
A BRIGHT NEW WAY TO TRULY DIRECTIONAL LIGHT 
(Suddenly light can be as controllable as water from a nozzle) 

Put a nozzle on a hose, and a shape-
less flow becomes controllable. 

Put a new type of tiny, bright lamp 
in a special new reflector, and light 
becomes directional. That's what the 
scientists of a GT&E subsidiary h<lVe 
made possible-using the "Super Q" 
i<;Jdine quartz lamp. 

No bigger than a peanut, the 
"Super Q" generates intense light, 
from a uniquely compact filament. 

A reflector-with a shape designed 
by a computer-could accurately 
direct this concentrated light. 

Together, the reflector and lamp 
produce light about twice as bright 
as conventional incandescent lamps. 

What could you do with directional 
light? Visualize a wa!l painting light-
ed by a shaped beam-so that no 
light spills over the edge. Imagine a 
bright display that seems to float 

softly in air without any support! 
Exciting new ideas become practi-

cal possibilities, in the GT&E family 
of companies. We make advanced 
thinking lead to better products-in 
lighting, communications, electron-
ics, chemistry, metallurgy, atomic 
energy. Research, nurtured by a cli-
mate of innovation, is our solid base 
for future growth. General Telephone 
& Electronics, Inc. 

FROM THE LABORATORIES OF 

GENERAL tELEPHONE&ELECTRONICS f!J1J 
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Straight talk i' 

... especially for engineers. 
Whether you plot gross sales, expansion of plant and 
research facilities, or professional manpower popula-
tion statistics, the growth curves at Xerox all take on 
a decidedly exponential character. 

All except one. And we're especially proud of it. 

Actually quite supine, this one has been fluctuating nar-
rowly over the past three years, and averaging less than 
2%. It represents the overall turnover rate among pro-
fessional engineering and scientific personnel at Xerox. 

Since we're told that the national industry average for 
professional turnover is more like 10%, we feel pretty 
good about our flat little line. 

And it has a special additional meaning for the man 
who hasn't yet made up his mind to send us his resume: 
If you spot a Xerox ad for a position you're sure we 
publicized before- maybe several times before- don't 

about a 
well-known curve 

jump to the conclusion that it's the same opening which 
was filled, vacated, and now needs to be refilled. Check 
the steep curve again and you'll understand why we're 
creating new opportunities every day- through pro-
motion and expansion. Then get in touch with us so we 
can tell you about the one curve that has helped make 
all the others possible: the growth of Graphic Communi-
cations science and technology at Xerox. 

The most urgent of current openings call for candidates 
with a minimum of BS in ME, EE or Physics and with 
records of technical achievement in electromechanical/ 
optical development and design, high speed facsimile 
system analysis, manufactu.rability design engineering, 
information systems engineering. 

Positions are in Rochester, N.Y. Send resume, including 
salary history, to Mr. R. E. Conboy, Xerox Corporation, 
Dept. IST-6, P.O. Box 1540, Rochester, N. Y. 14603. 

XEROX 
An Equal Opportunity Employer. 
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BLOCKS TO CREATIVITY 
A psychiatrist talks about the technical lite, 
the problems of technical people, 
and those neurotic mechanisms which rob us 
of our creative potential 

by Lawrence S. Kubie 

IN BRIEF: In science and engineering, crea-
tivity makes extraordinary demands on t_he 
human personality. The technical man must 
be as imaginative and free in fancy as the 
poet or the artist, but he must also possess 
the capability of tightly organized thought. 
Many people never enjoy the fruits of their 
creative potential. Others achieve success, 
only to become blocked in their middle 
years. Why do such things occur? Because 
the creative process in each of us is vul-
nerable to distortion and inhibition by the 
neurotic process. The author says that un-
til we find new ways to educate we shall 
continue to accentuate these neurotic dis-
tortions and hence to inhibit creativity . 

-D.A. 

• The attempt to be creative in any field 
makes extraordinary demands on the human 
personality. In science and engineering, crea-
tivity demands a flexibility which may be 
greater than that of almost any other occupa-
tion to which man can dedicate himself. The 
scientist and the engineer must first of all 
maintain mastery of an enormous body of 
rapidly growing data yet, at the same time, 
must be as freely imaginative as the poet, the 
artist, or the musician. He must also possess 
the capacity to anchor his imaginative flights 
to reality, to test the degree to which they are 
consonant with reality, and finally to project 
them into the future for new uses. Few other 
occupations demand so much. 

I do not deplore the fact that creativity in 
science makes this demand on us, but only that 
we do not recognize its implications for the 
education of the scientist. I deplore the fact 
that we do so little to help him attain-as a 
student, and then as a matured scientist-that 
degree of emotipnal stability and freedom 
which is esse"ntial if he is to use his intellectual 
endowments in the most creative and construc-
tive way possible. I am unhappy at our com-
placency with a primitive educational process 
which re-enforces many of the concealed but 
universal neurotic ingredients in human na-
ture. 

This concern leads to two questions: What 

is it in the educational process which limits 
and inhibits creativity? And what can be done 
to change the educational process so as to 
lessen its damping action on potential creativ-
ity? Even before discussing this, however, we 
must be clear about the nature of the creative 
process and its inherent vulnerabilities. This 
can best be approached through a few ex-
amples. 

There are scientists and engineers who pro-
duce brilliantly as students, and even through 
their graduate years of study, but then col-
lapse. There are gifted investigators who turn 
out one or two creative achievements early in 
their careers, but thereafter are never produc-
tive again. Others seem to acquire creative 
freedom only slowly and relatively late in life, 
and therefore fail ever to win security, tenure, 
or recognition. Other are consistently and .re-
peatedly successful and productive, but not-
withstanding become increasingly despondent 
and dissatisfied. Some young scientists become 
blocked after marriage, while for others the 
reverse is true. Many creative minds go 
through long periods in which they are barren. 
For some, these prove to be enriching periods 
of lying fallow. For others, they are years 
from which their creative talents never re-
cover. For Mark Twain and for Beethoven 
such periods were catastrophic. 

An early work block may impede a young 
man's development for years or may destroy 
him, so that he may never be able to return to 
his profession. Later in a scientific career, it 
can turn a promising future into a wasteland. 
A still later work block may stop a mature sci-
entist so completely that he may have to save 
himself from scientific oblivion, and his family 
from want, by turning to teaching, adminis-
tration, work for a foundation, or even a col-
lege presidency. 

The outstanding figure in a certain field be-
came scientifically sterile after he had become 
a full professor and department head. This 
sterility so embittered him that, although he 
was a passionately dedicated teacher, he could 
never allow any student to become creative, to 
publish, or even to escape from him without a 
fight. Furthermore, he recommended for im-
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what's a chemical company doing 
to make "wet" oil pay off? 
Oil wells don't always pump oil. Most wells produce a 
hard-to-break emulsion of oil and water. 

That's when Enjay gets into the act. Enjay makes 
Breaxit® compounds that break up this strange oil-water 
marriage. In fact, we frequently design Breaxit com-
pounds that are tailor-made for a specific oil field. 

That's what the Enjay problem-solver is doing above. 
In his lab wagon, he has hundreds of different emulsion 
breaking chemicals developed in the laboratory. He takes 
a sample of oil-water mixture from the well and goes to 
work to separate them right there on the field with a spe-
cially formulated Breaxit chemical that does the job 
economically and rapidly. 

Finding the right prescription for sick oil wells is one of 
an ever-increasing list of problems solved by En jay prob-
lem-solving teams. Enjay has an active interest in just 

about any industry you can namy. There's an En jay prob-
lem-solving team waiting to serve you now if you make: 
ADHESIVES • APPLIANCES • AUTOMOBILES • COS-
METICS • DETERGENTS • FIBERS • FUELS AND 
LUBRICANTS • PLASTIC PRODUCTS • RUBBER 
PRODUCTS • SURFACE COATINGS ... just write 
Enjay Chemical Company, 60 West 49th Street, New 
York, N.Y. 10020 or telephone 212-974-6548. 

a division of Humble Oil & Refining Company 

Anticipating tomorrow's needs today - in chemicals • chemical specialties • elastomers • plastics • petroleum additives 
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portant posts only those who were shaped in 
his own image and were similarly sterile. 

How do such work blocks arise? We know 
from clinical studies of creative individuals 
from the sciences, the arts, and engineering, 
that there is no single cause, just as there is 
no single cause for fever. But we also know 
that the creative process in each of us is vul-
nerable to distortion and inhibition by the 
neurotic process, re-enforced by neurotogenic 
ingredients in the educational process. 

The neurotic process 
What then is meant by the neurotic process? 

I will not contrast a hypothetical neurotic 
man with an equally hypothetical normal man. 
I will try instead to characterize the neurotic 
process by pointing out the essential difference 
between a normal and neurotic act. It is im-
portant to keep this circumscribed purpose in 
mind. We must first understand what consti-
tutes the essential disorder of a single act be-
fore attempting to characterize a total per-
sonality as sick or well. 

Every thing which a human being can do 
can be either sick or well, neurotic or normal. 
Whether it is feeling, thinking, eating, sleep-
ing, drinking, fighting, killing, hating, loving, 
grieving, exulting, working, playing, painting, 
planning, inventing-it can be one or the 
other. Further, the category to which an act 
belongs does not depend upon conformity to 
any cultural norm, nor to whether the act or 
feeling or thought is intrinsically sensible or 
foolish, useful or valueless, constructive or de-
structive. The measure of health is dependent 
upon none of these criteria. The measure of 
health is flexibility, the freedom to learn 
through experience, the freedom to change 
with changing internal and external circum-
stances, to be influenced by reasonable argu-
ment or by the appeal to emotions and espe-
cially the freedom to cease when sated. 

The essence of normality is flexibility in 
all of these vital ways. The essence of illness 
is the freezing of behavior into unaltering, 
repetitive, and insatiable patterns. We see ex-
amples of such frozen behavior in all creative 
fields. In painting, we see it in men of world-
wide reputations, men who after passing 
through some inner convulsion of the spirit 
start on a new "period," dominated perhaps 
by a new color, or by new subject matter, or a 
new way of applying the paint, or a new way 
of stressing outlines, or a new way of distort-
ing proportions, each such innovation soon be-
coming as rigid as the work of the earlier pe-
riods. 

Patterns of scientific creativity provide ex-
amples of comparable distortions. There is the 
man whose anxieties compel him always to 
rush, always to be ahead of time, whose work 
must always be done long before it is neces-
sary. In his hurry, such a man can barely stop 
to reflect, to read, to digest, to lie fallow. His 

opposite number gets to the train only as it is 
pulling out of the station and can never think 
about a problem until he is under last-moment 
pressure. He cannot lie fallow either. In both, 
the neurotic patterns of behavior exercise dis-
torting influences on the processes of study, 
of imaginative rumination, of creative experi-
mentation. It cripples the capacity to assemble 
new data or to arrange old data in new pat-
terns. I think of three scientists of high po-
tential in three different fields whose creative 
capabilities were distorted by destructive com-
pulsions always and only to criticize. One of 
the unique honors of science is the humility 
and honesty with which it tries constantly to 
correct its own errors. Healthy criticism-of 
self and of others-is good. But these three 
men misspent their lives creating nothing, be-
cause obsessional mechanisms, driven by un-
conscious hate and envy, took over the intrin-
sically useful function of criticism. They did 
nothing but criticize: today themselves, tomor-
row others. The seesaw never ceased. 

Another example was a brilliant pharma-
cologist who tried to establish a hypothesis 
about drugs and drug action: but his very hy-
pothesis was chosen unwittingly under the in-
fluence of concealed neurotic mechanisms, and 
when he set out to prove it, these same neu-
rotic influences determined the design of his 
experiments and the techniques he employed. 
The work on water metabolism of another sci-
entist was skewed by his years of struggle 
with bed wetting in childhood, and the hu-
miliations to which a scornful father had ex-
posed him. 

Neurotic distortions 

What do such observations say to the old 
cliche, that one must be sick to be creative? 
Some psychotherapists hold this view, as do 
many laymen; yet this culturally noxious as-
sumption is devoid of truth. No culture known 
to us has succeeded in bringing up children 
and adults free from concealed neurotic mecha-
nisms. Therefore we have never known crea-
tive folk in science or the arts who were ex-
empt. The creative capacity of a few has sur-
mounted this obstacle. But it is a fallacious 
non sequitur to conclude that without the 
obstacle they could not have been creative. 

The creative potential in each of us is not 
dependent upon nor is it derived from the neu-
rotic potential. But the creative process can be 
distorted by neurotic mechanisms. These arise 
in early childhood, not out of exceptional cir-
cumstances, but out of simple and ubiquitous 
human experiences. With age, the conflict be-
tween the two processes usually is intensified 
by later stresses, one of which we euphemisti-
cally call "education." And when any man suc-
ceeds in being creative, he does this in spite of 
this neurotogenic conflict. Indeed, the conflict 
between his creative process and his neurotic 
process causes his actual creative productivity 
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to fall far short of his potential productivity. 
That fragment of his potential creativity 
which survives the impact of the neurotic 
process is distorted in content and becomes 
rigid and stereotyped. 

The communications machine 
Yet there are many complex reasons why 

the creative person clings to the myth that 
his neurosis is the source of his creative ca-
pacity. Instead of feeling proudly that his 
creativity is that in him which is unique, he 
makes light of his extraordinary gift in favor 
of the rigid, banal, undistinguishing compo-
nent of his nature: i.e., his concealed neurosis. 

\\; 

The man who is trapped: His preconscious proc-
esses cannot function freely, because unconscious 
processes are dominating his .activity. Without 
realizing it, he will use his special competence 
and knowledge to express the conflicts of his own 
spirit. The man may perform creatively, but he 
does so in spite of these neurotic mechanisms. If 
he could free himself, he would increase his cre-
ative productivity significantly. 

I said earlier that the essence of neurotic 
illness is the freezing of behavior into unalter-
able and insatiable patterns. This happens 
whenever a configuration of psychological 
processes predetermines the automatic repeti-
tion of behavior. How this occurs is a complex 
story. 

There is evidence that our psychological 
processes represent the interaction of con-
current systems. We call them conscious, pre-
conscious, and unconscious. About their con-
tinuous interplay we know that man behaves 
with greatest flexibility and freedom, i.e., most 
normally, when the preponderant influence is 

exercised by an alliance of his conscious and 
preconscious processes. And we know that he 
operates in the shadow of illness whenever un-
conscious determinants are dominant. These 
may strike you as convenient theories rather 
than as factual, yet they rest firmly on a large 
array of experimental and clinical data. 

In recent years our concepts of the inter: 
play between conscious, preconscious, and un-
conscious processes in human psychology have 
changed in a direction which will lead to more 
precise clinical and experimental work. We 
now look upon the brain not as a device to do 
work but as a communications machine to 
transmit information. At the core of this proc-
ess is a continuous stream of subliminal, i.e., 
"preconscious," activity which goes on both 
during sleep and when we are awake and is 
carried on without conscious symbolic imagery. 
Analogous to a computer, it processes "bits" 
of information by scanning, ordering, select-
ing and rejecting, arranging in sequences, by 
juxtapositions and separations on the basis of 
chronology, by condensations on the basis of 
similarity, dissimilarity and contrasts, prox-
imity and distance, and finally summating and 
coding. 

This preconscious processing of data 
proceeds at an extraordinarily rapid rate and 
with great freedom, as it assembles and dis-
assembles many diverse patterns. The process 
is both analogic and digital. Let me repeat 
that none of this preparation of data is con-
scious, yet this is what implements the proc-
esses of thought. 

Furthermore, the stream is fed by a con-
tinuous bombardment of messages which are 
signalled from changes in every aspect of the 
body's functions. It is fed also by an in-
cessant bombardment of signals from changes 
in the outer world which reach us through our 
distance receptors. Therefore, we can divide 
this input into that which comes from the sur-
face of the body-i.e., the bones, muscles, 
joints, tendons, skin, and apertures-tP.e in-
put from the internal organs, and the input 
from a distance. Like the central processing 
itself, the major part of this incessant bom-
bardment is subliminal. Our highly developed 
symbolic processes sample this entire stream 
of preconscious activity, i.e., the input, the in-
ternal processing, and the output. This sam-
pling process is conscious; and it is this con-
scious sampling of the stream of preconscious 
input, preconscious central processing, and 
preconscious output which is always miscalled 
"thinking." This process of conscious symbolic 
sampling has an important function in menta-
tion; but it is not thinking. Rather, its func-
tion is to relate the samples of the precon-
scious stream to reality, to test them, to rumi-
nate about them, and to communicate them to 
others. In turn, all of this is fed back into the 
preconscious stream itself, where it exercises 
a continuous cybernetic influence. Note again, 
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What keeps 
SYLVANIA ahead 
of the other 9S%'l 

- Engineers 
keep ahead of. 
the other 95%. 

(In 1964 General Telephone & Electronics Corporation ranked 
25th among 500 DOD prime contractors engaged in research, 
development and test work. Sylvania Electronic Systems pro· 
vides government systems management for GT&E.) 

Our engineers enable us to successfully compete for a major 
share of new contracts based on their diverse electronic capa· 
bilities ••• from initial research to installation and training ser· 
vices ..• designed to meet government defense and space 
requirements. 

In turn, SES management strives to fulfill a two-fold respon· 
sibility to the engineering staff- by supporting all necessary 
activities focused on the acquisition of important new con· 
tracts •.. and by providing a working environment that frees 
each engineer to concentrate his talents and professional in· 
terests on his assignment-without needless administrative 
or procedural distractions. Cross-fertilization of ideas, so im· 
portant to the success of major programs, is enhanced by the 
organization of our labs into small informal groups. Overall, 
SES has an environment which has inspired a record of im· 
portant achievements, with more impressive ones on the way. 

Our list of current projects and assignments reads like a who's 
who of major military and government funded electronics pro· 
grams. Their diversity is just as meaningful as their individual 
importance. (It takes both to stay ahead of the other 95%.) 
At present they include: ground electronics equipment for 
Minuteman missile sites • research and development in elec· 
tronic warfare field • electronic security systems • ASW sys· 
terns • special purpose airborne computers for incorporation 
into U.S. Air Force large scale electronic systems • laser sys· 
terns • design of spaceborne electronic and optical systems 
for the Orbiting Astronomical Observatory. 

Opportunities at All Locations of Sylvania Electronic Systems 

ADVANCED SYSTEMS PLANNING 
(Suburban Boston). Defines opportunities and prepares plans for busi· 
ness in new markets and product areas. 
Appointments in: Communications Switching • Communications 
Theory • Space Information Handling Systems. 

The APPLIED RESEARCH LABORATORY 
(Suburban Boston). Central Research Facility at Wal· 
tham, Mass. 
Research Assignments in: Pattern Recognition 
Techniques • Laser Research & Applications • Re· 
search in Communications Techniques • Physics of 
. Radio Propagation • Computer Systems. 

CENTRAL OPERATION 
(Suburban Buffalo). Laboratories in Williamsville, N. Y. Production. 
facilities in Buffalo, N. Y. 

R&D Assignments in: Weapon System Communications • HF Com; 
munications Systems • Microwave Communications Systems • Com· 
munications Systems Requirements Analysis. 

EASTERN OPERATION 
(Suburban Boston). Laboratories at Waltham and Needham, Mass. 
Production facilities at Muncy, Pa. and Needham, Mass. 

R&D Assignments in: Radar & Sensor Systems & Techniques • RF 
& Digital Microcircuitry • Antenna Systems • Command & Control Sys· 
terns • Advanced Information Systems Design • Machine Language, 
Management Information Systems, Real Time Systems & Analysis • 
Digital Computers • Systems Simulators & Trainers • Communications 
Switching Systems • Display & Instrumentation Systems • Digital 
Control Systems. 

PRODUCT SUPPORT ORGANIZATION 
(Suburban Boston). Headquarters at West Roxbury, Mass. 

Technical Assignments (domestic and overseas) in support of 
present and future electronic systems including all phases of: 
Siting • Installation • Operation • Spares Provisioning • Logistics • 
Checkout • Integration • Maintenance • Training. 

WESTERN OPERATION 
(Suburban San Francisco). Laboratories at Mountain View, Calif. Pro· 
duction facilities at Santa Cruz, Calif. 
R&D Assignments in: Electronic Warfare & Collection Systems • 
Geophysics Propagation (Acoustics) • Missile Analysis • ECM Systems 
• Signal Identification Systems • Operational Analysis • Broadband 
Antenna Systems • Signal Processing (Servo) Systems • Transmitter, 
Transceiver & Receiver Systems • Microwave Device Development • 
Laser Systems. 

Please forward your resume indicating location and specialty 
area of interest, to Manager of Professional Staffing, Dept. 
12F, Sylvania Electronic Systems, Division of Sylvania Electric 
Products Inc., 40 Sylvan Road, Waltham, Mass. 02154. 
An Equal Opportunity Employer. 

Please advise us if you wish to receive the lat· 
est issue of "The SCANNER" ... Sylvania's in· 
ternal publication designed to keep technical 
staff members abreast of developments in the 
military and space electronics fields • 

GEIIERAL TELEPHOU & ELECTRONICS 
Total Ctaauicatiou frt11 a aiagl• 11uru through 
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The man who is free: His brain is functioning as a communications machine, process-
ing bits of information by scanning, ordering, selecting, etc. This is preconscious 
processing and it proceeds at extraordinary speed. The symbols shown on the screen 
represent a sampling ·of this preconscious activity. Here, our man is relating this 
sample to reality: His preconscio1Js provides him with myriad bits; he samples these 
(a conscious activity), tests them, then back they go into the preconscious. 

that learning, thinking, and creating are all 
preconscious, while this process of sampling, 
ruminating, testing, and communicating is 
conscious. 

How then do unconscious processes enter 
this picture? They arise out of distortions of 
the relationship of conscious symbols to their 
roots. The symbol itself is never unconscious; 
it is the link between the symbol and what it 
is supposed to represent which becomes dis-
torted, displaced, unconscious. This distortion 
in turn feeds back many secondary disturb-
ances and is an essential ingredient (perhaps 
the essential ingredient) in the neurotic dis-
tortion of human nature. 

There are many ways of formulating these 
relationships; but this seems to me to be the 
one which is most relevant to the problems 
which confront us here, i.e., the problems of 
learning and, above all, the problem of how to 
protect the freedom of preconscious processing 
in learning, in education in general, and in 
creativity. The freedom which is sought here 
is freedom from the destructive effects of an 
"educational" input overload; freedom from 
excessive anchoring to literal, pedestrian, con-
scious· realities; and freedom from neurotic 
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distortions. This is the great challenge which 
scientific education (and indeed all education) 
has never faced in the past but must face now. 

Both conscious and unconscious processes 
are fixed and rigid. The conscious symbol is 
anchored to literal reality. The symbol whose 
relationships have become unknown is bqund 
even more rigidly to an unknown. The symbol 
here is to its hidden root as a delegate who 
has been sent to a conference table to "negoti-
ate" but with secret orders never to modify 
his position. We see this stereotyping influence 
in the works of creative people in many fields 
-the man who paints the same painting over 
and over again; the poet who writes and re-
writes the same poem; the scientist who 
grinds the same scientific ax. It is this which 
leaves its personal signature and accounts for 
the man who produces only one play, one book, 
one piece of first-rate scientific work. This is 
the price we pay whenever unconscious proc-
esses hold the upper hand. 

The freedom of preconscious functions 

How then do creative processes operate be-
tween these two rigid systems? This depends 
upon the freedom of preconscious functions. 
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This is the implement of all thinking, particu-
larly of creative thought. Preconsciously we 
process many things at a time. By processes 
of free associations, we take ideas and ap-
proximate realities apart and make swift con-
densations of their multiple allegorical and 
emotional import. Preconscious processes 
make free use of analogy and allegory, super-
imposing dissimilar ingredients into new per-
ceptual and conceptual patterns, thus re-
shuffling experience to achieve that extraordi-
nary degree of condensation without which 
creativity in any field would be impossible. 

Creativity and the tree flow 
We must remember always that all three 

processes act concurrently. Whatever we do, 
whatever we say, whatever we think-whether 
we are sick or well-everything is a composite 
resultant of all three processes. This is true 
when we dream, when we are creative, or when 
we are preoccupied with the banal events and 
affairs of life. The differences are in the rela-
tive roles of these components. When a scien-
tist is studying atomic energy or a biological 
process, when an engineer designs a bridge or 
a spacecraft, when a classicist studies an an-
cient language, each deals with his subject on 
all three levels at once. ' 

On the conscious level, he deals with his sub-
ject in terms of communicable literal ideas 
and approximate realities. On the preconscious 
level, he deals with swift condensations of 
their multiple allegorical and emotional im-
port, both direct and indirect. On the uncon-
scious level, without realizing it, he uses his 
special competence and knowledge to express 
the conflict-laden, confused, and hidden levels 
of his own spirit; and to the extent to which 
unconscious processes dominate his activity, 
he will use the language of his specialty as the 
vehicle for the outward projection of his in-
ternal struggles. We saw this in the examples 
cited earlier: The men who did nothing but 
criticize; the pharmacologist whose hypotheses 
were chosen under neurotic influences;· the sci-
entist whose work on water-metabolism was 
distorted by childhood problems with enuresis. 
In each of these the distortions were happen-
ing without their knowledge, precisely be-
cause unconscious processes had taken over. 
Each man's creative thinking was being sub-
verted to serve his unconscious needs. 

Not only are the products of the precon-
scious thought stream vulnerable to distortion 
from unconscious levels, the stream itself must 
be protected from the same influences, because 
creativity depends upon its free flow. Let me 
cite a few examples to re-enforce this point: 
There is the famous reverie by Kekule of the 
six snakes in a ring, each swallowing the tail 
of the one ahead, an image which illuminated 
for him the structure of the benezene ring. 
There is Otto Loewe's account of the deriva-
tion of the whole neurohumoral concept from 

a dream. There is Poincare's solution of a 
mathematical problem during a state of 
reverie on a bus. 

Such experiences indicate that new syn-
theses occur when preconscious processes can 
operate without the restrictions of conscious 
processes and without interference from un-
conscious determinants. I deliberately plan 
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The man with an idea: Here he has thought (in 
the preconscious) and has tested the new formu-
lation (on the conscious level). If his formulation 
passes the test of reality, he may then communi-
cate it (also on conscious level). 

my work to capitalize on it. I usually work on 
a problem until I am tired late in the evening. 
The moment my head touches the pillow I fall 
asleep with the problem still unsolved. Fre-
quently I will awaken two or three hours later 
-sometimes to find myself in the middle of the 
very sentence on which I was hung up as I 
went to sleep-but my head now filled with a 
rushing tumult of ideas and phrases, a new 
assembly of the material. I have learned by 
sad experience that I will have forgotten most 
of this by the next morning unless I dictate 
or write a note about it at once. 

The demands of research 
Creativity in technical fields puts many spe-

cial demands on the individual. In the explora-
tory phase, i.e., while gathering data, one's 
observations should be free from preconcep-
tions and preferential biases-and, above all, 
free from any drive prematurely to systema-
tize the data or to formulate hypotheses pre-
maturely. The work of this exploratory phase 
requires a free, imaginative, flexible, uncom-
mitted attitude of fact gathering i.e., the at-
titude in which preconscious functions pre-
dominate. continued 
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The trouble wi th education: W e still t1·y to edu-
cate via dri ll and grill, wrongly assuming this 
to be learning. The point is that anybody can be 
bludgeoned into "kn owing" that xenon is inert 
(w hich i t is not), but that such bludgeoning crip-
p les the m ind's creative potential by discottraging 
true thinking. 

Later steps of scientific or technological in-
vestigation demand that this material be sub-
jected to more rigidly organized psychological 
processes, which enable one to test and then to 
doubt, then to test and doubt again, and then 
to rearrange the data into new systems. This 
requires a personality which can doubt on a 
consciously self-critical level, yet which will 
not be caught up in obsessional indecision. 

The work of the man who becomes trapped 
may suffer in various ways. One man cannot 
rest until a pseudo-solution is in his hand. 
Like the kleptomaniac, he may be forced by 
phobic and unreal anxieties to attempt to in-
crease his feelings of certainty by falsifying 
data even after fully convincing evidence is 
already in hand. Another is afraid to find an-
swers, his terror increasing as he approaches 
any solution. This forces him to postpone end-
lessly any definitive conclusion of his work. Or 
he chooses problems which will take a lifetime 
to solve. Or he clouds his findings in obscure 
terminology. Or he refrains from publication 
altogether. 

Clearly, creativity in science and engineer-
ing demands flexibility and imaginativeness, 
but also tightly organized thought processes, 
matched by a high degree of emotional and 
psychological freedom. In science, the moment 
of apparent illumination is never the end of a 
search. It is always the starting for new 
investigation. It provides the scientist with a 
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beckoning goal and an incentive, without 
which nothing new is ever discovered. 

Thus the impact of unconscious conflicts on 
the creative process are many. If conflicts are 
buried under distorting disguises they block 
the flow of preconscious analogic processes 
which are essential to scientific creativity. If, 
on the other hand, a scientist understands his 
conflicts, if they are out in the open, he can 
use them. They may spur him on. They become 
a supplement to, but not a substitute for, his 
fundamental biogenetic and instinctual proc-
esses. He guides them, instead of being en-
slaved by them. The man who lacks such in-
sights is enslaved by his unconscious conflicts 
and drives. He lives on a treadmill, for he can 
never finish one piece of research without be-
ing seized with terror that he will never be 
able to complete another. He can never lie fal-
low, never rest. Without work he is in a tor-
ment of anxiety; and complex compulsions 
take over his normal creativity. "Success" al-
ways cheats him, because success never en-
ables him to attain the unconscious goals of 
his activity. To him it is not the need to solve 
his chosen problem which drives him, but an 
unknown necessity. His consciously chosen goal 
is merely a substitute for these unconscious 
and unattainable goals . Therefore even when 
he r.eaches some consciously chosen goal he 
feels defeated. He may achieve success by 
many standards but can never enjoy the 
achievement. Unless he resolves his inner con-
flicts, he can never get off the treadmill. In his 
middle years such a man is likely to become 
angry and depressed. Indeed, even in spite of 
any degree of careeristic success, the likeli-
hood of middle-year depressions is greater 
with him than with others among his peers 
who were less "successful." And a "nervous 
breakdown" in such cases is not a result of 
overwork, but a consequence of a life driven 
blindly and without sufficient insights. 

The educational grind 

I spoke sharply of our "primitive" educa-
tional practices. I shall make only a few tenta-
tive suggestions as to how the educational 
process might be changed, because I have no 
easy solutions. My central thesis suggests 
general lines of research which might lead to 
new methods. 

In varying degrees, individuals need help in 
acquiring the tools of communication-how to 
read and listen to words, how to speak and 
write them. And everyone needs to learn how 
to resolve unconscious needs and conflicts so 
that they will not distort the work of the edu-
cated eye and ear and tongue and hand. But 
we do not need to be taught to think. In fact 
thinking cannot be taught. The function of 
education is rather to show us how not to in-
terfere with the thinking capacity which is 
inherent in the human mind. 

The free creative velocity of our thinking 
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apparatus is continually being braked and 
driven off course by the play of unconscious 
forces and, unhappily, by conventional educa-
tional practices as well. This is because we 
still try to educate largely by varying degrees 
of over-emphasis on drill and grill, which in-
terfere with the free play of preconscious 
processes both in the acquisition of new data 
and in the free utilization of that data. 

When educators challenge us to tell them 
better ways, our only answer is that we can 
help them to undertake basic research on the 
educational process. This can lead to new prac-
tices which will leave our basic tools free for 
spontaneous use : basic research on how to im-
part new information without crippling the 
mind's creative potential. 

This is a general educational problem; the 
fact that it has not been solved does not imply 
that we know nothing. We know for instance 
that thinking and learning are not performed 
consciously. Let us not minimize the impor-
tance of this fact, which challenges all tra-
ditional approaches to teaching-approaches 
based on the misleading assumption that we 
think and learn consciously. 

The truth is that we learn preconsciously. 
The input of fragmentary perceptual data 
from the world around us is overwhelmingly 
preconscious. This constitutes an incessant 
subliminal bombardment which goes on when 
we are awake and when we are asleep. The 
same is true for the most highly organized 
material. This has been demonstrated by ex-, 
periments on the learning process under hyp-
nosis, which indicate that our conscious in-
take is only a small fragment of our simulta-
neous preconscious intake, i.e., that process of 
intake and recall which occurs without con-
scious awareness. Furthermore we know now 
that what the brain acquires preconsciously it 
also "processes" preconsciously, which is just 
another way of saying that all learning and 
thinking are preconscious rather than con-
scious processes. 

This is not to say that our conscious proc-
esses are unimportant. They are important 
for sampling, checking, correcting, communi-
cating, etc. But this is not thinking. The in-
formation we acquire consciously is never 
more than a weighted sample of the total in-
put. This is one of the most basic facts of 
psycho-physiology; and it has relevance for all 
educational processes. Yet it is a fact which 
is largely ignored by educators. So long as con-
scious sampling is mistaken for thinking, edu-
cation will continue to neglect the great pre-
conscious instrument of creative learning. 
Though we know that all effective recording, 
processing, and creating occurs preconsciously, 
we still must learn how to use this instrument. 
This is the major challenge which psychiatry 
brings to education. 

We can learn new ways of educating only 
in schools which are both schools and labora-
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tories. Just as research is an accepted 
tion of every teaching hospital, research facili-
ties must be attached to all leading public and 
private schools. The best schools of tomorrow, 
those which provide the best education, will be 
those which carry on research every day and 
all the time in every detail of the educational 
process. I would like to see such research 
schools established first in some of our schools 
of science and engineering, because I believe 
that the unsolved problems of education can 
be studied with greater precision here than in 
other areas of education. Furthermore if we 
can solve these problems in technical educa-
tion we will spark similar developments in 
every other kind of education. 

Perhaps there should be a National Institute 
for Educational Research, paralleling the Na-
tional Institutes of Health, with experimental 
schools and laboratories and funds for re-
search. Towards that objective, for which 
there is an urgent need, the nation's leading 
schools of science and engineering now have 
an opportunity to provide a first step-by 
serving as laboratories in which this work can 
begin. Perhaps at the same time our techni-
cal schools can use this as an opportunity to 
do something about their high rates of attri-
tion. Also it might help to solve a harder-to-
measure problem, to which many engineering 
educators attest, namely, the fact that creativ-
ity so rarely survives the educational grind. 
If we succeed here, the technical schools will 
be the site of the discovery of new educational 
processes by which to protect the free use of 
our preconscious without crippling our crea-
tive potential. 

I will conclude with an analogy. The freely 
gifted athlete can imitate with his body any-
thing he sees anyone else do even once, and 
sometimes do it better than his experienced 
model. He will pick up a tennis racket, or skip 
rope, or put on skates, and in a moment will 
show natural precision and grace, better than 
the person whom he has been watching. He 
has a freedom to move and to put new move-
ments together into new combinations. He 
does this with confidence, with bodily imagi-
nation, and without anxiety. He is like the 
naturally gifted artist who barely glances at 
something casually, and then with a piece of 
charcoal reproduces it automatically and faith-
fully. Then he can go further: He can take it 
apart into fragments and play with it, elabo-
rating out of the initial stereotyped and literal 
image a new production out of the free play of 
his own creative fancy. There is much evi-
dence that such effortless learning is the best, 
whether in graduate study or in our first days 
at school. We should search out methods by 
which to enable us to acquire our basic tools 
in this way. This is the challenge which psy-
chiatry brings to technical education. 

For further reading, see the reference on 
p. 85. 
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Tomorrow's checkup-
in numbers a computer can read 
New laboratory tests are constantly 
being developed as medical 
science attempts to present a more 
complete diagnostic picture. Body 
fluids are checked for hemoglobin, 
cholesterol, albumin, sugar, sodium, 
potassium, hormones, calcium, 
magnesium, enzymes and other 
constituents. Answers are needed with 
great speed and accuracy, and the 
task of integrating all the factors is 
formidable. 
The core of the problem is 
interpretation. Instruments present 

their findings in the form of 
charts and meter readings. What's 
needed is a common denominator 
such as numbers. That's the language 
a computer can work with and . 
that people can understand. 
Perkin-Elmer, a leader in the field of 
analytical instrumentation, 
produces electronic devices that read 
an instrument's handwriting and 
turn it into digital data for direct 
reading or computer This 
development is an important step 
forward not only for the medical field, 

but also for all industry. Instruments 
such as spectrophotometers 
and gas chromatographs will become 
sensing units for computerized 
information systems in the automatic 
laboratory of the future. 
The new electronic interpreters are 
just one of the many results of 
Perkin-Elmer's multiple talents in 
scientific instrumentation and precise 
optics. The same skills are at work 
in other applications for industry, 
research, space and national security. 
Perkin-Elmer Corp., Norwalk, Conn. 
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At Torrington, 
even our standard bearings 
are something special. 

The needle-nosed face you're look-
ing at belongs to a Lockheed F-1 04G 
Super Starfighter, a fighter-intercep-
tor-bomber used by NATO forces. 

Key to its versatility is an integrated 
electronics compartment that per. 
mits ready selection of the electronic 
subsystems necessary to meet given 
operational requirements. 

You'd think that the Torrington 
bearings (cam followers, NBF Aircraft 
Needle Bearings, Drawn Cup Needle 

For Example. 

Bearings and Self-Aligning Aircraft 
Bearings), called out in such an air-
craft would have to be specially 
designed. After all, they have to per-
form at twice the speed of sound. 

But they're standard Torrington 
bearings. So precise they already 
meet NAS and military specifications. 

Some are packed with grease to 
operate without attention between 
major overhauls; others are periodi-
cally lubricated through fittings. All 

are representative of the advanced 
metallurgical know-how and quality 
control methods used by Torrington. 

You name the industry or the appli-
cation and Torrington has the bear-
ings-bearings that offer wide design 
latitude and an opportunity for rnajor 
savings on machine production costs. 
Bearings that are something special. 

Division, The Torrington 
Company, Torrington, Connecticut 
06791; South Bend, Indiana 46621. 

THE TORRINGTON COMPANY 
"THE INNOVATORS" 

Progress through precision .•• around the world ..• in antifriction bearings; metal specialties; rotolorming machines; sewing machine and knitting machine needles; stitching machine$, 
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(TO DIG DEEPER) 
Where to find more 
on our article subjects 

AIR POLLUTION 22 
Begin your foray with Chap. 

1, 3, and 5 of Air Pollution, 
edited by Stern (Academic Press, 
1962). Then see "The Chemis-
try of Urban Atmospheres" by 
Wayne, Vol. 3 of a series of tech-
nical reports by the Los Angeles 
County Air Pollution Control 
District. For more chemistry 
check Photochemistry of Air Pol-
lution by Leighton (Academic 
Press, 1961, $11). For meteor-
ology applied to this problem, 
Atmospheric Diffusion and Air 
Pollution, edited by Frenkiel 
and Sheppard (Academic Press, 
1959, $12). Broader overviews 
are provided by scores of papers 
in "Clean Air," the technical 
hearings (Part 2) held before 
the Subcommittee on Air and 
Water Pollution of the U.S. Sen-
ate Committee on Public Works 
in June and July 1964. Also ex-
cellent is the report of the Sur-
geon General to Congress, June 
1962, entitled "Motor Vehicles, 
Air Pollution, and Health." For 
more recent reports covering all 
aspects of the field ask Govt. 
Printing Office or the PHS' Div. 
of Air Pollution in Washington 
for lists. Heinen and others of 
the Chrysler Corp. have au-
thored a series of papers for the 
Soc. Auto. Engr.; contact Chrys-
ler directly. A thorough run-
down of industry research is giv-
en in a paper by Caplan, "Caus-
es and Control of Automotive 
Emissions" (Proc. of the Auto. 
Div. of the Inst. of Mech. Eng., 
No. 7, 1962-1963). 

BLOCKS TO CREATIVITY 69 
The author has written exten-

sively on the subject of creativ-
ity. If you wish to read further 
on the subject of blocks to crea-
tivity, suggest you begin with 
Neurotic Distortion of the Crea-
tive Process by Kubie (Noonday 
213, 1961, $2). Here you will find 
lucid discussion of the psycho-
dynamics of neurosis and crea-
tivity, the interactions between 
the creative and neurotogenic 

Get built-in extras at no extra cost! All TRUFLEX® thermostat metals 
and parts provide the engineering performance you need. All provide in-
tangible extras even more valuable. Like cumulative 50 years of application 
engineering experience ••. highest on-time production record ... separate 
sampling facility for fastest prototype delivery .•• computer analysis to 
solve complex component equations. • Already the computer is helping TI 
fulfill your thermostat metal requirements more exactly and efficiently. 
For the first time, it has evaluated the precise correlation between perform· 
ance characteristics, proportionate thickness of individual layers and total 
thickness. To offer the advantage of higher fiexivity with varying electrical 
resistivities it has determined the optimum materials/properties "systems" 
for a new series of 20 improved thermostat metals. It has successfully 
tackled the involved question of combining high fiexivity with superior 
corrosion resistance. • For exclusives like these, specify TRUFLEX, the 
broadest line available. Eighty different fiatstock types. Parts range from 
simplest flat blades to intricate, self-contained units with two helix coils 
that measure the energy of atomic blasts. Ask us to demonstrate how exclu· 
sive TI extras can earn a Valor for Value medal for you, too. 

NEW! Silver contact stripe on thermostat metal, a great production-time 
economizer. Write for new bulletin. 

·now 
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METALS & CONTROLS INCo 
9106 FOREST ST., ATTLEBORO, MASS. 
A CORPORATE DIVISION OF 

TEXAS INSTRUMENTS 
INCORPORATED 
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How to solve these measuring 
problems with compact, reliable, 
all-silicon solid state PHILBRICK 
Operational Amplifiers 

pH Measurements call for high inp_ut impedance, low drift and noise. 
Use the Philbrick Model SP2A as 
a follower, or try the compact new 
Models P2 SA or PP2 SA, which use 
Jield effect transistors. 

0 .fi>l 0 
' I + -

Rate-of-change Measurements demand amplifiers having low noise 
and inherent dynamic stability. For 
measuring very slow rates of change 
use the Philbrick SP2A or P2SA; for 
faster rates use P6SA or P6SAU; for e, I >--' e 
the fastest use P4SA. 

Photomultiplier and Ion Chamber Measurements call for a virtual 
ground at the summing point of an +EC>-'\IV\r-o 

e 

operational amplifier. For low (pico-
ampere) currents use the Philbrick 
SP2A; for modest (nanoampere) cur-
rents use the P2SA or P3SA; for 
conspicuous (micro-, milli-, or am-
pere) currents use the P6SAU. e=R(i -10 ) or, j(i:_I0 ) dt 

Temperature-stable Logarithmic Transformations are available 
in wide variety with Philbrick loga- 1 (;) og-
rithmic transconductors and opera- Io 
tiona! amplifiers. With them, you can 
multiply, divide, raise to powers, and 
exponentiate_ over as many as 9 
decades. e 

Eo 
These slightly simplified diagrams illustrate the applicability of Philbrick Opera-
tional Amplifiers to the economical solution of knotty measurement problems. 
If these operations stir your interest and imagination, write, wire or phone for 
Philbrick applications assistance with the problem that interests you: Philbrick 
Researches, Inc., 32-J Allied Drive at Route 128, Dedham, Massachusetts 
02026, Tel.: (617)-329-1600, TWX 617-326:5754. Representatives in prin-
cipal cities. 

.. 
Write for free Operational Amplifier Characteristics Chart or for details on 
above circuits. 

PHILBRICK 
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processes, and suggestions per-
taining to education for precon-
scious freedom. On creativity in 
technical fields, suggest you see 
Kubie's "The Fostering of Crea-
tive Scientific Productivity," 
published in Spring 1962 Daeda-
lus (American Academy of Arts 
& Sciences, 280 Newton St., Bos-
ton 46, $2) . Also : "Neurotogenic 
Factors in Engineering Educa-
tion and in Creative Productiv-
ity," published in Current 
Developments in Engineering 
Education (transactions of 
Boulder conference, Aug. 1961, 
write National Science Founda-
tion). And "Research in Protect-
ing Preconscious Functions in 
Education," a monograph pub-
lished by Association for Super-
vision and Curriculum Develop-
ment (1201 16 St., N.W., 
Washington). 

For more general reading, 
suggest The Psychopathology of 
Everyday Life by Freud (Mac-
millan, $4), Creative and Mental 
Growth by Loewenfeld (Mac-
Millan, $7), and Practical and 
Theoretical Aspects of Psycho-
analysis by Kubie (Internat. 
U. Press, $4; and Praeger, pa-
per back, $2) . 

THE PHOTOGRAPHIC 
PROCESS 38 

Probably the most complete 
and up to date of the books on 
the theoretical aspects of pho-
tography is the soon-to-be-pub-
lished third edition of The The-
ory of the Photographic Proc-
ess (MacMillan, $25). The second 
edition (1954) was edited by 
Mees from material supplied by 
members of the Kodak Research 
Labs. The third edition, edited 
by James, is expected out this 
fall. Fundamentals of Photo-
graphic Theory by James and 
Higgins (Morgan & Morgan, 
1960, $7.50) is a less detailed 

that covers much of 
the same ground. For a more 
specialized treatment, see Photo-
graphic Theory (Focal Press, 
1963, $21) edited by Hautot, a 
series of lectures (about half in 
English, others in French or 
German) given at a NATO sum-
mer session at the University of 
Liege by specialists from several 
countries. 

To probe deeper into the ca-
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*Plus extras to make model comparable. 

12975 Bradley. San Fernando, California • Phone (213) 367-2161 • TWX 2 13.764.5993 

COMPUTER MEASUREMENTS COMPANY IS A LEADING DESIGNER AND MANUFACTURER OF ELECTRONIC INSTRUMENTATION TO COUNT, MEASURE, AND CONTROL. 
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