to storage sufficient for
about 1,350 English words. It takes only
about 12 to 20 microseconds to deliver
an information “bit” from its memory.
The main virtue of the electrostatic
memory is that the electron beam can
very quickly pick out any part of the
stored information. But its big drawback
is that it almost doesn’t work; the system
is so delicate and so subject to external
interferences that it is extremely difficult
to maintain accurate operation.

\,[ore promising than any of the fore-
- going is a new type of memory just
recently developed. It depends on mag-
netic effects. The units in the system are
tiny rings of magnetic material, called
“cores” [see photograph on page 93]. In- MAGNETIC DRUM places magnetized spots on the surface of a rotating drum. In this ap-
formation is stored in a core by applying paratus made by IBM the edge of the drum is visible as the smaller of the two metal rings.
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BALL & DISC
INTEGRATORS

I

Low torque speed changers for
smooth and stepless generation
of variable reversible speeds.
® Input 0 — 750 rpm.

Output 0 — twice input rpm.

Output torque to 4 oz. in.

Less than 0.5% error.

Weight 16 ounces.

Long service life.

Standard models

for panel or base mounting.

VARIOUS
CONTROL RODS
AVAILABLE

A feature of the Reflectone Ball & Disc
Integrators is the availability of various
types of control rods, as shown below.
Special lengths and configurations can be
manvufactured to customer specifications.

VERNIER

S0

Werite for full information

THE REFLECTONE CORPORATION

STAMFORD, CONNECTICUT
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a magnetic field; when it is magnetized
in one direction, its state represents the
digit 1; in the opposite direction, it rep-
resents 0. The core is a permanent mag-
net which “remembers” its magnetic
state after the applied magnetic field is
turned off; thus the core can store infor-
mation as long as may be desired. Now
when a magnetic field is applied again,
the behavior of the core will depend on
its magnetic state. If, for example, a field
is applied to urge the core in the mag-
netic direction signifying 1, and the
stored magnetism in the core happens to
be in the direction signifying 0, the field
will change the core’s magnetic state.
This change produces a signal current
in a wire threading the core. Thus the
generation of the current shows that the
core was storing a 0. On the other hand,
if the core happened to be storing the
digit 1, the same applied field would
produce no change in its magnetic state,
and there would be no signal; the ab-
sence of a signal would show that the
stored information was the digit 1.
The system uses an array of cores ar-
ranged in rows and columns [see photo-
graph]. The magnetic field is applied by
means of two current-carrying wires
passing through each core at right angles
to each other. The system exploits a pe-
culiar property of the new magnetic ma-
terials called ferrites: namely, the fact
that some cling to their magnetic state
and cannot be changed from it by an

READ
|

Yo

opposing magnetic field until the field is
stronger than a certain threshold value.
In the scheme shown in the diagram on
this page, the magnetic field produced
by a current in a single wire, say Y,, is
not sufficient to change a core’s magnetic
state; only when two currents are added
together at an intersection, as at Y;-X;,
does the magnetic field become strong
enough to reverse the core’s state. In this
manner it is possible to read the infor-
mation stored in any individual core.
The information is read as a signal on
another wire winding which can link all
the cores in the array, since only one core
is consulted at a time in reading,

The magnetic-core memory produces
stronger signals than an electrostatic
memory, is relatively immune to un-
wanted electrical disturbances and uses
simpler circuitry.

Another promising type of high-speed
memory is in laboratory development. It
involves the use of a ferroelectric ma-
terial, which has the property of “re-
membering” the direction of an electric
field applied to it. This behavior is ex-
actly analogous to that of the magnetic
cores just described: the cores remember
their magnetic history, while the ferro-
electric crystal remembers its electric
history. The main practical difference
between the two systems is that the
ferroelectric memory requires much less
electric power. The material used in the
experimental ferroelectric memory sys-

A A7

DOUBLE-SIDED MAGNETIC-CORE MEMORY made by the International Telemeter
Corporation is unfolded in this diagram. Here there are two sets of X wires and one set of Y
wires. Each core may be energized by a current passing through both an X and a Y wire.
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DUPLEX RECORDER

Simultaneously plots two
continuousdata curvesvs.
time. Has two independ-
ent measuring systems,
each with any desired
range.

See Data Sheet 10.0-6.

Get better

test data

Y2 SECOND PEN SPEED
RECORDER

Pen traverses full 11-inch

calibrated width of chart q u_ic _ker f— With

in only 14 second. Precise
recording of variable
changes without over-
shoot or hunting. Full ac-

curacy, even on spans as -
narrow as 3 millivolts.

Request Data Sheet 10.0-13,

research

BROWN-RUBICON -

PRECISION INDICATOR t t
Combination of high-pre- lns rumen s
cision potentiometer and

automatic ElectroniK in-

dicator, for highly accu-

rate small voltage meas-

urements and for calibrat-

ing meters, bridges and

similar equipment . . .

with minimum operator

fatigue.

See Data Sheet 10.0-2.

Research men everywhere are finding that specialized ElectroniK instruments
can save them many precious hours of lab time, by automatically taking over
much of the routine burden of gathering, recording and plotting data.

In addition to the models pictured here, Brown instruments for research in-
clude ElectroniK Function Plotters, in single pen and double pen types . . .
ElectroniK Extended Range Recorder and Adjustable Span Recorder . . . the
ElectroniK Null Indicator, modern successor to the galvanometer . . . and a
family of precision-made servo components. For a discussion of how these
can help in your own research program, call your nearby Honeywell sales
engineer.

MiINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, Wayne and
Windrim Avenues, Philadelphia 44, Pa.—in Canada, Toronto 17, Ontario.

M I N NEAPOLI S
Honeywell
B ROWN INSTRUMENTS

TFout w Coitials-
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advancement
in instrument

SCHEDULE
MAINTENANCE

STUDY
PRODUCTIVITY

Glass-to-metal sealed
ELAPSED TIME
indicators. Compact, low
cost, tamper-proof. Standard
ASA-MIL dimensions, 2%" and
31" sizes. Easy to read standard
size counter registers 1/10 hour
steps to 9999.9 or hour steps to
99999. Hermetically sealed. Shielded.
Starts, operates continuously from
—55° C. to 4-85° C. For 110-125

or 220-250 volt 50 or 60 cycle A.C.

marion electrical instrument co.
416 Canal St.. Manchester. N. H.. U.S. A.
Manufacturers of Ruggedized and ‘'Regular’’
Panel Instruments and Related Products.
copyright 1956 M.E.I. Co.

marion meters

Why TWO metals
instead of ONE?

Because many clad metals do jobs
that no single metal can do!

For example—silver - clad phosphor bronze
combines high electrical conductivity and
spring properties for use in current carrying
springs—or nickel clad steel replaces scarce,
costly solid nickel in radio cathode parts.

ASC composites include combinations of—

® Ferrous to non-ferrous
® Precious to non-ferrous
® Precious to ferrous
® Thicknesses down to .003”
® Overlays as thin as .00005”
® Tolerances as close as #.0001”

Clad metals can now offer new, more compact designs
AND production savings! Tell us what you'd like to ac-
complish; we’ll be glad to make our recommendations.

Industrial Metals Division

AMERICAN SILVER COMPANY, Inc.

36-12 Prince Street, Flushing 54, N. Y.

98

FLYING—SPOT
SCANNER

PHOTOMULTIPLIER

AMPLIFIER

PHOTOSCOPIC-DISK MEMORY is experimental. The circle at upper left is an enlarge-
ment of a small section of three information tracks on the disk. The symbols on each track
are vertical marks. In the circle at upper right is the voltage output from one of the tracks.

tems is barium titanate. A single small
crystal of this material can store 256
“bits” or eight English words.

For the larger, intermediate-speed

memory of a computer the favorite
device at present is the magnetic drum.
The drum’s outer surface is coated with
a ferromagnetic material like that used
in magnetic tape recorders. On this sur-
face, which can be rotated at high speed,
information is recorded in the form of
magnetized areas “written” in circular
tracks as the drum rotates. The writing
and reading are done by electromagnet
“heads” mounted close to the recording
surface. The tracks, in present practice,
are laid down about a tenth of an inch
apart and can store about 80 digits per
inch. Thus a drum four inches in diame-
ter and 12 inches long can store some
4,000 English words. Larger drums,
storing up to 100,000 English words,
have been built.

From the standpoint of access to the
stored information the magnetic drum
suffers from the same kind of limitation
as the ultrasonic delay tank. The com-
puter must wait until the desired infor-
mation on the drum comes under the
reading head. Even on the fastest-rotat-

| ing drums this waiting time may be 10 to

20 thousandths of a second. Moreover,
the magnetic-drum memory requires
substantial vacuum-tube circuitry, and
hence is not particularly economical.
Magnetic-core arrays may provide an
answer to the intermediate-speed mem-
ory problem as they have for computers’
inner memories. At present only their
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cost stands in the way of their use for
this larger memory, and they may soon
be fully competitive with the magnetic
drum, even in the largest practicable
sizes—around 200,000 English words.

So far comparatively little work has

been done on the third type of
memory required by computers—the
large-capacity storage of information
corresponding to the human library of
printed books. Many electronic com-
puters still are tied to punched cards,
which at present computer operating
speeds are an anachronism. The inner
memory of a computer can be read at
six million English words per minute.
The intermediate-speed memory can be
read at the rate of 400,000 words per
minute per reading head, and informa-
tion is often read from several heads in
parallel to increase this rate. But
punched cards at best can be read no
faster than 20,000 words per minute. In
addition, the sheer physical bulk of a
large file of punched cards makes access
to an item of stored information slow
and difficult. We must search through
the many drawers of cards, choose the
drawer containing the entry of interest,
carry the cards in that drawer to the
reader and read through the deck until
we have found what we want. This may
take minutes.

Most designers of the newer com-
puters have adopted the magnetic tape
as the best available improvement over
punched cards for large storage capacity.
By paralleling several channels on a sin-
gle tape, by using several tapes in paral-



PROGRESS THROUGH ANACONDA METALS

The cable that keeps coal coming

THE PROBLEM: Everywhere in a
coal mine the vital power link is elec-
trical cable. Whenever cable fails,
mining stops. Machines stand idle.
Men sit and wait. Costs go up.
The cable is always fighting for its
life. Rock slivers prick tiny holes. On
wet mine floors, water may get inside
and short the cable. Machines snap
it like a whip and pinch it against
mine walls, breaking the conductors.
To survive takes a stout heart. The
cable must be engineered as carefully

as the massive machines it powers.
THE sOLUTION: Engineers of Ana-
conda Wire & Cable Company
checked thousands of cables to see
why they failed; then they developed
the cable in the picture above. It’s
considered the toughest “shuttle car”
cable ever made—greatly cuts down
those costly failures. Neoprene, nylon
and copper give it new inner and
outer strength. Hundreds of tests
proved its longer life. This cable
keeps the coal coming!
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THE FUTURE: Mechanization calls
for better and better wires and
cables. In keeping pace, Anaconda’s
experience with metals and cable
engineering is finding dependable
answers — often first! The Man from
Anaconda can focus this experience
on your problem. .. to save you time,
trouble and money. Anaconda, 25
Broadway, New York 4, N. Y. s

ANACONDA




| tol em and | tol em/

Yes, | did

““Being chief engineer on one of these red hot
projects ain’t hay and the big gripe is that no matter
what goes wrong | can’t fix it. That’'s why at the start

when the confusionis still gently confined to the breadboard
you should call in Sigma. Confusion is an old story to

those boys.“—ac'ual unsolicited testimonial by I. M. A. Ape, Sc.D.,
chief engineer, Simian Products Company, Kivu Heights, Africa.

OK, now that you've had the hard-sell, we do have a relay that we’d like to talk
about. It does some difficult jobs very well. Here are the basic specifications:

SIGMA SERIES 22

Miniature (nof sub-miniature) sensitive double pole sensitive relay.
Excellent combination of small size and high performance.

Sensitivity ... SPDT: 20 milliwatts (e.g.,
with 8000 ohm coil, operate 1.6 ma.)
DPDT: 40 milliwatts (e.g., with 8000
ohm coil, operate 2.3 ma.)

Shock and Acceleration...100 g
non-operating
50 g operating with additional
margin

Contact Rating ... 2 amp., 15V AC or Size ... 22RJ):1" square x 1%’ high
28 V DC, 100,000 operations 22RJ2, 22KN: 1" square x 2" high

Vibration...10 g from 10-2000 cps Weight. .. 3 ounces max.

If you are interested, we’ll be glad to send you a bulletin sheet
on the Series 22, or a complete catalog if you prefer.

SIGMA

22RJ2 SIGMA INSTRUMENTS, INC.
40 Pear! St., S. Braintree, Boston 85, Mass.
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lel and by using great lengths of tape,
information storage of almost any de-
sired total capacity can be realized. But
tape has several serious drawbacks. Ac-
cess to items on the tape is slow; the
time is proportional to the length of the
tape. Far more important is the difﬁculty
of making corrections or additions to the
information stored. To add a new entry
to an ordered file we must either have
provided empty spaces between each
two original entries in the file, or else we
must rewrite the entire file, putting the
new entry in its correct location. Neither
of these possibilities is attractive. Leav-
ing blank spaces in the original file
means that we are using the store in a
highly wasteful way, with no guarantee
that our blank spaces will be properly
arranged for the additions we shall later
have to make. Rewriting the whole file
to make additions and changes is costly
and lends itself to the commission of
errors.

Two millennia ago human beings had
just the same difficulties with scrolls—
the ancients” counterpart of books. The
scroll form was dictated by the need for
protecting the edges of their brittle
papvrus; the scroll left only two edges
exposed. Shortly after the tougher parch-
ment was introduced, the book form was
invented, either in Greece or in Asia
Minor. Called the codex, it was orig-
imated primarilv for law codes, so that
pages could be removed or added as
statutes changed.

Reels of magnetic tape are the scroll
stage in the history of computing ma-
chines. It remains for someone to invent
the machine’s analogue of the codex. A
promising beginning has been made by
Gilbert W. King. He has undertaken to
exploit the great density of information
storage that is possible through the use
of high-resolution photographic emul-
sions. With his “photoscopic” technique
information can be stored at densities
more than a hundred times as great as
those possible in magnetic media. This
permits not ()n]y a more compact storage
svstem—on a disk the size of a 12-inch
phonograph record more than half a mil-
lion words can be stored—but also faster
reading rates per reading station, more
information accessible to a single read-
ing station for a given access time, and
other advantages.

The first practical applications of pho-
toscopic storage are just beginning. It
is too soon to say how important this
new tec]mi({ue may ultimute]y prove to
be. There are indications that we shall
now be able to give the computing ma-
chine a storage system having the capac-
ity and flexibility of a library of books.



among its own people.’

“,..business helps itself
by promoting thrift

2

EDWARD C. BALTZ

President
Perpetual Building Association
Washington, D. C.

“Expanding the regular sales of U. S. Savings Bonds is essential to
the continued success of our Government’s sound money policy. Savings
Bonds help people build security for themselves and stability for the
nation’s economy. A reserve in Bonds gives them the assurance to spend
current income on homes, cars and other substantial purchases. Meanwhile,
regular Bond buying goes on adding to their future buying power. Thus
business helps itself by promoting thrift among its own people. The surest
way to encourage an employee to save regularly right where he works is
to sign him up on the Payroll Savings Plan.”

Let’s point up this statement by Mr. Baltz, head of one
of the nation’s outstanding thrift institutions ard
volunteer chairman of the District of Columbia Sav-
ings Bond Committee, with a few facts and figures:

o currently, more than 45,000 companies, large and
small, representing every classification of industry and
business, are encouraging national thrift through the
Payroll Savings Plan.

® every month, 8,500,000 Payroll Savers in these
45,000 companies invest more than $160,000,000 in
Savings Bonds.

® largely as the result of employer-encouraged thrift
the cash value of Savings Bonds held by individuals
on July 31, 1954, totaled more than 37.5 billion dollars.

o never before has America had such a reserve of
future purchasing power.

@ invested in America, these 37.5 billion dollars in
Savings Bonds Dollars are a most effective check on
inflation and a very important contribution to eco-
nomic stability and a sound dollar.

A million new Payroll Savers by the end of 1954!
That’s the goal of those who believe that what is good
for Americans is good for business. To do your part in
reaching this objective, phone, wire or write today to
Savings Bonds Division, U. S. Treasury Department,
Washington, D. C. Your State Director, U. S. Treasury
Department, will show you how easy it is to build a
successful Payroll Savings Plan,
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THE GERM OF TUBERGULOSIS

The biology of the tubercle bacillus i1s studied to control

1ts multiplication i man. Out of these investigations have

come encouraging advances in the treatment of the disease

mouse, an elephant, a bird or a but-
A terfly is a complicated subject,
but man has managed to learn a

great deal about these fellow creatures.
We can describe their natural history,
their foods and habitats, their move-
ments and behavior, their physiology

TUBERCLE BACILLI from a bird are enlarged 44,000 diameters
in this electron micrograph by Georges Knaysi of Cornell Univer-

102

by Esmond R. Long

and illnesses, their procreation and
death; we know enough about them to
breed, destroy, train or frustrate them
at will. It will be a great day for man-
kind when we become equally knowl-
edgeable about the lives of microbes.
Like their larger cousins, microorgan-

4
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isms have a natural history, preferences
in food and habitat, characteristic life
cycles and points of vulnerability. But it
has taken more than half a century of
work by a tremendous number of micro-
biologists, inventing elaborate and in-
genious tools to explore their tiny world,

sity. Avian tubercle bacilli are closely related to those that infect
man. Within the bacilli several small round granules are visible.



to learn something about the natures of
these creatures.

This article will review briefly what
is known about the bacillus of human
tuberculosis and its life in its habitat—
man. The tubercle bacillus has been one
of the most intensively studied of all
microorganisms. It was first brought to
light by Robert Koch in Germany in
1882. A colorless bacterium, it is unusu-
ally difficult to stain, and Koch had to ap-
ply special methods, including heat and
a series of dyeing operations, to make it
visible under the microscope. Koch
found the bacillus in body tissues, in
sputum and in urine. He was able to
grow the microbe in an artificial cul-
ture, to reproduce tuberculosis by inject-
ing it into new animals and to recover it
again from the infected tissue—a pro-
cedure which has become standard for
connecting a given disease with a germ
and is known by the name Koch’s Laws.

The tubercle bacillus belongs to a
genus called mycobacteria, the members
of which are classed together simply
on the basis of their peculiar staining
property. Though difficult to stain, once
stained they hold the dyes tenaciously,
refusing to give them up to a strong de-
staining agent such as acid; hence they
are described as “acid-fast.” The myco-
bacteria are a fairly large group. Besides
the true tubercle bacillus, different types
of which infect men, cattle and birds,
they include the germ of leprosy, a germ
causing the wasting Johne’s disease in
cattle, and microbes producing diseases
like tuberculosis in fish, frogs, turtles,
snakes and other cold-blooded animals.
In addition there are many harmless
acid-fast bacilli; they appear on grass, in
butter and in animal skin secretions
such as earwax.

VIRULENT BACILLI of tuberculosis growing in a liquid medium tend to adhere side by
side, forming characteristic sinuous chains. The photomicrograph is by Hubert Bloch of
the Rockefeller Institute for Medical Research. It enlarges the bacilli 1,175 diameters.

Our concern here is the bacillus that
lives in man. It is of average size,
as microbes go, but six million tubercle
bacilli could lie end to end in the space
of one inch. To the naked eye a mass of
the bacteria looks motionless; actually it
is a seething colony of activity. Each
bacillus breathes, absorbs food and car-
ries on an astonishingly complex metab-
olism. It takes up oxygen and gives off
carbon dioxide. It absorbs minerals and
organic compounds and builds them into
proteins, fats and carbohydrates. In a
test-tube culture it can synthesize the
complex materials it needs for growth
from very simple substances. For exam-
ple, tracer studies with radioactive car-
bon 14 have shown that the microbe will AVIRULENT BACILLI of tuberculosis growing in a liquid medium characteristically

break down glycerin, burn some of it clump together in irregular masses. It is believed that this difference between virulent and
for energy and use its carbon to make avirulent forms may be due to their surfaces. This photomicrograph was also made by Bloch.
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Periscopes

For

“HOT SPOT”

Remote Observation

A custom designed industrial periscope
is very often the answer to “Hot Spot”
remote control handling, instrumenta-
lion and observation. We have designed
and manufactured many such peri-
scopes.,

If you have a problem calling for a
periscope or for any precision optical
system, check with us. For nearly half a
century Kollmorgen has designed, de-
veloped and manufactured precision
optical products including Industrial and
Naval Periscopes, Fire Control Devices,
Projection Lenses and Navigational In-
struments for Industry and for the Armed
Services,

Send for Bulletin 301

ORGEN

CORPORATION

Plant: 347 King Street, Northampton, Mass.
New York Office:
30 Church Street, New York 7, New York
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proteins, nucleic acids, fats and carbo-
hydrates. In this metabolism the tuber-
cle bacillus employs enzymes, just as
higher animals do.

Under the electron microscope the
body of the bacillus is seen to contain
tiny granules, believed to be analogous
to the much-studied mitochondria found
in animal and plant cells. Probably these
are of vital importance to the microbe’s
physiological processes. They seem to be
tiny powerhouses which regulate the
use of fuel by the bacillus and operate
the machinery for building its structures

st -

and new bacilli. There are indications
that the enzymes are located in these
granules.

The bacillus not only builds up new
substances, permitting it to multiply al-
most indefinitely, but also gives off waste
products and important chemical sub-
stances. Perhaps the most interesting of
these is tuberculin. Koch himself dis-
covered this substance. When he inoc-
ulated tuberculous animals with ex-
tracts from bacilli or with the broth in
which the microbes had been grown, the
animals developed a fever and other

N\

INFECTION CHAMBER at the Henry Phipps Institute of the University of Pennsylvania
has been used by Max Lurie to determine the relation between the number of bacilli inhaled
by an experimental animal and the number of tubercles in its lungs. Rabbits are held in
canisters with their heads inside a chamber into which bacilli are forced by a stream of air.
By various techniques the number of bacilli which the rabbits inhale can be determined.
Lurie has found that on the average one tubercle is formed for every three bacilli inhaled.
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UNPRECEDENTED

BENEFITS FOR ALL

YOUR ACTUATOR APPLICATIONS WITH
THE SAGINAW BALL/BEARING SCREW

EXCLUSIVE FAIL-SAFE
MULTIPLE CIRCUITS

SPACE/WEIGHT SAVINGS
PERMIT MORE PAYLOAD

Compared to either Acme
screw or hydraulic actua-
tors, the Safety b/b Screw
saves significant weight
and space by permitting
the use of smaller motors
and gear boxes; elimi-
nating pumps, accumu-
lators, piping, etc.

DEPENDABLE OPERATION
DESPITE LACK OF LUBE

Because the Safety b/b
Screw is inherently so
friction-free (operating
at 90% to 95% effi-
ciency), it will function
with only a small loss of
efficiency even if lubrica-
tion fails or cannot origi-
nally be provided.

FAR LESS DRAIN ON
ELECTRICAL SYSTEM

o

—I."I B

RELIABLE PERFORMANCE
AT EXTREME TEMPERATURES

By requiring only 1/3 as
much torque as a con-
ventional Acme screw
for the same amount of
lineal output, the Safety
b/b Screw allows the use
of much smaller motors
which save a substantial
amount of power.

Exhaustive laboratory
tests prove that the
Safety b/b Screw operates
dependably at both ex-
tremely low and high
temperatures, ranging

POSITIVE POSITIONING
AND SYNCHRONIZATION

0

Unlike some other types
of actuators, the Safety
b/b Screw permits pre-
cision control within
thousandths of an inch,
plus perfect synchroni-
zation of two or more
movements—a tremen-
dous aircraft advantage.

GREATLY DECREASED
COMBAT VULNERABILITY

By eliminating highly
vulnerable hydraulic
lines, accumulators, etc.,
the Safety b/b Screw
makes military aircraft
actuation far more de-

from—75°F to 4 175°F, pendable. I't alsoreduces
T8 and up to +900° F with maintenance, due to de-
special consideration. creased dirt sensitivity.
£y e
If one circuit should

fail, the rest will
function without inter-
ruption, sharing the
load between them.

UNITS HAVE BEEN PRODUCED
FROM 1! IN. TO 39% FT.

SEND TODAY FOR YOUR

FREE ENGINEERING DATA BOOK

(or see our section in Sweet's Product Design File).

Saginaw Steering Gear Div.,
General Motors Corp.
Dept. 6A, Saginaw, Michigan

Please send your Engineering Data Book tos

N Title.

City. Zone. State.

AU

105

© 1955 SCIENTIFIC AMERICAN, INC



TRANSISTOR &
DIGITAL COMPUTER
TECHNIQUES

applied to the design, development
and application of

AUTOMATIC RADAR
DATA PROCESSING,
TRANSMISSION AND

CORRELATION IN LARGE
GROUND NETWORKS

ENGINEERS
&
PHYSICISTS

Digital computers
similar to the successful
Houghes airborne fire control

computers are being applied by the

Ground Systems Department to
the information processing

and computing functions of
large ground radar weapons
control systems,

The application of digital and transistor
techniques to the problems of large ground
radar networks has created new positions
at all levels in the Ground Systems Depart-
ment. Engineers and physicists with experi-
ence in the fields listed, or with exceptional
ability, are invited to consider joining us.

FIELDS INCLUDE

TRANSISTOR CIRCUITS
DIGITAL COMPUTING NETS
MAGNETIC DRUM AND CORE MEMORY
LOGICAL DESIGN
PROGRAMMING

VERY HIGH POWER MODULATORS
AND TRANSMITTERS

INPUT AND OUTPUT DEVICES
SPECIAL DISPLAYS
MICROWAVE CIRCUITS

Seieutitic and Engmeering Staff

HUGHES

RESEARCH AND

DEVELOPMENT LABORATORIES

L

Culver City, Los Angeles County, California
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| STOCK CULTURES are stored in the incubator of the Henry Phipps Institute. Tubercle

bacilli require air and will grow only on the surface. When they are agitated or forced
beneath it they die. The flask at right contains a young culture; the flask at left, an old
culture with many dead organisms. The medium is essentially composed of glycerin.

signs of illness. He concluded that the
bacilli secreted a substance to which the
tissues of infected animals became
sensitized. From this discovery came the
use of tuberculin as a test for infection:
it is injected into the skin, and if a local
inflammation develops, it is a sign that
the person has or has had a tuberculous
infection.

Aside from its practical value as a
testing substance, tuberculin is im-
portant in the disease itself. The grow-
ing bacillus constantly secretes a sub-
stance to which the patient is sensitive
and which makes him sick. Tuberculin
is believed to be partly responsible for
the fever and malaise accompanying the
disease. Much study has been spent on
the nature of tuberculin. It is a protein,
and several varieties of it occur, which
may explain the different degrees of
sensitivity to tuberculin observed in
animals.

This, then, is the nature of the germ.
Now let us examine the battle be-
tween it and man, its host. A great deal
of attention has been devoted to the
attempt to learn the differences between
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the true, virulent tubercle bacillus and
harmless types of mycobacteria—that is,
to determine wherein its virulence re-
sides. One well-marked difference is in
the form the microbes’ colonies take: the
virulent colonies grow in a serpentine
shape, whereas the nonvirulent types
grow in formless clumps. Apparently the
serpentine pattern of growth is due to
the presence of a water-repellent sub-
stance on the surfaces of the virulent
bacilli, for their colonies do not grow in
this manner when a wetting agent is
added to the culture medium [see “Tu-
berculosis,” by René J. Dubos; Scien-
TIFIC AMERICAN, October, 1949].

In spite of the discovery of this and
other differences between virulent and
nonvirulent bacilli, the specific reason
for the ability of the virulent type to
multiply in animal tissues remains a
mystery. The deadly effects, however,
are plain enough. Tubercle bacilli can
grow in almost every organ of the hu-
man body. They have a special predilec-
tion for the lungs. They kill tissue and
then cause ulcerations which discharge
bacilli to spread to other parts of the
body. They also escape in sputum, milk



Looking Ahead ? Include
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aluminum evaporators

in your plans for '56

Already proved by over 300,000 re-
frigerators in daily use all over Amer-
ica, Western Roll-Bond evaporators
will play a large part in the 1956 plans
of major refrigerator manufacturers.
Now, right now, every 1955 refriger-
ator being built by one of the largest
manufacturers in the business has a
roll-bonded evaporator. Leakproof,
seamless, with tubes inside single,
homogeneous sheets, Western Roll-

Bond evaporators outmode the tubing
and crude, low conductivity welds
formerly a part of evaporator design.
Now, pattern designs can be changed
in days and a complete changeover
costs only $50.00, not $50,000.00. Die
and press costs are eliminated forever.

A completed evaporator is entirely

self-contained and installation

takes but a few minutes. Because

of the unique design, voids and

frost blisters are impossible.
Right now is the time to investigate
the advantages roll-bonding will offer
your industry. Call or write for a
folder telling more about roll-bond-
ing, mailed with an actual sample of
bonded metal. Evaporator patterns
shown are in production.
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METALS DIVISION
OLIN MATHIESON CHEMICAL CORPORATION

EAST ALTON, ILLINOIS

© 1955 SCIENTIFIC AMERICAN, INC



A composition that is
almost twice as hard
as the hardest steel
..that's
KENNAMETAL*

Kennametal is the registered trademark
of a series of hard alloys of tungsten,
tungsten-titanium, and tantalum -car-
bides. These compositions are the hardest
practicable metals made by man. In
scratch hardness tests, these hard car-
bide particles are between sapphire and
diamond. On the Rockwell “A” Scale,
different Kennametal grades test from
90.0 to 93.0, while that of HSS 18-4-2
heat-treated steel tests a maximum of
85.0. The Knoop Test gives 2100 (K100)
for Kennametal and 800 (K100) for steel.

»

K8 tungsten carbide 18-4-2 steel

Photomicrographs above show results
of Knoop hardness test on Kennametal
K8 (left) and HSS 18-4-2 steel (right)
at 100g. Impression in the Kennametal
is only about half of that on the steel.

Photomicrographs below are of Knoop
tests on grains of carbide ingredient of
Kennametal. Knoop test numbers (at
100g) are: Tungsten carbide, 1900;

Titamum carbide Tungsten-titanium carbide

tungsten-titanium
carbide, 2200; ti-
tanium carbide,
2500. These tests
show those carbides
are from two to
three times as hard

Tungsten carbide as steel in the ab-
solute scale of Kgs per square mm of
area of impression.

Together with absolute hardness goes
surprisingly greater resistance to wear
and deformation. It is vital to innumer-
able industrial applications. Perhaps it
is the characteristic you need to get
YOUR idea off the drawing board and
into production. It is worth investigating.
Write to Dept. SA, KENNAMETAL INC.,
Latrobe,Pa.,and ask for Booklet B-111.

*Registered Trademark
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| and urine, opening the way for spread

of the disease to other persons.
Once the battle is joined, the animal
body brings its own powerful forces in-

| to play. The fight may go one way or

the other. Usually the body wins, but
very often the battle is a long one. What
are the strengths and weaknesses of the
two adversaries?

he tubercle bacillus is well endowed

not only to grow in man’s tissues but
also to survive outside the body under
adverse circumstances. It has more re-
sistance than moest microbes to heat,
cold, desiccation and the common dis-
infectants. When dry, it can stand a
long period of starvation, though it soon
succumbs to lack of food and oxygen if
moisture keeps its metabolic processes
going. And it has a remarkable ability to
develop tolerance toward drugs used to
suppress it. Streptomycin, para-amino-
salicylic acid (PAS) and isoniazid (iso-
nicotinic acid hydrazide) will stop the
growth of tubercle bacilli, but every
colony of the microbe contains some
varieties which are resistant to a given
drug. These forms multiply and soon
replace the suppressed, susceptible ba-
cilli. The new population is then immune
to that particular drug.

Man, however, is equipped with pow-
erful natural defenses against the bacil-
lus. Chief among them are the body’s
macrophages, or “wandering cells,”
which can engulf and destroy the tuber-
cle bacillus. Apparently enzymes and
some of the hormones (e.g., the sex
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hormones and cortisone) take part in the
destruction process. The macrophages’
ability to kill the microbe can be en-
hanced by vaccination with dead bacilli
or with the vaccine called BCG, which
is made of a live, weakened form of the
bacillus.

Besides engulfing bacilli, the macro-
phage cells also block them mechanical-
ly. The macrophages grow in size, crowd
the tissue spaces and wall off infected
areas from the blood supply. The island
of cells and infected tissue, called a
“tubercle,” becomes a battleground. Cut
off from food and oxygen, many of the
bacilli and the tissue cells die, and in
dying they break down into substances
which tend to inhibit growth of other
bacilli. Sometimes, however, the surviv-
ing bacilli win the battle, begin to mul-
tiply again and break out of the prison
chamber to spread to fresh tissues; often
they are carried by the very macro-
phages that entered the area to combat
them. At the sites to which they migrate
new tubercles form, and the contest
starts all over again, When the infected
areas are in the lung, neighboring ulcera-
tions may coalesce and destroy large
areas of tissue, giving rise to the well-
known cavities of tuberculosis.

But the body does not stop fighting.
Wherever the bacillus goes it is met by
counterattack. As time goes on, the tis-
sues around the battle areas form dense
scars which tend to impede the progress
of the infection. In order to promote scar
formation and slow down mechanical
spread of the bacilli, physicians prescribe

SEOIli!ilg
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DIAGNOSTIC CULTURES taken from experimental animals infected with tuberculosis
are generally grown on solid egg medium in test tubes. Each spot on the surface represents
‘ a colony that has presumably multiplied from a single organism which was dropped there.
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A.J.Nerad joined the Chemistry Depart-
ment at the General Electric Research
Laboratory in 1924 and has been man-
ager of the Mechanical Investigations
Section since 1948. His fields of interest
are fluid mechanics, heat transfer, liquid
metals, combustion, and superpressures.
Last February it was announced that his
group had producedman-madediamonds.

Jets and diamonds

Research by A. J. Nerad, versatile General Electric
scientist, has led to widely diversified results

Tony Nerad is a name well known to those who design
jet aircraft. Even before the U.S. had entered World
War II, he had started on research that led to the de-
velopment of a new kind of jet combustor. The com-
bustor—simple, compact, and reliable over wide varia-
tions in combustion conditions—helped make possible
one of the earliest American-designed turbojets. The
contributions made by Nerad were battle-tested in
Korea, and are important factors in maintaining the
high prestige of U.S. jets today.

Recently Nerad helped to make dramatic news
again. The General Electric Research Laboratory
announced that he had led the team of scientists

which produced man-made diamonds. Thirty years
of research experience — work on jet combustors,
liquid metals, and other projects—enable Tony Nerad
to extend this promising area of superpressure re-
search. This G-E research in high temperatures and
high pressures demonstrates again that expanding
our research program — and creating promising
opportunities for scientists —contributes to progress.

Progress Is Ovr Most Important Product

GENERAL @ ELECTRIC
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anti-aircraft fire control
-« AND FORD INSTRUMENT COMPANY

In World War 1, anti-aircraft fire
against slow, low flying planes,
could be managed by optical sight-
ing and correcting from observed
air bursts. Today’s supersonic
planes, flying at great altitudes
must be tracked by radar and the
guns directed by complex compu-
ters.

The Navy Bureau of Ordnance
and Ford Instrument Company per-
fected the first successful naval
anti-aircraft gun director (Mk 19)
back in 1926 and Ford Instrument
Company has been one of the out-
standing leaders in this field ever
since.

Precision equipment for the ex-
acting problems of computers and
controls for both the military and
industry, has been the specialty of

FORD IS CONSTANTLY ADDING TO ITS STAFF OF ENGINEERS. IF YOU CAN QUALIFY, THERE MAY BE A POSITION FOR YOU.
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Ford Instrument Company since
1915.

Ever since Hannibal C. Ford
built the first gunfire computers for
the U. S. Navy forty years ago,
Ford Instrument Company has
been a leader in applying the sci-
ence of automatic control to Amer-
ican defense and peacetime indus-
try. For more information about
Ford’s products, services, and facil-
ities, write for free illustrated bro-
chure.

FORD INSTRUMENT
COMPANY

DIVISION OF THE SPERRY CORPORATION
31-10 Thomson Ave., Long Island City 1, N. Y.
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strict bed rest. When a lung is badly in-
fected, they may check the lung’s motion
of expansion and contraction by inject-
ing air into the surrounding cavity or
may immobilize the lung permanently
by collapsing it surgically.

"Two effective forms of treatment of

tuberculosis have been developed in
recent years. One is complete surgical
removal of an infected lung or parts of
the lung. This used to be a dangerous
operation, but improvements in anes-
thesia and new anti-infection drugs
have made it safe. The other big advance
is chemotherapy, whose spectacular re-
sults are wellknown. How the new drugs
against tuberculosis work is still not fully
understood, but understanding grows
daily. Apparently they act in part by
deceiving the microbe. Streptomycin,
isoniazid and PAS are chemically similar
to certain foods the microbe requires.
When the bacillus unwittingly takes
them up in place of its true food, they
block its metabolism and growth.

As we have seen, some bacilli do not
make this critical mistake: apparently
these variants carry on their metabolic
processes by unusual pathways. How-
ever, there is a human countermove: by
using two drugs instead of one, we can
impede the emergence of resistant
strains, for the second drug has a good
chance of repressing the few microbes
resistant to the first. The ramifications of
this three-way contest between the bacil-
lus, the body and drugs are intricate,
and furnish a fascinating field for scien-
tific investigators.

Man may finish off the tubercle
bacillus quickly if he discovers the secret
of the chemical properties that dis-
tinguish the virulent bacillus from the
nonvirulent forms. Numerous studies are
under way to isolate the water-repellent
chemicals that seem to be responsible for
the unique cordlike, serpentine pattern
of the virulent bacillus’ colonies. If the
chemicals are identified, they may give
a final answer concerning how to make
the microbe impotent.

In any case, the battle against tubercu-

losis is slowly being won. Possibly
chemotherapy will merely strike the
coup de grdce in a long struggle in which
the human body itself has adapted to
defeat the parasite. Just as the bacillus
becomes resistant to man’s drugs, so man
has become more resistant to the bacillus
through his own mutations. The human
stocks most susceptible to tuberculosis
were wiped out long ago. As the sur-
vivors, we, like drug-resistant bacilli, are
better equipped for the struggle.



THE PLANET EARTH

This picture of the earth was
taken from the U. S. Navy Vi-
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by Morton Grodzins

CommMmUNisM, CoNFORMITY AND CIVIL
LiBerTIES, by Samuel A. Stouffer.
Doubleday & Company, Inc. ($4.00).

n eminent U. S. civil servant jour-
A neying through North Africa
found it necessary to travel for
several hours on a camel. When his ride
was over, he walked away rubbing his
seat and said to his companions: “There’s
an animal constructed by a committee.”
Communism, Conformity and Civil
Liberties is a camel of a book. The pub-
lic opinion poll on which the book is
based was conceived by the chairman
of a committee of the board of directors
of the Fund for the Republic. A special
committee then reviewed the problem
and developed a polling questionnaire.
Numerous consultants were consulted. A
corps of advisers gave expert advice.
Two agencies did the field work: the
American Institute of Public Opinion,
known as the Gallup Poll, and the Na-
tional Opinion Research Center, associ-
ated with the University of Chicago.
Memoranda and criticism were solicited
from “many other persons.” Finally Dr.
Stouffer, chairman of the special com-
mittee, was given the task of writing the
book. He obviously had a mandate from
somebody to do his writing in as pop-
ular and nontechnical a manner as pos-
sible.

Camels are extraordinarily useful in
some areas for some purposes. So is this
book.

Technically the volume is of the high-
est order. Stouffer, who was the chief
author of the notable four-volume study
The American Soldier, is one of the most
skilled practitioners of the polling art.
His analyses and interpretations, when
limited to the data, are always reason-
able, cautious and illuminating. The poll
itself was carried out with meticulous
care. Two complete national samples
were drawn. “For the first time in the
history of public opinion polling, the
work of two different agencies can be
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BOOKS

A major poll of what Americans think

about civil liberties and related matters

compared on an entire questionnaire.”
The two samples totaled 4,933 persons,
selected and interviewed according to
the strictly controlled probability meth-
od. In addition 1,500 local community
leaders were interviewed on the same
topics. The two polling groups got al-
most identical results in their separate
polls. The book gives the clearest and
simplest description that has been pub-
lished of how a national poll is con-
ducted, and Stouffer’s presentation of
the poll data is a model of lucidity.

The text itself is loaded with clichés,
grossly repetitive and stylistically dull.
However, the book will satisfy the cu-
riosity of biological and physical scien-
tists who wonder what people do when
they make noises like social scientists.

It represents one school of current
emphasis in social research: the extreme
fact-smackers. Stouffer’s primary concern
is not theorizing, not even theorizing
about relationships among facts. He
comes with no hypotheses to test. He is
concerned with collecting quantifiable
units, in this case, attitudes, and in iden-
tifying the gross socioeconomic vari-
ables (in education, age, sex, geograph-
ical location) associated with those
attitudes. When he goes beyond these
purposes, the humps and the ragged
gait of the camel become apparent.

The study contains much interesting
and important, though by no means un-
expected, data. It demonstrates that U. S.
citizens have relatively little concern
about the threat of Communism to this
country. They are even less concerned
about current threats to traditional
American civil liberties. Fewer than 1
per cent of the persons in the national
sample, responding to a series of unstruc-
tured questions, expressed concern over
either danger. “Not over 20 out of nearly
5,000 respondents in the cross section
volunteered a worry about civil lib-
erties.” Most people showed little interest
in political issues in general. They were
primarily concerned about personal af-
fairs: health, marriage, job, family and
a host of miscellaneous problems.

Stouffer rightly concludes that the
findings “should be of interest to a fu-
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ture historian who might otherwise be
tempted, from isolated and dramatic ac-
counts in the news, to portray too vividly
the emotional climate of America in
1954. . .. A picture of the average Amer-
ican as a person with the jitters, trem-
bling lest he find a Red under the bed,
is clearly nonsense.”

Nevertheless Americans plainly are an
intolerant lot. Of the national cross sec-
tion, not more than 58 per cent would
allow a Socialist to make a speech in
their community. Only 33 per cent
would allow him to teach in a university
or college. Only 27 per cent would allow
an admitted Communist to make a
speech in his community. Only 6 per
cent would oppose firing the self-ad-
mitted Communist if he were teaching in
a college. And 51 per cent answered
“yes” to the question: “Should an ad-
mitted Communist be put in jail?”

Within this larger picture of intoler-
ance, the data show that younger people
are somewhat more tolerant than older
ones; that those with greater education
are more tolerant than the less educated;
that tolerance is lowest in the South and
greatest in the Far West, with the East
and Middle West in between; that those
from urban areas are more tolerant than
those from rural areas; that men are
more tolerant than women; that (per-
haps surprisingly) “regular church at-
tenders are less likely than other people
to be tolerant of the kinds of noncon-
formists . . . about whom we are inquir-
ing.” Separating the strands of causation
by cross tabulations, Stouffer shows that
each of these factors plays its own part.
For instance, Southerners are not less
tolerant simply because more of them
live in rural areas or because they have
less education or because of a combina-
tion of these two reasons; even when
the type of community and level of edu-
cation are held constant, Southerners
are consistently less tolerant than those
from other geographical areas.

These are only samples of the pocket-
fuls of facts that Stouffer offers. They are
neatly categorized and appropriately
qualified where necessary. They are the
valuable heart of this book.



But at almost every point where the
analysis goes beyond the bare data, the
study is unconvineing. Consider, for ex-
ample, Stouffer’s conclusion that the
long-term trend in the U. S. is toward
greater tolerance of nonconformists. He
bases this conclusionupon the inferences
that those moving from youth to middle
age today are better educated than in
past generations, and that “they are prod-
ucts both of child-rearing practices and
of a school system which is more apt to
foster tolerance.” Stouffer draws the lat-
ter inference from responses to questions
which indicate that younger people “are
less likely to be rigid categorizers and
less likely to favor authoritarian or con-
formist child-rearing practices.” This ex-
planation does not seem fully to satisfy
Stouffer, for in another place he suggests
that “tolerance or intolerance may be a
disposition . . . deeply rooted in a man’s
or a woman’s personality structure.”

The two explanations are not exactly
consistent. The more important fact is
that neither is very good. Tolerance and
intolerance may indeed vary with edu-
cation and child-training and with varia-
tions in personality structure. But chang-
ing international and national situations
certainly have a more profound effect
upon levels of tolerance than any of
these things. Stouffer himself, in another
connection, cites poll data showing that
the number of college-educated people
who would deny freedom of speech to
Communists increased from 31 per cent
to 71 per cent between 1945 and 1953,
and that among the less educated in-
tolerance on this score increased from
42 per cent to 78 per cent.

The cold war with the U.S.S.R. and
the attendant climatic change within the
U. S. have been responsible for the
growth of public intolerance. The march
of history has obviously been more im-
portant than the march upward in the
age scale of the educated cohorts. What
has happened in the United Nations
building has been more important than
what happened in the nursery. And
greater tolerance in the future will come
with a more pacific world. Certainly this
tolerance will not come, whatever the
level of education and whatever the
habits of child-raising, if the cold war
gets hotter.

Community leaders were more tol-
erant, in virtually every category, than
the national cross section of population.
These “leaders,” to meet sampling dif-
ficulties, were chosen only from cities
of 10,000 to 150,000 population. An at-
tempt was made in each city to interview
one representative from each of 14 areas,

including public officials, political party

Martin’s

INDUSTRIAL & MANUFACTURING

CHEMISTRY

A Thoroughly Revised Edition in 3 Volumes

“, . . the amount of information contained in these volumes is staggering . . ."—~Chemical Age

This monumental three-volume set, pro-
duced by some of England’s most eminent
researchers, scientists and industrialists, ap-
peared first in 1912, Embracing both
British and American practice, it gives
thorough, up-to-date information in spite
of the secrecy which today enshrouds some
of the processes. This encyclopedic work
can equally well serve as a work of refer-
ence as well as practical guidance.

of a remarkable industry, one outstanding
feature of which is its profitable exploita-
tion of by-products, an important subject
which here receives well-merited attention.
Much information is here published in
book form for the first time. Many descrip-
tions of new processes and modern plants
have been privately supplied by industrial
chemists and leading firms of Europe as
well as the United States.

In this thoroughly up-to-date edition en-
tire sections have been completely rewritten
in the light of the most recent findings.

The roster of the contributors to these
volumes reads like a Who’s Who in the sci-
ence of chemistry. It is a remarkable survey
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leaders, industrial and union leaders,
heads of patriotic groups, newspaper
publishers and various other prominent
persons.

The consistently higher tolerance
scores of the leaders so chosen are il-
lustrated by these comparisons: on the
question whether a Socialist should be
allowed to speak in the community, 84
per cent of the leaders answered “yes,”
compared with 58 per cent of the gen-
eral population; on the question of al-
lowing a Socialist to teach in a college,
the relative proportions approving were
48 per cent and 33 per cent; on allow-
ing an admitted Communist to speak,
51 per cent and 27 per cent; on whether
a college teacher found to be a Com-
munist should be allowed to hold his
job, 11 per cent and 6 per cent.

Stouffer takes considerable comfort
from the greater tolerance of the lead-
ers. But it is certainly more significant
that 89 per cent of the leaders would not
allow a Communist to teach than that
5 per cent more of the leaders than of
the cross section would. Even among the
leaders, barely one half would allow a
Communist to make a speech. These are
sobering data to those who take serious-
ly the importance of freedom to demo-
cratic life.

Do the evidences of gross intolerance
indicate that our nation, dedicated to
freedom, is on the verge of giving up its
first principles? Stouffer believes that
they do not, and he puts his main faith
in information and education by “re-
sponsible leaders.” The real question
here is: Which leaders—the 49 per cent
who would deny a Communist even the
privilege of free speech? Actually I
think there are grounds for a cautious
optimism in the fact that the leaders in
Stouffer’s sample are far from the most
significant group influencing public at-
titudes in this country. In the first place,
these community leaders were all chosen
from the smaller cities: no leaders from
cities larger than Tacoma, say, are rep-
resented. Even such cities as Des Moines,
Yonkers, Springfield, Mass., or Flint,
Mich., were too large to qualify. Almost
certainly leaders in the largest cities or
leaders of the great national voluntary
organizations and of the national gov-
ernment would exhibit far greater tol-
erance than the sample from the small
cities. In the second place, there are
reasons for believing that the community
leaders chosen for polling are precisely
the group with the least influence. Peo-
ple’s attitudes and action are for the
most part influenced by primary groups
—the small face-to-face groups in which
continuous human interaction takes
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place. The importance of the primary
group has been indicated by diverse re-
search: in studies of children and adults;
in assessing what motivates action in
voting, work, army life, play and crimi-
nal activity, to name only a few areas.
The interplay between opinion leaders
in primary groups and other leaders is
clouded and complex, but a good case
can be made that the principal interac-
tion is between leaders of the largest
groups—the nation, the church, the
union, the industry—and the small, face-
to-face groups. It is almost as if the very
large groups supply goal definitions and
the very small groups supply the energy
and the motive power. One can see this
in a bond drive, in recruiting soldiers,
or in establishing attitudes toward Com-
munists. However the relationship is
formulated and whatever the matter at
hand, the leaders that Stouffer polled do
not seem to be of first influence.

“To take a hand in the regulation of
society,” de Tocqueville wrote, “is the
American’s biggest concern, and, so to
speak, [his] only pleasure.” Today one
can only doubt the accuracy of the
French visitor’s observations or marvel
at the changes a century has brought.
The contemporary fact is in any case
clear: the average American’s round of
life is played largely without political
concern. Except in an acute internation-
al crisis or the quadrennial presidential
elections, politics do not loom large in
his activity and thinking. His waking
hours are concerned with family, job,
business, hobby, entertainment.

Stouffer’s poll data indicate that the
persons least concerned about public
issues are the most intolerant. And this
is a fundamental tip-off that the intoler-
ance and ignorance the U. S. people fre-
quently display in polls do not signify
that the Republic is on its last legs. The
fact is that the poll data, as Stouffer wise-
ly points out, reveal only attitudes, latent
tendencies which are not necessarily
translated into action. An attitude in
favor of denying free speech to a Social-
ist (or Communist) may not at all be
followed by action. Typically the person
holding the attitude may be busy with
other things more important to him. Or
the Socialist concerned may be the town
character, or Aunt Maisie’s saintly but
witless uncle, or (as in the case of Nor-
man Thomas) a distinguished person-
age apart from the Socialist label.

Of even greater importance, the ques-
tions asked in the poll involve issues con-
cerning which ordinary citizens rarely
have or exercise direct responsibility. It is
therefore not of great immediate or prac-
tical concern that 75 per cent of the
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community leaders and 88 per cent of
the cross section say they would deny
atheists the right to teach in a college.
Those who are competent in this field,
those to whom the issue is relevant, those
whose decisions will have consequences
are the administrators and teachers in
institutions of higher education. And
one can be certain that their actual an-
swers—whatever answers they may give
in a poll—do not so discriminate against
the irreligious. In most real-life situa-
tions the question is not even asked.

In interpreting poll data a social sci-
entist probably has more difficulty than
a physical or biological scientist does
when he interprets laboratory results.
The variables are more numerous. The
sources of data—human beings—are more
complex. The situation can never be ex-
actly reproduced. Many variables are
completely uncontrollable. Answers to
the interviewers’ questions are them-
selves one type of human behavior, but
this behavior may be meaningless, or
relatively unimportant, as a predictor of
later behavior that may occur in a dif-
ferent social context, one that is less
purely verbal and that is fraught with
greater social consequences. The poll
data may be absolutely accurate—but
they may have meaning only as poll data.

The low level of political awareness
and competence found among most of
the persons polled must be interpreted
with great caution. It is less important
to the democracy that the least informed
and most irresponsible persons make in-
tolerant judgments than that the well-
informed and responsible make tolerant
ones. Even the fact that many citizens
of a democratic nation are politically
apathetic is not crucial: it is in totalitar-
ian nations that citizen participation in
politics reaches a high point. The im-
portant point is that there should be
leaders competing to lead, and that a
peaceful and orderly change of leaders
remains possible. As long as the ignorant
and the apathetic can become informed
and active, as long as program followers
can become program leaders, democracy
retains its basic strength.

Those with a passion for liberal
democracy will not minimize the defici-
encies in sensitivity and knowledge re-
vealed in the electorate. This study re-
minds them once again that democracy
is a process, as well as a product, and
that neither the process nor its product
ever achieves perfection. It will also spur
to greater effort those who find politics
important and who find the present state
of things unpalatable.

The immediate practical point is that
illiberal attitudes on the part of even
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powerful elements in the society do not
sound the death knell of the Republic.
In 1791 the First Amendment of the
Constitution stated without equivocation
that “Congress shall make no law . . .
abridging the freedom of speech.” Bare-
ly seven years later, when the cold war
was with France, not Russia, the sedi-
tion acts of 1798 made it a felony to
“combine or conspire together with in-

tent to oppose any measure . . . of the
government of the United States . . . or
to write, print, utter, or publish . . . any

false, scandalous, and malicious writing

. against the government.” The hot-
heads and breast beaters of the day be-
lieved the Republic was doomed.
Thomas Jefferson’s advice then is still
good: “A little patience and we shall see
the reign of witches pass over.”

Short Reviews

HE STORY OF MaN, by Carleton S.

Coon. Alfred A. Knopf, Inc. ($6.75).
Professor Coon, an ethnologist and an-
thropologist at the University Museum
in Philadelphia, tells the story of man’s
development from the emergence of
homo sapiens to today’s impious and
feverish preparations to journey to other
planets. The tale is spun with immense
verve and exhibits a wide, sure knowl-
edge of archaeology, history and related
subjects. It discusses man’s adaptation
in physique and culture to the changing
circumstances of his environment, his
religion, tools, and cooking habits, his
agricultural and industrial pursuits, his
communities and governments, his meth-
ods of warfare, his wisdom and folly in
the use of natural resources. Coon is
learned, but neither stuffy nor pedantic.
He emphasizes the subjects of greatest
interest to himself and is not too timid
to indulge in conjectures, to air his
prejudices. This personal approach
breathes life into the account but also
leads to disproportion in treatment. For
example, twice as much space is allotted
to British and Dutch trading companies
as to the role of mathematics in human
history; the Eskimo and Polynesian cul-
tures receive almost as much attention
as the whole of history from the 18th
century to the present. Nevertheless
Coon’s book is a rewarding and most en-
joyable survey.

HE Dancine Bees, by Karl Von

Frisch. Harcourt, Brace and Com-
pany ($4.00). THE BEHAVIOR AND So-
ciaL Lire or Honevsees, by C. R.
Ribbands. Hale Publishing Company
($4.50). These are two excellent pop-
ular accounts of the life and labors



of the honeybee. Von Frisch is famous
for his researches on communication
among bees. In this book, the first Eng-
lish translation of his own work, he not
only describes his experiments on bee
language but covers all aspects of bee
life. A final chapter is devoted to the
communities of bumblebees, ants and
wasps. Von Frisch’s style is charming
and exceptionally clear; his story is well

illustrated with photographs and dia- |
grams. Ribbands is the principal scien- |

tific officer of the bee department at the
British Rothamsted Experimental Sta-
tion, where a good deal of work has been
done repeating Von Frisch’s experiments
and testing his conclusions. In somewhat
more comprehensive fashion than Von
Frisch, Ribbands reviews the knowledge
gained about bees, from the Indian bees’
practice of “absconding” (migrating) to
the cool hills in summer to the “timid
and anxious” behavior of robber bees,
which can’t seem to make up their minds
when to enter a strange hive and are
often undone by their suspicious actions,
leading the hive guards to attack them.
Ribbands’ attractively written book will
appeal to beekeepers and scientists as
well as ordinary readers.

PHYSICS OF THE PLANET Mags, by
Gérard de Vaucouleurs. The Macmil-
lan Company ($10.00). The study of
Mars began with description of its geog-
raphy. Vaucouleurs in this book deals
mainly with the more sophisticated
phase that began about 30 years ago: use
of modern instruments to examine the
planet’s atmosphere, climate, polar caps,
bright and dark areas, internal constitu-
tion and structure. Much has been
learned, much remains unknown. Opin-
ion is sharply divided as to whether there
is vegetation on Mars, but those, includ-
ing G. P. Kuiper, who have studied it
most intensively incline to believe it does
grow a sort of moss. As for the vexed
question of the canals, the enigma re-
mains unsettled. Vaucouleurs’ mono-
graph has photographs and an excellent
bibliography.

THE ORIGINS OF PsyCHOANALYSIS, by

Sigmund Freud. Basic Books, Inc.
($6.75). Between 1887 and 1902 Freud
wrote 287 letters to his friend Wilhelm
Fliess, a Berlin physician. The letters
were preserved by Fliess, found their
way to a secondhand dealer in Germany
during the Nazi period, and, thanks to
the efforts of Maria Bonaparte, survived
for publication. Two thirds of the letters,
ably translated by Eric Mosbacher and
James Strachey, appear in this volume.
The period covered by the correspond-
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ence was crucial in Freud’s develop-
ment; during these years he published
his first essays on neuroses, Studies on
Hysteria, The Interpretation of Dreams,
The Psychopathology of Everyday Life.
This was also the period of Freud’s self-
analysis. Fliess’s letters to Freud have
not been found, so the reader is in a
sense—as Ernst Kris remarks in the in-
troduction—like a bystander listening to
someone speaking on the telephone.
Fliess himself was a nonentity who
promulgated half-dotty theories, but he
served as one of the great sounding
boards of modern science. Freud loved
and admired him for many years, con-
fided in him and gave him a step-by-step
account of the birth of psychoanalysis.
In these letters he reports every turn and
twist, every failure and thrilling revela-
tion, every torment and frustration and
triumph in his groping for light. The
letters are wonderful not only as vivid
records of the growth of a majestic sys-
tem, but also for the picture they present
of Freud himself. They show his kind-
ness, the exquisite sensitivity of his in-
sight, the clarity and fluency of his style,
his humor, his prodigious capacity for
work. This is a major book, an absorb-
ing piece of reading.

JUNGLE Quest, by Edward Weyer, Jr.
Harper & Brothers ($3.50). Dr.
Weyer, an anthropologist, explorer and
editor of Natural History magazine, tells
the story of his solo expedition to the
Mato Grosso to find Orlando Villas
Boas, a tiny, courageous, dedicated
Brazilian who had spent a dozen years
in the Amazon wilderness devoting him-
self to helping the Indians. Weyer found
Boas, but the meeting was in a sense an
anticlimax to earlier adventures which
included visits to Chavante villages and
several weeks spent at an idyllic lake-
side settlement of Camayura Indians.
Weyer describes admirably the ways of
these joyful, peaceful people, who wear
no clothes and seem at once more plausi-
ble, more innocent and more virtuous
than Adam and Eve before the fall. An
unpretentious and unusually interesting
book by a thoroughly likable man.

DIGGING Up THE PasT, by Sir Leonard

Woolley. Thomas Y. Crowell Com-
pany ($3.50). A revised edition of a
readable primer of archaeology. The au-
thor, a distinguished figure in his pro-
fession, gave the lectures on which this
book is based a quarter-century ago.
They describe how expeditions are or-
ganized and sites chosen, the actual
field work, the evaluation of the mate-
rial. It is clear from these pages that
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while archaeology now has important
new dating methods and other special
techniques, there is still no substitute for
the dedicated, knowledgeable and dis-
criminating man with the spade—and
that there are no finer writers on arch-
aeology than Sir Leonard Woolley.

HE PassENGER PiGeoN, by A. W.

Schorger. The University of Wiscon-
sin Press ($7.50). A hundred years ago
the passenger pigeon was the most com-
mon bird in the U. S. If the estimates
of various reputedly reliable observers
are to be credited, its population num-
bered more than two billion. James
Audubon described a flight of these birds
as being “like a torrent, and with a noise
like thunder,” the wheeling and twist-
ing columns resembling “the coils of a
gigantic serpent.” Other witnesses re-
ported the darkening of the sky for hours
by solid masses of passenger pigeons fly-
ing at 60 miles per hour in tiered col-
umns a mile wide and hundreds of miles
long. The passenger pigeon is now ex-
tinct. The last survivor, Martha, died in
the Cincinnati Zoo on September 1,
1914. The story of the species’ exter-
mination by another species, man, is told
by Professor Schorger of the Depart-
ment of Wildlife Management at the
University of Wisconsin. His scholarly
and absorbing book treats also of the
bird’s behavior, habits and natural his-
tory. Illustrations.

RADIOISOTOPE CoNFERENCE, edited by

J. E. Johnston. Academic Press,
Inc. ($18.30). These two volumes re-
port the proceedings of the Second
Radioisotope Conference in 1954, spon-
sored by the Atomic Energy Research
Establishment of Harwell in England.
Among the topics discussed are thera-
peutic and diagnostic uses of radioiso-
topes, animal physiology and pathology,
biochemical applications, plant nutri-
tion, uses in chemistry, metallurgy, phy-
sics and industrial engineering. The
roster of contributors includes scientists
from several countries and shows clear-
ly the diversity and international char-
acter of studies in the constructive ap-
plications of radioactivity.

DETERIORATION OF MATERIALS, edited

by Glenn A. Greathouse and Carl J.
Wessel. Reinhold Publishing Corpora-
tion ($12.00). This is a cooperative vol-
ume; its various articles discuss the vul-
nerability to “ruin’s wasteful entrance”
of metals, wood products, paper, leather,
plastics and rubber, electrical and opti-
cal instruments, photographic equip-
ment and the like. It describes methods

O
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of preventing damage by climate, chemi-
cal and physical agents and biological
organisms. The book has many striking

photographs.

THE NeorLitHiC CULTURES OF THE

Britise IsLes, by Stuart Piggott.
Cambridge University Press ($13.50).
Professor Piggott, using information
from an exhaustive survey of museum
materials and field monuments, has
woven together a remarkable picture of
British farm communities at the begin-
ning of the second millennium B.C. He
describes the implements used in agri-
culture, the methods of pasture and till-
age, trade and intercommunication,
crafts and hunting practices, home
building, burial arts. A handsome book,
with many illustrations.

Notes

LecaL MEepicINE, by Thomas A. Gon-
zalez, Morgan Vance, Milton Helpern
and Charles ]. Umberger. Appleton-
Century-Crofts, Inc. ($22.00). The sec-
ond, enlarged edition of a standard
handbook.

CHEMISTRY AND CHEMICAL TECH-
NoLoGcy oF CotroN, edited by Kyle
Ward, Jr. Interscience Publishers, Inc.
($20.00). Fourteen articles discuss vari-
ous aspects of the subject.

PARTIAL DIFFERENTIAL EQUATIONS,
by I. G. Petrovsky. Interscience Publish-
ers, Inc. ($5.25). A translation of lec-
tures given at the Moscow State Uni-
versity by a prominent Russian mathe-
matician. For graduate students.

THE BrrTisH IsLEs, by L. Dudley
Stamp and Stanley H. Beaver. Long-
mans, Green and Co. ($9.50). The
fourth edition, extensively rewritten, of
an authoritative geographic and eco-
nomic survey.

THE ViTamins, edited by W. H. Seb-
rell, Jr., and Robert S. Harris. Academic
Press, Inc. ($15.00). The third volume
of a comprehensive survey. Its 18 chap-
ters cover subjects ranging from p-
aminobenzoic acid to research on new
growth factors.

ATtoMiIC SCIENCE, BoMBs AND POWER,
by David Dietz. Dodd, Mead & Com-
pany ($4.50). An unpretentious and
very satisfactory performance by a vet-
eran science reporter. Illustrations.

MEDICINE AND ScIENCE, edited by
Tago Galdston. International Universities
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Press, Inc. ($3.00). New York Academy
of Medicine Lectures to the Laity, in-
cluding papers by Hans Selye and Paul
Rosch on “The Renaissance in Endocrin-
ology,” by David M. Levy on the “Rela-
tion of Animal Psychology to Psychiatry,”
and by Harold G. Wolff on “Stress, Emo-
tions and Bodily Disease.”

VARIABLE STARs & GAaLACTIC STRUC-
TURE, by Cecilia Payne-Gaposchkin.
John de Graff, Inc. ($3.50). Lectures
which Dr. Payne-Gaposchkin, of Har-
vard University, delivered at the Uni-
versity of London in 1952.

BiocHEMISTRY OF CANCER, by Jesse
P. Greenstein. Academic Press Inc.
($12.00). The second edition of a sur-
vey by the chief of the biochemistry
laboratory of the National Cancer In-
stitute. It contains much new material.

StaTisTICAL ANALYSIS IN CHEMISTRY
AND THE CHEMICAL INDUSTRY, by Carl
A. Bennett and Norman L. Franklin.
John Wiley & Sons, Inc. ($8.00). The
most complete survey of the use of mod-
ern statistics in chemistry and chemical
technology.

Dy~namicaL THEORY OF CRYSTAL
Lartices, by Max Born and Kun Huang.
Oxford University Press ($8.00). An es-
say on the properties of crystals.

Essays v SociorocicaL THEORY, by
Talcott Parsons. The Free Press ($6.00).
The second edition of this important col-
lection contains eight new essays deal-
ing with problems of topical interest, in-
cluding the social structure of pre-Nazi
Germany, sociological aspects of Fascist
movements and social structure in the
light of psychoanalysis.

Actions oF RapiaTions on Living
CeLLs, by D. E. Lea. Cambridge Uni-
versity Press ($6.00). The second edi-
tion of a standard work.

GeocHEMISTRY, by V. M. Gold-
schmidt, edited by Alex Muir. Clarendon
Press ($11.05). The late noted geolo-
gist’s survey of the whole field of the dis-
tribution of the chemical elements in the
earth and the atmosphere.

EmortioNs AND BopiLy CHANGES, by
Flanders Dunbar. Columbia University
Press ($15.00). Dr. Dunbar’s book,
which in this fourth edition runs to 1,200
pages, is an important guide for special-
ists and an engrossing volume for brows-
ers—those who believe in the soma as
well as those who plump for the psyche.
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Senior Aerodynamicist

An aerodynamics engineer (5 years or more ex-
perience) experienced in static and dynamic
stability of airframes and autopilots. Able to in-
vestigate stability and control problems in de-
tail with only general guidance. Original ideas
and initiative required.

Senior Aerodynamicist

Four to five years experience in performance
to do drag analysis. Must be familiar with the
drag problems of supersonic aircraft.

Aerodynamicist

An aerodynamics engineer (3-4 years experi-
ence) experienced in analysis of aerodynamic
data and stability problems. To investigate sta-
bility and control problems under supervision.
Extremely interesting work in advanced prob-
lems.

Dynamics Engineer

A broad program involving analytical and ex-
perimental investigations of the complex dy-
namics problems associated with supersonic
aircraft offers a real opportunity for young
engineers with ability. You will gain invaluable
experience under competent supervision to de-
velop a professional background in such areas
as servo-mechanisms, analogue computers, con-
trol system dynamics, non-linear mechanics and
hydraulic system analysis. A program of labora-
tory investigations on actual systems in con-
junction with analytical work, as well as a coor-
dinated lecture program, offers an outstanding
environment for rapid professional development.
A degree in ME, AE or Physics with good Math
background is preferred.

Senior Flight Test Engineer

Experienced in power plant and performance
work. Aeronautical plus thermodynamics edu-
cation preferred. Turbo-jet experience neces-
sary. Unusual opportunity to fill a specific re-
sponsible vacancy.

Please address complete resume,
outlining details of
your technical background, to:

Assistant Chief Engineer
Adwministration

Mr. R. L. Bortner

FTEF UL AVIATION

FARMINGDALE, LONG ISLAND, NEW YORK
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toms and molecules, when struck a
A sharp blow by a hammer of atomic
dimensions, ring like bells. The
ear is not sensitive to the electromagnetic
waves they emit, but the eye is. All light
originates in this way. Just as every bell
makes a characteristic sound of its own,
depending upon its size and shape, so
each of the hundred-odd kinds of atoms
and their myriad molecular combina-
tions radiate (or absorb) light of dis-
tinctive colors. The instrument physi-
cists use to sort out the colors, and thus
identify substances, is the spectroscope.
This powerful instrument is relatively
simple in principle and not difficult for
amateurs to build. Yet it is one of the
most useful tools in the scientist’s kit.
During the first half of this century it
has helped to answer an incredible num-
ber of scientific questions—more than the
telescope and microscope combined.

hollow glass prism filled
with carbon disulfide

e e
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observing

lever for
yotating
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THE AMATEUR SGIENTIST

An observatory built by a high-school senior

and how to reconstruct a famous spectroscope

* /A

mirror

telescope for

observing
orientation
of prism

Accordingly, spectroscopy has become
a specialized and important branch of
physics. Any substance, whether a piece
of cheese or a rusty hairpin, can be made
to emit light by heating it. When the
resulting light is sent through a spectro-
scope, the rays separate into lines or
bands of colors which not only tag the
responsible atoms but may reveal many
secrets of how they are combined.

Light waves are only about one
50,000th of an inch long. With a good
spectroscope, however, you can measure
their size within a few trillionths of an
inch, or about a billionth of the thick-
ness of the paper on which this maga-
zine is printed. With this information as
a guide, chemists have learned how to
take molecules apart and reassemble
them into substances with new and de-
sirable properties. About 20 kinds of
molecules have been manufactured in
the laboratory for every one chemists
have identified in nature. The tool con-
tributing most to this analysis and syn-
thesis is the spectroscope.

Isaac Newton laid the foundations of

platinum wire
with drop of
potassium
chloride

4 bvass slit
in place of

Bunsen's
burner

A spectroscope reconstructed according to the directions of Robert Bunsen
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spectroscopy when he observed that a
prism bends rays in the blue end of the
spectrum more than those nearer the
red end. On February 6, 1670, Newton
wrote Henry Oldenburg, then secretary
of the Royal Society:

“To perform my late promise to you,
I shall without further ceremony ac-
quaint you that in the year 1666, I pro-
cured me a triangular prism, to try there-
with the celebrated phenomena of col-
ors. And in order thereto, having dark-
ened my chamber and made a small hole
in my window-shuts, to let in a conven-
ient quantity of the Sun’s light, I placed
my prism [so that the ray] might be re-
fracted to the opposite wall. It was at
first a very pleasant divertissement to
view the vivid and intense colors pro-
duced thereby, but after awhile, apply-
ing myself to consider them more cir-
cumspectly, I became surprised to see
them in oblong form which according to
the laws of refraction, I expected should
have been circular. . .. I took two boards
and placed one of them behind the prism
at the window so that the light might
pass through a small hole made in it for
the purpose and fall on the other board
which I placed about 12 feet distance.
Then I placed another prism behind
this second board so that the light tra-
jected through both boards might pass
through that also. . . . This done, I took
the first prism in my hand and turned it
to and fro slowly about its axis so much
as to make the several parts of the image
cast on the second board successively
pass through the hole in it that I might
observe to what places on the wall the
second prism would refract them. I saw
... that the light on the (violet) end did
in the second prism suffer a refraction
considerably greater than the light tend-
ing to the other end (red) . .. and that
according to their particular degrees of
refrangibility they were transmitted
through the prism to divers parts of the
opposite wall.”

With this demonstration Newton’s
service to spectroscopy came to an end.
He apparently failed to see any of the
fine detail which gives the spectrum its



significance. Nevertheless he subse-
quently stated that the sorting of the
colors could be carried further by the
use of improved prisms and lenses.

It is difficult to understand why New-
ton did not reduce his spectroscope to
convenient laboratory form. He almost
had it in principle. Yet he and his suc-
cessors were content to work in dark-
ened rooms for nearly two centuries.
Even Joseph von Fraunhofer’s epoch-
making discovery of the dark absorption
lines, which split the solar spectrum into
thousands of parts, was made with a
setup that filled his laboratory. To view
the slit in the “window-shut,” beyond his
prism, Fraunhofer used a theodolite tele-
scope placed behind the prism—an im-
provement which enabled him to make
good measurements of the angles
through which the light was bent. The
clear view of the slit thus afforded dis-
closed “an almost countless number of
strong and weak vertical lines,” which
close examination proved were “in the
sunlight.” Fraunhofer could not explain
the lines, but he made an accurate chart
of about 700 of them and designated
eight of the most prominent ones by the
letters A to H, by which they are still
known.

The meaning of the dark lines re-
mained a mystery until 1859, when they
were explained by the Heidelberg physi-
cists Robert Bunsen and Gustav Kirch-
hoff. They made the profound discovery
that gases through which a ray of light
passed would absorb certain narrow por-
tions or colors of the light. The absorp-
tions were signaled by dark lines in the
spectrum. They also demonstrated that
if the absorbing gas itself was heated to
incandescence, then the dark lines of ab-
sorption became bright lines of emission,
which stood out on the dark spectral
band if there were no other source of
light.

In the course of their experiments
Bunsen and Kirchhoff reduced the size
and design of the prism-type spectro-
scope to substantially its present form.
Amateurs who would like to experiment
with one may enjoy building the instru-
ment according to the directions written
by Bunsen 96 years ago.

“It is well known,” he wrote, “that
many substances have the property when
they are brought into a flame, of produc-
ing in its spectrum certain bright lines.
We can base a method of qualitative an-
alysis on these lines that greatly broadens
the field of chemical research and leads
to the solution of problems previously
beyond our grasp.

“The gas lamp previously described
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A photographic telescope built by Philip Lichtman of W ashington, D. C.

[Bunsen’s gas burner] gives a flame of
high temperature but low luminosity.
Into this flame we introduced for inves-
tigation a small quantity of chlorate of
potassium which had been recrystallized
six or eight times. The apparatus we have
used for investigating spectra is shown
[see illustration on the opposite page].
The box [holding the prism] is black-
ened on the inside. Its two inclined sides
carry two small telescopes. The ocular
of the one facing the test flame is re-
placed by a plate in which is a slit formed
by two brass blades. The burner is placed
before the slit. The end of a fine platinum
wire, bent into a small loop and sup-
ported by an apparatus stand, passes into
the flame; on this hook is melted a glob-
ule of the chloride previously dried. Be-
tween the objectives of the two tele-
scopes is placed a hollow prism with a
refracting angle of 60 degrees and filled

© 1955 SCIENTIFIC AMERICAN, INC

with carbon disulfide. The prism rests
on a brass plate that can be rotated by
a vertical shaft. The shaft carries on its
lower end a mirror, above which an arm
attaches which serves as a handle for
turning the prism and mirror. Facing the
mirror is another small telescope ar-
ranged to give an image of the horizontal
scale, placed a short distance away. By
rotating the prism, one can make the en-
tire spectrum of the flame pass before
the vertical cross-hair in the ocular of
the viewing telescope. To every point in
the spectrum, there corresponds a cer-
tain reading of the scale.”

With this instrument Kirchhoff and
Bunsen made the series of elegant in-
vestigations which founded the modern
science of spectroscopy. Their explana-
tion of the Fraunhofer lines and discov-
ery of the elements cesium and rubidium
inspired scientists all over the world to
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take up the new field of investigation
and raised public interest in science to a
high pitch.

Unfortunately Bunsen omitted one
critical detail of construction that has
plagued instrument makers ever since.
He failed to specify the kind of cement
he used to join the glass slabs of his hol-
low prism and seal in the foul-smelling,
volatile, explosive and poisonous carbon
disulfide.

R. B. Nevin of Christchurch, New
Zealand, has made Bunsen-type prisms
with wax as the sealer. He describes
them as follows:

“My 60-degree prisms are made of
eighth-inch plate glass which has never
heard of such a thing as a figure. The
glass is cut into pieces 2.5 by 2 inches,
accurately oblong. Using a carborundum
stone, I bevel the long edges slightly on
one side at an angle of 30 degrees to the
horizontal, and similarly bevel both sides
of the shorter edges. The three slabs are
then assembled on the bench as an
equilateral triangle, the bottom one be-
ing stuck with anything handy if it won’t
stay put. A few bits of sealing wax are
put in the top groove, and a gas flame is
gently wafted along the glass until the
wax melts. It is then spread with a match
stick and given more heat until liquid.
Next it is coaxed firmly but gently into
the groove with the stick. More wax is
applied until the groove is filled level
with the glass edges. Then the whole is
allowed to cool. A Bunsen burner flame
about half on and just nonluminous is
correct. If the flame is too intense, it
heats the glass unevenly and cracks it.

synchronous
driving motor)

differcntial

The procedure is repeated for the re-
maining two grooves. If the glass has
been cut squarely and beveled properly,
the edges will fit without adjustment.
The wax holds to the ground edges tena-
ciously and is easy to flake off the pol-
ished surfaces where it is not wanted.

“The assembly is very strong for its di-
mensions. A triangular bottom for the
box is then cut about a sixteenth of an
inch larger than the assembled walls.
The upper edges, upon which the walls
will rest, are similarly ground, beveled
and cemented to the previously com-
pleted subassembly. Gentle finishing
touches with the flame to give a smooth-
ly finished job can be applied to taste.
The important precaution is: Do not rush
the job. The sudden application of heat
to one spot will crack the glass.

“When the prism is thoroughly cool,
water can be poured into it, and when
you look at a source of white light
through it you will see all the colors of
the rainbow. Glycerin in place of water
will improve the prism’s definition
slightly, although its dispersion is about
that of water and of crown glasses. It is
significantly lower than flint glass. Per-
haps the best liquid of all is carbon
disulfide. Unfortunately it is a splendid
solvent for sealing wax!

“That’s about all there is to it. I
whipped through a quite serviceable
prism the other day in about 30 minutes
of careful work—from cutting the glass to
filling it with water.”

Liquid prisms offer a number of dis-
tinct advantages to the amateur. They
are easy and cheap to make, especially in

reversible guiding

The drive of Lichtman’s telescope
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large sizes. They also allow a wide choice
of materials and dispersions. Their prin-
cipal disadvantage is that the dispersive
power of liquids varies greatly with
changes in temperature. Moreover, tem-
perature gradients within the liquid
create inhomogeneities in dispersion with
a consequent loss of resolution. The
Fraunhofer lines blur and merge unless
the liquid is maintained at uniform
temperature.

Roger Hayward, after making the
drawing of Bunsen’s spectroscope shown
here, volunteered a few practical tips
out of his experience with liquid prisms.
“Carbon disulfide,” he wrote, “is terrible
stuff. In addition to being smelly and
explosive, it is a particularly insidious,
chronic poison which can produce per-
manent damage to the spinal cord and
brain. It is like playing with a bunch of
uncaged cobras. Never handle it except
under a ventilating hood.

“The best substitutes for carbon di-
sulfide from an optical point of view are
monobromonaphthalene, ethyl cinna-
mate (expensive), an aqueous solution
of barium-mercuric bromide and oil of
bitter almonds, in that order. The prism
should be made with a glass bottom.
The difference between the temperature
coefficient of glass and that of brass
makes a leakproof joint between the two
difficult to achieve. Glass is the simplest
material to use because the pieces can
be ground to fit. Perhaps litharge and
glycerin would make a good cement.
Few liquids dissolve it.

“Those who wish to avoid the labor of
building the two small telescopes used
in this instrument may buy a pair of the
popular-priced, low-power telescopes
now on the market. I have a small spec-
troscope that uses a telescope and colli-
mator with apertures of only three quar-
ters of an inch. It will not separate
Fraunhofer’s D line of sodium but will
resolve the yellow lines of mercury.

“Incidentally, Bunsen’s way of rotat-
ing the prism to scan the spectrum makes
you shudder. Of course he knew no bet-
ter. Using fixed telescopes, he had to set
the angles in a way which did not allow
him to focus on any part of the spectrum
at minimum deviation. Thus all mea-
sures of angles were made from an ar-
bitrary, nonreproducible point. When
provision is made for rotating the tele-
scopes around the prism, the point of
minimum deviation for a single line in
the spectrum is easily found. Then ro-
tation of one of the telescopes can be
measured from such a position and a re-
producible measure made.

“An easy way to make a good slit is
with safety-razor blades. A thin, double-
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edged blade snapped in two in the mid-
dle gives a fine pair of jaws. It is a pains-
taking job to file a pair of slit jaws, even
as short as a quarter inch. The slit
should be only two or three thousandths
of an inch wide if you want to see detail.

“As to light sources, a neon lamp
makes a dandy. Some 40 clear lines are
visible, from the yellow-green down to
the deep red. I have a little lamp in a
quartz envelope because there is an-
other nice bunch of lines in the near
ultraviolet. Incidentally, I built a quartz
spectrograph back in 1938. All the parts
were home-built—prism, mirrors, slit and
all. It displays a photographable spec-
trum about nine inches long which has
to be taken in two-inch bites. This in-
strument became the prototype of a
commercial spectroscope which sells for
about a kilobuck. Nothing has been pub-
lished on it, but if readers express a
hankering for a description, I should be
pleased to write it up for this depart-
ment.”

Not all amateurs who go in for astron-

omy enjoy the challenge of ultra-
precise craftsmanship involved in mak-
ing a telescope or can afford to spend the
necessary time. Consequently some of
them simply buy a commercial telescope;
others purchase the optical parts—

oculars, mirrors, objective lenses and
prisms—and assemble them in a home-
built mounting,.

One of the latter is Philip Lichtman, a
high-school senior of Washington, D. C.
Before he was 16, he demonstrated a
remarkable talent for designing good
mounts and making them of war surplus
parts plus odds and ends.

“I have been interested in astronomy
for as long as I can remember,” writes
Lichtman, “but I did not undertake the
construction of a telescope until four
years ago. After studying Amateur Tele-
scope Making and Amateur Telescope
Making—Advanced, I mounted a three-
inch mirror acquired through a supply
house. This project introduced me to the
tricks and frustrations of such jobs as
machining ball-bearing races for axis
housings, turning tapered shafts from
bar stock, indexing setting circles and
so on. It also taught me how to adapt
an ambitious design to the limitations of
an inexpensive six-inch lathe.

“Since the instrument was to be used
for photography, it was provided with an
equatorial mounting, setting circles and
an electric drive. Clamps were provided
for both right ascension and declination.
The system was wired to provide con-
trolled variation of the speed in right as-
cension, and the slow motion in declina-
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. portable
control box

A four-channel recorder built by Lichtman
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tion could be regulated manually. Guid-
ing was effected at the eyepiece through
a push-button control box held in the
hand. Besides the three-inch mirror and
its optical train, the tube also carried a
1.6-inch finder with coated objective and
illuminated cross-hairs and a two-inch
astrocamera adapted for cut film 24 by
3% inches.

“It soon became obvious that the cam-
era was much too slow (f/12) for nebu-
lar photography. A search of the second-
hand market finally turned up a four-
inch Zeiss Tessar photographic objective
with a speed of f/5. This was set up
for 8-by-10-inch plates, but it weighed
far too much for the little three-inch
mounting. Because my lathe would not
take large parts, hard maple was selected
as the basic material for a new and
heavier mounting. The axes chosen for
this job were saw-arbor shafts about 1%
inches in diameter. They turned in bab-
bitt bearings. This mounting was in-
tended exclusively for photography and
hence required a precise drive. I used a
synchronous motor with fast and slow
motions derived from a variable-speed
motor through a train of differential
gears [see drawing on page 124]. With
the exception of the gears, the entire as-
sembly was homemade. The arrange-
ment worked perfectly and enabled me
to make very ‘tight’ exposures. A vari-
able-speed, reversible declination drive
was then added to correct differential
refraction and misalignment of the polar
axis during long exposures, as well as
for following the moon in declination.
Guiding was accomplished at a magnifi-
cation of 150 diameters with a three-
inch, coated war-surplus achromat of 25
inches focal length and a Goodwin-Bar-
low lens. Two pedestals were made for
this instrument: one a six-inch water
pipe filled with and set in concrete in my
back yard; the other, a portable affair
with four legs.”

A version of this equipment as modi-

fied by Lichtman for the solar eclipse of |

last June is shown on page 123. He built
all of the cameras and arranged two of
them to operate automatically from a
home-built four-channel recorder [draw-
ing on the opposite page].

“The recorder,” he writes, “triggers
the two cameras independently and reg-
isters the time of exposure. The third
channel records manual determinations
of eclipse contact times and the fourth
records time signals broadcast from the
Bureau of Standards radio station WWYV,
The cameras are tripped by solenoids
energized by a built-in timing motor op-
erating at one revolution per minute.

“After a demonstration of the com-
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HOW WE MADE
A PIECE OF GLASS
SOLVE A WE
DRILLING
PROBLEM

) i Creative Glass Engineering
T -l—é Like This Shows How
- BRAY OPTICAL Can Help You

To accurately determine drift in oil well drill-
ing, a special precision instrument, the TOTCO
Double Recorder, is dropped like a dart to bot-
tom depth. A built-in timing element records
crucial time of test. So that the driller can
visually determine that the timing element has
started after properly setting the time interval,
the manufacturer, Technical Oil Tool Corp.,
asked us to design a moulded glass window to
reveal the balance wheel.
Problems : impact, visibility, heat,
precision tolerances.
Our Solution : Pyrex tubing, precision
ground and polished.
Chances are Bray Optical can help you with
precision glass design-— quickly, economically.
Call now for consultation...no obligation.

DUnkirk 7-8295
3445-57 West 1st Street, Los Angeles 4, Calif.
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Have You Ever Played Nim
With A Computer?

GENIAC,

the first electrical brain construction kit, not only
plays NIM but you can build over twenty-five other
semi-automatic computers which display intelligent
behavior, run on only one flashlight battery and
require no soldering.

GENIACS are simple enough for intelligent boys
and girls to put together yet interesting to anyone
because they demonstrate in easily constructed
models a fascinating variety of computing and rea-
soning circuits.

GENIAC is the result of five years of development
by prominent computer designers to bring experi-
mental reasoning machinery within the budget of
the amateur scientist.

Some of the 33 GENIACS you can build from the
completely detailed instruction manual are:

LOGIC MACHINES: Comparing; Reasoning;
Syllogism Machine; Intelligence Tester.

GAME PLAYING MACHINES: Tic-Tac-Toe;
Nim (Think you can beat the machine?)

ARITHMETICAL MACHINES : (Binary and Deci-
mal) : Adder ; Subtracter ; Multiplier ; Divider;
Arithmetical Carrying.

CODE MACHINES: Secret Coder;
coder ; Combination Locks.

SIMPLE MACHINES: Burglar Alarm; Auto-
matic 0il Furnace Circuit.

PUZZLE SOLVERS: The Space Ship Airlock;
The Fox, The Hen, The Hired Man and the
Corn; The Uranium Shipment and the Space

Secret De-

Pirates.
ACTUARIAL: Douglas MacDonald’s Will.

GENIAC parts are specially manufactured to high tolerance ;
they include a special six deck switch of unique design and
over 400 components plus a sixty-four page book ‘“GENI

ACS, SIMPLE ELECTRIAL BRAIN MACHINES A\D
HOW TO MAKE THEM.”” GENIAC is a remarkable buy

o only 8135.95

Kit and instructions are returnable for full refund in
seven days. This is a perfect father and son project; your
whole family and your friends will enjoy the finished
machines. You can design new computers from the adaptable
parts.

GENIAC PROJECT, S112, 36 W. 11 St., N.Y, 11, N.Y,

Please send me:
1 GENIAC Electric Brain Construction Kit and Manual.
$15.95 (East of Mississippi)
$16.95 (Elsewhere in United States)
$17.95 (Outside the United States)
Returnable in seven days for full refund if not  satisfied.
I enclose $... wereeee in full payment.
My name and address are attached.
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An eight-inch reflector built by Lichtman
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pleted rig, my father agreed to haul it
and me to Keweenaw Peninsula in
Michigan for the total eclipse last June.
Everything was set up and fully tested
the evening prior to the big event. You
can guess what happened the next morn-
ing. The sun rose behind one of the
densest fogs ever observed on the Penin-
sula! The paper tape was so soggy it
refused to go through the recorder—
even for a demonstration.

“The investment of time and labor
was not a total loss, however. I entered
some of my work in a national science
contest for high-school students and for-
tunately won a cash award sufficient to
pay for one of the exquisite mirrors by
the California optician Thomas Cave. It
is an f/8 of eight inches aperture and
what appears to be a perfect figure.

“The design of an appropriate mount-
ing for this mirror was undertaken im-
mediately. It would be my last major
project until after college years, so I
decided to go all out. A mirror of this
size and speed represents a pleasing
compromise for amateur work: it is not
too slow for nebular photographs nor too
fast for point objects; the plate scale is
large enough to show fine detail in pho-
tographs made at the prime focus but
not so large that the image suffers great-
ly from bad seeing. The focal length of
approximately 65 inches is sufficient for
planetary and lunar photography. I de-
cided to equip for all of these types of
photography.

“Since I was unable to machine axes
larger than those used in the eclipse cam-
era, I decided to limit all overhang to a
minimum and make do with the saw-
arbor shafts. Wood was too weak for the
type of mounting needed, and welded
plate was too expensive. Happily some-
one suggested aluminum castings. As
things turned out, they proved to be less
expensive than any material investigat-
ed. So the mount was designed around
ribbed castings made from my own pat-
terns.

“The project took all my spare time for
a considerable part of a year. But when
it was completed, I owned a telescope
which makes celestial photography a
real pleasure [see bottom photograph at
left]. It has electric drives in both right-
ascension and declination, setting circles
that can be read direct to two minutes
and half of one degree respectively,
push-button control of slow motion,
tight clamps, and even little flashlights
for lighting the setting circles! The
tube is of rolled aluminum an eighth of
an inch thick, welded at the seam. Aside
from the optical parts and rough cast-
ings, this weld was the only job in the
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Boeing engineers work with superb equipment

This Boeing-designed computer answers
in seconds engineering questions that
formerly took weeks. It is one of many
advanced facilities that help Boeing en-
gineers solve the challenging problems
of tomorrow’s aviation, and maintain un-
surpassed prestige.

One out of every seven Boeing em-
ployees is an engineer, playing a vital
role in designing and developing high-
performance airplanes, guided missiles
and components of the future. There are
varied and truly creative opportunities at
Boeing right now for mechanical, elec-
trical, civil and aeronautical engineers,
and for mathematicians and applied
physicists.

Facilities you would work with at
Boeing include the world’s most versatile

privately owned wind tunnel, and labora-
tories for research in rocket, ram jet and
nuclear power. The new multi-million-
dollar Boeing Flight Test Center is the
largest installation of its type in the
country. It houses the latest electronic
data reduction equipment, instrumenta-
tion laboratories and a chamber that sim-
ulates altitudes up to 100,000 feet.

A fourth of Boeing’s engineers have
been with the company more than ten
years. In addition to career stability,
Boeing engineers find individual recog-
nition through regular merit reviews and
through promotions from within the
organization.

At Boeing you will work in tightly
knit design or project teams with the pick
of the country’s engineers. You will help
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design worthy successors to the B-47 and
B-52 global jet bombers, the 707 jet
tanker-transport, and the Bomarc IM-99
guided missile. You will join a progres-
sive, solidly growing company that now
employs twice as many engineers as at

the peak of World War II.

: JOHN C. SANDERS, Staff Engineer— Personnel
. Boeing Airplane Co., Dept. B-40, Seattle 14, Wash.
® Please send further information for my analysis.
® | am interested in the advantages of a career
® with Boeing.

: Name

o University or

e college(s)  Year(s) _ Degree(s)

e Address .

e City ~ Zone__ State _

BOLLING

Aviation leadership since 1916
SEATTLE, WASHINGTON WICHITA, KANSAS

129



130

Nine images of Jupiter on a plate made with Lichtman’s eight-inch reflector
8 P P 8

The Great Nebula in Orion photographed with the four-inch Tessar
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instrument done by a professional. For
adequate ventilation the tube was made
three inches larger in diameter than the
mirror. Its exterior was painted white
and the interior was lined with sheet
cork and finished in flat black. A small
fan near the mirror ventilates the inside
before a night’s work begins. It vibrates
too much, however, to be used continu-
ously during the observing.

“The mirror cell is a three-point flota-
tion system. It consists of three radial
arms spaced at 120-degree intervals. The
system is adjustably mounted to the tube.
The mirror rests on three steel balls
embedded in the radial members and is
held in place by arms projecting from
them.

“By providing both coarse and fine
rack-and-pinion focusing, the design an-
ticipated the use of oculars and cameras
of widely varying focal length. The diag-
onal spider is a single-arm affair support-
ed by the ocular carriage, so that it can
move longitudinally with respect to the
tube. The diagonal is rotatable so that
light may be deflected either to the eye-
piece or to a Newtonian-focus camera
mounted at about 90 degrees with re-
spect to the eyepiece.

“The finder is a three-inch f/5 coated
surplus objective equipped with illu-
minated cross-hairs and a wide-field
Erfle ocular. The guide telescope, a 4%-
inch refractor, has rack-and-pinion focus-
ing and a movable tailpiece so that it
may be set on a bright star slightly out-
side the limited field of the reflector. A
cross-ruled illuminated reticule simulates
the field of view of the reflector when
used at the extremely high plate scale
necessary for planetary photography.
This refinement enables me to put nine
images of Jupiter on each sheet of the
2%4-by-3%4 cut film.

“The long-focus reflector is supple-
mented by an f/2.5 Aero-Ektar camera
of seven inches focal length, by a new
housing for the four-inch Tessar and by
two multipurpose units. One of these is
a projection camera which can increase
the reflector’s equivalent focal length to
240 feet. The other is a simple plate
holder which may be inserted in the eye-
piece adapter of any standard telescope.

“Like city-bound amateurs every-
where, we in Washington are plagued by
a brilliantly lighted night sky. Blue ex-
posures made with the Tessar objective
and Eastman spectroscopic plates fog
almost black in 30 minutes. I doubt that
there is a real cure for the trouble. I have
succeeded in punching through the glow
some 200 times, however. Sometimes [
use filters which transmit the hydrogen
alpha line and block out city lights.”
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available
whenever needed...

GRAFTS

FOR FAILING EYES

Imagine the tragedy in years past of corneal
grafts spoiling after a few days storage —
leaving none available when needed for
surgery.

The future is more promising. Even stock-
piling is a possibility, because scientists have
found a way to preserve grafting material
indefinitely, without affecting sight-restoring
powers.

The new technique, now being experi-
mentally used in hospitals, relies on subzero
temperatures — and saline solutions of
Glycerine.

In medicine and pharmaceuticals, as well
as many other fields, Glycerine’s unique bal-
ance of properties continues to open new
doors to progress. For tomorrow’s surge of
new specialties . . . in formulations and reac-
tions yet unknown. Nothing takes the place
of Glycerine. For your free copy of a 16-
page booklet on Glycerine properties and
applications, write to— GLYCERINE PRO-
DUCERS’ ASSOCIATION ¢ 295 Madison
Ave., New York 17, N. Y.
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THE SCIENTIFIC PAPERS OF JaAMES CLERK
MaxweLL. Edited by W. D. Niven.
Dover Publications, Inc., 1953.

A TREATISE ON ELECTRICITY AND MAG-
NETISM. James Clerk Maxwell. Dover
Publications, Inc., 1954.

LEARNING IN THE CANARY

DiscriMiNATION LEARNING IN THE CAN-
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ary. Nicholas Pastore in Journal of
Comparative and Physiological Psy-
chology, Vol. 47, No. 5, pages 389-
390; October, 1954,

SpaTIAL LEARNING IN THE CANARY.
Nicholas Pastore in Journal of Com-
parative and Physiological Psycholo-
gy, Vol. 47, No. 4, pages 288-289;
August, 1954.

ANTIBIOTICS AGAINST PLANT
DISEASES

ANTIBIOTICS AND PLANT Disease. C.
Leben and G. W. Keitt in Journal of
Agricultural and Food Chemistry,
Vol. 2, No. 5, pages 234-239; March,
1954,

ANTIBIOTICS AND PLANT HEALTH., W.].
Zaumeyer in Journal of Agricultural
and Food Chemistry, Vol. 3, No. 2,
pages 112-116; February, 1955.

MovEMENT OF ANTIBIOTICS IN HIGHER
Prants. S.H. Crewdy and D. Pramer
in Chemistry and Industry, No. 7,
pages 160-162; February 12, 1955.

COMPUTER MEMORIES

PRrROCEEDINGS OF SympPoOsia ON LARGE-
ScarLeE DicitaL CALCULATING Ma-
cHINERY. The Annals of the Compu-
tation Laboratory of Harvard Univer-
sity, Vols. 16 and 26. Harvard Univer-
sity Press, 1948 and 1951.

Hica Speep CompuTING DEVICES.
Edited by William Warren Stifler, Jr.
McGraw-Hill Book Company, Inc.,
1950.

THE GERM OF TUBERCULOSIS

BiocHEMICAL DETERMINANTSOF MICRO-
BIAL Diseases. René J. Dubos. Har-
vard University Press, 1954.

CONSTITUENTS OF MYCOBACTERIA. Flor-
ence B. Seibert in Annual Review of
Microbiology, Vol. 4, pages 35-52;
1950.

THE METABOLISM OF THE TUBERCLE
BaciLLus. W. F. Drea and A. An-
drejew. Charles C Thomas, 1953.

THE AMATEUR SCIENTIST

EXPERIMENTAL SpPECTROscopy. Ralph
A. Sawyer. Prentice-Hall, Inc., 1944.

AMATEUR TELEscorE MakinG. Edited
by Albert G. Ingalls. Scientific Ameri-
can, Inc., 1952,

AMATEUR TELESCOPE MAKING—AD-
vaNcep. Edited by Albert G. Ingalls.
Scientific American, Inc., 1952.

AMATEUR TELEsCOPE MAkKING—Book
Turee. Edited by Albert G. Ingalls.
Scientific American, Inc., 1953.



ATEST ADDITION to Brush Direct-writing Record-

L ing Systems is this “Chopper Stabilized”

another new product by Brush... Amplifier. Designed to permit oscillographic
recording of very low level voltages, it not only
provides a gain of 10,000 but does so with extremely

high stability over an extended frequency range.

puts micrOVOIts Brush Recording Systems give you immediate

answers in writing . . . of stress, strain, vibration,
force, electrical variables, etc. Investigate Brush

i n Wr i tin g Recording Systems . . . to save engineering time

and simplify data analysis.

TEXTILE b MAGNETIC
INSTRUMENTS BECORDING EQUIPMENT

FORTARLE
INSTRUMENTS

ACOUSTIC SOUND MEASUREMENT PIEZOELECTIC
PRODUCTS SYSTEMS CRYSTALS

MAGNETIC !- )
RECORDING COMPONENTS CE 1cs TRANSDUCERS

PBPRUSH ELECTRONICS COMPANY

For complete information write Brush Electronics Co.,
Dept. B-6, 3405 Perkins Avenue, Cleveland 14, Ohio.
Brush representatives are located throughout the
United States. InCanada: A.C. Wickman, Ltd. Toronto.

DIVISION OF |
CLEVITE CORPORATION =
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Kidney for an

Something the Nautilus, U. S. Navy atomic-powered
submarine, must have is chemically pure (ion-free)
water. A “kidney” like the one shown above, with
MoNoBED® ion exchange resins as its innards, keeps
water used free of even traces of dissolved salts.

What does this mean to you? It means that if you, too,
require water of high quality, from a beaker-full to
millions of gallons, for research work or for high-
pressure boilers, for steam irons or for industrial proc-
essing, you can count on MONOBED ion exchange resins.

Atomic Fish

Suppose you don’t need the ultimate in ion-free
water? Then AMBERLITE® ion exchange resins in con-
ventional deionization units may be the answer.
AMBERLITE exchangers may be indicated when you
want to soften, dealkalize, or deacidify water—when
you want to replace or remove ions in solution...
economically . . . eficiently.

Ask for “If You Use Water . ..”,
a 24-page booklet of basic information

[Pt
'S
g —
on the ion exchange treatment of water. g
WATE

Y ~F

i ROHM & HAAS COMPANY

THE RESINOUS PRODUCTS DIVISION, PHILADELPHIA 5, PENNSYLVANIA
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