A SCIENTIST OF THE FUTURE RECORDS EXPERIMENTS WITH A TINY CAMERA FITTED WITH UNIVERSAL-FOCUS LENS. THE SMALL SQUARE IN THE EYEGLASS AT THE LEFT SIGHTS THE OBJECT

AS WE MAY THINK

A TOP U.S. SCIENTIST FORESEES A POSSIBLE FUTURE WORLD
IN WHICH MAN-MADE MACHINES WILL START TO THINK

by VANNEVAR BUSH

DIRECTOR OF THE OFFICE OF SCIENTIFIC RESEARCH AND DEVELOPMENT
Condensed from the Atlantic Monthly, July 1945

his has not been a scientists’ war; it has been a war in which all have had

a part. The scientists, burying their old professional competition in the de-
mand of a common cause, have shared greatly and learned much. It has been
exhilarating to work in effective partnership. What are the scientists to do
nexe?

For the biologists, and particularly for the medical scientists, there can be
lictle indecision, for their war work has hardly required them to leave the old
paths. Many indeed have been able to carry on their war research in their
familiar peacetime laboratories. Their objectives remain much the same.

It is the physicists who have been thrown most violently off stride, who
have left academic pursuits for the making of strange destructive gadgets,
who have had to devisc new methods for their unanticipated assignments.
They have done their part on the devices that made it possible to turn back
the enemy. They have worked in combined effort with the physicists of our
allies. They have felt within themselves the stir of achievement. They have
been part of a great team. Now one asks where they will find objectives
worthy of their best.

% % %

There is a growing mountain of research. But there is increased evidence
that we are being bogged down today as specialization extends. The investi-
gator is staggered by the findings and conclusions of thousands of other work-
ers—conclusions which he cannot find time to grasp, much less to remember,
as they appear. Yet specialization becomes increasingly necessary for prog-
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ress, and che effort to bridge berween disciplines is correspondingly super-
ficial.

Professionally our methods of transmitting and reviewing the resules of
rescarch are generations old and by now are totally inadequate for their pur-
pose. If the aggregate cime spent in writing scholarly works and in reading
them could be evaluated, the ratio between these amounts of time might
well be startling. Those who conscientiously attempt to keep abreast of cur-
rent thought, even in restricted fields, by close and continuous reading might
well shy away from an examination calculated to show how much of the pre-
vious month's cfforts could be produced on call.

Mendel’s concept of the laws of genetics was lost to the world for a gen-
eration because his publication did not reach the few who were capable
of grasping and extending it. This sort of catastrophe is undoubtedly being
repeated all about us as truly significant actainments become lost in the mass
of the inconsequential.

Publication has been extended far beyond our present ability to make real
use of the record. The summation of human experience is being expanded at
a prodigious rate, and the means we use for threading through the conse-
quent maze to the momentarily important item is the same as was used in
the days of square-rigged ships.

But there are signs of a change as new and powerful instrumentalities
come into use. Photocells capable of seeing things in a physical sense, ad-
vanced photography which can record what is seen or even what is not,
thermionic tubes capable of controlling potent forces under the guidance of
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less power than a mosquito uses to vibrate its wings, cathode-ray tubes
rendering visible an occurrence so brief that by comparison a microsecond
is a long time, relay combinations which will carry ourt involved sequences
of movement more reliably than any human operator and thousands of
times as fast—there are plenty of mechanical aids wicth which to effect a
transformation in scientific records.

Machines with interchangeable parts can now be constructed with great
cconomy of cffort. In spite of much complexity, they perform reliably.
Witness the humble typewriter, or the movie camera, or the automobile.
Electrical contacts have ceased to stick when thoroughly understood. Note
the automaric telephone exchange, which has hundreds of thousands of such
contacts, and yet is reliable. A spider web of meral, sealed in a thin glass
container, a wire heated to brilliant glow—in short, the chermionic tube of
radio sets 1s made by the hundred million, tossed ‘tbuut in p‘ch.LgLs plugged
into sockets—and it works! Its gossamer pares, the precise location and
alignment involved in its construction, would have occupied a master crafts-
man of the guild for months; now it is built for 30¢. The world has arrived
at an age of cheap, complex devices of great reliability, and something is
bound to come of it.

A record, if it is to be uscful to science, must be continuously extended,
it must be stored and, above all, it must be consulted. Today we make the
record conventionally by writing and photography, followed by printing;
but we also record on film, on wax disks and on magnetic wires. Even if
utterly new recording procedures do not appear, these present ones are cer-
talnly in the process of modification and extension.

NEW WAYS TO EXTEND THE RECORD—
THE CYCLOPS CAMERA AND DRY PHOTOGRAPHY

Certainly progress in photography is not going to stop. Faster material
and lenses, more-automatic cameras, Aner-grained sensitive compounds to
allow an extension of the minicamera idea are all imminent. Let us project
this trend ahead to a logical, if not inevitable, outcome. The camera hound
of the future wears on his forchead a lump a lictle larger than a walnue. It
takes a picture three millimeters square, later to be projected or enlarged. The
lens is of universal focus, down to any distance accommodated by the un-
aided eye, simply because it is of short focal length. There is a built-in photo-
cell on the walnut such as we now have on at least one camera which auto-
matically adjusts exposure for a wide range of illumination. There is film in
the walnut for a hundred exposures and the spring for operating its shucter
and shifting its film is wound once for all when the film clip is insereed. It
produces its results in full color. It may well be stereoscopic and record with
two spaced glass cyes, for striking improvements in stercoscopic technique
are just around the corner.

The cord which trips its shutter may reach down a man’s sleeve within
casy reach of his fingers. A quick squeeze, and che picture is taken. On a pair
of ordinary glasses is a square of fine lines near the top of one lens, where it
is out of the way of ordinary vision. When an object appears in thar square,
it is lined up for its picture. As the scientist of the furure moves about the
laboratory or the ficld, every time he looks at something worthy of the
record, he trips the shutter and in it goes, without even an audible click.
Is this all fantastic? The only fantastic thing about it is the idea of making
as many pictures as would result from its use.

Will there be dry photography? It is already here in two forms. There have
long been films impregnated with diazo dyes which form a picture without
development, so that it is already there as soon as the camera has been op-
erated. An exposure to ammonia gas destroys the unexposed dye, and the
picture can then be taken out into the light and examined. The process is
now slow, but someone may speed it up, and it has no grain difficulties such
as now keep photographic rescarchers busy. :

REDUCING THE WRITTEN RECORD
TO MANAGEABLE SIZE—MICROPHOTOGRAPHY

Like dry photography, murophomg aphy still has a long way to go. The
basic scheme of reducing the size of the record, and examining it by projec-
tion rather than direc cl_v, has possibilities too great to be ignored. The com-
bination of optical projection and photographic reduction is already produc-
ing some results in microfilm for scholarly purposes, and the potenrialities
are highly suggestive. Today, with microfilm, reducrions by a linear factor
of 20 can be employed and still produce full clarity when the material is
re-enlarged for examination.

Assume a lincar ratio of 1oo for future use. Consider film of the same chick-
ness as paper, although thinner film will certainly be usable. Even under
these conditions there would be a total facror of 10,000 berween the bulk of
the ordinary record on books, and its microfilm replica. The Engyclopacdia
Britannica could be reduced to the volume of a matchbox. A library of a
million volumes could be compressed into one end of a desk. If the human
race has produced since the invention of movable type a toral record, in the
form of magazines, newspapers, books, tracts, advertising blurbs, correspond-
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Dr. Vannevar Bush is head of the Office of Scientific Research and
Development, which marshaled the scientific brains of the U.S. in
the service of the war. As such he has performed one of the great-
est, though most secret, jobs of the war, as important in its sphere as
that of the Army chief of staff. Under his direction 6,000 scientists
worked on such projects as the development of radar and the
atomic bomb.

In the July issue of the Atlantic Monthly Dr. Bush published an
article in which he set a great task for men of science in the peace-
time world. Man has piled up o staggering body of knowledge —
so staggering, in fact, that men of learning have great difficulty in
finding and using the parts they want. It is the task of science, Dr.
Bush says, to make this store of knowledge more available, to aid
the human memory. Says the Atlantic, “lLike Emerson's famous
address of 1837 on ‘The American Scholar,’ this paper by Dr. Bush
calls for a new relationship between thinking man and the sum of
our knowledge.”

LIFE is indebted to the editors of the Atlantic Monthly for permis-
sion to bring a condensed version of this important article to its
larger audience.

WHAT DR. BUSH FORESEES

Cyclops Camera
Worn on forehead, it would photograph anything you see and want
to record. Film would be developed at once by dry photography.

Microfilm

It could reduce Encyclopaedia Britannica to volume of a match-
box. Material cost: 5¢. Thus a whole library could be kept in a desk.

Vocoder
A machine which could type when talked to. But you might have to
talk a special phonetic language to this mechanical supersecretary.
Thinking machine
A development of the mathematical calculator. Give it premises
and it would pass out conclusions, all in accordance with logic.
Memex

An aid to memory. Like the brain, Memex would file material by as-
sociation. Press a key and it would run through a "trail”” of facts.
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Do you believe
in spanking

a child?

WHEN HE THROWS A TANTRUM2...A good
walloping won't help, if the tantrum
is caused by fright! If your child
shows signs of fear when you try to
give him a laxative — be careful! It
may be that the medicine tastes bad or
that it upsets him afterwards. You'll
have to admit, yourself, that

SOME LAXATIVES ARE
TOO STRONG!
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WHEN HE SULKS?. .. Before you reach
for the hair-brush, remember that
sulking is often a child’'s way of avoid-
ing something unpleasant — like the
“sissy"” laxative some parents give
their children. Unfortunately, some of
these supposedly mild medicines may
upset a child, without giving the re-
lief that's needed. The fact is that

SOME LAXATIVES ARE
TOO MILD!

SPANKING WON'T BE NECESSARY ,..if you
treat the youngsters to Ex-Lax when
they need a laxative. Children really
enjoy taking Ex-Lax, because it tastes
so good...just like fine chocolate!
And mothers like the way Ex-Lax acts
— effective, but, oh so gentle! Not too
strong, not too mild ..,

EX-LAX IS THE
HAPPY MEDIUM!

As a precantion use only as directed,

EX-LAX

THE"HAPPY MEDIUM" LAXATIVE

10¢c and 25¢ at all drug stores
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SUPERSECRETARY OF THE COMING AGE, the machine contemplated here would rake
dictation, type it automarically and even talk back if the author wanted to review
what he had justsaid. It is somewhat similar to the Voder seen at New York World's Fair.
Like all machines suggested by the diagrams in this article, it is not yet in existence.

AS WE MAY THINK conrinueo

ence, having a volume corresponding to a billion books, the whole af-
fair assembled and compressed, could be lugged off in a moving van.,
The material for the microfilm Britannica would cost a nickel, and it
could be mailed anywhere for a cent. What would it cost to print a mil-
lion copies? To print a sheet of newspaper, in a large edition, costs a
small fraction of a cent. The entire material of the Britannica in re-
duced microfilm form would go on a sheet 8} by 11 inches. Once it is
available, with the photographic reproduction methods of the furure,
duplicates in large quantities could probably be turned out for a
cent apiece beyond the cost of materials. The preparation of the
original copy? That introduces the next aspect of the subject.

THE AUTHOR NEED NOT WRITE—
HE COULD TALK HIS THOUGHTS TO A MACHINE

Will the author of the future cease writing by hand or typewriter
and talk directly to the record? He does so indirectly, by talking to a
stenographer or a wax cylinder, but the elements are all present if he
wishes to have his talk directly produce a typed record. All he needs
to do is to take advantage of existing mechanisms and to alter his
language.

At a recent world fair a machine called a Voder was shown. A girl
stroked 1ts keys and it emitred recognizable speech. No human vocal
cords entered into the procedure at any point; the keys simply com-
bined some electrically produced vibrations and passed these on to a
loudspeaker. In the Bell Laboratories there is the converse of this
machine, called a Vocoder. The loudspeaker is replaced by a micro-
phone, which picks up sound. Speak to it, and the corresponding
kevs move. This may be one clement of the postulated system.

The other element is found in the stenotype, that somewhat dis-
concerting device encountered usually ac public meetings. A girl
strokes its keys languidly and Jooks about the room and sometimes
at the speaker with a disquieting gaze. From it emerges a typed strip
which records in a phonetically simplified language a record of what
the speaker is supposed to have said. Later this strip is retyped into
ordinary language, for in its nascent form it is intelligible only to the
initiated. Combine these two elements, let the Vocoder run the steno-
tvpe, and the resule is a machine which types when talked to.

Our present languages are not especially adapred to this sort of
mechanization, it is true. It is strange thac the inventors of universal
languages have not scized upon the idea of producing one which
better fitted the technique for transmitting and recording speech.
Mechanization may yet force the issue, especially in the scientific
field, whereupon scientific jargon would become still less intelligible
to the layman.

One can now picture a future investigator in his laboratory. His
hands are free and he is not anchored. As he moves about and ob-
serves, he phorographs and comments. Time is automatically recorded
to tie the two records together. If he goes into the field, he may be
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RUB AND
RELAX WITH
MIFFLIN

Fifteen minutes to her date!
No time to shower—she'll be late.
Smart girl—she knows a pleasant trick,
A Mifflin Rub! She'll feel fresh quick!

Mifilin means the highest standard of quality. In
Lilac, Pine, Lavender, Wintergreen—or unscented.

ISOPROPYL ALCOHOL RUBBING COMPOUND

% THE NATIONAL RUB-DOWN 4

All men and women honorably
discharged from the armed
forces will wear this emblem.
IT STANDS FOR HONORABLE
SERVICE TO OUR COUNTRY.
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Ozoé\/% W 9@@ &/‘ W@MJ Soon there will be guns and ammuni-

this flower: sty

There was a lovely flower that bloomed
miraculously on the rubble heaps of
London. This flower never grewwild before
in England. The miracle of its blooming
came from the nictrates loosed by tons of
bombs that fell on English soil.

There were not many pleasant things
to be seen among the ruins of World
War II. Yet one thing we can be thank-
ful for—this war made production bloom
miraculously. Here in America, all of us
turned to, hand workers and brain workers
alike, to heap up the mountains of mu-

Y

Shakespeare, %&fyﬂ'

nitions that backed up our men. We
worked with all our might at a job we
didn’t like—to get it over quickly and get
our sons back to the friendly jobs of peace.

Olin Industries did not like the job of
war any better than anybody else. Now
they are mighty glad it’s all over and they

tion for sportsmen, roller skates for kids,
and flashlights and batteries for everybody.
There will be brass, bronze and other
metals needed by countless manufacturers
to create a thousand and one things to
make life better. All these will again come
rolling out of the acres of mills and lab-
oratories that make up Olin Industries.

The job of peace has been Olin's job
for more than half a century. Today,
the mountains of munitions America

can get back to peace time
and the making of things that
will help people everywhere
enjoy life with a free heart

produced have served their pur-
pose, and the lovely flower of
peace will grow out of them.

OLIN INDUSTRIES, INC.

once again.

Divisions, Subsidiaries, Affiliates

East Alton, Illinois

WINCHESTER REPEATING ARMS COMPANY ¢ WESTERN CARTRIDGE COMPANY * WESTERN BRASS MILLS *» BOND ELECTRIC CORPORATION ¢ WESTERN POWDER MANUFACTURING
COMPANY ¢ GOVERNMENT OWNED OLIN OPERATED TACOMA ALUMINUM DIVISION e« UNITED STATES CARTRIDGE COMPANY (OPERATING ST. LOUIS ORDNANCE ]’L;\NT)
LIBERTY POWDER COMPANY + EQUITABLE POWDER MANUFACTURING COMPANY *« COLUMBIA POWDER COMPANY *« EGYPTIAN POWDER COMPANY * TEXAS POWDER COMPANY,
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AS WE MAY THINK conrinveo

connected by radio to his recorder. As he pondets over his notes in
the evening, he again ralks his comments into the record, His typed
record, as well as his ph(lruunphs mav both be in miniature, so
that he projects them for examination.

SIMPLE REPETITIVE THOUGHT COULD BE
DONE BY MACHINE, FOLLOWING LAWS OF LOGIC

Much needs to occur, however, between the collection of data
and observations, the extraction of parallel marterial from the exist-
ing record, and the final insertion of new marterial into the genet-
al body of the common record. For mature thoughr there is no me-
chanical substitute. But creative thought and essentially repetitive
thought are very different things. For the latter there are, and may
be, powerful mechanical aids.

Adding a column of figures is a repetitive thought process, and
it was long ago propetly relegated to the machine. True, the machine
is sometimes controlled by a keyboard, and thought of a sort enters
in reading the figures and poking the corresponding keys, but even
this is avoidable. Machines have been made which will read typed
figures by photocells and then depress the corresponding kevs; these
are combinations of photocells for scanning the type, electric cir-
cuits for sorting the consequent variations, and relay circuits for
interpreting the result into the action of solenoids to pull the keys
down.

All this complication is needed because of the clumsy way in
which we have learned to write figures. If we recorded them posi-
tionally, simply by the u_mhgummm of a set of dots on a card, the
automatic reading mechanism would become comparatively simple.
In fact, if the dots are holes, we have the punched-card machine
long ago produced by Hollorith for the purposes of the census, and
now used throughout business. Some types of complex businesses
could hardly operate without these machines.

Adding 1s only one operation. To perform arithmetical computa-
tion involves also subtraction, multiplication and division, and
in addition some method for temporary storage of results, removal
from storage for furcher manipulation and recording of final results
by printing. Machines for these purposes are now of two types:
ku board machines for accounting and the like, manually controlled
for the insertion of data, and usually .li.l[ﬂﬂll[h.l”'. controlled as
far as the sequence of operations is concerned; and punched-card
machines in which separate operations are usually delegated ro a
series of machines and the cards then transferred bodily from one
to another. Both forms are very useful, but as far as complex com-
putations are concerned, both are still in embrvo.

Rapid electrical counting appeared soon after the physicists found
it desirable ro count cosmic rays. For their own purposes the physi-
cists promptly constructed thermionic-tube equipment capable of
counting electrical impulses at the rate of 100,000 a second. The
advanced arithmetical machines of the future will be eleccrical in
nature and they will perform at 100 times present speeds or more.

Moreover, they will be far more versatile than present commercial
machines, so that they may readily be adapted for a wide variery of
operations. They will be controlled by a control card or film, they
will select their own data and manipulate it in accordance with the
instructions thus inserted, they will perform complex arichmetical
computations at cxceedingly high speeds and they will record re-
sults in such form as to be readily available for discribution or for
later further manipulation. Such machines will have cnormous
appetites. One of them will take instructions and data from a whole
roomful of girls armed with simple keyboard punches and will
deliver sheets of computed resules every few minuces. There will
always be plenty of things to compure in the detailed affairs of
millions of people doing complicated things.

It is a far cry from the abacus, with its beads strung on parallel
wires, to the modern keyboard accounting machine. Tt will be an
equal step to the arithmetical machine of the future. But even this
new machine will nor take the scientist where he needs to go. Relief
must be secured from laborious detailed manipulation of higher
mathemartics as well, if the users of it are to free their brains for
something more rh.m ILPL{JU\’L detailed transformarions in accord-
ance with established rules. A mathematician is not a man who can
readily manipulate figures; often he cannot. He is not even a man
who can readily perform the transformations of equarions by the use
of calculus. He is primarily an individual who is skilled in che use of
symbolic logic on a high plane, and especially he is & man of intui-
tive judgment in the choice of the manipulative processes he employs.

All else he should be able to turn over to his mechanism, just as
confidently as he turns over the propelling of his car ro the intricate
mechanism under the hood. Only then will machemarics be prac-
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Why one husband kissed his wife four times!

s / E
/ =z /&J for themoney you're

saving...while it’s coming in faster through
the war years. I know in my bones jobs like
mine may not last forever. Who can tell
what’s going to happen day-after-tomor-
row? Thank God you’ve got sense enough
to see that today’s the time to get a little
money tucked away.

A United States War message prepared by the War Advertising Couneil; approved by the Offied

4 7
/éﬂ 4—/@/ for the War Bonds

you're making me hold on to! I'd never do
it without you, honey; it’s too easy to find
reasons for cashing ’em in—but when it
comes time to put the children through
cchool or pay for an emergency operation,
we'll be thankful.

4 / =
/ AZ/&J for the insurance

you talked me into buying. I’ve felt a lot
easier ever since I've known our future is
protected—you and the kids would be safe
if anything happened to me—you and I
won’t have to spend our old age living on
someone’s charity. And every cent we put
in insurance or War Bonds or other savings
helps keep prices down.

e
4%54’4 /@‘d for being you—a

woman with brains enough in your pretty
head to make sure we don’t buy a single
thing we don’t need in times like these—
because you know a crazy wave of spending
in wartime would march America straight
into inflation. Baby, T sure knew Low to
pick ’em the day I married you!”

ONE PERSON CAN START IT! ;
You give inflation a boost
—when you buy anything vou can do with- ‘
out

—when you buy above ceiling or without
giving up stamps (Black Market!)

when you ask more money for your serv-
ices or the goods you sell.

SAVE YOUR MONEY. Buy and hold HELP
all the War Bonds you can afford— u 5
to pay for the war and protect your

own future. Keep up HEEP

your insurance.

of Wur Information; and contributed by this magazine in cooperution with the Maeazine Publishers of America
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THINKING MACHINES would solve not only the most difficult mathemarical problems
but even problems of logical thought. Mathematical problems would be fed by punched
tape to the electronic device in the racks at rear. Results, accomplished in a fraction of
the time it takes man, would be recorded on dials at top and bottom of control board.
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tically effective in bringing the growing knowledge of atomistics to
the useful solution of the advanced problems of chemistry, metallur-
gy and biology. For this reason there will come more machines
to handle advanced mathematics for the scientist. Some of them
will be sufficiently bizarre to suit the most fastidious connoisscur of
the present artifacts of civilizarion.

The scientist, however, is not the only person who manipulates
dara and examines the world about him by the use of logical proc-
esses, although he sometimes preserves this appearance by adopting
into the fold anyone who becomes logical, much in the manner in
which a British labor leader is elevated to knighthood. Whenever
logical processes of thought are employed—that is, whenever
thought for a time runs along an accepted groove—there is an oppor-
tunity for the machine. Formal logic used to be a keen instrument in
the hands of the teacher in his trying of students’ souls. It is readily
possible to construct a machine which will manipulate premises in
accordance with formal logic simply by the clever use of relay cir-
cuits. Put a set of premises into such a device and turn the crank and
it will readily pass out conclusion after conclusion, all in accord-
ance with logical law. We may some day click off arguments with
the same assurance that we now enter sales on a cash register. But
the machine of logic will not look like a cash register, even of the
streamlined model.

HOW TO CONSULT THE RECORD—MACHINES
EXAMINE THE FILES AND SELECT RELATED ITEMS

So much for the manipulation of ideas and their insertion into the
record. Thus far we seem to be worse off than before—for we can
enormously extend the record; yet even in its present bulk we can
hardly consult it. This is a much larger maccer than merely the ex-
traction of data for the purposes of scientific research; it involves the
entire process by which man profits by his inheritance of acquired
knowledge. The prime action of use is selection, and here we are
halting indeed. There may be millions of fine thoughts, and the
account of the experience on which they are based, all encased with-
in stone walls of acceptable architectural form; but if the scholar can
get at only one a week by diligent search, his syntheses are not likely
to keep up with the current scene.

In a narrow sense something has already been done mechanically
on selection. The personnel officer of a factory drops a stack of a few
thousand employe cards into a sclecting machine, sets a code in
accordance with an established convention and produces in a short
time a list of all the employes who live in Trenton and know Span-
ish. Even such devices are much too slow when it comes, for exam-
ple, to matching a set of fingerprines with one of five million on file.
Selection devices of this sort will soon be speeded up from their pres-
ent rate of feviewing data at a few hundred a minute. By the use of
photocells and microfilm they will survey items at the rate of a
thousand a second and will print out duplicates of those selected.
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tee of the world’s finest bicycle.

SEND FOR THIS FREE !

COLORFUL FOLDER '~ — " "~
Shows Hollywood / o

stars riding their ‘”{‘
{M? §

Schwinn-Built Bicy-
cles. It'ss FREE
—just send your
name and address
today to

ARNOLD, SCHWINN & COMPANY
1744 N. KILDARE AVE.,CHICAGO 39, ILL.
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BUY WAR BONDS

Many Imitations
BUT

None Quite Like
U-ALL-NO

AFTER DINNER -

MINT

ALSO OTHER FLAVORS

0

Pure CANE Sugar plus
Natural MINT for Flavor

No Artificial Flavoring
@ém} Quality Remains the Finest
THOS. D. RICHARDSON CO.. Philadelphia 34, U. §. A.




TWICE AS MUCH WORK FOR YOUR SHOES?
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ROXANA

Own one pair of Vitality Shoes and you'll realize why active women say they're
twice as smart. One pair satisfies hoth your craving for s{_v]u and your need for a gentle,
}wcl—gripping comfortable fit. So important, now that shoes must last twice as Iong, Vitalil'y

qualily is more than a match for today's pedestrian pace. At fine stores throughout America.

vz

Complete Range o ez and Widths
Vitality Open Road Shoes for Qutdoor
and Campus Wear, $5.50 and $6

Vitality Shoe Company
Division of International Shoe
Company, St. Louis, Missouri
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1- You don’t have to look at this picture twice to see that this
fellow is doing all right for himself.

The big reason, of course, is the man himself —and not
the fact that he’s wearing all the good-looking clothes

displayed below—topped off with that Royal Stetson Playboy.

But because he is the kind of fellow who knows his way

around, he just naturally dresses with an eye to the occasion.
Take a look at that outfit he's wearing, for example...

2 +« Gray flannel slacks, brown tweed

jacket and natural tan polo coat
won't make you the life of a week-
end, but you will find them mighty
colorful and comfortable.

5. For accessories, pick a shirt to

blend with the Autumn leaves —
cream colored; tie and socks to
supply a little contrast — green;
and a pair of sturdy brown shoes.

4. To put the finishing touch on this
outfit, choose the Royal Stetson
Playboy in Willow Green. Its soft,
light feel and rakish lines are right
on the button. It'll set you back $10.

Right for 0. Fall, Wook-End—The Runal STETSON Plbry

JOHN B, STETSON COMPANY, U. S. ANDCANADA, HATS FORMEN AND WOMEN



You'll recognize superior quality immediately
when you examine a Sterling Hall Pipe. Its

perfect design, handsome grain, beautiful fin-
ish and its smart lines instantly stamp it as a
de luxe product. And you'll make no mistake
in assuming that a pipe made with such care
can be depended upon to give years of genu-
ine smoking pleasure.

Sterling Hall can be had at the better
shops in a wide range of handsome models—
with or without an inlaid sterling silver

band. Individually boxed, $3.50.
Briarcraft, Inc., 347 Fifth Avenue, New York 16, N. Y.
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This process is simple selection: it proceeds by examining in turn
every one of a large set of items and by picking out those which have
certain specified characteristics. There is another form of selection
best illustrated by the automatic telephone exchange. You dial a
number and the machine sclects and connects just one of a million
possible stations. It does not run over them all. It pays attention
only to a class given by a first digit, then only to a subclass of this
given by the second digit, and so on; and thus proceeds rapidly and
almost unerringly to the sclected station. It requires a few seconds to
make the sclection, although the process could be speeded up if in-
creased speed were economically warranted.

THE HUMAN BRAIN FILES BY ASSOCIATION—THE MEMEX
COULD DO THIS MECHANICALLY

The real heart of the matter of selection, however, goes deeper
than a lag in the adoption of mechanisms by libraries, or a lack of
development of devices for their use. Our ineptitude in getting at the
record is largely caused by the artificialicty of the systems of index-
ing. When data of any sort are placed in storage, they are filed alpha-
betically or numerically and information is found (when it is) by
tracing it down from subclass to subclass. It can be in only one place,
unless duplmarcs are used; one has to have rules as to which path
will locate it, and the rules are cumbersome. Having found one item,
moreover, one has to emerge from the system and re-enter on a new
p:lth‘

The human mind does not work that way. It operates by associa-
tion. With one item in its grasp, it snaps instantly to the next that is
suggested by the association of thoughts, in accordance with some
intricate web of trails carried by the cells of the brain. It has other
characteristics, of course; trails that are not frequently followed are
prone to fade, items are not fully permanent, memory is transitory.
Yet the speed of action, the intricacy of trails, the detail of mental
pictures, is awe-inspiring beyond all else in nature.

Man cannot hope fully to duplicate this mental process arcificially,
but he certainly ought to be able to learn from it. In minor ways he
may even improve, for his records have relative permanency. The
first idea, however, to be drawn from the analogy concerns selection.
Selection by association, rather than by indexing, may vet be mech-
anized. One cannot hope thus to equal the speed and flexibility with
which the mind follows an associative trail, but it should be pos-
sible to beat the mind decisively in regard to the permanence and
clarity of the items resurrected from storage.

Consider a future device for individual use, which is a sort of mech-
anized private file and library. It needs a name, and to coin one at
random, "‘memex’’ will do. A memex is a device in which an indi-
vidual stores all his books, records and communications, and which
is mechanized so that it may be consulted with exceeding speed and
flexibility. It is an enlarged intimate supplement to his memory.

It consists of a desk, and while it can presumably be operated from
a distance, it is primarily the piece of furniture at which he works.
On the top are slanting translucent screens on which material can
be projected for convenient reading. There is a keyboard and sets of
buttons and levers. Otherwise it looks like an ordinary desk.

In one end is the stored material. The matter of bulk is well taken
care of by improved microfilm. Only a small part of the interior of
the memex is devoted to storage, the rest to mechanism. Yet if che
user inserted 5,000 pages of material a day it would take him hun-
dreds of years to fill the repository, so he can be profligate and
enter material freely.

Most of the memex contents are purchased on microfilm ready for
insertion. Books of all sorts, pictures, current periodicals, news-
papers arc thus obrained and dropped into place. Business corre-
spondence takes the same path. And there is provision for direct en-
try. On the top of the memex is a transparent platen. On this are
placed longhand notes, photographs, memoranda, all sorts of things.
When cne is in place, the depression of a lever causes it to be photo-
graphed onto the next blank space in a section of the memex film,
dry photography being cmployed

There is, of course, provision for consultation of the record by the
usual thC[]]C of indexing. If the user wishes to consult a certain
book, he taps its code on the keyboard and the title page of the
book promptly appears before him projected onto one of his view-
ing positions. Morcover, he has supplemental levers. On deflecting
one of these levers to the right he runs through the book before him,
each page in turn being projected at a speed which just allows a rec-
ognizing glance at cach. If he deflects it furcher to the right, he steps
through the book ten pages at a time; still furcher, 100 pages at a
time. Deflection to the left gives him the same control backwards.

A special button transfers him immediately to the first page of the

CONTINUED ON PAGE 123
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A SPECIAL
PREPARATION
FOR SHAVING

FOR THE 1 MAN IN 7
WHO SHAVES DAILY

It Needs No Brush
Not Greasy or Sticky

Modern life now demands at least
1 man in 7 shave every day—and
men in service must get clean
shaves, too. Yet daily shaving often
causes razor scrape, irritation.

To help men solve this problem,
we perfected Glider—a rich, sooth-
ing cream. It’s like “vanishing
cream” —not greasy or sticky.

SMOOTHS DOWN SKIN

You first wash your face thoroughly
with hot water and soap to remove
grit and the oil from the skin that
collects on whiskers every 24 hours.
Then spread on Glider quickly and
easily with your fingers. Never a
brush. Instantly Glider smooths
down the flaky top layer of your
skin. Tt enables the razor’s sharp
edge to glide over your skin, cutting
yvour whiskers close and clean with-
out scraping or irritating the skin.

ESPECIALLY FOR THE | MAN
IN 7 WHO SHAVES DAILY

For men who must shave every day
—doctors, lawyers, businessmen,
service men— Glider is invaluable.
It eliminates the dangers frequent
shaving may have for the tender
face and leaves your skin smoother,
cleaner. Glider has been developed
by The J. B. Williams Co., who
have been making fine shaving
preparations for over 100 years.

SEND FOR GUEST-SIZE TUBE

If you want to try Glider right
away, get a regular tube from your
dealer. If you can wait a few days,
we'll send a generous Guest-Size
tube for a dime. It is enough for
three weeks and is very handy for
traveling.

On this test we rest our case
entirely—for we are positive that
Glider will give you more shaving
comfort than anything you've used.

Send your name and address with
ten cents to The J. B. Williams Co.,
Dept. HG-16, Glastonbury, Conn.,
U. S. A. (Canada: Ville La Salle,
Que.) Offer good in U. 8. A. and
Canada only.
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The homes of tomorrow will demand heating comfort far beyond our

;,. / ,“%‘ {\ﬂ“ql\ [f‘ ‘ ‘/Al' A !f\\ /A\E /f\l ! '| A\ 11/\ A L)_'n l}- 80 prer:ent-day standards. For, in the average home of t‘()day. equipped with
5N VRN YAIAZATNIALAY UANEAZNINYZ 3 ordinary on-and-off control systems, temperatures in cold weather may
5 5 R G S S B i : vary as much as 20 degrees from ceiling to floor (see chart left). This means
: = CROINARY_ (DN AHD. O ONIEO that heat is being wasted at the ceiling, and floors are frequently cold and
:0- NI I : i 80 drafty, uncomfortable and unhealthful.
Ii%ﬁl-}-ul“ [ : - —
LS ZT:»‘—“?""WE::;. “:::':'5_"""”3 [ A But Moduflow, Honeywell’s newest Control System, will correct this
0 ODUFLOW CONTRO situation. By an ingenious method of control and supply, Moduflow nearly
See how Moduflow smooths our the up-and-down temperatures caused by equalizes ceiling and floor temperatures. The heat formerly wasted at the
ordinary control systems. Shown above are actual temperature recordings ceiling is used to increase temperature at the floor; result — Moduflow
taken in two identical houses — one with and one without Moduflow. With- Comfort from CEiliDg to floor.

out Moduflow, temperature varies as much as 20 degrees from floor to ceiling, E home or apartment howeves odest. Ginifoid the greater saiboit
. very 3 ]

and heating efficiency provided by Moduflow. Learn how easily and inex-
pensively Moduflow can be installed in your present heating system or new
Tomorrow's Apartment will have Personalized Heat . . with Moduflow postwar home. Get your copy of “Heating and Air Conditioning the Post-
————————————————————— war Home” — the booklet that tells how Moduflow will create a new standard

MINNEAPOLS - HONEYWELL. KEGULATOR COMPANY l in house heating. Mail the coupon today for your free co
2919 Fourth Avenue South, Minneapolis 8, Minnesota I of comfort g P 4 Y Py.

Please send my free copy of “Heating and

4 Air Conditioning the Postwar Home." I
' I
I Name = I
Send for | |
|
l 3 o

With Moduflow there is comfort temperature from ceiling to foor.

y
e

this book | Address

T

I o S it

Buy and Hold MORE Victory Bonds! The New HONEYWELL Heating Control System
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Here's Relief From

oHORE ST

THROAT !

Chase away that “smoky
taste” between smokes,
Tuck a taste-refreshing
Luden’s into vour mouth.
Clean, cool menthol
clears it for the next
smoke, steps up your
smoking pleasure.

MEMEX in the form of a desk would instantly bring files and material on any subject
to the operator’s fingertips. Slanting translucent viewing screens magnify supermicro-

film filed by code numbers. At left is a mechanism which automatically photographs
longhand notes, pictures and letters, then files them in the desk for future reference,

AS WE MAY THINK conrinveo

53 o index. Any given book of his library can thus be called up and con-

' I.UDEN,S sulted witch far greater f;l(ll]l"}".[hiln if it were taken from a shcl.f...*\s

w - he has several projection positions, he can leave one item in position

NE HONEY-“(ORICE while he calls up another. He can add marginal notes and comments,

COUGH DROPS! taking advantage of one possible type <>f'dr_\' photography, and it

Here's a new flavor in cough relief by couAld even be arra ngcdv so that he can do this by ;1Ast‘\’lu_> scheme, such

the makers of Luden’s Menthol Cough as is now employed in the telautograph seen in railroad waiting
rooms, just as though he had the physical page before him.

BUILDING “TRAILS” OF THOUGHT ON THE MEMEX—
UNLIKE MEMORY, THEY WOULD NEVER FADE

All this is conventional, except for the projection forward of pres-
ent-day mechanisms and gadgetry. It affords an immediate step,
however, to associative indexing, the basic idea of which is a pro-

MODERN vision whereby any item may be caused at will to select another im-
UNDERWEAR mediately and mlmma.mc-‘tll_\'. Tlus is the csscn_rl:{l fc;.lrura of the mem-
ex. The process of tying two items together is the important thing.

When the user is building a trail, he names it, inserts the name in
QTIS —known for his code book and taps it out on his keyboard. Before him are the
iiiir:;s)gstrf:;:ﬁ:}g:: two items to be joined, projected onto ;ul'];u,:r:nt viewing positions.

At the bottom of each there are a number of blank code spaces and

BUY WAR BONDS : : e A =
a pointer is set to indicate one of these on cach item. The user taps
mne&mu a single key and the items are permanently joined. In each code
OTIS UNDERWEAR space appears the code word. Out of view, but also in the code space,
57 Worth St., New York 13, N.Y. is inserted a set of dots for photocell viewing; and on each item these
also OTIS HOSIERY dots by their positions designate the index number of the other item.

Thereafter, at any time, when one of these items is in view, the
other can be instantly recalled merely by tapping a burton below the
corresponding code space. Moreover, when numerous items have
been thus joined together to form a trail, they can be reviewed in Here are All Elastic Paris Garters
turn, rapidly or slowly, by deflecting a lever like that used for turn- ~the same fine quality you insist
ing the pages of a book. It is exactly as though the physical items
had been gathered together from widely separated sources and bound
together to form a new book. It is more than this, for any item can

for men and boys

Depend on Paris to put the

stretch back in your garters.

on—many new patterns and colors

that you prefer. Wear garters for

be joined into numerous trails. style—wear Paris for comfort. You
The owner of the memex, let us say, is interested in the origin and will find them at fine stores every-

sroperties of the and : r. Specifically he is s vi vhy the

properties of the bow and arrow. Specifically he is studying why the where at 55¢ and $1.00.

short Turkish bow was apparently superior to the English long bow
in the skirmishes of the Crusades. He has dozens of possibly perti-
nent books and articles in his memex. First he runs through an
encyclopedia, finds an interesting but sketchy article, leaves it pro-

® Also wear smart Paris Belts $1 to $7
and All Elastic Free-Swing Suspenders
$1.50 to $3.50. A. Stein & Company,

jected. Next, in a history, he finds another pertinent item and ties Chicago, New York, los Angeles.

the two together. Thus he goes, building a trail of many items. You con Fiuit Paili—ii dépendable ades-
A POCKET MEMORY Occasionally he inserts a comment of his own, either linking it into b ikt for docd B P
SYSTEM. Perforated ) - il e bt b sife trail ) avpicoilar Fea Whe mar a as stood the fest of time,
S aaiie’ sk the main trail or joining it by a side trail to a particular item. When
memo separate- it becomes evident that the clastic properties of available marerials
tear out when had a great deal to do with the bow, he branches off on a side trail

attended to. Refills

everywhere. Fine which takes him through textbooks on clasticity and tables of i
leathers. 1 to 10. physical constants. He inserts a page of longhand analysis of his
WRITE for Dealers’ ? > & 3

Rp names. Catalog. own. Thus he builds a trail of his interest through the maze of

BI NSON Dept. L4 materials available to him. | GA RTE RS

is trail ade. Several vears later, his talk with :
And his trails do not fade. Several years later, his talk with a AN TOUCH YOU

52 i REMINDERS friend turns to the queer ways in which a people resist innovations,
esttiela.Mass.

‘even of vital interest. He has an example in the fact that the out-

CONTINUED ON NEXT PAGE
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The many men who wear Porto-Ped
i Shoes prefer them for their out-
- standing features — smart styling,
selected leathers and expert crafts-
manship, PLUS the extra value of
genuine foot comfort that's built
right in. If you're tired of tired feet
— get Porto-Peds, with the pat-
ented, resilient air cushion and flex-
ible Arch Lift that will keep your
- feet feeling fresh hours longer. For
' style plus true
foot comfort,
see your Porto-
Ped dealer —
or write us for
his name.
PORTAGE SHOE MFG. COMPANY

Milwaukee 1, Wisconsin
Division of Weyenberg Shoe Mfg. Co.

ﬁmx%ﬁ:ﬁn
* Yields with every step
* Absorbs shocks, jars
* Keeps you foot-fresh

$785 Some Styles h‘fa“
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ranged Europeans still failed to adopt the Turkish bow. In fact, he
has a trail on it. A touch brings up the code book. Tapping a few
keys projects the head of the crail. A lever runs through it at will,
stopping at interesting items, going off on side excursions. It is an
i:ltu‘cqring trail, pertinent to the discussion. So he sets a rcpr()duccr
in action, phumquphs the whole trail out and passes it to his
friend for insertion in his own memex, there to be linked into the
more general trail.

Wholly new forms of encyclopedias will appear, ready-made with
a mesh of associative trails running through them, ready to be
dropped into the memex and there amplified. The lawyer has at his
touch the associated opinions and decisions of his whole experience
and of the experience of friends and authorities. The patent attorney
has on call the millions of issued patents, with familiar trails to
every point of his client’s interest. The physician, puzzled by a pa-
tient's reactions, strikes the trail established in studying an earlier
similar case, and runs rapidly through analogous case histories, with
side references to the classics for the pertinent anatomy and histol-
ogy. The chemist, struggling with the synthesis of an organic com-
pound, has all the chemical literature before him in his laboratory,
with trails following the analogies of compounds, and side trails to
their physical and chemical behavior.

The historian, with a vast chronological accountof a people, paral-
lels it with a skip trail which stops only on the salient items, and
can follow at any time contemporary trails which lead him all over
civilization at a particular epoch. There is a new profession of trail
blazers, those who find delight in the task of establishing useful
trails through the cnormous mass of the common record. The in-
heritance from the master becomes not only his additions to the
world's record but, for his disciples, the entire scaffolding by which
they were erected.

Thus science may implement the ways in which man produces,
stores and consults the record of the race. It might be striking to
outline the instrumentalities of the future more spectacularly, rather
than to stick closely to methods and elements now known and
undergoing rapid development, as has been done here. Technical
difficulties of all sorts have been ignored, certainly, but also ignored
arc means as yet unknown which may come any day to accelerate
technical progress as violently as did the advent of the thermionic

tube.
Man has built a civilization so complex that he needs to mechan-

ize his records more fully if he is to push his experiment to its logical
conclusion and not merely become bogged down part way there by
overtaxing his limited memory. The applications of science have
built him a well-supplied house and are teaching him to live health-
ily therein. They have enabled him to throw masses of people
against one another with cruel weapons. They may yet allow him
truly to encompass the great record and to grow in the wisdom of
race experience. He may perish in conflict before he learns to wield
that record for his true good. Yet, in the application of science to
the needs and desires of man, it would seem to be a singularly un-
fortunate stage at which to terminate the process or to lose hope as
to the outcome.

MEMEX IN USE is shown here. On one transparent screen the operator of the future
writes notes and commentary dealing with reference material which is projected on the
screen at left, Insertion of the proper code symbols at the bottom of right-hand screen
will tic the new item to the earlier one after notes are photographed on supermicrofilm,

“Honest, Boss, we like

Puppy hearts...and big-
dog pulses, too...beat fast-
er when they see Milk-
Bone Biscuit coming their
way in the morning! It’s
so crunchy and chewy
that it’s like a real bone
to your dog! Good clean
exercise for teeth and gums be-
sides!

Remember... feeding your dog
Milk-Bone makes your work light-

. your dog happier!

Milk-Bone foods...made espe-
cially for dogs...are sold at your
dealer’s.

Milk-Bone contains nutrients your
dogneeds: Vitamins A, B, B,, D and
E..Meat Meal..Fish Liver Oil..
WholeWheat Flour.. Minerals.. Milk

NATIONAL BISCUIT COMPANY

DENTIST OFFERS YOU
SAFE WAY TO ERASE

if your teeth are discolored from

smoking —learn these new facts:

1 You probably brush your teeth
less than 1 minute.

2 Most dentifrices foam up and
disperse—lose their brightening
action—in even less fime.

3 lodent No. 2 has a clinging
action that may double the time
you polish your teeth—compact
texture clings to each bristle to
make o gentle smudge eraser.

See how it helps reveal the natural

sparkle of your teeth. It's made by

a dentist. Get lodent No. 2 today.

- IQODENT
o

Tooth Paste or Powder
for teeth hard to bryten

Millions of people with teeth
easy to bryten like loedent No. 1 /
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