MOSAICS WERE CONSTRUCTED by subjects in a study of cre- tively regular mosaics at left was made by a student who was chosen

ative individuals undertaken by the Institute of Personality Assess- at random. Each of the more imaginative mosaics at right was made
ment and Research of the University of California. Each of the rela- by an individual who was judged highly creative by his peers.
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The Psychology of Imagination

Creativity has recently become the subject of formal study

by psyvchologists. An account of one such study, which set

out to ascertain the characteristics of creative individuals

y his imagination man makes new
B universes which are “nearer to
the heart’s desire.” The sorcery
and charm of imagination, and the pow-
er it gives to the individual to transform
his world into a new world of order and
delight, makes it one of the most treas-
ured of all human capacities. Indeed,
when we imagine divinity, we impute to
it the power to have imagined us, and
by an act of will to have created us. Ever
since man became conscious of himself,
imagination has had in it something of
mystery and magic, and has seemed a
process which cannot be completely
understood.

Against this background of a some-
how desirable and proper mystery which
surrounds the creative act, it is perhaps
a bit brash to undertake a scientific study
of imagination and originality. The psy-
chological research institute of which I
am a member, however, has done just
that, and for the past eight years we
have been concerned to discover what
kinds of individual possess in high de-
gree the powers of constructive imagi-
nation and original thought.

If the undertaking seems brash, the
techniques of study are modest enough,
and in eight years of work we cannot
claim to have greatly diminished the
mystery. The best that can be said is
that certain uniformities do seem to
characterize highly original scientists
and artists, and that these uniformities
have suggested speculations which may
provide the basis for further empirical
investigations.

In this article I shall describe a study
(for which I have been primarily re-
sponsible) of the characteristics of a
large number of individuals in a group
including painters, writers, physicians,
physicists, biologists, economists and
anthropologists. This is only one of sev-

by Frank Barron

eral projects now under way at the Insti-
tute of Personality Assessment and Re-
search of the University of California.
The other projects are a study of dis-
tinguished American architects (carried
on by Donald W. MacKinnon, director
of the Institute), an investigation of con-
formity pressures and the response of
creative individuals to demands for con-

formity (the work of Richard S. Crutch-

e 1/
-"'h.‘li] i

Addd

field, associate director), a study of re-
search scientists and engineers (headed
by Harrison G. Gough) and a study of
creative mathematicians, both men and
women (under the direction of Ravenna
Helson).

The way in which the common human
need for order is related to the con-
structive possibilities and fruitful chal-

SUBJECT MAKES A MOSAIC at the Institute of Personality Research and Assessment. In
the background another subject takes a different test. Between the two subjects is Barron.
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FIGURE PREFERENCE TEST required that subjects express a
preference, or lack of preference, for abstract line drawings on
cards. Subjects chosen at random tended to prefer drawings such as

the four at left ; creative subjects, drawings such as the four at right.
The drawings are from the Welsh Figure Preference Test, pub-
lished by the Consulting Psychologists Press of Palo Alto, Calif.
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lenge which may be found in apparent
disorder provided the focus for an early
series of our experimental studies at the
Institute. One dictionary definition of
disorder links it to such terms as “con-
fusion, neglect of rule, irregularity, dis-
arrangement, tumult and disease.” There
is little doubt that most people dislike
being confronted with disorder. In in-
dividuals who turn out original work in
science or in art, however, a reversal of
the usual attitude may be observed.

My own initial observation of this re-
versal occurred in a study of esthetic
preferences and esthetic expression in
individuals whose relative degree of
originality could be estimated. The ma-
terials used in studying preferences in-
cluded abstract line drawings, colored
reproductions of several hundred fa-
mous paintings, architectural designs,
and cartoons. In the study of expression
we confronted the subject with incom-
plete drawings which he was to com-
plete as he liked, written images from
which he was to construct a poetic meta-
phor, inkblots of ambiguous form which
he was to interpret, colored pasteboard
squares from which he could assemble a
mosaic of his own design, and stage
properties from which he was to create
a scene on a miniature stage.

The degree of creativeness of the in-
dividuals was estimated on the basis of
opinions ventured by their colleagues
or by experts in their medium of expres-
sion. These estimates we related to their
preferences and performance as indi-
cated by our tests. Our purpose was to
determine how creative people respond
to order and disorder, and whether their
response differs from that of others.

To take one example, the abstract line
drawings were made in black ink on
three-by-five-inch white cards, and they
were varied primarily in terms of the
degree to which they were drawn ac-
cording to a geometric principle visible
at a glance. The simplest forms were the
straight line, the circle, the square and
the triangle. Complex polygons pre-
sented a somewhat less obvious princi-
ple of construction, and arrangements of
curves a still less obvious principle. At
the other pole from the simple geometri-
cal figures were drawings which ap-
peared to be childish scrawls or totally
unarranged scribbles. When we asked
the subjects to describe these figures,
they applied such words as regular, neat,
clean, orderly and static to the simple
geometric figures, and such words as ir-
regular, messy, whimsical, dynamic, dis-
orderly and chaotic to figures at the
other extreme.

The first group of subjects studied
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STEEL AND FOAM SANDWICHES
FOR BUILDERS

Word of another new use for Nopcofoam—the versatile “pour-in-place”
urethane foamed plastic pioneered by Nopco chemists—comes out of Camp
Hill, Pa. Steel building panels, filled with Nopcofoam, have been installed to
form the outside wall of a modern, new office building.

In a process developed by U.S. Steel Homes, a division of United States
Steel Corporation, the foam is poured as a liquid between two thin sheets of
steel. Chemical action pushes it firmly into the panel cavity and into every
crack and cranny, where it solidifies. The result is a panel that—tests prove—
is lighter, flatter and stronger than any steel wall panel yet developed—a
panel that offers better insulating qualities than units containing other fill
materials and superior in resistance to impact, puncture and corrosion.

The characteristics and versatility of Nopcofoam which commended it for
use at U.S. Steel Homes appeal to designers and engineers in many other
industries. It is fast finding its way into all kinds of products from wall panels
to atomic submarines. Plastics Division, Nopco Chemical Company, North
Arlington, N.J., and Los Angeles, Calif.

VITAL INGREDIENTS FOR VITAL INDUSTRIES

®

Newark, N.J. e Harrison, N.J. ¢ Richmond, Calif. ¢ Cedartown, Ga. ¢ London, Canada
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3

DRAWING-COMPLETION TEST, devised by Kate Franck, re- top right is a typical response of a subject chosen at random. At bot-
quired that subjects elaborate on the simple figures at top left. At tom left and bottom right are the responses of creative individuals.
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with these drawings, which are part of |
the Welsh Figure Preference Test, were
some 80 painters from New York, San
Francisco, New Orleans, Chicago and
Minneapolis. The painters showed a
marked preference for drawings which
were complex, asymmetrical and, in
their terms, vital or dynamic. They also
displayed considerable tolerance for
drawings which most people would con-
sider chaotic. In general they expressed
what can only be called aversion for the
figures which were simple and obviously
symmetrical.

We then presented the same drawings
to doctoral candidates in some dozen
teaching departments, primarily in the
faculty of science, at the University of
California. The candidates had been
separated into two groups, the more
original and the less original, on the
basis of faculty ratings. We were some-
what surprised to discover that the more
original scientists expressed preferences
very similar to those of artists.

In preference for paintings, too, the
more original subjects were inclined to
like best the apparently unbalanced.
Impressionism, cubism, abstract expres-
sionism—these were the schools of paint-
ing whose products they preferred.
What they seemed to like was the work
of art which accented some usually un-
observed aspect of nature, or which at-
tempted a radical reconstruction of the
common-sense world of reality.

The same tendencies were apparent
in the tests which require active expres-
sion rather than mere preference—the
completion of line drawings and the con-
struction of mosaics. Original individ-
uals were disposed to introduce asym-
metry and complexity into their draw-
ings and mosaics.

Behind this inclination to like and to
construct what is not too simply ordered
there appears to be a very strong need
to achieve the most difficult and far-
reaching ordering. When confronted,
for instance, with the Rorschach inkblot
test, original individuals insist to a most
uncommon degree upon giving an inter-
pretation of the blot which takes account
of all details in one comprehensive, syn-
thesizing image. Since some of these
blots are quite messy, this disposition to
synthesize points up the challenge of
disorder. It also illustrates the creative
response to disorder, which is to find an
elegant new order more satisfying than
any that could be evoked by a simpler |
configuration.

thher psychological trait which is
LA commonly associated with original-
ity of thought is independence of judg-

AERONAUTICAL AND
MECHANICAL ENGINEERING

PHYSICAL SCIENCES

INSTRUMENTATION AND SYSTEMS ENGINEERING

unique team of scientific talent
conducting original research and
development in diverse areas

Allied Research Associates, Inc. is a 200-man organization of top-level
engineers and scientists backed up by skilled laboratory, shop, and ad-
ministrative personnel. Their business: applying talent-in-depth to
today’s most forward technological problems in basic and applied re-
search. Here are some of the fundamental areas in which Allied Research
provides high levels of technical competence and achievement:

AERONAUTICAL AND MECHANICAL ENGINEERING
Theoretical and applied aerodynamics. Aeroelasticity, thermoelasticity,
and structural dynamics. Astronautics. Studies in aircraft, missile, and
space-vehicle performance, stability, control, design criteria, and pro-
pulsion. Vibration control and isolation —analysis, design, and test. Heat
transfer, fluid mechanics, and solid mechanics.

PHYSICAL SCIENCES
Theoretical and experimental physics—radiation, nuclear, and solid-state.
Nuclear weapons effects and phenomenology. Plasma phenomena. Radia-
tion transport. Meteorology—micrometeorology, radar meteorology, space
phenomena, satellite meteorology. Physical Chemistry—characteristics
of materials in extreme environments, polymer physics, statistical
mechanics. Physical Optics.

INSTRUMENTATION AND SYSTEMS ENGINEERING
Instrumentation for measurement and control. Evaluation and
development of instrumentation systems and components. Control and
navigation systems for airborne and space vehicles. Weapons delivery
and reconnaissance systems. Industrial process control systems. Sensors.
Tele-communication and data-handling links. Servomechanisms.

These topics indicate the capabilities of Allied Research’s
uniquely diversified and high-level staff. If your research or
development activities are in need of top-calibre, creative,
inter-disciplinary assistance, contact:

7 ALLIED RESEARCH ASSOCIATES, INC.
7 7) 43 Leon Street, Boston 15, Massachusetts
// » A subsidiary of Vertol Aircraft Corporation

‘ The confidential inquiries of qualified scientists and

engineers are always welcome at Allied Research.
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COMMON RESPONSES

1. SMUDGES

2. DARK CLOUDS

UNCOMMON RESPONSES

1. MAGNETIZED IRON FILINGS

2. A SMALL BOY AND HIS MOTHER
HURRYING ALONG ON A DARK
WINDY DAY, TRYING TO GET HOME
BEFORE T RAINS

COMMON RESPONSES

1. AN APE

2. MODERN PAINTING OF A GORILLA

UNCOMMON RESPONSES

1. A BABOON LOOKING AT ITSELF
IN'A HAND MIRROR

2. RODIN'S “THE THINKER” SHOUTING
EUREKA

INKBLOT TEST required that subjects describe what they could perceive in formless blots.
Sample “common responses” were given by subjects chosen at random; “uncommon re-
sponses,” by creative subjects. This version of the Rorschach test was devised by Barron.
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COMMON RESPONSES

1. AN AFRICAN VOODOO DANCER

2. A CACTUS PLANT

UNCOMMON RESPONSES

1. MEXICAN IN SOMBRERO RUNNING
UP A LONG HILL TO ESCAPE
FROM RAIN CLOUDS

2. A WORD WRITTEN IN CHINESE

© 1958 SCIENTIFIC AMERICAN, INC

ment. This trait has been studied experi-
mentally by Solomon Asch at Swarth-
more College [see “Opinions and Social
Pressure,” by Solomon Asch; ScienTiFic
AMERICAN, November, 1955]. Both in
Asch’s subjects and in those who took
part in a modified version of the Asch
experiment in our own studies, a clear
relationship has been established be-
tween independence of judgment and
originality.

Asch’s basic procedure has been to
place an individual in radical conflict of
judgment with other individuals who are
understood by him to be possessed of no
special information, but who are in fact
confederates of the experimenter. The
apparent experimental task is to match
the length of a given line with one of
three other lines which are not equal to
one another. The confederates of the
experimenter announce their judgments
one at a time, and always in the same
order. The individual who is not aware
of the real nature of the experiment is
placed so that he is one of the last to
respond. On most of the trials the experi-
menter’s confederates give answers
which conform to the length of the lines,
but on some trials they consistently give
prearranged false answers. The unin-
formed subject then has a choice of giv-
ing the correct answer or contradicting
the evidence of his senses and going
along with the others.

Asch found a rather disconcerting
readiness in his subjects to abandon the
evidence of their senses and to bow to
the prearranged group consensus. How-
ever, about 25 per cent of the subjects
in the undergraduate groups he studied
were not swayed by the false consensus,
but persisted in giving the correct an-
swer. Although Asch was not primarily
interested in the personality characteris-
tics of independent and yielding sub-
jects, he made available to me for per-
sonality testing a group of 42 subjects
who had remained independent and an-
other 42 who had yielded consistently
to the false group consensus. Among the
opinions expressed significantly more
often (in response to-a true-false type
of questionnaire) by the independent
subjects were the following:

1. I like to fool around with new ideas,
even if they turn out later to be a total
waste of time. (True.)

2. The best theory is the one that has
the best practical applications. (False.)

3. Some of my friends think that my
ideas are impractical, if not a bit wild.
(True.)

4. The unfinished and the imperfect
often have greater appeal for me than



the completed and the polished. (True.)

5. I must admit that I would find it
hard to have for a close friend a person
whose manners or appearance made him
somewhat repulsive, no matter how bril-
liant or kind he might be. (False.)

6. A person should not probe too
deeply into his own and other people’s
feelings, but take things as they are.
(False.)

7. Young people sometimes get rebel-
lious ideas, but as they grow up they
ought to get over them and settle down.
(False.)

8. Perfect balance is the essence of
all good composition. (False.)

These results suggested that the sub-
jects who remained independent were
more open to innovation and to the chal-
lenge presented by apparent imbalance
and imperfection on the surface of
things. In addition, when using a self-
rating scale which included among other
traits that of “originality,” the more in-
dependent subjects described them-
selves much more frequently as original
than did the yielders. (While at first this
might seem immodest, it must be re-
membered that in the presence of a psy-

STIMULUS IMAGE

1. AN EMPTY MIND 1.

EMPTY BOOKCASES

COMMON RESPONSES

chological questionnaire one can feel
uite alone.)

In any event, the results suggested the
possibility of establishing by experiment
that independence of judgment is asso-
ciated with originality. The relationship
has been shown directly by using in con-
junction with a modified version of the
Asch experiment a set of psychological
tests which measure originality. These
tests, a number of which have been
developed by J. P. Guilford and his asso-
ciates at the University of Southern
California, are designed to elicit novel
responses and unusual solutions to prob-
lems. While the actual test questions
cannot be given here, some idea of their
nature may be conveyed with substitute
examples. In one such test the subject is
given the names of common objects
(such as wheelbarrow, light bulb, pi-
ano) and asked to suggest unusual uses
to which these objects may be put. In
another test he is asked to suggest con-
sequences of highly improbable events
(e.g., all human beings have suddenly
become deaf; an unexplained genetic
alteration will result in an average de-
crease of two feet in stature in the next

UNCOMMON RESPONSES

THE VACANT EYES
OF AN IDIOT

2. A DESERTED ROOM 2. AN ABANDONED
BEEHIVE
1. LYING AWAKE 1. ONE LETTER
AT NIGHT IN A MAILBOX
SITTING ALONE
IN'A DARK ROOM
2. A BEAR IN A CAVE 2. A COFFIN
IN AN OPEN GRAVE
1. A BELCH 1. THE CRY OF DESPAIR
OF A GREAT
UNSEEN ANIMAL
SOUND OF A FOGHORN
2. A FROG’S CROAK 2. A PUBLIC ADDRESS

SYSTEM ANNOUNCING
DISASTER

SYMBOL-EQUIVALENCE TEST requires that subjects respond to a “stimulus image” pre-

sented by experimenter. Common and uncommon responses are listed at center and right.
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from ELECTROMET
Metals
Research

High-Purity
Refractory Compounds
...An Answer
to Your Problem?

CHROMIUM CARBIDE has greater
abrasion, oxidation and corrosion
resistance than tool steels—an ad-
vantage in dies for precision hot
extrusion of copper and brass, and
in plug gages and gage blocks.
COLUMBIUM OXIDE has a high
dielectric constant useful in elec-
tronics, and is an intermediate
material for producing compounds
with high hardness and high melt-
ing point. TANTALUM OXIDE also
has a high dielectric constant and
is a source for tantalum carbide,
a cutting tool additive which in-
creases abrasion and oxidation re-
| sistance. Our technical staff can
help you in your application. For
moreinformation, mailthe coupon.

Electromet

FERRO-ALLOYS AND METALS

UNION

The terms “Electromet” and “Union Carbide’ are
registered trade-marks of Union Carbide Corporation.
l__——————____———__-_—_'

Electro Metallurgical Company
Division of Union Carbide Corporation
Box 268, Niagara Falls, N.Y.
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[0 Columbium Oxide
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TO ONE
SENIOR
SCIENTIST
IN 1000

The men we're looking for are
few and far between. The op-
portunities we offer to these men
are almost unique.

To a few senior scientists, we
can offer top level positions
on a number of vital new weap-
ons system projects.

These assignments are made
to the measure of truly original
thinkers...call for theoreticians
experienced in systems analy-
sis, expert in radar and com-
puter work.

10-15 years experience, Ph.D
in physics, math or engineering
are some of the requirements...
and a pioneering mind is a must.

Please forward resume to:
Mr. Eugene B. Kelly
Personnel Director
Stavid Engineering, Inc.
U. S. Hwy. 22, Plainfield, N. J.

or call collect Plainfield 7-1600

STAVID

Engineering, Inc.
ﬁoﬂ%maf%@ Eloctiorics. . .
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generation; one nation in the world has |
found a way to raise its average 1.Q. by
50 points). Other tests include anagrams
(scored for rarity of proposed solutions),
inkblots (scored for unusual interpre-
tation), pictures of dramatic situations
which serve as the starting point for
storytelling (rated for originality), and
plot situations for which titles are to be
constructed (rated for cleverness).
Judging by our results so far, individuals
who regularly perform in an original
manner on these tests are also independ-
ent in judgment when put under pres-
sure to conform to a group opinion
which is in conflict with their own.

Independence of judgment is linked
not only to originality but also to the
generalized preference for asymmetry,
apparent imbalance and complexity de-
scribed earlier. Subjects of the original
Asch experiment were given the figure-
preference test, and to a marked degree
the independents preferred complex,
asymmetrical figures. This makes sense,
since in order to maintain his independ-
ence in the experiment the subject must
come to terms with the troublesome fact
that he is suddenly at odds with his fel-
lows in a situation where, by ordinary
standards of community of experi-
ence, he ought to be in agreement with
them. Only a person who can live with
complexity and contradiction, and who
has some confidence that order lies be-
hind what appears to be confusion,
would be able to bear this kind of dis-
cord. There is a strong temptation to re-
solve the confusion and to end the pain
of contradiction in a simple way, by de- |
nying the facts that conflict with the
consensus. Order is thus achieved by a |
process of exclusion of evidence, and,
in this instance, at the cost of correct
judgment.

" he relationship of creativity to psy-

chological health and to peace of
mind and body has long been argued. It
was my pleasure recently to participate
in a conference on the goals of psycho-
therapy, in which a number of extreme-
ly amiable psychoanalysts, psychiatrists
and psychologists found themselves in
considerable agreement about the goals
of therapy, and, by implication, about
the characteristics of a psychologically
healthy human being. The traits most
commonly mentioned as indicating a
state of psychological health were: (1)
accuracy of perception of reality, (2)
stable body functioning and freedom
from psychosomatic disorders, (3) ab-
sence of hostility and anxiety, (4) ca-
pacity for friendly and cooperative

| relations with other people, (5) spon-
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FLIGHT DATA and
CONTROL
ENGINEERS

Cross new frontiers in system
electronics at The Garrett Corpo-
ration.

High-level assignments in the de-
sign and development of system elec-
tronics are available for engineers in
the following specialties:

1. ELECTRONIC AND FLIGHT DATA
SYSTEMS AND CONTROLS A wide
choice of opportunities exists for
creative R & D engineers having
specialized experience with control
devicessuchas: transducers, flightdata
computers, Mach sensors, servo-mech-
anisms, circuit and analog computer
designs utilizing transistors, magamps
and vacuum tubes.

2.SERVO-MECHANISMS AND
ELECTRO-MAGNETICS Requires engi-
neers with experience or academic train-
ing in the advanced design, development
and application of magamp inductors and
transformers.

3. FLIGHT INSTRUMENTS AND TRANS-
DUCERS

1) DESIGN ANALYSIS Requires engineers

capable of performance analysis

throughout preliminary design with

ability to prepare and coordinate re-
lated proposals.

2) DEVELOPMENT Requires engineers
skilled with the analysis and synthesis
of dynamic systems including design
of miniature mechanisms in which low

friction freedom from vibration
effects and compensation of thermo
expansion are important.

4.PROPOSAL AND QUALTEST
ENGINEER For specification
review, proposal and qualtest

analysis and report writing assign-
ments. Three years electronic,
electrical or mechanical experi-
ence required.

Forward resume to:
Mr. G. D. Bradley

9851 S. Sepulveda Blvd.
Los Angeles 45, Calif.

DIVISIONS:
acturing—L0s Ange.les
Am?;z:;':c':a\\;l‘::\ufacturing—Phoemx
N AiResearch Industrial
Rex * Aero Enginee.rmg
Airsupply * Air Cruisers
AiResearch Aviation Service
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NEW AiResearch steeriné

control

Combines
Acceleration Switching
Valves And Hydraulic

“Printed Circuit'’

More reliable and responsive...this
lightweight electro-hydraulic steering
control system converts low-level elec-
tronic signals from the main guidance
system into hydraulic energy which
actuates the mechanisms steering the
missile.

Packaged as an integrated unit, the
three servo valves and six control actu-
ators are mounted on a common manifold
and powered by fluid or hot gases. The
simplified “printed circuit” system of
integral passageways within the mani-
fold eliminates all external plumbing

and leakage.

The acceleration switching servo
valves provide positive cogtrol of spool
velocity, thereby achieving greater reso-
lution, reliability and response even at
extreme temperatures.

Easily installed and removed as a com-
plete, interchangeable unit, acceptance
testing of this compact system can be
accomplished prior to missile installa-
tion. Suggested applications are: missile
surface controls, jetavator controls, and
vector and nozzle steering controls. Your
inquiries are invited.

ste

m?

R

. Specifications

Actuator load (range) 90 to 150 in. lbs.
Electrical input (nominal) . . . .. 28 volts
DC—10 Milliamperes

Pressure range. . .500 to 3000 psi

Rated flow. ............. Y5 to 2 gpm
Mounting . ................ Manifold
External leakage. . .. ..........None
Proof Pressure. . ........... 4500 psi
Burst Pressure. .. .......... 7500 psi
Temperature operating range
Fluid........... -65°F 10 450°F
Ambient . ... ..... -65°F to 750°F
System filtration . .. ....... 10 microns

ENGINEERING REPRESENTATIVES: AIRSUPPLY AND AERO ENGINEERING, OFFICES IN MAJOR CITIES

CORPORATION
AiResearch Manufacturing Divisions

Los Angeles 45, California « Phoenix, Arizona

Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS
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More than 400 of these
centrifuges are now in
service, with a com-
bined daily capacity
in excess of 1,600,000
cubic feet.

"Wear parts’’
made from
KENNAMETAL
help keep production
high, downtime low.

AgainSt (NH4)2SO4
KENNAMETAL

components
last 2 to 6 times longer

ON UNLOADER KNIVES: When process-
ing corrosive Ammonium Sulfate (Coke
Plant), the best life of any material tried
for unloader knives on this crystal de-
hydrator was less than three months.}
With Synthetic Ammonium Sulfate, the
knives lasted little more than a month.
By changing to knives made from Kenna-
metal hard tungsten carbide, service life
has been increased to twelve months or
more with Coke Plant Sulfate, and up to
four months with Synthetic Sulfate.

ON DISTRIBUTOR TIPS: With sulfates of
either kind, Kennametal Distributor Tips
in the feed assembly last up to eight
months — double the life of any other
alloys tried. Kennametal parts cost less
in terms of longer life, increased produc-
tion, and less downtime.

Chances are Kennametal can help you
solve a problem involving corrosion,
abrasion, erosion, or contamination. The
Kennametal “family” of hard carbides
includes grades three times as rigid as
steel . . . grades that last up to 60 times
as long as steel . . . grades that retain
high strength at 2200°F and above or at
subzero temperatures.

Let us tell you more about Kennametal
and how it has helped others solve prob-
lems that may be similar to yours. Write
to KENNAMETAL INC., Dept. SA, Latrobe,
Pennsylvania.

*Trademark
{Based on an average daily throughput of 100-150

tons. 3148
INDUSTRY AND

KENNAMETAL

162

TEST WORD GENERATION
NATION

COMMON

SOLUTIONS RATE
GENE
ONAGER

UNCOMMON

SOLUTIONS ARGENTINE
ERGOT

ANAGRAM TEST required that subjects
find other words in a test word. They could
rearrange the letters in the test word.

taneity and warmth, (6) social responsi-
bility. An excellent combination, I said
to myself. However, as I continued to
listen in comfort and mild edification, 1
suddenly realized that my thoughts had
drifted off to a description I had recently
read of Robert Hooke, the brilliant 17th-
century scientist whose achievements
place him second only to Newton among
his contemporaries, and whose prolific
originality in experimentation has re-
mained unsurpassed. Hooke suffered
throughout his life from severe head-

aches, from indigestion so troublesome |

that he noted gratefully in his journals

any meal that happened to agree with |

him, from giddiness and insomnia, and
from fearful dreams during the few
hours a day he was able to sleep.

Images of other figures drifted
through my mind: of the apocalyptic
rages of Beethoven, the savage indigna-
tion of Jonathan Swift, the terrible lone-
liness of van Gogh, the criminality of
Rimbaud, the shameless preenings of
Baudelaire, the stoical despair of Emily
Bronté, the excruciating physical and
spiritual pain endured by Heine. I felt
distinctly uneasy; could it be that these
creative people had been in need of psy-
chotherapy?

Certainly one difference between
them and the perfect product of psycho-
therapy and the happy life was that they
did not manage themselves very well. I
began to feel that some of the ideals we
had been discussing were rather me-
chanical. The correct perception of real-
ity, in the superficial sense of the term,
began to lose its charm. The ideal of
adaptation suggested a well-adjusted,
frictionless machine, tended in genial
fashion by a little mechanic known as
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Thousands of
ITT engineers are
‘“‘space men”

NOT literally, of course, but they are
engaged in so many electronic activ-
ities associated with the vast air
world above us that they might well
be broadly identified as “space men.”

Many have achieved a high record
of success in research, design, pro-
duction, testing, and field engineer-
ing of air navigation and traffic con-
trol systems ... including ILS, Tacan,
Vortac, Data Link, VOR, DME, Nava-
screen, Navarho, and automatic
“typewriters” serving the Narcast sys-
tem for in-flight weather reporting.

Other ITT “space men” are mak-
ing important contributions to air
reconnaissance, inertial navigation,
infrared, missile guidance and con-
trol, electronic countermeasures, ra-
dio communications, radar, scatter
communications, and other catego-
ries vital to national defense.

These are only a few of the many
activities at ITT laboratory and
production centers — coast to coast
— where challenging problems are
constantly opening the way to top
careers.

To learn more about the opportunities at
one of America’s great and growing elec-
tronic enterprises, write to ITT Technical

Placement Office, 67 Broad Street, New
York 4, New York.

INTERNATIONAL
TELEPHONE AND TELEGRAPH
CORPORATION

AR

67 Broad Street « New York

the strong ego, or the self-esteemed self.
or the voice of reason. I had heard
warmth mentioned, but not heat; spon-
taneity, but not passion. No one had
spoken of willfulness, fierce self-asser-
| tion, hatred of an established order.
These are often the stamp of the creator,
and, if adaptation and maturity in human
relations are the essentials of psychologi-
cal health, then the creative genius is
frequently not healthy.

But one cannot readily abandon the
idea that to create is in some sense—per-
haps in the best sense—to be healthy in
mind. Yet how can the maladjustment
of many great creative minds be recon-
ciled with the assertion that they are in
some respects unusually healthy?

Perhaps some light is thrown on the
matter by our finding that creative in-
dividuals are more at home with com-
plexity and apparent disorder than other
people are. In the evolutionary sense,
the most advanced adaptation of the hu-
man organism is the faculty of conscious
attention. This faculty subsumes dis-
crimination, memory, reflection, judg-
ment in the service of prediction—we
have come to call it the ego. We associ-
ate the ego with order; the unconscious
| with disorder. Turbulence and instabil-
| ity characterize the organization of ideas
and impulses which are outside con-
scious attention. The creative individual,
in his generalized preference for appar-
ent disorder, turns to the dimly realized
life of the unconscious, and is likely to
have more than the usual amount of re-
spect for the forces of the irrational in
himself and in others.

This respect consists in a faith that
the irrational itself will generate some
ordering principle if it is permitted ex-
pression and admitted to conscious
scrutiny. To put the matter more strong-
ly, I believe that the creative individual
not only respects the irrational in him-
self, but courts it as the most promising
source of novelty in his own thought.
He rejects the demand of society that he
should shun in himself the primitive, the
uncultured, the naive, the magical, the
nonsensical; that he must be a “civilized”
member of the community. Creative in-
dividuals reject this demand because
they want to own themselves totally, and
because they perceive a shortsightedness
in the claim of society that all its mem-
| bers should adapt themselves to a norm

for a given time and place.
When an individual thinks in ways
! which are customarily tabooed, his fel-
| lows may regard him as mentally un-
balanced. In my view this kind of im-
balance is more likely to be healthy than
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BADIOACTIVITY AT WORK...

Ovur business is radioactivity—applying it, measuring it, protecting against it

This is the second in a series of reports de-
voted to NSEC’s work with the exciting new
tool, radioactivity. Its uses appear endless,
not only in the nuclear industry, but also
in the fields of chemicals, petroleum, phar-
maceuticals, medicine, steel and coal. Ap-
plied radioactivity helps us examine product
and process improvements, indicates ways
to reduce costs, and probes for answers to
complex research problems. With radioiso-
topes and radioactivity, we seek solutions
by methods never before practical or eco-
nomically feasible.

One of our project descriptions may apply
directly to a problem you are facing, or point
up a general application in your field. Take
advantage of NSEC’s specialized skills and
equipment. See how safely and profitably the
phenomena of radioactivity can be put to
work for you.

ACTIVATION ANALYSIS

Where a high degree of quality control is
desired, activation analysis offers a sensi-
tivity far exceeding conventional quantita-
tive analysis. Elements in quantities as
minute as one part per billion can be identi-
fied and measured. Activation analysis is
important in manufacturing, and in research
pro_lects requiring rigid standards of purity.
It is especially useful in the processing of
rare or expensive materials since, in most
cases, only a fraction of a gram of material
is required.

In activation analysis, exposure of the test
sample to a stream of neutrons creates
radioisotopes with distinct radiation char-
acteristics. Even minute quantities of trace
elements are made sufficiently radioactive
that sensitive counting equipment can meas-
ure them. Activation analysis may be per-
formed for as many trace elements as de-
sired in a single small sample.

NSEC offers activation analysis as a com-
mercial service. We can handle complete
testing and anal ysis or can assist in establish-
ing a standardized procedure for production
line use. Ask Dr. Paul Kruger, Manager of
our Chemistry Department, about this service.

RADIOTRACERS IN
BIOMEDICAL RESEARCH

Radiotracing is proving extremely valuable
in medical and pharmacological research.
Radioactive tracers in infinitesimal amounts
are used to follow the course of a substance
through a living organism. With tracers,
research scientists discover where the sub-
stance goes, how long it takes to get there,
and what happens when it arrives.

Recently, NSEC completed a study deter-
mining the behavior of a radioactive enzyme
for a drug manufacturer. Information was
needed regarding the speed with which the
product was absorbed and how it was dis-
tributed in the body. The experiments pro-
vided valuable data for the manufacturer.
Extended animal tracer experiments are now

in progress and human studies are about to
be undertaken.

Information about the method and radioiso-
tope selected will soon appear in a scientific
Journal. For additional information on this
and similar tracer studies, just write us. Our
report on services for study of the reticulo-
endothelial system is also available.

PROJECT SUNSHINE

When an atomic bomb test is made any-
where on earth, radioactivity is scattered
into the air and carried about by wind cur-
rents. These “hot” atoms fall with precipi-
tation and settle on animals, vegetation,
soil, and water. This fallout contains the
dangerous radioactive nuclide, strontium-90,
and it is desirable to maintain constant
knowledge of the amount.

To monitor this fission fallout, the Atomic
Energy Commission set up “Project Sun-
shine.” NSEC has been active in the pro-
gram since 1955, analyzing samples received
from all over the world. NSEC recently has
been awarded two additional major con-
tracts to measure fallout in Pittsburgh rain-
fall and in particulate material in the air.

Close to half the fallout measurements, and
most of the particulate material analyses in
this country are being conducted by NSEC.

NSEC is one of very few private firms with
the necessary low-level counting equipment
to perform such vital work. This, and similar
apparatus designed and built by our staff, is
used to conduct research that leads to a
better life for us all. Would you like to discuss
the ways it might assist you?

FISSION PRODUCT BEHAVIOR
IN A REACTOR SLURRY

In a proposed nuclear power reactor, the
fuel used is a slurry of uranium oxide and
thorium oxide particles. NSEC made a
preliminary study of the probable distribu-
tion of fission products within the reactor,
to aid in the design of the fuel-decontamina-
tion processes. High pressure, high tempera-
ture studies were made in an autoclave
using reactor-irradiated slurries, as well as
synthetic mixtures of fission products.

NSEC has conducted hundreds of radio-
chemical analyses of experimental nuclear
fuel elements, reactor coolant water and
other reactor components. NSEC also as-
sists in determining fuel burn-up efficiency,
and the rate of gain for breeder reactors.
We are taking part in the development of
nuclear power plants for aircraft, and are
advising many firms which are fabrlcatmg
fuel elements for various reactors.

If your work involves nuclear reactors or
components, call us at HOmestead 2-4000 in
Pittsburgh. We'll work with you from the
preliminary environmental radioactivity sur-
vey through the disposal or use of the radio-
active waste.

For more detailed information on our studies and services, just call or write. Pro-
posals and quotations on your specific needs will be made without cost or obligation.
And if you would like to keep informed of the latest developments in this constantly
changing field, just write on your letterhead and ask us to put you on the mailing
list for our monthly publication, “Radioactivity at Work.”

NSEC offers a complete assortment of cyclotron-produced, carrier-free radioisotopes
for industrial and research applications. Send for our current price list.
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unhealthy. The truly creative individual
stands ready to abandon old classifica-
| tions and to acknowledge that life, par-
ticularly his own unique life, is rich with
new possibilities. To him, disorder offers
the potentiality of order.

I would propose the following state-
ments as descriptive of creative artists,
and perhaps also of creative scientists:

Creative people are especially ob-
servant, and they value accurate ob-
servation (telling themselves the truth)
more than other people do.

They often express part-truths, but
this they do vividly; the part they ex-
press is the generally unrecognized; by
displacement of accent and apparent
disproportion in statement they seek to
point to the usually unobserved.

They see things as others do, but also
as others do not.

They are thus independent in their
cognition, and they also value clearer
cognition. They will suffer great person-
al pain to testify correctly.

They are motivated to this value and
to the exercise of this talent (independ-
ent, sharp observation) both for reasons
of self-preservation and in the interest
of human culture and its future.

They are born with greater brain ca-
pacity; they have more ability to hold
many ideas at once, and to compare
more ideas with one another—hence to
make a richer synthesis.

In addition to unusual endowment in
terms of cognitive ability, they are by

| constitution more vigorous and have
| available to them an exceptional fund

of psychic and physical energy.

Their universe is thus more complex,
and in addition they usually lead more
complex lives, seeking tension in the
interest of the pleasure they obtain upon
its discharge.

They have more contact than most
people do with the life of the uncon-
scious—with fantasy, reverie, the world
of imagination.

They have exceptionally broad and
flexible awareness of themselves. The
self is strongest when it can regress (ad-
mit primitive fantasies, naive ideas,
tabooed impulses into consciousness and
behavior), and yet return to a high de-
gree of rationality and self-criticism. The
creative person is both more primitive
and more cultured, more destructive and
more constructive, crazier and saner,
than the average person.

When the distinction between sub-
ject (self) and object is most secure, the
distinction can with most security be
allowed to disappear for a time (as in
mysticism and in deep love). This is
based on true sympathy with the not-



Here’s how you can MEASURE

OPTICAL PATH DIFFERENCE
with the AO-Baker

Inlerference Microscope

1. First, as shown in the photomicro-

graph* above, the microscope ana-
lyzer was rotated until the background
was brought to extinction. Readings
were taken directly from the analyzer
scale. Averaged settings resulted in read-
ing of 70.4°.

2. Next, the analyzer was rotated until

the nucleus of the cell was brought
to extinction. Averaged settings resulted
in reading of 138.2°.

3. The Optical Path Difference, in degrees, is twice the diff erence between the two readings:
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Optical path difference measurements
can be made to an optimum accuracy
of 1/300 wavelength. This unique
ability to measure optical path thick-
nesses is in itself of great importance.
But even more important, these meas-
urements can be converted into a vari-
ety of quantitative inf ormation of great
poteniial value. Water and protein con-
tent of a cell, for example, may be meas-
ured. Materials such as glass, plastics,
emulsions, textiles can be examined.

While the AO-Baker Interference Microscope is primarily a quantitative
instrument, it also offers unique advantages for qualitative observations
through variable intensity contrast and dramatically effective variable
color contrast.

*Photomicrographs taken by Mr. Lynn C. Wall, Medical Division, Eastman Kodak Co. Data: Epithelial Cell.
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self, or with the opposite of those things
which comprise defensive self-definition.
The strong self realizes that it can af-
ford to allow regression, because it is
secure in the knowledge that it can cor-
rect itself.

The objective freedom of the indi-
vidual is at a maximum when this capa-
city exists, and creative potential is di-

| rectly a function of freedom.

Among the creative people my col-
leagues and I have studied during

the past years has been a group of
writers of considerable distinction. We
were not surprised to encounter rather
spirited objections from some of the
writers whom we decided to ask to make
a contribution to the study. In trenchant
and not particularly orderly prose, about
a fifth of those who responded to our
initial letter pointed out the intrinsically
evil character of psychological research.
The objections to such research are
mainly on these counts: it is vivisection,
it is an expression of the effort of organ-
ized society to encroach upon the indi-
vidual and rob him of his freedom; it is
presumptuous because it seeks to de-
scribe and to understand what is in-
trinsically a mystery. Psychological
diagnosis is, moreover, a form of name-
calling; it is a way of having the last
word; it does not respect the individual.
Finally it is the present seeking to im-
pose itself upon the future and to per-
petuate the status quo through tech-
niques which will identify the poten-
tially constructive deviant and permit
a stultifying society to control him.

Since psychological research at its
worst may indeed be destructive in just
such ways, socially responsible psy-
chologists have reason to sleep almost as
uneasily as socially responsible phys-
icists. This particular study has pro-
ceeded in recognition of some of the
dangers which may be inherent in it, and
it has been able to proceed because most
of the creative writers who have been
asked to participate have been willing
to trust the investigators and to accept
the inevitable hazards of all efforts at in-
creasing knowledge. Both scientists and
artists have something to fear when they
embark upon the unknown. In his Life
of William Blake Alexander Gilchrist
records three lines from Samuel Palmer’s
account of a conversation with Blake
about the latter’s designs for Dante’s
Inferno:

“He said he began them with fear and
trembling.

“I said, ‘Oh, I have enough of fear
and trembling.’

““Then,’ said he, ‘you'll do.””
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